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S Bl W) SR A A ARAE Al ) e T R S T
SFEXUR K, fARE N 730-950 g, XM ZYET T
KRR FR 7 d, FRETK R EHRK, MEHRTES:
FR 24 h, FAKENQIED) T,

1.2 =ik

HIR(Aikal, CNW AR, CIE(aigsl, Sigma
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oAy, BT BRI U BARE G (21 = 98.0%,
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AR AR, 1 K i 2tk .

1.3 RIGILEE

LC-20A W AH & 4. (H A Shimadzu 72y 7)) ;
QTRAP™ 5500 = i DU AT A i1k 25 7 B o i A
(32 AB Sciex A F]), BCAT WSS HL B IR (ESTR);
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RAIU(TALBOYS); & 0>l (Xiang Yi L-550); Gradient
A10 Milli-Q #4li/K #5(Millipore); KQ-600DE ## i
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Huiifh 6 4%, Hop 3 o a AxT R, RENFAE.
W25 O IR A e SRR A0, T AR BRER K b s R e
Ve, MBRIGMI LS4 2 s, Mg T R mEK oy,
HIWHRDTE S, F-20CAaM T RAFREH . 7i5h 3 ki
R TES RV, 255N 30 mg/kg fafkE, 45
Z5)5 24 h REEFFNE, 5455 X I8 4 £ fF I R AR
R AL E 7=, BEE S, T-20°C 4/ PR

1.5 HmRBUsd

TERAFREL(2.00£0.02) g FAERFEE 4L 21T 50 ml E
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(150 mmx2.0 mm I.D., 5 um $if%, HAHE AR N F),
FEUR M 35°C, WEN 0.2 ml/min, BEFEAAFIN 10 ul,
WA A W HEE, WA B A 0.1%(0vA) F IR,
T 5 VR AL A 0-3 min, 10%-35% A; 3-9 min, 35% A;
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HIE > T BT m/z 316.210, HIEGH VD B T /b 44,
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m XIC of +MRM (15 pairs): Exp 1, 360.200/245.100 Da from Sample 3 (10ppb) of 140916-1.wiff (Turbo Spray) Max. 3.8¢4 cps.
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Fig.1

Extracted ion chromatograms and MS? spectra of enrofloxacin
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® XIC of *MRM (15 pairs): Exp 1, 332.200/245.000 Da from Sample 3 (10ppb) of 140916-1.wiff (Turbo Spray) Max. 4.5¢4 cps.
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Fig.2 Extracted ion chromatograms and MS? spectra of ciprofloxacin

8 XIC of +MRM (50 pairs): Exp 1, 316.180/316.180 Da ID: 316 from Sample 71 (GCK1L) of 140916-1.wiff (Turbo Spray) Max. 1.1¢6 cps.
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Fig.3 Extracted ion chromatogram(A-1) and MS? spectra(A-2) for M1 in the liver of carp in control and treated groups
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5), BUEHMEE P EK-18 Da, —44 Da, -115
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TR AHTE] B R MO 2 A A 1 IO 25 9 A Vb AL
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376.210, AR BIE] 124 6.90, 6.82 min A, H¥H
P gkl M3-1 F M3-2, X3 A6 5331 54T — 9%
g AT (E 6), M3-1 12 REMEFEF R mz
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243.000, M3-1 fil M3-2 5JFJE259AH L, =9
H5r FREIT 16 Da, I H 55 25% HA ML
ME%%%%E Bk Fk-18 Da, —44 Da, —115
, PR, HED M3-1 F1 M3-2 & BE T R EEL At
ﬁ?%,_%mmﬁ#ﬁ%o

2.5 #@EEapTlER RiE B R ERGWIRR D 2 L)

1 )& 30 mg/kg fa iR B VD B IR s T 45 24
24 h F , B b i A5 1) JEOE 245 ) R 8 = 1)

i MR AR R, S A AR R VD B R
Fmﬁifﬁ%ﬂ PIVD A, W 4 54 0.2780 mg/kg . 0.0064
mg/kg o T 14 18 1 5T 30 mg/kg R B B TD R
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Fig.4 Extracted ion chromatogram(A-1) and MS? spectra(A-2) for M2 in the liver of carp in control and treated groups
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B XIC of +MRM (50 pairs): Exp 1, 360.200/360.200 Da ID: 360 from Sample 74 (GCK1L) of 140916-1.wiff (Turbo Spray) Max. 6.3e5 cps.

