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WE: K EAH (baicalin, BL) Fll H B2 (glycyrrhizin, GZ) 0 #E 53 & # 8 (Carassius auratus gibelio) , R H X} Bk
b K (enrofloxacin, ENR)FEVAR P (14 £ 5 LI GORL 1A 20 it (5 % S0 (K CYP1A . CYP3A PR 520, 5 H Mg L: 7d
43 3 VE KT (100 mg/kg) FIH AR (100 mg/kg), DA HFE T RIMAE T B SR IR 4524 24 h 5 R4 FEMLEL 10 I8
TESHEED (10 mg/kg), FFISAABYI% LR i, HPLC W2 i 3¢ B v 5 A AC 3 7 M 3R 5 70 B (cipmfloxacin,
CIP)HRJE, 43 i12dh=¢ RS, W44 20 6 A ok /& CYP1A F CYP3A T &5 R F M ()11 (BL)
FIH R (GZ) X B Vb B2 0 WA W S A R T, 32 B R BAE B VD B VR T (Cona) BEAIR, BRI (AUC) I
By () BL M GZ J5, Bk 5 R AT = Py BR 8 v 5 AT B2 58301 (410,) B /N T30 B4 (P<0.05) , T B AT
% (CLz/F) WX K, Ui BH #517 FH R A o T Bl v B AR e v B i B ; (3) I BL # GZ J&, BL 401 GZ 4
[ Crax-c1p/ Cmax-exg FEIEZT B4 1.48% . 2.22%, %N 0.95%; BL 4l GZ 41/ AUC,..cip /AUC .exg HAEZM 510
2.16%. 1.76%, XTHRAIR 1.7%. LG B AR MR NV BIBEVR B | Cinax-cip/Conax-eng 1 AUCq..cip /AUC..pnr
(R LA, AR R BE v 2 N- 23 B FEREM, 4) S5x A L3, BL 41M GZ 41/ 7-2 5%
Sy B -O- i £ JE i (EROD, CYP LA 7 2 [iff) Fl21. 55 3 -N-JBi FF ZE i (ERND, CYP3A A i) 1 M 1o 25 7+ 5 (P<0.05),
VO B A R H SRR X CYPLA I CYP3A #4 E FE . 256 DL RZ5R, VOSSR M ek 7 B AL
THBRAUHACE 9 CIP YA L, TR ATHE 555 CYPIA I CYP3A TEMEA K.

KR FEBEN, BRI R, g, wET, HEER, CYP450
FE DS S94 XHEkERERD: A X EHE: 1005-8737-(2012)01-0154-07

Il R b Pa 2y 28 5 B A, WniE . B
0O FR 2 A G R e, Hor o s it
AT DL HR A 2 25 77 A 25 ) — 245 W) A 5L AE FH (drug-
drug interactions, DDIs), DDIs 43> A EifL | 2824
MR AR, Horb 2y 322 M B AR AT R R
AEFEW . A A . AR RTHE R, AR 25 A
HAEF &R, (525302 DDIs 19 40%7,
1M DDIs 3= % i 2596 4 il 8. 3R P450 il (CYP450)
AN TR, RIAE, R RSl
= A EAEA A, B CYP450 51 SRR
FP AR A R R ATE S KR CYPIA2 IR

gt HER: 2011-05—11; &iT HER: 2011-06-25.

EEWA: R AT L FHIEL 51(201203085); H 2

AR IE K= HEFE ) (2007MO6).

