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Development of HPLC Method for Multiresidue
Determination of 12 Quinolones in Egg

LIAO Lan"?, RAO Yong"*, YANG Gui-xiang', HUANG Xian-hui', ZENG Zhong-liang®, ZENG Zhen-ling'

(‘College of Veterinary Medicine, South China Agricultural University/Guangdong Provincial Key Laboratory of Veterinary
Pharmaceutics Development and Safety Evaluation; Guangzhou 510640; >Rongchang Campus, Southwest University, Chongging
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Abstract: [ Objective] A high performance liquid chromatographic (HPLC) method with fluorescence detection (FLD) was
developed and validated for simultaneous determination of residues of 12 quinolones (QNs), norfloxacin (NOR), ofloxacin (OFL),
ciproflocacin (CIP), peflocacin (PEF), lomefloxacin (LOM), danofloxacin (DAN), enrofloxacin (ENR), sarafloxacin (SAR),
difloxacin (DIF), oxolinic acid (OXO), nalidixic acid (NAL) and flumequine (FLU) in egg. [Method] Egg samples were extracted
by a homogenater and an ultrasonic cleaner in 10% trichloroacetic acid (TCA) in water — acetonitrile (8:2, v/v) and cleared and
purified by a solid phase extraction (SPE) cartridges, Strata-X®, based on a modified styrene-divinylbenzene polymer. Twelve QNs
were separated by C;s column (Hypersil® BDS-C,g) with acetonitrile-citric acid/ammonium acetate buffer in water as the mobile
phase using a linear gradient elution program and detected with fluorescence detection by means of a wavelength program. [Result]
The tested ranges of quinolone calibrations were 5.0-160.0 pg-kg™ for DAN, 12.5-400.0 ug-kg™ for the other 11 QNs in egg with the
correlation coefficients more than 0.995 for 11 QNs exception to FLU (0.982). The validations for egg fortified with 12 QNs at three
levels (1/2 MRL, MRL, and 2 MRL) obtained recoveries of 68%-85% exception to NAL (52%), intra-day coefficient of variability
(CV) of less 8% and inter-day CV of less 13% exception to ENR (18.8% at 1/2 MRL) and FLU (18.0% at 1/2 MRL), limit of
detection (LOD) of 0.2-4.1pg'kg™ and limit of quantification (LOQ) of 0.9-13.5 pg'kg”. [Conclusion]The results suggested that the

method for determination of 12 QNs residues in egg has a simple, fast sample treatment procedure with a little consumption of
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organic solvent and an extensive applicability. It could meet the screening and quantification requirements for residue analysis.

Key words: Quinolones; Residue; High performance liquid chromatography (HPLC); Egg
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/2 (ofloxacin, OFL) . ¥ A (pefloxacin, PEF) .
CIP) . WKW A

(lomefloxacin, LOM) . A%/ (danofloxacin,
DAN) | Bi#7bAE (enrofloxacin, ENR) IV

(sarafloxacin, SAR) . %A (difloxacin, DIF) ]
A3 B R IRIE Y MEMER  Coxolinic acid, OXO) .
ZEMEPR (nalidixic acid, NAL) % (flumequine,
FLU) 1, Frasr i AA . ok A Hls
DL TG VG, @S SRR R 0 8 A E A,
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1.1 R

WY A (ciprofloxacin ,

YIRS BRIV RS D A EUR
WEL R E. B Whib R, hE GRS
T HREIRIL S b 2, T R B 2 AT PR A 7
WSRVP AL, P E 2 A SR E s IR IRb AL,
JTINEAES P R A S A PR W) TERAER L ZRE R AT
HE, Sigma A 7]« LJIE A (k48 KA 754 GB/T 6682
MER oK R, IR =%, 5. W
BE, =R LM (TCA) . Bl 288, BERE iy
Ao Hrat.

