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HERIIRR X & B B EME M BiEib 2 R & E BRI

RRFS, £ X, F @, FEF, REX, A#Rs, FFF
(1. FRIVE AR =208, IR 4% 453007 2. e EKF=RISBRO0BE Bk P=BFEBF LAY RE Y T 455

REREKEE, IR FE 266071; 3. F EAK=FHADT S BRI K =BT BT R F K= i TEAKEE, R M
510300)

 OE: N TRYERIER X BiE Y BT R B IR A AR X
THFEREIR R, FEKIR (18.1 £0.5) CHRMAT X RAF K 10
mg/kg REFI RS 7 RERFREAFBIEDE gk A
FERRBIE Y B KR LA 4 me/L 5] 2576 R H AT 4E 4L 0
K, LB T dERiaoR LA BR 4 rp BVE U B R HABH IR Tb
BHIWERNSHBR NERTTES . FRER, FFRR.
LD AR 3 Fb 2H R i) B R0 B vk B S B A (6] 2 AL AR ki

MR BFFE T P-gp 3150 4E
KXt B ATk A R U B A T
PREg Rz, 2 BL4E R K AT AR
2B A PREE SR, [ i Al 2y 4
FEPRIA I 5% B8 |, 4 I 2 1 F P-gp
AN FREDERRBWFRYER
ShHE. MR A BT IRA T RBIED

Uk, 4ERLMAOKZE 3 P2 R b i B ID B R BE LAUC F0 t,00 BT EARSEANSR oWk mEE
FXTHRLL (P <0.05) , M4ERIMAAK 4 & AR H IR R B 1k LHPRILEE,

XKigin: BRAI; FRK;PEE
H; BBV E; AR E

BEAN AUC 21 BT XHRA (P <0.05) s T HAK L 3 TP
FRIEVEMANYEKN B.CLHEZE/NTXRH(P <

0.05) . ZERFRW, FERIRKRINE T8 B HAF AN BiE T 2K HESES: S48
s BRI AR N ERHRER: A

P-§%%E H (P-glycoprotein, P-gp) &2 — /& T
ATP & 4#i &I ( ATP-binding cassettes, ABC ) %1z &
HERIEAEEA , &5 T 1976 76+ E 4 RIP
BRI, AR R 2 SO A Y R
He S 408, B AL A 4 5T i R A
EVIRAHEL T Ead R R
UESE T P-gp X251 SNV AT , P-gp BRI BRI
ANER, FRBK TR 5 & D IR RS, RN Y
SEMHMETER(AUC) LLEF AR 2 571 6
{2

WroE R, K™ 8hY) P-gp WEA 5L
P-gp KUK THAE, BIRE R BB BB D
% 4F £ ( Oreochomis niloticus ) KN HIFREB B 5
TEH P-gp mRNA [JAHXS Rk BAFTEE MR, B

RS HHA: 2014-10-08 f&E HH#A: 2014-12-15
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KRN B R R R .
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2 Binth B R IABRRR Y BRI,
MR 52301 P-gp X ZHIRISMIEAE A, LAY
RV BAE 5T 3 B B B s 4R R Y
JEL‘EJ"%O

U RPR

1.1 EIeH
1.1.1 5ZEshdy

fRFEERAT A ANTEERBELRR
F, R T EIEK = RITKEEY LR E, T
FAZ55 fAE (2.06 £0.55) g, IERFLRATELL
FHLH AR & T 200 L PVC Al N, B 5% 2 J4, KR
(18.1+0.5) °C,%hfF31.2,pH 8.1, %45 %X
1.1.2 255 55050

B BAnHES, (265 =98.0% ,#it5 93106
-60 - 6), H Sigma A A= ; ARV B AR HE
(4hifE=98.0% ,#t2 93106 - 60 —6) Hy Sigma 2
AR R4 R OR (O EMS
H20030483) , B Abbott Gmbh & Co. KG /A &4
7= LB REIESE, IEC K 85% BEIR . = Lk . —
AR BRI SE
1.1.3  SE5{as