EREMORE 2z 2D, e r 5 CYP3A4
MFFIASE R, m25kEm g EIte,
%11 (baicalin, BL)FIH % i (glycyrrhizin,
GZ)J3 il 2 vh 2 8 2 A H B i 200 U8 2 —,
IR 1 322 B I R B dp i e
FUCHEMRB G A L. EiErr,
X5 Z BT 25 ) A S S5 . SRR R B
$8 R VAT 24 % 2 S A R A A R,
AN R R R, R m 2y S AT
SO @A 2587, M2 Coax FTHHZR T THIER
(AUC)E/D, BTSRRI AP, K= 35,
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WA MR G2l T HA M . RS
ANy 7 A T 2GSRI L, TEIK P S s BT iR
i H 2532 B AL, 28 H T 2 e A
o FEERR B IR, ELH R RN 2 v 2 A fi
FH, e & A v B A T BT 40 T R 6
SRS B 2 A A s, X2
UGG P4S0 (1452 M S 245 W) AR AR A 58 JLF-
A BT, AR EE LK a5 F
REP(Carassius auratus gibelio), W% % MH
BN B TP R AR AR AR R, S a2y
5 FH 24 04 A B 5% e FRAE FHAIL ] 4 pE 2 00 B Al
PR A 7K 7 25 ) S 22 A b fe 1

1 #R5REZ%

1.1 ZmFnikF

BEE TR H R (4 = 98%) W A b B ik T
(B A BRA ), BT B (Enrofloxacin, ENR)F
RN VP AL (Cipmfloxacin, CIP)FRESH( 4ERE = 99.5% ),
WA Sigma 23nl; BT RLIFRL 2 (46 = 98.0%)
W THTH E 2] 7-Z A S | 32t
MLIB R H Sigma A ), i85 H4EE T (NADPH)
W B T A TREARRSARAR, PBE
MG (HPLC 20) ¥y [ = 2w oy wl, DT 2
WAL | DR SF (32l [ [ 254 A1 Ak 2Ais
NI
1.2 {UFEMEE

1R RO AE 5 AL, S NIRRT A F] Waters
2695, AN Zorbax SB-Cg(5 pm, 150%x4.6 mm,
I.D.), ZEGHRI 2 Waters 2475, #8333 .0 HL
(Beckman Optima L-100XP), 2¢3¢4 606 ( 1
i = FHUE A BRA ], 970CRT), 43R
(B IL e s AR A B A, UV-2802S), BRI
VK#(—80°C, £ Thermo), 4l /K% (2 5,
Millipore Advantage A10), HLF7HT K Fnt =,
Mettler Toledoab 204, J&& 0.000 1 g), [=Hd %
UHL(HASPZ, HITACHI CF16RX 1), P& 0.22 um
TFLUE A
1.3 ZIE

UG S E R B R R R, R

Jii(200+13) g, B FET 5 N HATEH L R E I
BRI K 35 emx80 cmx45 ecm ML FEHT P, FEFFK
FRAH, Kk 26~27°C, BEMER SN 2E 2501
N T A FRDE K HES ki, B9E 4 B a kit
TEERRE AR 5256, SO0 A [B) 5 7 AR A A Ry
100%.
14 OER/AEHEREE

AT AUH B ORI A R, R
Wi B 0.1 mol/L ZU A AL N BhiAs, T JC I 2518
KABLHE 10 mg/mL A . SE A REHLS> AL 3
g, BRAL20 8, 435 FEE RS (BL 1) AN H R R
(GZ H), 255K 100 mg/(kg-d), 17 F Kb
VXA . Zr WL TIHE 7 d, B 1k, Mg
5 min JCURHEIE T 5250 . KRS 25 )5 24 h,
LR 6 FBBUFALZH FHil 2 fokifdk; 5 4h,
M BL 41, GZ 41 FX} G Hp A BIBEHLIE R 10 B
B A BT R, A ZFIECN 10 me/ke,
252y Jr AE R A PR SR T 20 em*40 ¢cm*30 cm [
PeaEGET s, F Smin, 30 min, 1h, 2h, 4h, 8h,
12h.1d.2d.3d.4d MR AZEZHHIL 0.3 mL
Mk, & F oA R aPiEE e 1.5mL 2.0
&, 4 iF 8 000 r/min T .0 10 min, B EIEF
—80°CHR-AF 7 H
1.5 ZhREmibiE

MK FE S F =00 AR RS, #5, W
200 L FVEWE T 1.5 mL B0 W, InAZE AR
B, BERiR & URZIE S 2 min, F 10 000 r/min
ML 5 min, W FIEIRA 0.22 um GEFLIERR
1w ugJs, FF HPLC 7047,
1.6 FEzhENEIE &G