1.2 &&

OB RS . Waters 2695 43 B R GE . 114k 1
IS 2475 SOkl gs . AShPERERs . AR,
Empower 43 T/, 3EHE Waterso LT 8T KF:
AE160 7Y, %L Mettler; Z5.0ofl: Universal-16 7Y,
[ Hettich, 5415D %Y, [ Eppendorf. ZHZ1%JH
Blo BB HS10260D AL, ST ARRMU A
B RA A e E G MSIA, HRp4iE KA.
Z IR A% HS250 Basic Y, f#[H KA. /K4
{¢: TurboVap LV &, ML#s 5 ml. 20 ml BEFGIAE,
F%[H Zymark. P UIEEWAS: Eppendorf Research
A, 15 [E Eppendorf. 9711k [ AHAS IR s BC & 0598,
&[5 Waters. #1285 %) SPE #1:: Strata-X, 60 mg/3 ml,
Phenomenex .

1.3 ik

1.3.1 EHARER AR 0.5ml0.5 mol-L”' NaOH
WIS, HRDEASE 10 ml, SZYMIRER 1
mgml”. AN 6 A HLIA

1.3.2 BEHMARETETER Ul 2 bk
W 4.0 ml, JHHEEERE] 10 ml SIRIEZ N 400
ugml™e A3 BIBUA RIS 2 (400 pgml™) Fie
11 Bl Z5hrvEI 459 (1000 pgrml™) £ 40 pl, LA
BEAE 2% %8 10 ml, Bl 8 MRL X 10 [E7R & brdE AW
B 4CRLE, NN 1AHEN.

1.3.3 REHGMAFIFFETER(x10) 22
FEVEBCH] X 10 R LIRS W R IR TAER: 8
MRL. 4 MRL. 2 MRL. MRL. 1/2 MRL #1 1/4 MRL.
1.3.4 HEREBH &=HLMR (TCA) 10% (m/v)
NG 20% (viv) IRI7KEE

1.3.5 PBS £ FIN NaH,PO,2H,0 14.50 g Fil
Na,HPO412H,0 1.482 g, JHZEMH/KEAR S 1 L.
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1.3.6 FRMKEE 10% (viv) FEE-KER.
1.3.7 MER/ LB Z R FRE 10.5598 g Frig
FRF1 7.8650 g LIREE, MAKERE 1 L, =&
fZ 1 ml, 0.45pum i3E, AHsIAHIIKAE.

1.3.8 Wzt EEEIEALNE 10 ml, HiER/
CPRFE G MUE A 5 100 ml.

1.4 HmErtEidiE

1.4.1 KA H & BUOE 3~5 /i, L&, &
B AE B 3 min. —20°C L M RAE % .

1.4.2 ®RIE FEMEEME, FRFE (2.0£0.01) g,
N PBS S 4.0 ml, i HE 30 s M S $2 04 10 ml,
HLSIHAL 10 000 r/min 5% 3 min, 55 H 5 ml $EHCHE
VEJISRFISIHM, B IFEFEW, WAJE 30 s; HEAALEE 5
min; 8000 g 5.0 6 min; FEEH 10 ml ZE1R/KFGRE G
fit SPE 44k,

1.4.3 SPE %Mt ¥ RAHEAY) SPE £ (Strata-X)
DL 3 ml FEESAG, 3 ml Z800/K P BRES A
SPE H: BRI, i FEE LA 1~2 ml-min™;
FEMRVER 3 mlkVE, ST HE 3 ml PEIE, 4T
VEWLH T 60~70°C A (BeF 20 W1, H 1000 pl
TANAERIR Y, TR, 12000 g 50> 6 min,
WAt HPLC W52 .

1.5 JE

OiER: Ci (BRE) , 250 mmX4.6 mm (i.d) ,
Fide 5 um, KIEHRIF I A A A o RIPHE:
Cis» 4 mmX3.0 mm (i.d) , Phenomenex. fEi&: 50°C.
HEREE: 40 ple WEIAH A WH 2. B WUONFH IR/
LR RMII, A VRN : 0~11 min, 9%; 11~
20 min, 9%~29%; 20~25 min, 29%~37%; 25.01 min,
9%, i 2 ml'min”.

