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Simultaneous Determination of Sixteen(Fluoro) Quinolones Residues in Pig Faeces by Liquid Chromatography—

mass Spectrometry
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Abstract: A liquid chromatography—tandem mass spectrometry method was established for the determination of sixteen fluoroquinolones and

quinolones in pig faeces. The sample was extracted using an aqueous solution of Mg(NO5), 50%(W/V') containing 4% of ammonia. After cen—
trifugation, the extract superant was loaded upon a HLB solid phase extract cartridge, and was washed using 2% methanol in water. The tar—

gets were eluated by 5 mL of 4% ammonia in methanol. The chromatography separation was on an UPLC BEH C18 chromatography column

with a gradient procedure, and detection was based on an electrospray positive ion source and MRM mode. The calibration curves were of well

linearity for all compounds from 40 ng-mL™ to 200 ng-mL™. The limits of detection for the method was 0.005 pg-g™ for sarafloxaxin and

cinoxacin, and 0.002 pg- g™ for the other 14 compounds, respectively, in the samples. The average recoveries at the three concentrations were

at 0.05, 0.5 g+ g and 1.0 pg- g™ in spiked pig faeces, respectively, ranged from 51.4% to 109.3%(n=6 ), with relative standard deviations of
less than 20%. The real samples were detected, and ciprofloxacin, enrofloxacin, ofloxacin, sarafloxacin were the main residues. The method
was simple, rapid, sensitive, reproducible, and could be used for the determination of the sixteen fluoroquinolones in pig faeces.
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i, BRI AR Z R EHEIZE (Fluoro-
quinolones, FQs i AE RAIE ARG, LAFRFH B 2 %
FYREEEE RIS, 45 A B R i
AR, T S T TR 25 ) O W - R AR A, R 3R
BRAEEMEMASIA B ESERM . Hl, HNSAET
FQs 251 258 B A 19 S A 7 iR aE SR 22, 3
JE T A 26 TR U T RS RSN 7 B AR >, SR MR
FE GBI E PR VD B A BIE YN R 12 A SRR
PRI P B TR IR, s A H BRI,
EMEE, TTLLFERHIE 16 FhiRsEER2R 2 ok i &,
e AP R DL HRE

HFRAH A AR ERMOE RSB ME),
IAREASHTADERE AR K AP AR o BHIELLT , RS AT
WEIRES R B B, T B R RTAL IR ) S B A R A R
Fe R ABRBI DI AR S R ERE R E
A ERA VLR, WA R, REA A E W
A AR F AR . ARSCEN EZMEH 16 F
SIS AT s B R AL R B
B, T B S E 5D

1 #BE57FE

1.1 ###

R R FEERE R ICT h E R BB S R

FEAYLES . Waters Acquity TQD 58 Bk I #F U-
PLC/MS/MS &4t (3 E Waters A Al ) ; —+FLIEMHZEE
B E (SKE Waters A7) ); =B KIRSRE LHL
(GL-20G, b5 ) s RMRAL (J\J71R5] ) ; Oasis HLB
BEIAHZERUE: (60 mg/3mL, Waters ) ; LC-C18 [#{FHZEERX
# (6 mL/500 mg, Supelco); SCX [& #H % B (6 mL /
500 mg, Agela)

BH AR R AR E BRI E B E .
ARV E BIFEYDE G E  ZH YR TG A .
BEMR. VYA, BEPE (58&=9%%,Dr.
Ehrenstorfer A 7] ); %5 D B RED B N &
Oof B, & 8 =91%, W E 25 A il e B ) s WA
BRVD B (KT HR S, 5 & =75.3%, H E 25 S A 0l L G
FEPT); B RN (35 4l (Fisher, I HEAF] );
SRR EUK R At el (LA =i20R ) ) s R Atk (Fs,
PHZ 18. 2 MQ-cm™),

12 ik
1.2.1 FRiEE A BL &

S3HIKE T FRER 16 T FQs 25 Wy hr i it 50 U

EE, FER 0.05 mol- L™ A & MG vA i 5

HEER R B 1 mg-mL™ AR HERE & . IR
PR BRI BRI 1 pg-mL™ BTR S F5 1 TAE W,
B-20 CHAR R, B8R 3 1A,

1.2.2 HEAhEI%

FREBUBZEMERE M 0.2 gURFHI 2 0.01 g) & 50 mL
BOE, MAERIRASTE TR, BEd%. A
50 %RHEREE-4% R K IRA W 8 mL, IR IEIR A 60,
FEFEFREY 30 min, 12 000 remin™ B> 10 min, B 4 mL
iEWGT HLB ARG (FSeH P EE. AvKE
5, 2% F EEHRSE, T 5 mLL 4% S84k B EEvAs W e i - vk
B 45 CHRASMREIE T, H 0.1%F BB ERE
1 mL, #% %€ 30 s, i3 0.22 pum 8RR, HEy A €3 - i/
JEIE ST o
1.2.3 FrvfEfi gzl

