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Metabolism of Enrofloxacin in Liver Microsomes of Crucian Carp ( Caras-
sius auratus) and Its Key Enzymes in vitro
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Abstract; Enrofloxacin is efficient and broad-spectrum, which makes it widely used in human medicine, animal
husbandry, agriculture and aquaculture. Enrofloxacin can be metabolized by drug metabolizing enzymes in aquatic
organisms, which will affect its ecological toxicity. In this study, the in vitro incubation method of liver microsomes
was used to explore the metabolic transformation process of enrofloxacin under the action cytochrome P450 en-
zyme, and the key metabolic enzymes were determined by metabolic inhibition experiments. The results showed
that the metabolic process of enrofloxacin in fish liver microsomes met the first-order kinetic equation, the maxi-
mum depuration rate constant (k) of enrofloxacin in the fish liver microsomes was 0.00303 min~' and the minimum
half-life (¢,,) was 228.8 min in 1 mg-L™" of enrofloxacin exposure concentration. High performance liquid chroma-

tography-tandem mass spectrometry (HPLC-MS/MS) was used to identify the metabolites and metabolic pathways
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of enrofloxacin in liver microsomes. Two major metabolites were found, including the product of deethylation and

hydroxylation. Further, this metabolic inhibition study showed that cytochrome P3 A4 might be the key enzyme in-

volved in the metabolism of enrofloxacin. Overall, this study provides basic data for further understanding of the

biotransformation and ecological risk of enrofloxacin in aquatic organisms.

Keywords: enrofloxacin; Carassius auratus, microsomes; in vitro metabolism; CYP3 A4
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Gy FESEBR A i R TS AR I 1 25 1
B A4y e AN 2 45 sh i pL AR i A
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T RAEAC AL, AT e S A B SRR AR
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N RN Z It E LM, & — 2 Z A TA R
W25 , Bee = S5 AN FRnbiE R R
2 FIRR IR 45 (0 LR 0 e Ak TR TS e ) 0 A ) e A ik
FEHRE o s E Y, BT, T RIH D A
1A= PRI I R 22 2 G T HAE AR R I TR R AR
A S HAE AR L 2L AR = 0 B X H A
IKAEAEDIR CYP450 VEHTT AR AL AL 5 AN T
HE RS B A %) S B A AR, R, A B
X} HAEK A AR CYP450 BEEVE T BRI F4 (Lt
FPRABESE . AW 5% R FH 8 FF SO A4 (R A1 0%
o B BT B AE CYP450 i (18 R AR 4%
At 8 2 5 AR B OCHE R, DA PR A S
it B AR i it A At

1 ## 57 % (Materials and methods)
1.1 SR

SRS Rt W F IGE T LA FE AR S fa
AT, AMARFR N 240 ~300 g, SER TR
10 d, F=FE7K hy F oK, (i AT IE 2288 < 24 h, KR
HE8 1) C,
1.2 FERHF

B B AN BARMESS (KRiEXCEYH
ARABRATE); LN B S e TR OB
A H LW AR (a3t 4l , 95 [ Sigma 28 7 ; 78 B 4
fitg Il (NADPH), = }& H 3 2 3% H Bt A0 H & R (43 Mt
ali LR ERE A RA R ; B & 40 Wi —
S E AL AR A (AT Al K EETT R R AR
7Y & WU LR — AR (G A 4, KT R R Ak
R BR A,

1.3 FE(UARBE

1R A5 0 35 A (35 [ Agilent 23 F, Agilent
1100) 5 1= 8508 AH €335 B 56— 5 DU AT o 3 A3 (55 [
Waters 2 ) , Xevo TQ-S); 26466 11( H A Hi-
tachi 7 7], F4500) ; ¥ R 25O L GBI RS WAL 52 56 =AY
P RA PR HI750R) s 54N e B (e se
HERAUER A BR A ], UV 6100); T8 50 AL (I
B & A BN F) L F6/10) ; 2R 1 F5 48 (R
HIR B R I A S A PR A ], ZQPW-70)