PR MM P K. 9 FF FQs (NOR. OFL.
CIP. PEF. LOM. DAN. ENR. DAR # DIF) Ex=278
nm, Em=465 nm; 3 ff QNs (FLU. NAL 1 0XO)
Ex=312 nm, Em=366 nm. 3 KAk E7E DIF F1
OXO ZIH], AN[AI ARG 25 11 DR 87 I [] n) g 5 AR AR
s WU IR 0 R B B 1D
1.6 FIEmZFNLZ4SEE

FREL (2.0+£0.01) g =5 A ERAEE, INRVNEA bR
HETAER (1.3.3) 200 ul, 4% 1.4 J5iE3HTHE AT A 2R
F4% 1.5 J5ikE . 480 1/4 MRL. 1/2 MRL. MRL.
2 MRL. 4 MRL F1 8 MRL 4t 6 NMKEE, iR E K
T3 ANEEAE . K3 AT S (k0 AR )T
BIME YD) FARG N 2 sk (X0 M T4 IR

H, 1R AYRIE .
1.7 ERENEMTZRENE

X 10 W PE IR A ARy TR (1.3.3) 200 ul N
ANEF 2.0 g XA ET, 51 1.4 BEATHE S AR ERF 1.5
385, W5E 1/2 MRL. MRL F1 2 MRL 3t 3 MK
o BEISIKOP RS 6 AT S [ I AH )
TRPE (R BRAEA CHX 10 MR B2 TR A AR e AU 200 pl,
111 800 wl WENAH, JRAI) o BUAHR K IRIARER A1
TE £, T SRE K 5720 EMPOWER . TAE sl A BEAS
S INEE S SR B . fE AR 5 R B ZANIR K
T 6 NEEFER (n=6) ; LR REC AT
IACEEEARTRN G H I 3 AR TG = A 5
(n=18) o AN[FHLKIE] ARG 1 d 81 d LA L, #f
RE F A R (R B A 2 R
1.8 RYEME

TR 58 R AR IR B (1/4 MRL) 1)
18 AN INAE LK HPLC (i B 45 5 /Mg = L (S/ND
(R, TR IR (LOD)=3 S/N 13 & [ (LOQ)
=10 S/N.
2 HRE5SH
2.1 @itE

T EMERE AT, 4R WE 1. 1/2 MRL
FRFERIZS I T 7% W A ¥ HPLC-FLD ) €4 3% ] 73
ALK 2 FIFE 3. 12 BRI LREE I ] (min) A
NOR 8.30.OFL 8.99.CIP 9.62.PEF 10.44.LOM 12.64.
DAN 13.38. ENR 15.20. SAR 16.23. DIF 17.22. OXO
18.23. NAL 21.91. FLU 22.72, Fifg e4¥ibik s 1 3k
Loy, R
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Fig. 1 Chromatogram of blank egg by HPLC

2.2 FRAERRZEFNZL4SEE
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BHWIRIE S B 25 ngkg! (NOR, OFL, CIP, PEF, LOM, ENR, SAR,
DIF, 0XO, FLU) #1 10 pgkg”’ (DAN) . K

Concentritions of 12 QNs are 25 ug‘kg'1 (NOR, OFL, CIP, PEF, LOM, ENR,
SAR, DIF, OXO, FLU) and 10 pgkg' (DAN) respectively. The same as
below

2 12 7 ONs #7489 HPLC BIE[E
Fig. 2 Chromatogram of 12 QNs stand solution by HPLC
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3 TEIGERNN 12 F GNs FRHEHT HPLC &L [E
Fig. 3 Chromatogram of egg spiked 12 QNs 1/2 MRL stand
by HPLC

F 1 IBERI 12 Fh QNs BRI IE Bhzk

Table 1 Calibration curves of 12 QNs spiked in egg

2 S Ik B EVEprrE LB
QNs Ranges of conc. Regression equations r
(ngkg™h

NOR 12.5~400 Y =336x10* X +2.67x10* 0.99838
OFL 12.5~400 Y =1.37x10* X + 4.46x10* 0.99684
CIP 12.5~400 Y =2.67x10* X + 7.90x10* 0.99829
PEF 12.5~400 Y =5.30x10* X - 1.54x10? 0.99876
LOM 12.5~400 Y = 1.77x10*X - 1.38x10* 0.99864
DAN 5.0~160 Y =1.92x10° X - 6.72x10° 0.99911
ENR 12.5~400 Y =5.27x10* X + 1.22x10° 0.99855
SAR 12.5~400 Y =2.01x10* X + 1.94x10* 0.99853
DIF 12.5~400 Y =2.71x10*X - 7.42x10° 0.99850
0X0 12.5~400 Y =1.18x10* X + 1.23x10* 0.99820
NAL 12.5~400 Y =537x10° X + 1.43x10* 0.99462
FLU 12.5~400 Y =1.60x10* X + 1.04x10° 0.98216