SCIG A SR ALHE Agilent1200 T 25 350 A €6 3%
A, TR B, B ShHEFEAR, Agilent To-C,q 535
(4.6 x250 mm,5 pm), Eppendorf 15 # &5 .0
B, FJ-200 &5 3 70 B4 B AL, HSC-24B 7K ¥ fin #4
R o
1.2 EWAHZE
1.2.1 24 580k

Xf BRZH R B BB Y B 2R, B R4 255
& 10 mg/kg (KT, R4 PIR ML, B IR B [A]
9 8:00 F120:00, EZEHRM 7 d, BIRBER/G 30
min B F6) R E R ER , B R E 4 90% #iK, KR
K5 R ER. ERE —REEE I G
B, 50 1.2.3.5.7.10.,15.20.25 d Buke, B4
B E) S 1S RBAF, B 3 BARME N — A, e
JBEFO.5 g LPY . 4% T e iR F B A B0 &
-20 CHRFF. FBURIRZG IR HL L 1ER
2 EHME o

HehripK A BE Y B 25 AR R X R, [F]
BHTEZK AR A I A ZE R MAOR W, IF R B B S
ZSCik' Y ORI TS WA R, 4EFETE 0. 4 mg/
L, ESZ5% T R, BREH 0% Fi 251 W, [Fof
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W BRBRAEZEE . BRURE[RIXS R4
1.2.2 b3 S5 54

FAB RS B BB, SR 5 MER BUBY R
REWLA 1.0 g FFBEAR 0.2 ¢ FIERO. 1 g T 15
mL BL.0EH, 2 5IMA 2 mL Z i, F &3 48#
5K, 2 mL ZIEEVETI Sk, &I R EUR,
4R ,5 000 r/min B> 10 min, B FEW ,40
CRKBAEIKT o WLP L B Fn 8 5% 7 4331 PR
1 mL.0.2 mL F10. 1 mL JE3MAE%AF , SR )5 250
1 mL IEC % ABR A8 R ERT, RS,
HEEER ELESHEL AEXNENE, TE
VWA 0.22 wm Y8 BRI U8 JE AT R OB 83
ME .

RS shAH, VIZRE) - V(BEER) (0. 01
mol/L, i=Z k8 %= pH 3.4) =80:20;# &Ik
280 nm, & §F K 460 nm; kY 30 °C ; FiH1. 0
mL/min; B Z#HE, FEAER 10 pl,

1.2.3  priE 4 5 R iR

HEFHRIEIE Y B MR Bir M &
0.01 g, FiiE & NaOH B , ARG IR sh Al
252 200 mL, FL A% 50 we/mL MR, BRI FH IR
FAFRER 2. 00.1.00.0. 10.0. 02 .0. 005 pg/mL
FIARAER W ,0. 22 pum J8 53 U8 J5 A HPLC #E17
LI , DAV TET FR A A A, R BE Ay 6 A B ABURT o
ek, BBV B & 5 #h y = 1086. 3x -
0.9343(R* =1.000 0) , 3R V> EbnifE L 2Ky
y =711.97x +0. 1024 (R*> =0.999 8) ,

BARHAAEDHER, BRI ANEER,
AN R BE AR v VA R, 0 EL 3R & B
RMRBEERE S 52 AR IR E S, DA 3 f5Me &
BN BARRIIRR , 4 07k BV B AR E M
B AR FR Y24 0.005 ng/g.

1.2.4 HdEAba

FHLA B BE Y B MR B W EAR R
e & TR, AR RERE wAR P EL
&2 REHA W DAS 2.0 &4t geit
S LIEEER A SPSS 16. 0 k{4 LA 1
75 225317 (one-way ANOVA) #47 ELAL

2 4

2.1 BRANIHALAGEELIEREREHY
RRPERETL
2.1.1 HRBIYF3 FHA b BinT B ERL
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W LB e — BRI 1R, B
W BAER R F AR R UL A R kB T
IR, ELTE TR AR P 9 25 vk B doe i, LAY