1.4 ZZohis e

0.1 mol-L ™" BEMRZE ik (PBS): #RHX 11.18 g KCI,
80 g NaCl 32.3 g Na,HPO, -12H,0 4.5 g NaH,PO, -
2H,0 10029 g & — VU .18 —4H(EDTA), H i 2
IR, W HCLHTT pH £ 74, EAE 1 L,

I3 R 10% (V: VYH A 0.1 mol- L™
PBS ZZ AW . IRAEGE PN 20% (Ve VY HRY
0.1 mol-L™" PBS & ¥k, 0.1 mol-L™" Y Tris-HCl
SEVRS T ARE 12,11 g =¥ F RL S W I (Tris),
A i RER RN pH B2 74, R R 1 L,

1.5 JHfdoh A &

) e PSR AT £ 2 BRIE B I O vk, B
FRAEG ET oK A 260 0 IR ZL, S
mL T 128 s R I 2 vk 3 IR R R I 2L AR 1,
FHUEAUE L Z R IR, Fre, A5 1:4
(m: VYA T 1 50 3% 2% vhii, D)X L 4140 3%
BLT VKU il o) 98 o W 20 3 e N T 125 000 58
H1 4 °C 10 000 g Z5.0» 30 min, /N0 EUHE 48 F I
W, 10:1(V: VYIILA 88 mmol-L™" i) CaCl, 5 , 1R
A1), T4 °C 15000 g #5.0> 60 min, 7+ L3, DUVE
RIS TR 23 o K SRR DT B JE A D VA
FEZ M, DRRF VKR PRSI TEDR ¥ 1 min, 172 1K,
FAPIRAT, 3% TURAEE T, B 80 CIRAF, A#S K
WA,

1.6 {RIMEE LR

RV B R R R Ok AR B R s g
JEMREE S OCHR[10], AR AL E 3 MIREA,
R B EES 5 1.5 F110 mg-L™', HEd A
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74),1 mmol-L™" NADPH .10 mg Woki 4% 13 F1 B ik
VR .5 510 mg-L7"), KR BAFS 1 mL,
BRAE AL L AMA T B 2S (AT B AL, BDR & BAsb &9
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PH LS 8l g, SO it B2 28 °C L 43 il & 0.5,
15 45 F190 min, MIA 2 mL S 09 A 42 1k 2
N, FTA R IEE 3 41T

1.7 AR 2 5

ARG S 56 b, 2 26 DU - 00 R e 1 A 1
HilFe, FES AL IR E 2 DWEA, 2B S
pmol- L™ 1 50 pmol-L™", #E AR EEAE 0.1
mol-L™" Y Tris-HC1 2% % (pH 7.4).1 mmol-L™'
NADPH 10 mg bR & 1 sV R 5 5010 mg
~LHAHNHIFNGS wmol-L7' 8 50 wmol - L"), 2 A&
REABUN 1 mL, XRRAUR SRR, fER SN &
RREFIA 25 pL = H 5L A0 (DMSO) A8 4 1l il
o AR S L g, e R VAR R P A 25
wL #4170 F1 NADPH 28 °C #ii% 5 min J& il A B
VO R OVAR R 28 CHFE 90 min J5, filA 2 mL i
M AW GELAE RN, FTA AR E 3 4F1T,
1.8 FEMHTALH

WL 1k SN AR S B R i B T IR R TR A A iR
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1.9.1 R 4- A0 B AH)TE D &

