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Fig. 1 Structures of fluoroquinolone
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LKT Laboratories B&#H L7z, 7+ b= b U IVIZFDEM
WH (HPLCH) #H W/, BMAKRAAI Y R7H
Milli-Q DHEHMAKEE THRL 2D,

2:2 ELISA ¥ v b

70 Y7 4 7% New Quinolone Kit Z Hvy, ¥/
O Y RPIWA OWE % T - 72, EREIZSFD 100%
ThrIru7uFdy v T 52 L TRD%.

2:3 HPLC &4

RIS L B ¥ ) v v REE A OWEIZIE, HPLC/FL
EMA L. SWERY 7L UCRERERF# LC-10AS
BOHOEMI AR I IE RF-10Ax & V72, BEHEI 20 mM
D U ERIEREEW (pH=3.0) : T M= MY =83:17
(v:v) ZHBL, 414 7 —8¥FE L LT Nonafluo-
ropentanoic acid (NFPA) % 0.2% 7% 5 & )12, i
& 0.2 ml/min TEWE L7z, 5 A T 5I1T1F Waters #
XBridge C18 (2.1 X 150 mm) % H\ 7z, #EkHids DMl
ERFEEPEEE 270 nm, ENHERE 447 am ITHREL T
WAEEITo 7.
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Table 1 Crossreactivity of fluoroquinolones by ELISA

Cross-reactivity,

%
Enoxacin 20
Norfloxacin 100
Ofloxacin 1.4
Ciprofloxacin 100
Danofloxacin 80
Lomefloxacin 30
Enrofloxacin 100
Gatifloxacin 0.9

2-4 HNIBEHE

M LB g e HBICEDIY, THF=FY NV
15ml ZHA 7B, FEVFAL AL Z20%, ®l4
BERRME (3000 rpm, 10 min) (2 & V#4507 B % X
L, BECZ7EF= MYV I5ml 2%, =00 R
(3000 rpm, 10 min) ZFET-72, TP MIVEZ
40C, WETTEE S, #oNAEREIZ20mM ) VR
WREEWR (pH2.0) M THEMSE. £01%, Oasis
MCX" (80 mg) % FIv 7z REARME & @A U7z, [SAH#H
WA, REHREICAY 27— (Iml) & 50 mM REE
TUvEZZL Qml) BEHL, 5% T yESTEAAS
=N (3ml) TEAN—N) vy V25F 0 RIEA
DEHEITo L. BHEEE 40T, BETCEEL, 55
7255412 50 mM PBS (phosphate buffered saline) % /il
2 CHIEM S ¥, HPLC/FL O ELISA Ol E At L7z,

3 MRMOEL

3+1 ELISA IZ 5\ 3 = RICH O ST
FouoyRHEAOWKENE Fig. 1127”7, New
Quinolone Kit {28 AZEGHEIZDWT, ¥/ 0 5%
MEREESEHVTRD LIS, oy dFy Yy
v, JvruaxHyr, yrazudyy o roidbigke
100% OGS HEREHBLENTE 2, T2, ¥/ 70
FH T IE80%, TATIFH T VT 30% FiETRER
JEtE%# R L7z (Table 1). $72, ELISA¥ v MZ LB T
raz7adtyroERRAEIL 8ng/g TH o

32 WRBEROREL

AEMSRF /0 RREA OB ICB ) DR O
WHARZ PVERRELIZEZA, Fig. 2IIRT L)%
HORMEARER S N, FIT, ROWEICIBCTIIEWH
EHERE LTCHRIEH IR TwA L Y7 aFy L VilE
BL, ¥/78rRHEAPRNTESHKRK 270 nm kT
447 nm [IREL, DBOEREZITo72. ¥/ 0 RE
F o BB B O pH K OB AR L CEILT
AT EMS, FNENORESEGEEZMET L. ZO/RKE,
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Fig. 2 Optimal excitation and emission wavelengths
for detection of fluoroquinolones
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Fig. 3 Optimal concentration of formate buffer in
the mobile phase
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tanoic acid and

Table 2 Recoveries of fluoroquinolones in meat sam-
ple using MCX cartridge

Analytical Amount spiked/ Recovery, %
compound ngg ' (mean * S.D., n = 6)
Enoxacin 1000 105.7 £ 5.7
Norfloxacin 50 1056 £ 4.3
Ofloxacin 500 106.3 £ 4.0
Ciprofloxacin 50 107.7 £ 6.1
Danofloxacin 50 109.2 £ 4.0
Lomefloxacin 125 105.0 £ 4.9
Enrofloxacin 50 107.8 £ 4.2
Gatifloxacin 500 104.2 £ 4.5