WA K 2 0.01 mol/L DU T Ak & Vs Uik
(BRI 2 pH=2.8)=5:95(V/V), fifi FHl iy JFI A 7 i
K10 min; AEIE 40°C; W 1.2 mL/min; A
10 uL; 2GR K E,=280 nm, £,=450 nm,
1.7 fhridsl & R EsE N E

SR AR SRR £ S 1 Novi 21y
By 7- AL W BRI -O- i 2, 3L i (EROD) I
W E 2 B8 Lange!" i J7 15, 2185 % -N-Jit F 5L il
(ERND)IF P E 2 18 Tu 2P 7 .
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1.8 HIESH

NS S 25 25 T S T AR D i 2 e — B ) G
R IM& 2530 S HCR G I R ST, 8
UG S BN HERLR i v B2 25 KA 259
I PEAFFE 0 DAS 2.1.1 2591 588 8tk k4T
I3

2 HBRE5HH

21 REHR@MIE ENRIRESHEXR

e a2 I, S R 2 L v Rk
a2 MR aniE 1 fras . BL 40 ENR W
6 BTG T RE, T8 A] (Tnax) FEE VR FE (Cinax) 53
Sk 0.5 h F1(7.685+2.392) mg/L; GZ ZH Fixf B4
ENR WEEITELS 1 S RAE A, Tmax=0.083 h,
ENR U5 ¥ B (Cnax) 53 31 47(5.769+1.164) mg/L Fl
(10.470+ 2.088) mg/L.BL 4HF1 GZ 20 ENR 1) Cpax
AR X BRAL I 76%F1 55%

._
~
]

(=] [\
T T

-~ XJHE4] control

IR B> BRI (mg L)
plasma ENR concentration
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T T T T
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Fig.1 Mean plasma ENR concentration vs. time curves of
crucian carp after coadministration of BL and GZ

22 BEREIMIE ENR HAZHZESEH
MERES G 25, 3K B B 25 8% 28
MG RIS, 800K 1. BL 41f GZ
2R 1 2 H 48 R T AL(AUC.,) 73 31 132.301 mg-h/L
A 136.358 mgh/L, A X} M8 4H ) 46.40% F
47.81%. BL ZiEBr&E, R ZW (0 N
2590 h, HKJEGZ4l, #30.21 h, BB T TR
2H(37.38 h); BL 41 il GZ 21 ARG BR R (CLp) 804}
MR B B, Rk AL 2 fi5 0L

23 REREMERGE=Y CIP RESKEXR

WSS 5 20 0n, R B B AR R
bR I 25 FE S IR e R 2 DL Bl 2. 3 419 CIP
W AR AL R AR, #RRI e LA R, A
TR B] Ak BE R T] . X REAH AN GZ ZHAY Tonax
HATR], 924 8 h, {H Crax A, 4351174(0.099+ 0.029)
mg/L F1(0.128+0.024) mg/L; BL £ ik I %5 1,
Tmax=12 h, Cpax 4(0.114+0.028) mg/L., BL ZH#il
GZ HH Crax-ctp/Crmax-exe FEAE TN 1.48%
2.22%, XFHEZHM 0.95%.
24 REREMERKBE=H CIP BAFESH

MRS R 2 ), % ENR Q™9 CIP
Qb B3 R 24 Bl SRR R SR T S 1 T B A 5
S22, BL A GZ 445 i ] (MRT)
R A STV ye) T 110, I BALF X RELL, 1
SRR R(CL A B TXF R4, B4k BL A
GZ 4125 CIP fhZ T HF(AUCYIL T X RE 4, H
BL 41 Fll GZ 4 ¥ 1. 25 AUC...cip/ AUC...pnr FLIE 53
WA 2.16%., 1.76%, XTG4 N 1.7%,
2.5 EEFMHERNSFREA P450 EEFE
A

BL fl GZ NS HFHRME, L CYPIA i
CYP3A TH1EWZ 3. BL ZHMFckifA EROD HI
ERND {74 I 3 & F XF B 4H(P<0.05), GZ 41Tk
ik EROD F1 ERND 15 % B 4 25 S 4 i 2%
(P<0.01), St R ELER, 2 A48 25 41 2 e vk
BT 1 REAEA