AH 7% PE 2 2 I8 Burkina Z" 7, 4-F
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0.0.2.0.4.0.6.0.8 fl1.0 mL, HFi&/3%50H 6%
() = S BEBR(TCA) A & 2 1.0 mL, it AR50 H
1% B % M 1 mL, 25 FE A 1 mol - L' [
Na,CO, ¥ 1 mL, 4R 2) )5 , JHUE 30 min, %5 [
JAZ T 630 nm AL E & B IO EEE , 2] 4-2
JE W b ofE 26, AH TG PRI % . B 10 mmol - L™
NADPH A% 0.1 mL F1 10 mmol - L™ #h 2 2 Bie 15 i
0.5 mL, & T4 JRAT, WA 0.5 mL i 4fizk
B HE NG 28 CHFHE 2 min, &40 0.5 mL ok
B ,28 °C FHIEE 30 min, I 1 mL vK¥& 1 55 43

M 20% 19 TCA Ze1k 0, Pk 5 min, 11 000 r-
min B0 B 1 mL TR iR b ARy
O 1% AR EY 1| mL,IR5, FEANA 1 mol- L™ 1Y
Na,CO, 1.0 mL, F4HR A5, i & 30 min, %5 4
%, T 630 nm AN E 448 B WO BE AR, AR B A o i
10 4-F R W e B, L) nmol (4-& FE ) - min™' -
mg™ R HEHE M
1.9.2 7-ZF8FEFH T E-0-Ii £ H i (ECOD) I 1
W

ECOD &Pl & 2 A= R i i, 7-F8 0k
Fr R bR EN G & . /3 1.62 mg-L7' iy 7-F8 5%
FEHREW0.025.05.1.1.5 F12.0 mL, ] Tris-HCI
AN E 2] 5.0 mL, IRAT S T 390 nm & A A
440 nm ZGHERK N IE FRAIRIE 7-REFE R
XEIE Y e o B, 2l 7-5R 5 B R An v £
ECOD I I 2 . B2 0.5 mL fHORAR R (B W, A
20 pL MIRY) 7- BB O R (A E R 1.0 mmol -
L™, IR41ELL0.1 mol-L™" . pH 7.4 [ Tris-HCI 2% i
WANFEE] 1 mL,28 CHFE 2 min 5, M EE A 10
mmol-L™" NADPH 0.1 mL, =5 &I A#E4E/K 0.1
mL, 28 CHEE 20 min J5 R HCHE & F ok -, m
A1 mL 550N 20% B TCA 2 ik v, SN
SERESE R RV IR AT 4 °C 10 000 r-min”' T
L5 min, B, A 2 mL H & -4 A b 4H(Gly-
NaOH)A (0.6 mol-L™" ,pH 10.5), ARG, 7514
RPAL N 335 nm KA R 455 nm T ISE P
PEE R AE bR e 21155 7- R B/ R WK, LU
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1.10 A &4
1.10.1 HPLC ¥l &1

{34 4 Agilent Eclipse XDB-C18 (4.6 mmx
150 mm,3.5 pm), i S AH AR F 530 0.1% [ H
TR KIS Z (V' V=T:3), 7%} 0.4 mL-min™",
PERER A 20 L, KRR M 30 °C KGR K A 283 nm,

1.10.2 S5 A (4 3% £ 15 3% (HPLC-MS/MS) A6
&1

{633 #£ & Waters Symmetry C8 (50 mm x 2.1
mm,5 pm), MR A 25 C,iR#E N 03 mL-min™', #F
FEEN 10 WL, JEshitf A 2 0.005 mol - L' i FR 44 7%
WOHMERIETT pH 2 2.5), B N G, Bh B v i 4%
4.0 ~5 min,3% ~25% B;5 ~6 min,25% ~35%
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9.5 min,55% ~3% B;9.5 ~12.5 min,3% B,
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i S5 B RO ESI+, B IR IELRE K 150
C,ZHEFVIRE ] 350 °C,HEfLH R N 25V, hif
AEA 15 eV, HIELACA SIR ¥ 5 14 .