3:3 /0O RHEEO2EERE

F 0 v RPRAERGE AV, HPLC/FLIZBT 55
MR T ) VEREREIRTRE L2 2 A, $RTDF
O rRIEAOMESHELI AT S TH - 2. F T,
NFPA # A 4 v _7 —REL LTIRINL, Bt 8E
L7z 2%, NFPA %%0.2% CRIFRAMESHEIER S h
7o (Fig. 49). CROORIY, 4 F xRy —R#EH
W22 2T, MENEMLTWE SHEEOX ) oy Rt
WHZ — AT H I EDTREE 2o 72,

3.4 HEOmLESE

ARG IN MO FEWEOEELZID L o,
Oasis HLB® 2 OUF Oasis MCX® #4§1H L 7= BIALFE 5 i % iR
B L7z, Oasis HLB® Z il L7234, FEHEILED 50%
<, HPLC/FLICBW T D IEWE 0B #5241k
ETHILNTERDP o, L2L, A+ oAy —
P v P TH DB Oasis MCX® & V74, EHEETEMIC
BB FHEEIL 106% L BT REREH/B L2 L08T
%7z (Table 2).
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Table 8 Validation of the HPLC/FL method
Enoxacin Norfloxacin Ofloxacin Ciprofloxacin  Danofloxacin  Lomefloxacin  Enrofloxacin Gatifloxacin
Limit of 20 2 20 2 1 5 2 20
detection
Limit of 200 10 100 10 5 25 10 100
quantification
Resolution 1.38 1.39 1.08 1.49 1.90 1.71 4.97
Correlation 0.998 0.999 0.999 0.999 0.999 0.999 0.999 0.999
coefficient (200~20000) (10~1000) (100~10000) (10~1000) (5~500) (25~2500) (10~1000) (100~10000)
(ngg "

Table 4 Intraday and interday precision of quantifying fluoroquinolones using HPLG/FL

Intraday

Analytical Actual concentration/ Detected concentration/ng gfl Precision (R.S.D.),

compound ngg ! (mean £S.D., n =5) %

Enoxacin 200 205 £ 13.1 6.6

20000 20043 = 1364 6.8

Norfloxacin 10 11.0+1.1 10.9

1000 1053 = 116 11.6

Ofloxacin 100 88.9+8.2 8.2

10000 10364 = 714 7.1

Ciprofloxacin 10 104 £ 1.1 10.7

1000 1033 £99.4 9.9

Danofloxacin 10 9.7+ 1.2 12.3

1000 1026 = 19.5 2.0

Lomefloxacin 25 23.7 1.7 6.8

2500 2558 = 196 7.9

Enrofloxacin 10 98=1.2 12.0

100 1007 = 69.0 6.9

Gatifloxacin 100 82.6 £ 8.1 8.1

10000 10574 = 833 8.3

Interday

Analytical Actual concentration/ Detected concentration/ng gfl Precision (R.S.D.),

compound ngg ' (mean * S.D., n =5) %

Enoxacin 200 209 £ 1.6 0.8

20000 18931 £ 919 4.6

Norfloxacin 10 11.2=1.1 109

1000 984 * 61 6.1

Ofloxacin 100 974119 11.9

10000 9636 + 599 6.0

Ciprofloxacin 10 9.1+1.3 13.0

1000 972 *+ 60.9 6.1

Danofloxacin 10 95=+1.2 12.2

1000 1019 £ 13.5 1.3

Lomefloxacin 25 254+ 3.2 12.9

2500 2367 £ 209 8.4

Enrofloxacin 10 123 +1.2 12.2

100 938 = 68.3 6.8

Gatifloxacin 100 85.2 £ 6.2 6.2

10000 9980 + 953 9.5

3+5 HPLC/FL O9EN\UTF— 3>

RO, ERTICHIT 2 REBR, FRIRROS
B %ok 720, BIBRAUE 1 ~20 ng/g, BRI 5~

200 ng/g TH Y, &F /0 RIUWAI OB BED

[

E

XN/ (Table 3). AOWHEOBHNKRPHEEEHZ KD
72L 2B, EEBRAFEISTNT Y& LMK T A
LN72HOD, 13% LT & BTG R HE 5N/ (Table

B 4. SROOMRLY, AOWEIAEARF 0L RIH
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W3 AW, PR, ALK, DR, NE, SEVT, GHE, A, M ELISA ROTHPLC IS X 2RO X 0y REEFI OGN 047

Table 5 Concentration of fluoroquinolones in meat samples by ELISA and HPLC/FL

ELISA HPLC/FL
EE(;Z&Z:S? Enoxacin  Norfloxacin  Ofloxacin  Ciprofloxacin  Danofloxacin Lomefloxacin  Enrofloxacin ~ Gatifloxacin

Round (<8ng g_l) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Liver-1 (<8ng gﬁl) N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Liver-2 (<8ngg " N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Breast meat (<8ngg™ " N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sirloin (<8ngg " N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Sasami (<8ngg " N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Breast meat + 44.2 N.D. 53.5 N.D. N.D. N.D. N.D. N.D. -N.D.

Norfloxacin (50 ng g_])
Breast meat t+ 50.2 N.D. N.D. N.D. 59.0 N.D. N.D. N.D. N.D.