3.0e6 - R S,
1.28¢7 s
28e6 | — ZF4 Control group i%gg; A2
— %244 Treated group L1007
2.6¢6 | 007
9.50¢6 e
£ 9.00c6
246 | i
£ 706
2.2¢6 | MO & G
B S5
g 2006 | / i
k) 4.00e6
2 1866 | So0e6 T
2 2.5006 e
5] 2.00¢6
E 1.6e6 1.50¢6 s J( 5
1.00e6 . 261 0 L s
i s.%ngg 121 s 1625 153 0 R B o oagmsama Jhﬁm 1
oy 1.4e6 U760 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
e m/z, Da
1.2¢6 A-1
1.0e6
8.0e5
|
6.0e5 1‘
4.0e5 | 1‘
333 \A\
2.0e5 N
071 186|2.40 297 13.64 149014 3 1499 1639 o8
0.0 Mol A p A1 ‘ oo 2149 163 .
’ 1.0 20 3.0 40 50 60 70 8.0 90 100 11.0 12.0 13.0 14.0 15.0 16.0 170 18.0 190

42 95 153 210 269 329 389 447 505 561 614 663 718 774 829 878 922 977 1024
fiif ] Time/min

Fl 5 25 HA S5 2540 P MO $2 B0 F i (i (A- 1) A1 i 1% (A-2)
Fig.5 Extracted ion chromatogram(A-1) and MS?* spectra(A-2) for MO in the liver of carp in control and treated groups
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Tab.1 The peak area and concentrations of enrofloxacin and
its metabolites in carp liver
FREMARETY stk 2
EJTTEA Calculated
Parent drug and .
: Peak arca concentration
metabolites
(mg/kg)
MO 32600000 0.2780
M2 478000 0.0064

DUZHT- K AT I 0] B3 % B VD R AE S T AR . LN
V2o MR A PN AR S SO A rh AR = A 7 43 B, 445
WlR, DHELZ 240 )5, SEMEM . FLAEXTIR M
Kb B L EE T BIFIE 259 £(>99.80%), A /&
N-£ CHACHT YA £(<0.30%), 765 7 AR 8
I e A N 3] /D 2 R PR 455 10(0.21%), TEJL
Y e 0 I 2 H ARG ) 1) 2 3 e i A D g A5 #
1) A TS T B2 R W I T AR 42 (0.02%) S [7] 43 S g 4
(0.05%) . {H i b BLTE 5 5 AR 6 R L 9A v Xof AR JH Ak
LA HP AR HE I 2 e g AR IR T VD R (<.0.20%) 6

(0]
"CIY .
|
N N
N A

M1

MO

l

FEARBEFE Y, B Vb B A 0 40 T 0 b B LA R 251
K F BT YAV B ARSI, HEEAE 3 Fh
R =, BRGSO = (M) AR D A
FIEALAC = M (M3-1 1 M3-2), AR =y ik 25+
AW, B U B AR S A T v & R R A
BFREARESITTIHABR U FIEE 7), Hp R
WV B 2R AR RN VD B S G R — B, B
Vh R = 5 5 SCLL A5 (2009) F T #155(2012)
WFFE—3% o K= sh PR N & BB T S R =
MDER IR IE S, [H5E 55 % (2006)" % BLAE K R4 P
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Abstract

Enrofloxacin is one of the third-generation synthetic broad-spectrum antibiotics in the class

of quinolone, and has been widely used in the prevention and treatment of animal infectious diseases.
Previous pharmacokinetics studies have been mainly focused on the metabolites of enrofloxacin in fungi
and animals, but little is known about the metabolic pathways and the metabolites in fish. Our study
aimed for better understanding of this drug in aquatic animals because it would provide a theoretical basis
for the proper use of enrofloxacin in aquaculture. In our experiment carps (Cyprinus carpio) were orally
administered a single dose of 30 mg/kg body weight enrofloxacin. Liver samples from the control group
and the 24 h post-administration group were collected for the metabolite analysis. Following
intraperitoneal injection, enrofloxacin and its metabolites in the liver of carp were analyzed using a
positive liquid chromatography coupled with Q-Trap mass spectrometry (HPLC/Q-TRAP MS). Based on
the retention time and MS/MS spectra, we surmised the possible metabolites of enrofloxacin in the liver,
and also proposed the potential metabolic pathways and the structures of metabolites by analyzing the
fragmentation pathway. The results revealed that most of enrofloxacin remained in the form of the parent
drug, and that a small portion of enrofloxacin was converted into metabolites in the liver. Besides the
parent drug enrofloxacin (MO0) and the known metabolite ciprofloxacin (M2), a very small amount of
decarboxylation (M1) and hydroxylated enrofloxacins (M3-1 and M3-2) were found. The quantitative
analysis revealed that the concentrations of enrofloxacin and its primary metabolite ciprofloxacin were
0.2780 mg/kg and 0.0064 mg/kg respectively. These results suggested that enrofloxacin could be
converted into a variety of metabolites through distinct metabolic pathways in different organisms. This is
probably due to diverse living environments, fish figures, drug metabolic enzymes, and other factors in

different species.
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