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— &0 B 75 K ZE 5 (Scophthalmus maximus)
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2. WML REEAK =24 E H S 453007; 3. AR vl B VR T & A S S s
thEDK P RE R BE R I KT RESE T M 510300)

WE AL AEFERTL2A GRS, R EERERNZFERAN R FRAEIAT
THR. EAREN141TCEBET, L20mgkg RERERKEHFMOR_EDE, 25 T4H)E
15, 30min f7 1, 2, 4, 6. 8. 12, 16, 24, 36, 48, 72, 96 h i X & 41 4%, F| & kA &
B E A M A Fm K Eh — B ESE, R DAS20 He s ¥ ot th R ¥ 5%, &8
B, BAESAE, WEF _RDPENH-HEEFEERRR T HER, HRFFH ()T
7y i 2 T AR(AUC.) 2 A A 30.02 h 1 440.37 h-pg/ml; U AR % 25 J5, M @00 B 0y - d
A6 — BB — E AL, 4 h Bt 2 UK B 3K B i K (B (Crax) 6.32 pg/ml, tyop #1 AUC. 4+ Fl
# 94.72 h #1 246.66 h-ug/ml, 4 HF|F E(F) A 56.01%, FREFALA K6 2540k E s, A IE W

AR NN REDREATEN: HEFEFREY 11.94megke, FH 1 K.

B30 ZRVE; KE; BRI F
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KR ZK 7= T 3 ) 32 0GH i —Fh 4 S 25, 1992 4F
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b B (Difloxacin) J& T~ 5% =AU 7 B 25 51 14
2% (Samuelsen, 2006; Abo-El-Sooud et al, 2009), H
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1B o ABFOR L 30 B SE 25W), BEHAE RS
BEA N B 25 R, JFIRAE 2540 2 28NS
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1 MRI5ERE
11 SLGH&

et KZE0E, KT 150-158 g, Mz, 5046
AP 9 14 d, BERKEEGEL B A R

1.2 FEFH

3mx3 mx1.5 m /K{RFEFE L, sKIe It b 07 1% B
BRI, i /K  FEA, KR 14-17°C ,pH Oy 8.1-8.2,
LA 29-30,

1.3 LI m

R EARES, SRR T 99.8%, T Sigma
ol R IR ER, 4K T 98.6%, TR
INAER S 2507 BN 7)o SE 56 FH e 5 20 W ik JE R A
FRER 7K B 1 11 B o

1.4 SEIGNEE

T IR £ 35 A (A gilent1200), 3% FE (Agilent
TC-Cyy), A RAL(FI-200), KRR
(HSC-24B), = i & .L> ¥l (Eppendorf) , H F K F
(Mettler Toledo, *E#fi%] 0.001 g).

15 H/HGEHRE

1.5.1 #PREH TEGTHR & 20 me/kg (AT,
B 1k fa R ZU A5 L, s iR s, Rk A T
B, 38 2 [E AR A DK A T S A . 25 IR A
B KOG TR R I (5 T 5 AN TR, R LIS ] g5 K
15, 30min 11, 2, 4, 6. 8, 12, 16, 24, 36, 48,
72, 96 h, TAEHF 5 ml B0 A PIBETRIK 1%F R4,
B R ML S04, 4000 t/min 5.0 10 min, A5
¥ R IMEFERR OB R, 20CHRERH.
BEAEFE] S S B, B S AEE,

152 TR FHRF N 20 mg/kg R E, K
B 1k fa B2 L, Y ks, A5 L4 km
1 ml JG B 72 5 25 T — 2 1) 3RV KV W, ARG
AR PR 285 A AR ZE 6T 15 3, 11 R DA Dk I T
FKfiL, R AMAHE] A 15, 30 min A1 1, 2, 4, 6, 8. 12,
16, 24, 36, 48, 72, 96 h, TJcHs 5 ml B5.0% P BE
WK 1%FRM, PIrRIMBA G, 4000 r/min
B0 10 min, SRJEH L2 MR AR RH L&, B
—20°CUKFEIRAE o BEABTE] G s Bt , BD S AR,