FREURE ST 1.2.2 Jiab s, 7EVRI I i A
B SRR IR A A AR W, BOHl R Bk 40,80,
120,160,200 ng-mL™" F 5T S IARER R , B 45 C
W, A 1 mL 0.1%1) B BR/KE R E TS , 4 0.22 pm [
e , HPLC-MS/MS 52 o B MR 3 AT,
BT 3 R US A YR TR T Ak
SRYNAE R , FEE O TS TP TV VRO B R R A A , b
HERRZ
1.2.4 3%k s

()i 414 .BEH C18 €34 (1.7 mm,2.1x50
mm ) , S R B BE(A) A 0.1% H BRYA W (B), HEiR
35°C, W& 0.3 mL-min™, #EFBERFEF :0~6 min,
10% ;6~7.5 min, 10%~65%;7.5~8 min, 65%~10% ; 8~9
min, 10%, #FE&E 5 pl,

(2) ik 55 14« F I 5 85 7 U8 (ESIY) s ARt
BRI LSOV AR, RSO RS IR 115
C, BRI <REE A 360 °C; vl sl 550 L-h,
LRI S0 L-h'; B BN 0.8 kV, Kl
o MRM #2316 Fh25 A4 L RiEFRE RB B 2
HAbFREAR AR 1,

2 HBREHZM

2.1 &MEE

PRIBURE A 3, 7E VR IRV P I AGE 2 AR TR
AU IIFRERS R, BChI B R 40~200 ng-mL™ BT
TIARHES WL, 16FQs 25 R AT, St REAIAE K
RZHZE 2,
22 FERBUE

RS KT 16 B FQs 25 AR 2 BREZEMERE
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Table 1 The analysis MS parameters for 16 FQs in MRM mode
&Y £ BB st 8] /min HEFTFET HEFLELE/V HiERE eV

Substances Retention time Precursor ion/Product ion Cone voltage Collision energy
HERAR 703 262.02/215.8 2 32
Oxolinic acind : 262.02/244%* 20
PEE 263.02/189 30
Cinoxaci 6.26 263.02/245* 37 14
THERT> B 478 319.14/281.1 30 26
Pazufloxacin : 319.14/301.1* 16
WRE 4.00 320.15/233 e 24
Norfloxacin : 320.15/276.12% 18
KR 382 321.14/232 35 34
Enoxacin : 321.14/303.1* 18
HARVE 427 332.15/245. 06 o 24
Ciprofloxacin ’ 332.15/288.12* 18
R R 378 334.16/290.04 35 18
Pefloxacin : 334.16/316.06* 20
BEDE AT4 352.29/265.23* 34 26
Lomefloxacin : 352.29/308.33 18
B 466 358.15/82% 5 52
Danofloxacin : 358.15/340.1 24
B2 456 360.15/316.2* o 20
Enrofloxacin i 360.15/342.1 22
ARV E 377 362.13/261 37 28
Ofloxacin : 362.13/318.03 18
FFUVE s 370.19/326.2% 20 18
Fleroxacin : 370.19/352.1 20
e A 581 376.25/261.1%* 20 32
Gatifloxacin ’ 376.25/358.2 18
VRV E 533 386.1/298.9* 5 30
Sarafloxaxin : 386.1/342 20
A2 64 393.16/292% % 26
Sparfloxacin - 393.16/349 20
ZHEUDE 498 400.09/356.1 3 20
Difloxacin : 400.09/382.1* 22

o ERE T,

i 28 1.2.2 BUANER T AL TR AR 25 YRR IE B T
[ BB T UG {5 M . (S/N) ATt oy 259k B, SIN K F 3
KA R FEE Y 2 IR 2 P B
PR 0.005 g+ g™, Fofth 12 Fl FQs Z5Hs H FR 3K
0.002 ug-g s
2.3 EBmEBEZEENNE

KRR ERINE, fE2S QP ERm 0.05,
0.5.1.0 pg-g™ 3 MAFRVEELYHATEIRCRIRLR, &
MRBEEHAT 6 MRS EATIRE: , ISR A SC R B,
FRICE IR 3. W LLE Bz s E R 3 51.4%~
109.3%,RSD 4 1.2%~19.4%,
2.4 LEREEGRST

FEI TR 3 ML 1A B S
R R TRI . FERE IR R BB

B E FYE DR, WETEETE 10~600 pg-g?,
B RS FEIRH 3 #2590,
2.5 FRit&EGMmi

BHERA 1 pg-mL™ & FQs 25 Wi W L) %
SRR R IE B AT TS T2, o
E/F FQs KIS T BT, e WS TEF
KRBT NEFE T2, FQs 24 4R
T EE AR R B R BUK B FM+H-H,0T R B
[M+H-CO,* A B i 38 J5 WR B2 P W 284 % A= G5 A B HE AR
% CHNR B7=# 8 [M+H-CO~C,HNR]", FxJ5 LA
22 I o W TE B AR, Ak A P RS RTE S4. 16
i FQS 2o IE B TR B AR LA 1,
2.6 BEEMIERE

