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WE: B T RABBOEAACIRE RN KR O BE (Micropterus salmoides) J& AT 41 i 1 B3 ¥ 2 (Enrofloxacin, EF) £ #f
BB 7 ¥ JHE S HACE = IR 5 2 (Ciprofloxacin, CF SR A E R BLA R 2 N- B2 HEBEE. KA R T
BRAETHAY EORER RASGRREEIEENEXTHAMKRE. 2B EFEEHBEIKEY KT
80.28%. AL FRE /T 5.54%. BT EF 5SRO B9 HMRETHE, KM EFEMABRTHERFER C=
50e0-0008:, I EREFEH (1 ») 4 86.63 hy IHERIEE HH K A 8x107* /ho 398 H i 2 o (IR 7 WF 51 K DL 29 5
1124 45 min, HEGVEHE N 0.25 pg/ (min mg) » B 1 E S H P B E (V) 4 0.29 pg/min'mg) » K IKEHH K,
H122.37 pg /mLs WTEIER#E (Cgp 9 0.01 mL /(min*mg) . & REH, LB 5RWE S IR, B R NRERS, EF
TER A B R f h AR B 218 . [ B K= R4, 2007, 14 ©) : 1004 — 1 009 ]
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WHEZERERL-2), B A Enrofloxacin, EF)
(AR B2 N O 73 1) 450 B AR 18 1 B, 1% 14t B
N N-JE 2R B, H S0 AW o AT A
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Fig.1 Oxidative deethylation of EF
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AR A (RP - HPLO) 8 T 9L 254 EF £ X
OB (Micropterus salmoides) T 41 B AR 15
INTHD [ S A g R e, TR S2 T N-MBE L 2R
A FE Tl TR AR, () B 2% BT 9 A B % 4 % B BT B 1
P450 1 800 57 T B 5 69T 90 B A1 90 R il Oy oK
77 2 0 B 4 R 1 PR B, X 2 R Y S B
AR RS E X

1 A=

1.1 ##

K A AR T AN, fr A S50 = CROL vl
B IR PR HoAb A AP Bh g4, DL M199 5 L15
REEFEADET 28 CT.5%C0, MEFF.

1.2 AHEKERF

EF #r #E & (&% & 98%), CF tr #E & (&% &=
99.03%), ¥ SIGMA A # &4t & 4. F O
B DU T IR B LN BEIR L A B R A
TR T RS N B =l b Bl 44
H] E g Ab 2R 50 R A =Rt 25 25 55 Bl Fisher
it
1.3 SWBHEEIEUREIEEY

Agilent 1100 2 =30 AR (13 (HPLO) 13 (1 3% 4%
257 ZORBAX SB-Cyg5 4.6 X 150 mm, 5 pm, ) 5 FJ 283
KRNG5 WA - 216 - pH 7.4 BEIRENEE P il
(5 0.5% 00 T HR{1b4D =5:95 (VA , Fl B3PO, 1A
pH % 3.0, WA S I g 1.0 mL /min; H&E
40 T+ FAMIMBAS 276 nm: BEFE 220 pl-

1.4 HHEAFE

I, R4 5 55 55, A D-Hank’ s ¥R 5600 410 i
2~3K ANEHAAMZE. BAREERITEA D
Hank' s R BE R — i, 13, 29 T k%0
FITHRIE 2R 25 ) SR 07 10, BN 1 ml % 40 T 25
D INA— 2 & 1 BT IR IE I EF 50 CF, ¥ 151
MAREE R TR IR & 28 LIRS 2 min, FHRYE BTELAN
Mg 1:4 (VA S HINN & 4%, 1852 min, )
PR R A 2% - P R A 10 mins 8 000 r /min B0
10 min, 5% EEKH, ¥ T EAHAHEIA 7 mL A
FERLOVE R, K BRI T OO O DL A R A
F,EE D FEAEDE, AT IR, B IR
AU, FFE M ZETIAE 45 CHIRBH AT . K%Y
0.5 mL 73 A0 % g, e iR TR G 35 FVRA) 2 min,
A1 mL IE St & s, MR R E &% BIRA
10 min, 8 000 r /min & > 10 min, "R B F 2 W& 15

20pL #EFE, #£47 HPLC Wl 7€ -

1.5 TEAEHE

1.5.1 REHZMNHIEREEEEMNE K—
RANVAFWE R EF 5 CF A5 #E AR X o A Bl % 2%
A R, H19 S A R IR B4 128 0.0240.05-
0.1.0.5.2.5.5.10.20. 50100200 pg /mL )41 f
b, 1% 1.4 T PTI8 U7 ¥ ®IFE, 4T HPLC 5 .
LA IbRiE S 7E 2 GRS TP IR BRI (C) A
AR, DLZGHIIETHIRY (A ) A HAAER, 43 3 4 i EF A1
CF 7E 40 f o An v i 26 3F HAT =1 a4 12, i &
b b v T 2 0 AH D% R Bk UH A BB AR S P EF AT
CF & B &MU .