FRIRCR ML, WA TR IE L B A 2 g ZE LA,
AE 4%, B -20°CIKAEIRAT

1.6 ZAYERSNE

1.6.1 AP HyREK BRI =T R, )
10 ml .08 R | ml 3, SR)5 FINA 4 ml 20,
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Z 15 ml PEELE T, 40CEHART, HRWH
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AHLER S IEEE T 1.5 ml 5.0 R &
1.6.2 AL FHMRI  BHERENREG  ERFR
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A3 LA 24 Wy e B R TR AR R AR . AR AR, 22 il Bn o
2, MIHEL R,
1.6.4 EILE Faody B B AR R H A2 1
Fin, BANMES 3ANEE, 2 51MA 0.01,0.10, 1.00,
5.00 pg/ml PIARAEIR IR, SR 5 4 FE T Ab B 5 Ak
PP 2 g TR, AR A v 1 4R BB P B 24 S
MR EE , SRIG SHELSRIEM L, THR AW E 454140
254 ISR
. FESSZIN 254

i = BRI 259 5

B RSP S AORESEAE 1 d YA [R] I ) 2 0
5k, #EME 5 d, THEAWRE IR H N
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FE(EE S, 2014),
165 &Lt T A A 2 W iR=25:75(v:v),
WM 4 0.01 mol/L, pH 4y 3.42 , 3 & I 4 278 nm,
KGN 460 nm, FE A 1.0 ml/min, #EEERA 10 l,
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1.7 HiESH
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1.8 ORABHAER

HERSAS I - 2490 25 & (Css) B 22, Bei MR
LR 2GR (D) S A 25N RN B () o ARIEHIR S 2480 127
28, LR AR, 2005)i R ARG TR -
D= Css-K;o'Vq o/F
X, BRI, Vo BRI A, Ky
2 AE LA T R

2 #R

2.1 FRAEHZ SRR

7E 0.01-5.00 pg/ml ¥REEVERIN, I bR
W B S AR 2P R RAF, WIHTRER y=
940.3x +1.661 (R*=1.000), W& 1 fr/s. fe i pR
4 0.01 pg/ml,
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Fig.1 Standard curve of difloxacin

2.2 MEFERIE

W2 1A, R0 2 AE I A 45 2H 2 e [l
RET 70%, 5 RZEBII/NT 6%, ARSZE [RIE
m, BRREBUN, FFEEYIE FRER,

£1 SEPEESEATNEKENERRY

Tab.1 The recovery and precision of difloxacin in tissues of

S. maximus
Tissues  Recovery() | O )
Plasma 100.07+4.93 1.0£0.63 2.96+3.41
Muscle  92.45+14.30 2.9+1.29 2.77£0.62
Liver 72.23+0.45 1.84+1.49 5.10+1.63
Kidney  92.73+10.04 1.58+2.07 3.36+2.20

23 ZENEAEREHEANBERINE
K DAS 2.0 8RR RS EE 128 Hh —5ivb R R T

W )RR B . SR R, REE B K 8
PP BTG I B ) 2R S e Gl S TR,
M. Cun=30.453e 814+ 10.125¢ 9%, KES6E IR —
T B B 8 )1 B R — R = OB AL, Ty
TR C r=9.398e %"+ 1.817e *07-11.215e *#4, 24
RN N1 ES R 2, 3R E AL ILE 2,

®2 XEHRAZFIPENAKINZEESY
Tab.2 Pharmacokinetic parameters of difloxacin by
intravenous and oral administration of 20 mg/kg b.w to

S. maximus
A EATpE
IPIES 24 AL Routes of administration
Parameters Unit el gt ]
v PO
AT t 00 h 0.85 12.31
TR BE 1, 0 h 30.02 94.72
i H R E MR Vh 0.07 0.03
E% KIO
iy AR RERES Lh 0.54 0.02
EW—RELIB TR K,
A EBERpg h 0.22 0.02
BN —RIFIB A Ky,
125k EE - fa) ih 28 h-pg/ml - 440.37 246.66
AL AUC,
SRIEERFTE] 100 h 4
IR Cax pg/ml 6.32
T AR Vy L/kg 0.49 2.25
YRR F % 100 56.01
SOL -~ [z PO
i; 40 - WE IV
&
< 30
®
= g 20
5
g
S 10
0. . ) 1 ; )
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HfE] Time/h
B2 TRV BAE RSN I 2 iR ARk

Fig.2 The concentration of difloxacin in
plasma of S. maximus after intravenous and
oral administration of 20 mg/kg
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Fig.3 The concentration of difloxacin in tissues of
S. maximus after oral administration at a dose of 20 mg/kg

B2k BE S TE 6 hak EIIE(H, 4358 9.64., 4.42.
5.02 nglg, ZJE¥IRB TS, (HE 25k

RGE2S TN
25 OFR—EILVEMABHGFE

TR X LI B B N R B 0.025—
0.4 png/ml(35 HFH 5, 2008; FHIRESE, 2012), BEM
KB RS2 E N 10MIC, @i D=Css'K,o
Vo oF S A 27 %, DaRETE, Bk 0 R
TR EMFEN N 11.94 mg/keg, FH 1K,