3 itig

VFZh X P450 2Rl AT 15 S s i VE
AF G Hh 245 B AT 380 20 %t P4S0 25 T (1 52 M, XoF Il
IRAZGRAT TR EWILawh, HEES
PRI 7 d X CYPIA W& PEHAE MM, A
AR #2 14 d BEES CYP3A &I, #
ZAFXF AN 4nis LS174T ) CYP3A4 iGYEFIE M
TR AT SR, sy T AT
XF A 8- (Paralichthys olivaceus)it CYP1A {574 Fl
FEHFFIRA I, REMELHNT CYPIA H
HESEH, 5% SRR E L IEHE, A
szae v, SR EROD il ERND 43 I/E A CYP1A
1 CYP3A Mbnadill, w511 M H RS2 24
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Tab.1 Pharmacokinetic parameters of enrofloxacin in plasma from crucian carp after intraperitoneal injection based on

statistical moment theory

n=10

pharmacokinetic parameter

Xt B84 control

AT baicalin H R glycyrrhizin

Conax/(mg-L™) 10.47042.088

Tinax/h 0.083
AUC,./(mg-h-L™) 285.142
AUC o../(mg-h-L™") 339.674

MRT,./h 30.867
MRT (.,/h 49.984
Ve /(L'kg™) 1.588
f12,/h 37.384
CL,#/(L'h ™" kg™ 0.029

7.685+2.392 5.769+1.164
0.5 0.083
132.301 136.358
143.585 152.555
26.305 30.500
34.720 42.084
2.603 2.858
25.904 30.217
0.070 0.066

et Conax WA WEHE; Tax NIBVERFIA]; AUCo., . AUC .03 312K 0-¢ B[R] . 0-0of} [A] [ 1 28 F I MRTo.,. MRT o535 8 0- B ] . 0-00
Bﬂ‘rﬂ B‘J{%Eﬁ Eﬂ‘fﬂ; 3 %J%WMHE g*ﬂ; L, y‘](ﬁ %*ﬁ%ﬁ, CL,¢ ﬂ‘l%‘ﬁk(ﬁ%%

Note: Ca-peak OTC concentration; Tax-time to reach peak concentration; AUC -area under the concentration-time curve from zero to time
t; AUC,..-area under the concentration-time curve from zero to infinity; MRT,., —area residence time from zero to time ¢; MRT (_,—area resi-
dence time from zero to infinity;V,s-the apparent volume of distribution; #,,,,-elimination half-life; CL,¢-total body clearance.
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Fig.2 Mean plasma CIP concentration vs. time curves of cru-
cian carp after coadministration of BL and GZ

7 d i RE SRR S A2 1, PR AT O R
A R T 24 0 5 VR LA il 1

O EAR RS, MRS S sl
HOE Y Pk 52 25 . s 25X P4S0 2t TG Pk
(50 H 2552 20 R 25 B AR seid,
REY> Bk AWK &, — 5 T 38 2 )5 78 245 19
W BR, 55— Tk AT LUl A5 A A A i
PR . 7R Z RS R N IR N T B R T B
i FEEA T DR R, G
W PIIRNYD B2 Crax 25 TXTIREH, BL ZHAN