1.5.2 =I{EEME COD) BNE &40 RFE SR
7 f £ YO L PN 1) e (R VR 2 1 EF A CF F VR AR IR
T L 2 0 P PR Y — RPN FR HEVR FF I N B B A
FRLAE S T, 3% 1.4 TR VIR, AT HPLC &
Mo DAMER L =3 M RARIREAE A& EF f CF
1) o I A W B (LODY -

1.5.3 EWERMTFRALHONE PO, i
INiE &= 25 bR HE R, BO 15 & EF 58 CF R R
0.02.20-200 pg /mL 14 B AL 5, H N EARER
BSAMHES (HMD, EARBMES DL FEE 5 K’
(HED , #:47 HPLC &2l . 435l K45 40 AR A S EF
HCFWHM A, T HNERZRE (Intra — day
CV) F1 H 7] 45 5 22 U (Inter — day CV) - [AI B 6 —
SE B2 I A 1 VIR 9 3l AH BC RN Y 1 7K SF 4 HPLC
YHT, AT{RLL L 6 Bk FEM EF 5k CF bR g TH
M@, RIEAX ABX100% Bl 7718 % 2 FFE M
N EF 8L CF M [P (Recovery) »

1.6 XOZEFEAATHAM P BiE D E AR R
ZEBEHERNE

1.6.1 XOEBSRXATHAMBAIIKE S OCHR
(10 I 5 5, B 2 A Ok 00 SR 0 JE AR T 4 AR 7 B 2
B 3 R A 135 R 5, B pH 7.4 B PBS S8iiE Uk
2~3 3, WAL AR, 0 A GE & PBS 28 500 r /min,
B Smin, 7 LR, T/EH pH 7.4 M0 0% 41 iR
TR BB 2 2 100 ind /mL, B AT A T-5246 .

1.6.2 ZRigCERMEIMNEMWIE ERERETW
KR AS T4 RN N EF B AR #E &, Al L 2%
WIER 50 pg /mL,37 CHREKRIRYG, 7 E 0.15.
30456090 min; 75 B 40 L 5 W 5 5.10+20. 50~
100 pg /mL ] EF 399 & 45 min. & 5% 5 A~ FAT
FE, 3% 1.4 T HTIA T7 3RS, W13 5% § )5 EF Al CF
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P AR , AN B TR 5 ANPATHE, 3% 1.4 IR
JESIRE, #E4T HPLC R0, AR 48 ¥5 18 i 26 1F & EF
M CF . Lowry MMM b & A &8, W
EF Wi 2 5B 035 1t LA B AR S NI 2, Bl mg 5
RTINS ] A ) CF AR [pg / (min*mg) 155758 .
1.7 HiRALE

AR e # R A SPSS (1.5 #H4T B2 2 47
K H one-way ANOVA CRE 577 Z 581 H [ Dun-
can W MITZ EHAE, 25 P<0.05 WiAAZE R T
. MBRAERA C = Coe ARG LM TR
BB, CRRNAYIIRIE, CoRmWIMEIRE, k FH
PRI . 5 R N B4 B R ) Excel 814
5 2 I bk % 25 12 B SR BT Y Lineweaver-Burk 77 12
KA B L2 E8 5 %, IF T H B8l #5480, KA

KR
1_ Ky 1 1 Vi
V™ Vo 1517V G R
Hp Ky AKRKREE Vo N ERR RN IE R,

Coun I T B 25,
2 ER5HH

2.1 BIEEHFHHE

AL B AH 41 B pH A1 25 4% 14 )5 EF A
CF ZiW g Lty B RE e 240 &, IF H 5 Z g 52
445 FF . CF fREEHFEIZE 4.91 min 7£ 47, EF £ & B
[ 7E 6.73 min 7 47, &5 FURE SR BURAE Lk £7 B8 1
BT (B 2) .