2 ZR 5148 (Results and discussion)
2.1 R BARSMR G
2.1.1 R BARSMR s 2%

R U L R vk E S R Sk v 1 e E 18 1Y
MRE RIRSN BRI 1.5 110 mg- LA,
R AR SMUE T B AT & — R 8h J1% 7 FE InCy
C,=—kt, i 1WA ML K 1 R, A48 BI#
v LR S RIORE R AR Bl 2 S 8, AR T PR
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B£8 T SORE AR TR A k43 ) 2 0.00303 ,0.00204 FlI
0.00266 min~", - W] ¢, 435 & 228.8.339.8 Al
260.6 min, HH Y BIG VD R RFEWE 1 mg- L
i, HAE IR R TP Y & K, o 0.00303 min™', 1,
fed, o 228.8 min, AWFIE P EIATSRLE 1.5 F1 10
mg-L™' 3 NREWREZM T W ¢, ¥ Shan 55
FIRIFFE rp B VD B A B AR AR 1Y ¢, ,(64.66 h) A (ELAIR
X 0] BESE RS MR S 5 ) BV B RE S 5 AR il
ELHERE A, b T RPN 5 2 A SR R ) T, (AR
AL R A 2 4
2.1.2  Basvb BRARSMRE =
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K H HPLC-MS/MS $i A | Xt Rl v 5t e HoAe i Jif:

TR i A = P AT RO, A X
25 5 S0 A i g ) SRR 2 Fhon] Be A
FERAR = (ML Fi M2), A5 B8 A ) 454 8 an
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i I 55 B VD B AR A 4 £ B S () B R S
LR, AT LA E MO SRR & s T & AR
R B IE) & 3.26 min, 5> T2 U2 [C H,,N,O,F]", £ %
e F 85 T & 342 [MH-F]".316 [MH-CO,]" #i 245
[MH-CO,-C,H,NC,H,]", #A &R B EHw
UL =, AR 5 PR DS VD B b o it () (R P B[]
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Fig. 1 Fitting curve of enrofloxacin metabolic kinetics
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Table 1 Metabolic kinetic parameters of enrofloxacin in liver microsomes of crucian carp (Carassius auratus)
s R R " o et - \
B B /(mg-L™) - . T B B 2 4 (k)/min ™! (4 )/min AR
Kinetic equations ) )
Enrofloxacin/(mg-L™") Depuration rate constants (k)/min”"' Half-lives (¢,,)/min  Goodness of fit (R*)
InC,/Cy=—kt

1 y =-0.00303x 0.00303 228.8 0.99494
5 y =-0.00204x 0.00204 3398 098916
10 y ==0.00266x 0.00266 260.6 0.94764

®2 REDVERHEASSFRBEPRE YR ERE STFEMSFR

Table 2 Retention time, molecular weight and molecular formula of enrofloxacin and its metabolites

in liver microsomes of crucian carp (Carassius auratus)

AL/ B S L B B[] /min T PSRN

Compounds Retention time/min Molecular weight Molecular formula
MO 326 360 [C,oH,3 N; O5FT°
Ml 297 332 [C,;HyFN; 0, 1"
M2 3.12 372 [CyoHygN; O, 1"
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Bt R BT LT, il LA E ML R IRV A A 7
Bf1E] 2.97 min, 43 73X [C,,H,,FN,0,]", F B R &
FJ& 245 [MH-CO,-C,H,NH]" fil 231 [MH-CO,-
C,H;N, 1", M2 (PR BRI Al 3.12 min, #5355 F
J&372 [CyH,N,O, 17, FEM & F /& 297 [MH-
C0,-0-CH, 1", 257 [MH-CO,-0-CH,-C,H,]" I 241
[MH-CO,-0-C,H,N-C,H,]", -/ F & L iR L &4
BEINT 12 Da, HEME RV B UG BRI, PRk
— 5 R AR B )