K2, MWL K. 3 AR KZY
%%ﬁﬁﬁlﬁﬁl‘ﬂ%ﬁ%ﬁﬁﬁ {H AR AR 2 45
AR YR BEIR A R TXHR4(P <0.05) .
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Fig.1 The concentration of enrofloxacin in tissues of Exopalaemon carinicauda

SO pEmeR W 4Enekal
4.9 hepatopan verapamil group
- creas g X4l control group
@ 2 3.5
~ =
0 s
25 2.8
=
=5 2.1
W
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01 2 3 5 7 10 15 20 25
IfE)/d time
1.2 i
gill
e 1.0
02
% = 0.8
= 5
I = 0.6
¥ g 0.4
0.2
0.0
1 2
2.1.2 HRBAMFFHAFHRRY BRERL

ERE—KBEERHE 1 R, ESHATY
ez 7 By BRI B, B7E R
MR B S T ENLR FEE T MR EE (P <
0.05,&2), [FEfA]F i, 76 WL AR 2R N
U B VR BE Pt B [ ) S 20 T 38 0, EL R oK
HIYWE B ERT X BA (P <0.05) ; 7/
JERAR Hf , dE R ASK 2 X BRI VD B YR BE AR AL
AR, H 2 ZEIR, B 15 F1 25 R, 72 HAth
B[] g 0 B SR NV B VR B 34 2 . T4 R
KH(P<0.05),

2.2 FEANEHALRPREVEREREY
WAV EEBRINE

R 1 Fis , ZEF AR WL P F i v, 4

KA REU R K AUC Xt B 513 T 0.27

£5.0.53 £5.0.54 5, 2R BE(P<0.05) ;1M B
o xd BB 2 4 B 0 /N T 90. 58% . 74. 66% .
72.73% , CL Xt B8 4H 43 B FE K T 64. 50% .
35.17% 54.33% , 253 B3 (P <0.05) ;5t, 5 LT
R HIEINT 9.7 5 2.9/5 2.7 15, 2R BFE
(P<0.05),

5% HRZELAH LE , R0 A K 28 FF i B v SR R O
B AUC Jgst BEZH ) 56. 43% , Bt v BiE4L R
WRYERE 4 AU X B4 57.10% , fF Bk
RHPFRRYER B M CL BE/NFXIA(P <
0.05),

Y7 F A 4 A0 %o R 2H 8 rp B VD B R HAR
AN B AUC /), {H CL H1 B & & TH
fiZHZ (P <0.05) ,
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Fig.2 The concentration of ciprofloxacin in tissues of Exopalaemon carinicauda

3 itie

3.1 HhRRxEiEDEEEEANRERN RS
=spA !

GYEN RN e AT AR
P450 (CYP450) R-& ThRBALEE RS fEAL T AHR
L, AL IR EA S B V- 6 26 SR O- it e 2
RL N-SAG R RE B R RS o BT B AE
TR A T B AL V- e 22 B, F2 Bl ot
JFHEZH M €338 P40 A AL 2 28 )5 e fb N BRI
WEM . Bk BEK S iR R R
VEME BB, —BET 5% , infeH E X EF
( Fenneropenaeus chinensis ) {& PN BLiE U B 51k
RHA 1.2% , 75484 (Sparus aurara) Fp A
ABHRRY B MAER AW E . 5. 4%
RN BB R RN 35% ~55% 7, H
I, B BAEAR R A EARE I AR RN E
IR EFKR R R RAK =3 5 % 5 AR
ne) , 41 K 2 6T ( Scophthalmus maximus ) 1€ 16 °C Fl
10 C/KIBTREDEREIARDENE 7R
Sy 2. 04% FI1.84% 1, AW R B,
KR I8 ICHKMHT, BRI EAAEAL )G,
EHREEF3 MASH RS TR E, 5
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T JFF IR AR o r ik B e v , AR R 1 R S
JRAR 450 i R Bk Y BRI H Y £, 5
7B TANG 45 oy R —5, [FlEY, 4k
PIMAKLH & H A o BE T B AUC B2 & T Xt
MRATA N BB A AUC BELT X R4,
B#EDEHACIANY B E 73 AU X R4
) 57.10% , X2 H T P-gp 1 P450 Z [H]#H E.AE
FAZEDD, B 550 R0 1 50 A 72 38 SUPE, 4
PLIAK RS P-gp F1 PASO WYY, [F] It 2 — 3%
AR 010 T e 2 R A KA T R A
PAS0 B TEME , AR I Busa b B F AL 3N
VERAEETH,