EF

Norm £
Norm A 60F
g 120 £ s0-
< 100 = 40F
S 80 3 £
8 ~ 30f
= 60 . £
=40 = 20F
= E ok
£ 20 £ 108
O 1 1 1 1 1 1 1 1 0_
01 2 3 4 5 6 7 8 o 1 2

PRI 4] /min Retention time

3

R I 4] /min Retention time

4 5 6 7 8

I (4] /min Retention time

2 REDEEP EXXRNYE CP X H B b i E ik E
A: T AAPEREGR: B: & EF 10 pg /mL B4 IR EUE: C: EF 541005 F 45 min
Fig.2 HPLC chromatogram for EF and CF in Micropterus salmoides hepatocytes
A:HPLC chromatogram from cells free of EF and CF; B: HPLC chromatogram of EF (10pg /mL) extracted from cell; C: HPLC chro-

matogram of EF incubated with cell for 45 minutes.

2.2 TEHZE

2.2.1 TREMSREMTER  brEmZ& ik
PELPETO R B AR R AR BB T (A, R gy
Y5 W AR L, C; R PR IE e S A 41 iR
FH)EKED : EF 0.02~200 pg /mL, A, =140.13C; —
57.48, R =0.999 9; CF 0.02 ~ 200 pg/mL, A; =
95.78C;—93.15, R=0.999 8.

2.2.2 ®mIEAMIR LOD) £ W1F EF 7641 i

HI LOD 4 0.05 pg /mL, CF 7£ 41 2 4 &) LOD A
0.02 pg /mL-

2.2.3 EIWEMTHRRE 1% 1.4 G 7 ERME
S R 1 AT . AT & A S PR R 2 8 K F
80.28 4.4 %, MIFHHANEZRRZHA KT
5.13%, HAAL R REA KT 5.54% . FifddE&
B L VR B LRI, RS R

#1 ZTAHMEDIHNEF I CF HEKRERTRRE
Tab.1 Recoveries and CV of EF and CF to Micropterus salmoides Hepatocytes n=5; X +SD: %
EF CF

JBIRE o TREB CV . TREB CV

(ugmL ™D - A i@ - E A
ecovery rate Intra-day  Inter-day ecovery rate Intra-day  Inter-day

0.02 82.70+4.44 4.07 5.37 80.28+4.44 5.13 5.54
20 83.19+4.37 3.44 5.25 85.88+4.66 4.34 5.43
200 91.54+4.24 3.11 4.63 90.73+3.60 3.27 3.97
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2.3 B EKIMNEFHNER

2.3.1 RiEPEEXOESATHAMDBAIER EF
H5RXOBGRARTHETE — i )E, (Cgp M
(Cop) BRI B B H] A0 A% 40 0 B 24 B gt 2 2 1
3, A4 EF H 2R 5% & I (8] (10 3 E B o 3012 1 B4
i, T CF M 4 i &= W & 76 B R 3008 1 7 =, 2
90 minft —FH JLFE T FRRE, B_HENOE
BT B P AR A 2 o AR, R G 1 IE BR
&R € =50e70-0008 A K484 (R 4 0.71, H KR
HEREHFO RN 8X10™*/h MR PEEM (T N
86.63 h-

52 145
[ 44
50
—~ 435 ~
T o ! o
=2 4 =3
Eg 48 P OES
.= 425 wg
=8 46 =8
~ g 42 ~ g
‘1?2( o . > S
X - . TR 4 1. <
Kig 44 g —s— [FiRJ% ‘ L3 &y
m g EF concentration | 1 @)
ar s -0 CFUJiE Jos
CF concentration ”
40 1 1 1 1 1 1 O
0 15 30 45 60 75 90 105
M4 1# /min Time
B3 KOB&HHRS EF RURIZ gk G =5,
X+ 8D

Fig.3 Concentration of EF time curve in Micropterus

salmoides hepatocytes (n =5, X + SD)

2.3.2 MWERBXRIEDZEN CEEEFNFIE
JE¥Y) EF 5K O B &7 5 AT 4 AR & 5, HARHHZ
25 0BT EF W 2 5B 03 1 BE S & B[R] 1 AR 4L 4
Kl 4 iR,
A BARBEE IS E N R IE K, CF AR E

TE Tt =, A8 T = 1 AR AR /N, ] 0 e B vE 4 5K
A 501 F B HTE B, U T 45 min 5 T R B
LR BT g T g e = N S
45 minft, HEEE R &4 0.25 pg /(min*mg) -
AT RNTE &% 4 1 TR Y 5 40 A % & 10 e (B R R
45 min.
2.3.3 Rt EEXROES AP Mm%