X JEPPRIE; Y ViR

X is concentration of QNs; Y is peak area

SAR. DIF. OXO. NAL 1 FLU 11 Fh2y#i£i i
Fil5E R 12.5~400 pgkg!', DAN HIZE Va5 4 5.0~
160 pgkg'e 76 FBMLEPESEIE A, 0 6 AN
FHIOAZ I B R (A 26 R 505 FLU 24 0.982 LI4k, Hie
11 Fl QNs #°kF 0.995, FHILM LR R,
2.3 EWRESTLTRRAI
MR 1/2 MRL. MRL. 2 MRL 3t 3 Mk 2y

Y 3 fEEISCRFIAR B R EOLR 20 [HIRCRERAN A2
WAL (NAL b 52%) 4b, 08 11 B39 KT 70%.
L AR 5 RAL<8%, AR S RAUSRA A 25 KAk

(i FLU 18 3 NKREE 900 18.0% 14.9%. 10.6%,
ENR 7E 1/2 MRL 4 18.8%) , & & 2RI &3k JE 1)
5 ZHHI<13%.

F2 BEPIRM 12 FhONs BIEIUEFT R RE
Table 2 Recoveries and CVs of 12 QNs spiked in egg

i) [H[i % Recovery (%) AR RZB CV (%)
QNs I2MRL MRL  2MRL 12MRL MRL  2MRL
NOR 79.0 792 78.1 53 4.9 3.2
OFL 84.1 81.5 79.9 4.8 4.4 2.8
CIP 83.5 82.1 79.8 5.5 10.2 3.9
PEF 81.9 82.8 81.2 4.0 6.5 3.5
LOM 78.7 77.0 75.2 5.5 5.8 5.6
DAN 78.5 78.1 76.7 6.2 3.9 43
ENR 78.0 77.9 76.0 18.8 4.8 3.8
SAR 72.0 70.2 68.4 43 7.7 43
DIF 74.8 72.5 68.9 7.0 11.8 7.1
0X0 79.3 79.4 73.9 7.4 13.0 6.2
NAL 51.7 52.2 52.2 5.8 4.7 6.5
FLU 76.0 74.0 71.8 18.0 14.9 10.6
n=18

2.4 REE

X F 12 A QNs ¥ LOD #1 LOQ W% 3, LOD
H0.2~4.1 pgkg', LOQ K 0.9~13.5 pgkg'. DAN
REE R (LOD=0.2 ugkg', LOQ=0.9 pugkg") ,
SEIRID LI R AR % (LOD=4.1 pg'kg™", LOQ=13.5
ngkg' o YIRGERIER AT ER

3 e
3.1 THYIRNIRER %
MRS RKEKS . EATMOI#ENE, Kk

i AR B IDORT 134 (14 5 22 H (V2 D0E B 11 5o 25 i
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F3 IBEPIIN 12 FhONs IR HUE
Table 3 LODs and LOQs for 12 QNs spiked in egg

241 A5 B 1 i) LOD LOQ
QNs Ret. time(min) (ngkg™") (ng'kg™)
NOR 8.30 1.4 4.6
OFL 8.99 4.1 13.5
CIP 9.62 1.8 5.9
PEF 10.44 0.9 3.1
LOM 12.64 1.4 4.6
DAN 13.38 0.2 0.7
ENR 15.20 0.6 1.9
SAR 16.23 1.1 3.6
DIF 17.22 0.6 2.1
0XO 18.23 1.6 5.4
NAL 2191 2.4 7.8
FLU 22.72 1.4 5.6