HRAFFRRARNDERELTHES
ISR, 75 % BV KT ( Macrobrachium rosenbergii) |
rh 4 4% B 88 ( Eriocheir sinensis ) . ER Ui 68 fj
(Anguilla anguilla) %"~ K =g Wy ik N R R 10
BUWAMHMK LGS, XSl T2
AWURLLG 24 T —Fp3h 522 4k, s i B
W B ERRE , HA P B A& W ES R
BB R B B W i BT B 7T P450
FE AL ER T ARG Y B, W RN T
BWEREN N ZERE
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*1 BEEAN3IHAADRELERERBUARDESITESH

Tab.1 Statistical moment parameters of enrofloxacin and its metabolite ciprofloxacin in Exopalaemon carinicauda

Bt B enrofloxacin b ciprofloxacin
S i A 3t :ZLE Ak ﬁﬁ”g T
parameters units tissues . 3 o o ~ .
control group verapamil group control group verapamil group
17373533 AT i 3.572£0.245  4.101 £0.541* 0.292 £0.036  0.214 +0.034
peak concentration ne's WA 0.880+0.088  1.545+0.089* 0.018 £0.003  0.012 +0.002
(Coax) 8 0.754+0.074  0.940 +0.12* 0.146 +0.010  0.029 +0.009*
KU el i 1 1 1
time to peak d WA 1 1 1 1
concentration (t,,. ) i 1 1 1 1
T R B JiF el 1.157£0.036  0.109 £0.014* 0.158 0.025
elimination rate /d WL 0.509 +0.015  0.129 +0.001 * - -
constant il 0.066 +0.011  0.018 +0.004 * 0.166 -
Wk JiF el 0.5990.121  6.331 £0.365* 4.376 27.81
elimination d WL 1.361 £0.265 5.364 +0.845* = -
half-time (t1/2p8) 1 10.495 £1.32  38.346 +3.154* 4.163 -
AT R JiF el 4.709£1.001  5.986 +1.242* 3.142 1.773°
area under concentration- mg/(L - d) WL 3.555 +0.891 5.466 +0.988 * - -
time curve( AUC) g 1.1730.325  1.817 £0.547* 0.304 -
. T ik i 4.245+0.987  1.507 £0.365* 3.266 3.05*
R L/(d - kg) ALA 2.812+0.587  1.823 +0.245* - -
clearance rate (CL)
il 14.645 +2.141 6.688 +1.254* 28.262 -

- SEETRIA . Note: Parameter values can not be fitted.

3.2 @RI EEDERERFWHETDE
[

L K 2 — 4 X T LI R, 3 I
FmRIGYT O ML B, 158 P-gp WY, AT 3%
Sk g5 A P-gp PR ZG WA HERR A o dngk
g AT B 25 40 P-gp RIXFEAK, M
X 22 5485 F R 0 IR % 25 W i R B B
. METE R 25 me/ke (AT B O R4
FIMAK 2 h J5 O RS E RR , 5 5k AR R A S
BREAE L, AUC i T 3.4 £5,C, 3T 2.7
1B, o 3T 0.9 %, CL EAX T 84% ™,
STOGREN % B¢l 26 W, 24 24 %% [R) i R ) 4
Pk AAER I T /G, S MR AIERIER T
FIEG, L AUC 3T 0.5 4%, B XS JE R IEHR
THIEBRRR A T 61% ,JHEE A IER IR T 1
TR T 53% .