EF 5 K0 B R A AT E 45 min /5, B
HPLC #43ll EF 4R WK (C,) 1 CF A& (C,)
Y% Linewaver-Burk 1 &, KB {2 & N5l 1) % 7 18
H:1/V=78.35%x1/[S]+3.501 7 (R>=0.9211),

mE 5. R RIEEB) S8 His KRN
HER Vo N 0.29 pg/(min*mg), KIKEH K, A
22.37 pg /mL, WTETE R % Cip A 0.01 mL /(min *
mg) -

S 03r 143
g {4
o 025F —~
g & 1355 ¢
= E.S
<2 02t 13 - E
0 &
34 125 25
2 015k ~ g
=7 oaf . 115 ¥C
2y § —— EF-NBZ Mg 1 ©
= 005+ EF-N- decthylasc activity
Z --A-- CFiKJi CF concentration] -5
Ej 0 1 1 1 1 1 1 0
0 15 30 45 60 75 90 105
M JA] /min Time
4 KORHAES EF-N- K2 EZBREIES

CF IR 4 (n =5, X + SD)
Fig.4 The curve for EF — N — deethylase activity and CF
concentration in Micropterus salmoides hepato-

cytes(n =5, X £ SD)

25
@ 200 Top0.35
. A £ g3 e
e =025
.e £ 02
o . 0.15
= 201k /¢
< Z
L ~ 0.05
2l 3
N =70 20 40 60 80 100

S (BF, pg * mL ™)

0.1 0 0.1 02 0.3
1/[S] (EF, ug » mL ™)

5 RABRSHAMD EF B 2B K lineweaver-
Burk /EEl (n =5, X £ SD)
Fig.5 The lineweaver-Burk plot for EF deethylase activity in
Micropterus salmoides hepatocytes (n =5, X £ SD)

3 it

3.1 BEFHMML

TR SRR E D, B A B4 R ki
i PR, (H R FR AN 5 AR I HAL R, AR T
P JELDN EF FRA#EBRAE HPLC EHEAT 4 A L
H R RGBS 276 nm, PRIEAS S48 26 F 28 7€
276 nm MO B AME A . LRSI AE A EC b Al
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TALHZER, EREPESASIRIF>E. BT EF 2
PRPE) 5, TR B AE S i B, o 28 4y O AR B B TRD A
W2 3 AN B, R s A I DY T 2Rk
B, FHDAE BR B AT 1 e B B R I R R N
EF 25 A R A S R i shAH pH 1R 2 3.0
Feds , A 25 1 e B B e R T
3.2 MRERNEERAYHS BRIEEN

2548 SN R 7T S R AR R I R 2 R R
SRR E R E, bk, FEHBE L
A 2544 cDNA RIS P450 B LA A48 j F - 17)
Fra&, B 550Hk (13 — 14 JEL BRI, T 140 AR
F A R R, A H 58 B0 41 J 3047 50 50 Re 0% 58 In 7%
G AR AR N AR G 50, AT 5E 0 7R 1 i 3 ) 25
WITE AR P 0 SE B AR, 0 15 T 4l AR 7E AR ARG
AT —ErNH. FEARSER R 2T
£ P I Aiober A4 55 NIV A0 A 25 ) sl I At S N AR AR () 1 I
A AR A T 25 04T, 8 e S N L SE B I

SRR A HEE, LB AR E R
B B AN B B R 2. AL REK
T ZEFEEAE A F G, 25 Brdi b 8 B gy )
B B AR RGN R G R, H A
Feidh K 40 ©), BT, Rt A o 28
FARRI AR . S AMERE R R TS R k4 2 %
DL 25 470 0 40 A o 1 e LGRS U PR
3.3 BUEEAKXOEE AT A

EF 5 K O 2 677 40 fB 5% 5, )\ HPLC & &
AT EF #OR I AR E A3 4 CF, B8 A& B[R] 11 42
K, EF 8K B 60 40 i 2 4R 2 1t 1E B, 5 it ]
N 2 EAR WY CF 2AE& N, “E 4G
90 min I, CF JLE AL THFRAE . Intorre 2B 6T
51 T EF {6 B & & AR ZOE BRSO, R BLEAR A
A = R4 CFs U RH AU i 25 4 1 P450 6
EHERNIMETE —BUE. A RN R IRAR
W4 CF 2 LA A b, H kO M v, i B2
SRAWLPAAR D> 3R, U6 A B 3 227 A8 T
o DR b B I B 2 2 v P T A B A AR b S 5
Mkl B — g el EF RN bR 2
H15 86.63 h, MEAE N BITHBR BN 25 h, A A
THEREZEEHN 0.03 /h, RSN HE BRE R E B8 8
1074 h, RN AW 8 B T A FE A — I &
A, ZE R A AR B T 2 R R ), A P AR ER
BRI 22 53 AR N 25 24 1) 5 2 DL S AR A 245 490 5 A i
B RS, TR ¢ T4 N AR 25 AU A AR G 1