Rag b B 7E 6 fo T SOk iR b i 4% 8 2 7R
CYP450 B /E N &£/, 43 P450 B AT
Rz WA, H 78 CYP3A4 WRIEF T, JMNE TS
YLIReNS & A 3L 2 SR N FE CYP2EL WE
RIWER R AME TS Yo i ke A F 3k s i ™, R, 3
I M1 27 CYP3A4 YEFT B4, M2 /& CYP2EIL

YEF R 7= 9, CYP3A4 Fl CYP2El £ FE 2 5B
VD R ARSMR IS P4SO WA
2.2 BnUh BERSMR G OG0 B

h T WS 5 BT B AR SRR, BT
THEARINGE ZMUT, B X% CYP3A4 FI
CYP2EL WA IE Mg, 7-2 A B R & —
flt CYP3A4 . BY (1) ¢ S5 VEJIG 47, i ik ECOD s Bt
CYP3 A4 B E M, K2 CYP2EL 3 AY i h 53
Y, LA AH Bt CYP2EL ARG P #EA TR
W AU R ARAN R EE W 4T, AH Al ECOD [iff
T M R () AR b R B 3 BTN,

BV B X AH Fl ECOD B TR P A — 5 (4
HIVER, AH 1S PERERT B) S 2 v R Rt A, 24 B
VD MR FERE e, X A JE 40 4 F 3% 9% ; ECOD
TEYEAE 0 ~ 5 min B, FREBEHHE, 7 S min J5
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Fig. 2 MS’ spectra of enrofloxacin metabolite
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Fig.3 The change of aniline 4-hydroxylase (AH) and 7-ethoxycoumarin-O-deethylase (ECOD) activities with time
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ECOD Vit TR aa il %, I T HR R
WY LM EXT AH A1 ECOD % PRS2 , A1 SPSS
X RV B e R N T M R A DM A AT, SRR
B, ECOD 5% 5 I Vb B vk B I Pk M 56, B2 R
WM R BN -0.617 ; AH 5 M 5 BV Bk TG
W EMERIOEE R (0 =0.05), BiEVSE YT ECOD Al
AH BHEHAIHIEM, XU, REERAS
CYP3A4 Fil CYP2E! [ 45 & B9 HE 71, CYP3A4 I
CYP2E1 &5 T Rk vh 2 agftist,

AR S5 b, i A RE S PR 5 5 R v
FALRIIGE ARYE L 56 45 R a1 b KW 2 5 Rk
AR CYP450 Fi A, 34 Fé sk (KTZ) FI AL
Wi C(DIS) 3+ HIMEH CYP3A4 Fl CYP2EL By,
NI R 5 wmol - L™ 1 50 wmol - L™, 3% 2 4>
We B B RERE S % T SCHR[18 -191], 1X 2 AE i A &5 il
AHNE CYPA50 MV AU 3 P 0 iR B2 o n AAS [ ¥k B2 1Y
KTZ 1 DIS J& , Bt vb B A 8 o i om0 4G g
AL A AN [ R B A R AT, LA RIS 50 an &l 4 B

WE 4 fiR, SRR BREBRWE N 1.5 A1 10
mg-L™'i,5 wmol-L™" ) KTZ F1 DIS Xf Bi# 7P AL
WA RS M IEHIVE - . KTZ F1 DIS 1k B34 in
% 50 pmol - L™ i, KTZ X it vb B2 A Ao 410 i R
A S 38 i, 00 ) % A5 i 1T 3k 80% , i DIS B ¥k 3 ek
A% B b B R BN, B, S
CYP2E1 WHEIAH L., CYP3A4 7F Bk vb B AR it i
HVEFTE R, CYP3A4 W AU JE B Vb 5L 7 i) fa i 1k
A AR Y DG BT R il

10035 pmol-L! XUHi 4 (DIS)

w250 umol-L-' WHi4 (DIS)

g0 L5 nmol-L~" Ml (KTZ)
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[} f)
T T
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T

1l
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Fig. 4 Effects of disulfiram (DIS) and ketoconazole (KTZ) on

the in vitro metabolism of enrofloxacin
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