WAER ,, K TFIK=3h ¥ P-gp B W BN BER
PR, B Ao R R 5T P-gp 9 SN HED)
fEo PNE ISR , v R 2 B T N 4
BEEK FR K MR R P WP, 5 B R B
KA AR BPHHRAE H, L, AR T 40% ~42%
188 3 43 TR IBLIE S TR e A % B P Pegp 1)
K. HUANG %' B 55 @R, M 352 ik 0
(Perna viridis ) 5 FE 75 F| 35 J5 3 P-gp 151k B

F G0, T 2 IS0 4ERL A K 5 I P A B R AR,
LIS R I P-gp FERERIMEFREBIEZEN.
TEFRASIEFR W5 4 ( Ruditapes philippinarum ) P-gp
RETFIIEM LB EHE S EdER
2 FEAE A [RIVR BE DR ARt v, R B Ab P 4H
3 P-gp eI FRIX B W& R TX A, R IR E
I3 P-gp 2 5 T HWMSMEL R
WEHIFRIESE , P-gp MRV M EAIFETIETE)
HIMETEBR2E25%) ., CORMET-BOYAKA 47 3 5%
R, ERIIAKAE B & 4R R IAYD B 7E Caco-2 4
Murp R EBR ., ERRPIPIRERER, Y HY
PIMAARAL PSS , R B2 (e 2E 8 % B U0 B i
BRPE , FRIH Sy W A3 5 3k W I [ AR B 2 IR
TR EXT A M AUC B &5 T Binr Bt
MREH , FF LRI R K SE BV O P-gp 1Y
KW, BIRE H— PR R, BB B AEM P-
gp F R M RIE 5 BB BB KA #
BEAK,P-gp KRB BB, P-gp X BIHVE
(RISMHEE TSR . DAUTREY 46 Fi K BUAE b
PFRMER, G REBY, YWY B 5 YRR
SR, FRYER AUC &R 5, BT
EEREDE TR, AEHEER TR, ERikK
HRBRHEDBEF AL H K AUC,C,, Al S ¥
xit HR 2 S 0 , [R] B s v B R LRI A
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YRR B A1 CL B X B B EREAR. BEHI4Ehr
PR TR e B AR AR 8 B v 2 B A
WRY BRSNS, TR B B AFMA A, HED P-
gp A E 3K BIE T B SIARY BN A 55
BUARMIS, WD AEA N BB B o T E R
RIFH R EAUF P-gp TS, X TH RELTF P-
gp Xf BV U B 2 25 W) SR 9 B R IR A i ik
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Effect of verapamil on metabolism and elimination of enrofloxacin in
ridgetail white prawn, Exopalaemon carinicauda

LIANG Junping'?, WANG Yun®’, LI Jian®, LI Jitao’, NIE Guoxing', KONG Xianghui', LI Xuejun'
(1. College of Fisheries, Henan Normal University, Xinxiang 453007, Henan, China; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao 266071, Shandong, China; 3. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture , South
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, Guangdong,China)

Abstract ; The purpose of this study was to investigate the effect of verapamil on metabolism and elimination of
enrofloxacin in ridgetail white prawn, Exopalaemon carinicauda. The shrimps were randomly divided into two
groups with different experimental diets. The first group was fed enrofloxacin diet at a dosage of 10 mg/kg -

d for seven days and served as control. The second group was fed enrofloxacin diet at a dosage of 10 mg/kg -

d for seven days, and simultaneously bathed with verapamil at 4 mg/L for seven days, and as verapamil
group. The drug concentrations and elimination parameters were compared. The results showed that the
enrofloxcin concentration decreased with the days in hepatopancreas, muscle and gill, and the concentrations
of enrofloxacin in tissues were significantly higher in verapamil group than those in control group (P <0.05),
however, the concentrations of enrofloxacin metabolite ciprofloxacin in tissues were significantly lower in
verapamil group than those of control group (P <0.05). The elimination rate constant () and clearance
rate (CL) of enrofloxacin and ciprofloxacin were significantly lower in verapamil group than those in control
group (P <0.05). The results showed that verapamil inhibited the metabolism and elimination of enrofloxacin
in E. carinicauda. Especially, P-glycoprotein might be involved in the elimination of enrofloxacin and
ciprofloxacin in E. carinicauda.

Key words: Exopalaemon carinicauda ; verapamil; P-glycoprotein; enrofloxacin; ciprofloxacin
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