W 75 R B 1) S R B UF R HE T, DA A A s 56 5 R
BRI T E T4, B e (R E, AR
YR R 2livF, 5 T XA P~ AT 4> B R, AT LA
TER LT (B P9 15 205 A BR A ) 45 R, G TR
FE T AACE S AT 5T, BT 25 W 45 H ek
M % e P 4 2 LS R A 41
3.4 EF 4R i & HEAREEHIRE
AGRI T, 5 A2 H IR 25 EF SREFAH
AR, AU 2 R4 N A R T —
B, o HOE S e i s A& EJE, F EF 1)
R P24 CF 8 7= 82K S i B 335 14 18 5 v ] 52 5
17, 2 e P4S0 BEIE BT E A 7. 25T P450
i (5 M B4 S R R 5 AR B 2 L e U8, i
SE P v AT (8T 5 A B MRS I U N
EF 5 KOG 37 C TR %, MaE B EA
45 min, HEEE & &, BIEIZ &4 T ol ik e &4 e
B8 4 45 min. 18 i 6§ 3 71 2 06 0K IR
Vmax 4 0.29 pg/(min*mg), NIEERE Clint A
0.01 mL / (min*mg) » V& B B 7E K O B &5 40 fw vh
(LIS — %, BT 254 1A 0 AE B4 2 R
ZEYIAE 1A IR B KT — A 06, Rk T
X B R SR B VE R R T — 2P B 5
BRI PAE S EF B 2B T CYP3A W
FHRUT), %5 R () P4S0 B AN S AT AR 1 — 26 py Y5k
B AnEALE s  MEB S FI LR i i E
FEREY, B85 T2 BUEFI L LA 2 M
WRAIT 29 TE N AR T 50% DL By 254 4R
G U8 =197 R I k% EF i 2, 5 Bl 1) J2 fl Bl 3 7
PR T RE 5 Dk 1% AR B B8 BT & 1) P4S0 51 ik 5l 51 ik
A PR 5 B 38 2 (1) A b B R K A B R 48 7R 7
FIRIFFT B A — 2 R BRAE B 1k 59 AN 1% 25 72 40 i
HARIE TR T AR 2N TE K = s i A VE R L
R B R, B 6 % 2 R ik B AR — e iR
FEX.

52 3k
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Elimination of enrofloxacin and detection of metabolic enzyme activity in Mi-

cropterus salmoides hepatocytes

WANG Xiang-ling! s YANG Xian-le!'?, LIN Mac®s YU Wen-juan!s ZHANG Ning!, ZHANG Shu-jun’

(1.Aquatic Pathogen Collection Center of Ministry of Agriculture> Shanghai Fisheries University> Shanghai 200090, China; 2.E-In-
stitute of Shanghai Municipal Education Commission. Shanghai 200090, China; 3.Fisheries College: Jimei University, Xiamen
361021, China)

Abstract: In order to study the metabolism of enrofloxacin (EF> and reflect the EF deethylase activity; En-
rofloxacin (EF) and ciprofloxacin (CF? in Micropterus salmoides hepatocytes were detected by reversed-
phase high performance liquid chromatography (RP-HPLC>. The medicine was extracted by dichloro-
methane from cell and the cell was degreased by hexane. The mean recovery rates were higher than 80.28%
and inter-day CV were all lower than 5.54% for all samples. When EF was incubated with Micropterus

~0.00087 | limination half life (T ,) and

salmoides hepatocytes; the elimination equations for EF was C = 50e
elimination rate constant (K) were 86.63 h and 8 X 10 ™* /h respectively. The best incubation time was 45 min
and the highest enzyme activity was 0.25 pg/(min*mg) at that time. Enzymatic parameters of maximum rate
(Vmax ) was 0.29 pg /(min®mg) » the michaelis constant (K) and internal clearance rate (Cy;,) were 22.37 pg/
mL and 0.01 mL /(min*mg) s respectively. The results showed that the affinity between EF and EF deethy-
lase enzyme in Micropterus salmoides hepatocytes and the intensity for enzymatic reaction were very low.
In additionals the metabolism for EF in vitro was slow. [Journal of Fishery Sciences of Chinas 2007, 14 6) :
1004 —1 009 ]
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