3 Wig
31 KESHERZHIDE M NFHE

311 FHAEKEHL B HRI ) FHFIE KEZ 6
FRIKIE T WU RS, R B AR R EE SR Y
FMAM ATV H 0.49 Likg, 558 R % (2003)45H
TR BAEBRN I Ve 4.91 Likg, T He45(2004)
A IRV B AEXSAR N Vg i 3.10 L/kg, Sun Z5(2014)
W R B, —FID AR A BERNT VR 1.20-1.75 Likg.
MRV R | BRI B AR M RS AN Y Vy 53
514 3.05.0.38 H13.75 L/kg (Hansen et al, 1999; 422 -
85,2010, 2011), [FRF, ABFFREERER, ZHDAE
TERZE PR N B 53 A AR E 3 W (t00) M 0.85 h, KT H:
FEHS(0.69 h)FIA BEAA I t12,(0.36— 0.59 h)(T Herh
45 2004; Sun et al, 2014), {B/NTHIEFEEN Y t),
(1.58 h) (B4R R 55, 2003). HLnl 0L, SR>k
HIAEAS [ A ) 22 S 40K, (RS B /R 90D B TG e
R 32 WA 2 2 SR P R AS AN 3 XS 25 & & sh i Ik
WA 5 o3 SRS B v B GEH vEstH L
D BRAE R BER PY o A A XA 2 TS Ik R
B

FRE D BLTE RS SR P A 8 R 2 3 1 (t2p)

4 60.56 h, KTTEFEE(4.79 h). $(17.14 h). ¥(6.11 h)
FIZEF(2.63 RN ATHBR =B (Sun et al, 2014;
RS PR R 25, 2003; T M4, 2004; Goudah et al, 2008),
(7] Fsf -, 2R W s T 24 114 8 VD AL (36.34 h) R i
(25.44 TESZEBFIRINEY typp CREFAE, 2011; FhER
&5 2012a), H/NT R — HIWEIE(173.41 h)7E KZE 6T
TR ty0p (FNEZREE, 2012b)0
312 ©vRLHGHKRIHFHFIE  Ding F(2006)
B 20°C AT A 0 AR RV B S I P s 0
AR A 2.21 h, ZEHEHZE(20090)0F 58 KB, 7E/KIR 25°C
B, ARGl B TR — S0 B S I i SR e A ]
0.5 h, THIFFZELEQ012)IA, 7E/KIE 25T, RER
BT R — S0 AL S IV P R SR S E] DR 0.25 he Sun
2201458 K B, 78 14°CHI 22°C MK ST,
RS B A B AL P Y SR IR [R] 43550 2 9 h R 6 ho
AR R WA, 16 16°C AT /b B AE K567
I 2% H IR IR R] SR 4 ho IR B R AR A T R K
ARSI, MR 5 2K s, KE6FE T
BRI ZE, PRIGERI I ZEARK IR 25 30 2L
WA 808 . (B Rl F H, 5 RS 0 3 SFAH HL 3R,
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VR AR ML 25 24 5 245 ) W SO B ) JE B AR A (E ) 2,
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55438 B XS P R Vb 2 AR W R R A A B
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/NTH£E(48.93 h) . $%(16.67 h). X(8.2 h)A P 4914 45
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Pharmacokinetics of Difloxacin in Turbot (Scophthalmus maximus)
Following Intravenous and Oral Administration

LIANG Junping'?, DUAN Yafei’, LI Jian', CHANG Zhigiang'®

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries, Henan Normal University, Xinxiang
453007, 3. Key Laboratory of South China Sea Fishery Resources Exploitation and Utilization, Ministry of Agriculture, South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300)

Abstract To investigate the pharmacokinetics of difloxacin in Scophthalmus maximus after
intravenous and oral administration at 14—17°C water temperature, several tissues and plasmas were
collected at various time points to calculate the dosage regimen of difloxacin. Five fish were randomly
selected from the tank and sampled at 15, 30 min and 1, 2, 4, 6, 8, 12, 16, 24, 36, 48, 72 and 96 h after
intravenous and oral administration, respectively. The concentration of difloxacin was determined by the
High Performance Liquid Chromatography. The data were analyzed with the pharmacokinetic program
DAS 2.0. The results showed that the plasma concentration of difloxacin at each time point was best
described as a two-compartment open model. The elimination half-life (t;,3) was 30.02 h for intravenous
administration, and the area under concentration-time curve (AUCy;) was 440.37 h-ug/ml. The peak
concentration (Cp,x) by oral administration was 6.32 pg/ml at 4 h, and t;,3 was 94.72 h, and AUC,; was
246.66 h-pg/ml. The concentration in muscle and kidney was higher than that in liver by oral
administration. According to the difloxacin pharmacokinetics and the minimal inhibitory concentration of
most fish bacterial pathogens, the recommended dosage of difloxacin was 11.94 mg/kg once per day by
oral administration.

Key words Difloxacin; Scophthalmus maximus; Pharmacokinetics
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