FQs 255 FEM P S RE ARG I, 2R
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Table 2 The regression equations and correlation coefficient of

sixteen FQs in pig faeces

#LA) Substances Regrel?s?oal?zﬁation Conel:tﬁiiifﬁﬁcient
HZRFIER Oxolinic acid ¥=87.929 4x 0.995 244
P&V & Cinoxaci ¥=933.195x 0.990 767
If%kY> B Pamufloxacin y=33.623 6x 0.990 716
FEFEIPE Norfloxacin y=47.702 8x 0.993 956
BV B Enoxacin y=76.920 2x 0.993 511
PRV E Ciprofloxacin y=62.277 9x 0.993 576
FERIDE Pefloxacin y=22.338 2« 0.990 439
VP E Lomefloxacin y=170.393% 0.990 993
BV R Danofloxacin y=98.841 6x 0.991 988
B3V E Enrofloxacin y=64.531 2x 0.995 300
HHIE Ofloxacin ¥=92.818 9x 0.992 164
FE VP E Fleroxacin y=124.341x 0.993 200
fNEPE Gatifloxacin y=80.314 9x 0.990 121
Yhiyb B Sarafloxaxin y=12.686 4x 0.993 809
wfY> & Sparfloxacin y=42.944 5x 0.991 304
Z# P E Difloxacin ¥=36.236 5x 0.990 335

WA A Y . AR 50% A8 BREE -4 % R /K I
WAE A RBUAR, IR Mg 5 FQs 254 T454
A REMBEEERBERGTES  ERRE
REEY . WE it E] 43 3k 15.30.45.60 min
FeEE AR S IR, BRI A, AR R 15

min B, A FIBCR B, 88 7 B 8] 28 30,4560 min
A BT e SR AR AL S BH B o 3 I 5 8 7S R ) R 30
2.7 EtEERERIERE

FQs 25 Y8 TR k4T, Lt iR, H
PREBOBCON BN, T HLB BAHZEBGE \LC-C18 A
BUiE (SCX &1 AHZE BURE 5 7T DL B ik fb & P i AT
B, BEIAR SO 3 i R AHZE B A R IR 4  E4 T T
W5E . HESIMERER 50 ng-mL IR-SHRUER R, 59
R EICREE R 2, FTLAE H,SCX [ A2 BT
16 Rk AP B9 IR B/NF 50%; LC-C18 [EAHZEHL
FEXS o B 4 DR BT, (B A 5190 i [l i R 5
fi; HLB FEIAEZEBUEXT 16 Fr ik &40 EICRTE 70%
~120%22 8] , 5 HAE . YT 16 Ffb & Hra& Ak [l R A%
R &, e A HLB BEAZERGE
2.8 SRR RAIERE

AR A% F AT BV WA A Ve, it
VAT pH (S BT LAY FQs BRI iR o 4830537 HL
3.4.5.6.7 mL VB HEATUER , SLI0 45 SRR, 5 mL
VR S RO AR . R ILAR R 5 mL PRBR
HEATUER o
3 it

ASCESL T e 16 i iaiSE 25 Pk

R 3 HIE(ED 16 7 FQs BAYMIREER TR RY (n=6)
Table 3 The recovery and RSD of sixteen FQs in pig faeces(n=6)

IHIREE 0.05 pg-g”

IR 0.5 pg-g? TN 1.0 pg-g™

HeAr ) Substances B /% RSD/% Bl /% RSD/% Bl /% RSD/%
B 22H| AR Oxolinic acid 514 9.69 72.0 1.8 74.1 1.6
FHIEYDE Cinoxaci 53.7 12.7 82.8 2.0 80.1 12
VPR Norfloxacin 545 12.4 94.2 4.8 83.7 4.1
7> B Enoxacin 63.2 9.7 93.7 3.1 88.0 3.1
PR E Ciprofloxacin 71.4 105 102.1 3.9 92.8 4.7
BRI B Pefloxacin 63.5 9.3 95.4 2.0 94.5 37
& EVDE Lomefloxacin 67.9 10.0 103.6 1.4 92.4 33
BiEyb B Danofloxacin 76.2 11.7 109.3 9.1 108.8 2.3
Bi#7 B Enrofloxacin 59.0 11.1 94.6 3.7 789 19.4
HHR I Ofloxacin 72.5 123 103.6 8.3 96.3 14
B VR Fleroxacin 69.3 11.6 103.2 1.9 94.8 2.9
JnE:b B Gatifloxacin 67.6 9.6 99.4 2.7 92.6 2.6
AIWAYPE Sparfloxacin 59.7 11.9 97.1 2.4 93.9 1.7
%> B Difloxacin 60.5 6.2 94.0 2.0 93.0 2.0
YWHY 2 Sarafloxaxin 573 13.6 99.8 1.3 95.5 2.3
WERkYD & Pazufloxacin 55.8 5.5 89.9 53 82.3 5.4
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Figure 1 The chromatograms of sixteen FQs added in pig faeces
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Figure 2 The recovery of sixteen compounds by HLB, LC—C18, SCX solid—phase extraction
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