GZ HH Cravcp/Craxeng FEAE BI04 1.48%
2.22%, X HE K 0.95%; BLZH M1 GZ 2019 AUC...crp/
AUC. png HLAEAT R 2.16% ., 1.76%, TixT B4
HL7%. LA BT AL AE RO TNV B Y
Crax+ Cimax-c1p/Crmax-eng Fl AUC1.c1p/ AUCo.r.pnr HC
E AT LA, s ST AH s s T A N-iL 2
Ferk IR YD B HA S T . Vacearo %7,
Wi 5 (Dicentrarchus labrax) - #M#CoRL & Bk v &
RS ge b R B, s T R AR BRI T B 2
— AN BLA Y P450 I, 545 F i NADPH {4
&, AREPIZ 5%V PAS0 2[R, A5
orh, ST R T A AR s
Th AL N-Ji Z L0, 5 CYP1A F1 CYP3A i 7%
FEIEACHE . AR R, W R EREETE LA
be X ZAR(PXR), TiFE SRR CYP3A Y
Fik, FTLIARATRESE CYP3A 25 TREWEN
N-J 238 5 S EAL IR A BEHERR CYPIA &
5T BE . ST A P450 2 BEHIEAS W T S 5 R TD
B N-JE 2 FE AU RN, 075 22 5 2 () S0 R UE 5K,
UITE ALY CYP [ T BRI G 3 i o3 b 0
ARSI, ST AR L 1 RS T R R
MRJ5, B CYPIA A1 CYP3A &k, BBV A N-
Bt BRI 2 e ma oh, 8 R BRI B v R
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*2 BERIFHABRHFFDARDPEERERAMRIANFZSH(ERITERE)
Tab.2 Pharmacokinetic parameters of ciprofloxacin in plasma from crucian carp after intraperitoneal injection based on
statistical moment theory

n=10

AT baicalin H ¥R glycyrrhizin

T
pharmaiz}n;fiirameter XL control
Crax/(mg-L™") 0.099+0.029
Tonax/h 8
AUC,./(mg-h-L™") 5.022
AUC (../(mg-h-L™") 7.567
MRT,./h 38.108
MRT (_./h 86.388
Ve l(Lkg™) 113.179
tin./h 59.350
CL,¢/(L-h™"kg™) 1.322

0.114+0.028 0.128+0.024
12 8
2.859 2.400
2.906 2.422
21.564 15.192
23.151 16.160
83.359 93.906
16.786 15.764
3.441 4.128

T Crnax HEGVEWRE ;) Tax K IKVERA]; AUC.,. AUC o...53 51k 0-¢ IFIE] . 0-oofisH ] Y H 28 T THIEL; MRTy.. MRT o531k 0-¢ I [E] | 0-0
i T ) R BB IS 8] Ve S R A A0 2B ¢ 10, FPTE BRI A CL, e R BRI BR K.
Note: Cnax—peak OTC concentration; T.—time to reach peak concentration; AUC,.—area under the concentration-time curve from zero to

time ¢; AUC,.,—area under the concentration-time curve from zero to infinity; MRT,. —area residence time from zero to time #; MRT (..—area
residence time from zero to infinity; V,s—apparent volume of distribution; #,,,—elimination half-life; CL,r—total body clearance.

%3 BL 1 GZ ¥R BRI CYP1A 1 CYP3A JE RIS
Tab. 3 Effects of BL and GZ on CYP1A and CYP3A activities of liver from crucian carp

n=6; ¥ +SD; pmol'min~'-mg”’

4151 i dose/ EROD {1 ERND {1

group (mg'kg™"-d™h EROD activity ERND activity
BEXAT baicalin 100 52.65+2.64" 2185.72+207.11""
HHR glycyrrhizin 100 51.43+3.99" 2108.50+98.96"
XTHEZH control 0 35.4+3.6 1166.47+125.71

T #3855 X IR 22 57 8 35 (P<0.05), ** 3R 15 %) Bl 21 22 5 4% &8 35 (P<0.01).

Note: *donates singnificant difference with control (P<0.05). **donates extremely singnificant difference with control (P<0.01).

Crnax Fl AUC., N BIEV> B AERN VD 2 T BR
2 T 1 (110, VBN IR 555 R (CLp) T, Ui
SR H R R AE G 5 R L v B A I
R N 87 = B NP A= O N )1 = 2
G5 WA VE R v S0 B2 A v ] B A A g
HER I PRA—3% . 299 & s )s ey, —Fp
255 e 5 —Fh 25 25 302 R IR R A H L,
H PG 25 A IR, H 20V 24 2 Bl 2 0 R A T
Z, WA PR TR KR CYPLA2, i
AR 0 M 25 e FE Y, AU i . 4
R AR BT 24 28 2 S A I G R B, I8N
LY B R R, R 2 e Y, SR v
RHHME ARG E 6 K, HERRTE,
AUC B8k, A4 IR $ Y, v )1 & e A
HERMAR TR FER U, AR A MY AUC 1 Coax