Ciprofloxacin (50 ng g™ ")
Breast meat + 43.4 N.D. N.D. N.D. N.D. 49.5 N.D. N.D. N.D.

Danofloxacin (30 ngg ')
Breast meat + 53.6 N.D. N.D. N.D. N.D. N.D. N.D. 58.4 N.D.

Enrofloxacin (50 ng g ')

(ng ¢ "), N.D.: Not detection

100 ] ) EL72EZAH, MEOMICAHZ LMHBEMLELE S
E cirotiosacin | (Table 5).
x Offoxacin Lomefloxacin
% " Norfloxacin l Enrofloxacin 4 i B
SN B e ELISA $: M 36T, BH A M C X 5 A4
v m ® @ o W @ me HLTWS., LrLads, SEREMEREOBERS,
EMREINCR YT, BAAMRICZE Lo/ 22T, ¥/
3 v RPIWA % W HEHR & LT, HPLG/FL & ELISA % H
, T LA OB AT B AT L, R L7
3 20 2%, WHOMHIEATRD & L.
] HPLC/FL {2 3513 % B QL S0 7 B0 T O 120 430D
oo ] TR B EE T A &, ELISAF v MEI1 KA 2 Y

o 10 20 3 40 50 6 70 80  /min —Z VTR E L TOEHEZRET LI LA TE, 514,
Fig. 5 Chromatograms of (A) fluoroquinolone stan- B BMEEED TN LEN DL LEBDND.
dard and (B) meat sample . .
The mobile phase was 20 mM phosphate buffer (pH =
3.0) /acetonitrile (83 :17, v/v) containing 0.2% nona-

fluoropentanoic acid. Flow rate was 0.2 ml/min. 1) J. Roybal, €. C. Walker, A. P. Pfenning, S. B.

Turnipseed, J. M. Storey, S. A. Gonzales, J. A.
Hurlbut: JL AOAC Int., 85, 1293 (2002).

2) J. H. Shim, J. Y. Shen, M. R. Kim, C. J. Lee, I. S. Kim:

FOGHIERTRETHL L EZONS. J. Agric. Food Chem., 51, 7528 (2003).

3) 1. Steffenak, V. Hormazabal, M. Yndestad: Food
Addit. Contam., 8, 777 (1991).

3.6 FEFOATHSRE 4) G. van Vyncht, A. Janosi, G. Bordin, B. Toussaint, G.
X0 RMBEREESROERBO 7O~ S A% Maghuin-Rogister, E. De Pauw, A. R. Rodriguez: J.
_ " . Chromatogr. A, 952, 121 (2002).

. . % ) B gER <
Fig. 51RT. /0 Y RARA MO SAL D HOBE 5) C. K. Holtzapple, E. J. Pishko, L. H. Stanker: Anal.
2B LR REFICaBES e, ROk HwT, & Chem., 72, 4148 (2000).
W F oy RREAZHE L. 2088, HPLC/FL 6) ‘V. F. Sar.nanidou, C. E. Demetriou, I. N. Papadoyannis:
. R . Anal. Bioanal. Chem., 375, 623 (2003).
BT, FRTOEWDHERHRARMTH 7. & 7) J. E. Renew, C. H. Huang: J. Chromatogr. A, 1042,
72, H—o#FB%Z ELISA TR L& 25, HEkCER 113 (2004).

8) E. Verdon, P. Couedor, B. Roudaut, P. Sanders: J.

) y - - AL I SHL B
FREE (8ng/g) kKiM& oz, B2, ERICIEMOBEE AOAC Int., 88, 1179 (2005).

DF 70y REEH E AN L, HPLC/FL & UF ELISA Till
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Fluoroquinolones (FQs) are an important group of synthetic antibacterial, which are widely
used to treat human and veterinary diseases. In recent years, FQs residues were detected in sev-
eral samples. An enzyme-linked immunosorbent assay (ELISA) is useful to determine many
samples simultaneously. However, there is a problem of not having qualification because of
cross-reactivity. In the present study, we developed an analytical method using HPLC/FL for a
comparative study with ELISA. Moreover, an HPLC/FL system was applied to the determina-
tion of FQs residues in meat samples. The LOD and LOQ of HPLC/FL were 2 ng/g and 10
ng/g for enrofloxacin, respectively. The extraction recovery of enrofloxacin spiked concentra-
tion of 50 ng/g was 107.8%. The HPLC method and an enzyme-liked immunosorbent assay for
the analysis of fluoroquinolones in meat samples were compared. FQs were detectable in meat
samples added FQs standard by HPLC/FL and ELISA. Moreover, there was a correlation
between HPLC/FL and ELISA. In conclusion, ELISA may be useful to rapid monitoring of
residues for FQs instead of HPLC/FL, which requires analytical times of 120 min in meat sam-
ples.

Keywords : fluoroquinolones ; enzyme-linked immunosorbent assay ; HPLC/FL.
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