7o YUBE & R B S R 46
HHER, BB TR, BRI = A CIRER
PRIV, AR e AT R R, M T I BA LA
DU ER VA RS, 5 A DL R, BRI
HIRUF, AN — T L SEHE R B WU G A REdEAT
SPE 45 bAbHE, ¥4I T AR S A, FR, K&
ANV RIS AR T P A B SRR 7L
RSP R AYE R, A SRR B
WO WA IBERL, WA T &R,
DUER RN 22, W IR MUIRES, IR XA T 1
t.. Posyniak ZFF 7Y R WHLEGR H 2N ¥ Le A S5 R
i (1 [EDBCR R BR I A R A R K IR R, TEXS AT
XS RIFEEU H 10% =& 4R - 4 (8 :2, viv) iR
B RCRECEAR . BB T TUUE SE T IR 7
WG ARG B AL BE, by T A LE SPE A ELR T,
PR B KB PBS WM B 2 S5 1 & AR T 10%.
FENIAN 10% = L8 - LM (8 2, viv) IRG RN
ZHT, BN 2 55 pH 7.4 PBS W H BT pH
7 1 E I NSRS 1 o JE AR 1 T ORI
V. N THRICE N gy, SRAT demnl S K i S
WAL PRI BOLFE o
3.2 BikAE

7E QNs 5RF a7, o e 7 ik s i
WA (liquid-liquid extraction, LLE) . [l A1 #£HY (solid
phase extraction , SPE ) . % 5% f1 22 Hr,
Hernandez-Arteseros 25 451t, 76704 QNs 4% B4 1)
Wk ik, LLE 7 34%. SPE 5 26%. LLE+SPE

8%, L ITE N 21%. LLE &SR
ik, — MR R E A HUAR, E kR
ZEy PR ORFN SN IE PR IR s (R ERAG FAR 4L
MRS PEARR, PR I A% P RS I B AR A 1 75
W7 N B2 BRI BT SPE J5ik BAT fajfd .
TAL B PRI A8 A WL > SR8 A Strata-X SPE
FEM R Z B R K 20 - = M 52K Cstyrene
divinylbenzene) HEW, FMAESEN Cs dEAHIL, A
AR SR, MRS 10%E0R, D88l nf
DLAHb KR A i, S H3 5, B R e
AT A R
3.3 MEAE

HPLC /& 73T QNs W& h | iz 50 ik, 36
TIN5 T80 A5 ()& M B8 (UVD, BFE A
MER G AR s (FLD) , B4 FLD 4%
UVD A W s 3k B vhf R 0%, B LS #  H E
2B HAA IS P RV 5L (marbofloxacin)
Figigvb B (enofloxacin) ] UVD il 58 4 R . W
FH A U5 S5 16 ) 5 VAl eSS 24 ) PR ff ik A 2 0T
FUARIEL . ASCHTRIG 12 Fh QNs 45 9 Fh 2P
PEf] FQs (NOR, OFL, PEF, CIP, LOM, DAN,
ENR, SAR, DIF) 1 3 i 2RI QNs (0OXO, NAL,
FLU) , XA PRI KA BRI 2 %,
ISR TR P R A A A R [R] I A % PR 2R 254, FQs
4 Ex=278 nm, Em=465 nm; QNs >4 Ex=312 nm,
Em=366 nm. A T e 2050 & 12 Mgy, R T 558
L0 AR 25 e i 75 X
3.4 REUE

R, SEH HE T OXO ) MRL 24 50
ng'kg! U7, & QNs 19 MRL 2 OXO HIbsAEE &
450 pgkg!, DAN [RIZE W PR, 28 S50 3 i,
H MRL #5420 pgkg'o HEm RBUEHIE A : #F
WA NT R 2 g i EHLETEZ A 1 ml, AHY TR
T 2 f%s RSB BEVENL 7 55, Pk, 2t
FEE R 40 plo

4 i

A7 T 12 B QNs 7EXS E 5% R ) HPLC-FLD 43
Mrrik, Relit 23T 9 B FQs Ml 3 FPEEME) QNs, H
AR POHORE G T S 3
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