WA BEREM, BHA4ERIRATE AR A
()t BEIER, SRS BRR B R,
P& I, —Fh i 8000 — MY
AR R EE > B N, AN P450 2 (AN
CYP3A)WY 5 Fa A 2C, P-WEE M 1753 sl
(RIS A o AP B o i S e o o (T 11
BIET ATP 254 S(ABCO)SZ TR, 1]
DIK G035 Z2 R 24 W e 9 1 2 ) M ) o B ] 258
2L, AT (5 40 6 PN 25 4 ok B T ) Bawer %Y
B S A B (Hypericum perforatum)if 21175 5 1
T P-HEEE 1 PT B  RAIR B S AR 52 A PR AR A Il
e B o BRI R ROV BT LU P A
MGz RE 1, EIRHLFGRP 0. V222
it P-HEEORIKY, MANDE, BRidE
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(pefloxacin)?”, ik % ) 2 (danofloxacin) %5 2, 4
P Seelig &G T PR & (KR AR %8, 22
SR AT — 2 25 () HES1) i) & e Ik [T R - 1
5 A PRI, fH AT DAHEI R v R 2 P-H AR
FIRIRY) . ARSCEe v, w517 M S A 7l GRS
T T P-HHE RS, i P R BoR b A
ShHER R, AT B TR AT ENR A I 08
LB AR,

iy e [l 2 v 25 1R R0 AT 73 B, BUE A
25 27 B, BT BRI A Y B R
HHER 43 ) e v 5 R H R R B R, EA
RV AR H R tE iz . ARSCI
WH7R T 2t B v B Wl . AR B 1 5%
M, R T o P25 AE K™ Sh A N A B
WA RAL R, I 24 ) 1 & BIC AR A B fif
M, Dk s 7R, FRIREERIE IR H .
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Effect of baicalin and glycyrrhizin on enrofloxacin in vivo in crucian
carp (Carassius auratus gibelio)

FANG Wenhongl, ZHOU Changl'z, SUN Beibei', LI Guolie', YANG Xianlez, LI Xincangl, HU Linlin'

1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery sciences; Key Laboratory of Marine and Estuarine
Fisheries Resources and Ecology, Ministry of Agriculture, Shanghai 200090 China;
2. National Pathogen Collection Center for Aquatic Animals, Shanghai Ocean University, Shanghai 201306, China

Abstract: Cytochrome P450s (CYPs) widely distribute in the liver of aquatic organisms and play a key role in
drug metabolism. CYPs catalyze the N-deethylation of Enrofloxacin (ENR) to Ciprofloxacin (CIP). However,
there is limited information regarding the action of CYPs in fish. We evaluated the metabolism of ENR following
oral administrated of baicalin (100 mg/kg) and glycyrrhizin (100 mg/kg) in crucian carp, Carassium auratus
gibelio. We measured the enzymatic activity of cytochrome P450 1A (CYP1A) and 3A (CYP3A) in liver
microsomes. In addition, we documented the pharmacokinetics of ENR by continuous blood sampling. The
absorption of ENR decreased significantly over time and both C,., and AUC also deceased. AUC and ¢,
decreased signficantly whereas CL inceased after oral administrated of baicalin and glycyrrhizin, suggesting that
ENR elimination was accelerated. The Ciux c1p/Crnax Eng Was 1.48% and 2.22% for the BL and GZ groups, respec-
tively (control: 0.95%). The AUC_,.cip/AUC_.gnr Was 2.16% and 1.76% for the BL and GZ groups, respectively
(control: 1.7%). Thus, BL and GZ contributed to induce N-deethylation of ENR. Pretreatment with
BL and GZ was associated with a significant (P<(.05) incease in ethoxyresorufin-O-deethylation (EROD) and
erythromycin-N-demethylation (ERND) activity, the specific probes for CYP1A and CYP3A, respectively. In
summary, BL and GZ accelerated the elimination of ENR. Furthermore, production of the ENR metabolite was
related to the induction of CYP1A and CYP3A enzymatic activity.
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