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Preparation of anti-Pefloxacin Antibody and Development of an
Indirect Competitive Enzyme-Linked Immunosorbent Assay for
Detection of Pefloxacin Residue in Chicken Liver
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Pefloxacin has been increasingly used in veterinary medicine to treat microbial infections. To avoid
using a labor-intensive instrumental method to detect the residue of pefloxacin in food, a simple and
convenient indirect competitive enzyme-linked immunosorbent assay method has been developed
in this study. The antibody generated from immunogen cationized bovine serum albumin—pefloxacin
showed high sensitivity toward pefloxacin with an ICsq value of 6.7 ppb in buffer and was suitable for
a screening assay to detect the residue of pefloxacin in food products. The antibody has been
assessed using rapid enzyme immunoassays to exploit its specificity. The antibody prepared shows
cross-reactivity with a few other (fluoro)quinolones including fleroxacin (116%), enrofloxacin (88%),
and ofloxacin (10%). The assay measured drug residue in chicken liver spiked with pefloxacin with
an interassay coefficient of variation of 13.6% or less and an intra-assay coefficient of variation of
10.9% or less. The average recovery rates at 0.5, 5, 10, 50, and 100 ppb were in the range of 86—
106% for interassay and in the range of 87—103% for intra-assay, respectively.
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INTRODUCTION complicated chromatograms or spectral results. Consequently,
(Fluoro)quinolones are the most important group of synthetic these trgdltlonal methods, although hlghly accuratg, are t}me-

antimicrobials that are widely used in the veterinary industry €0NsSuming, costly, and gener_ally not smtabl_e for use in the field.

to treat and prevent various infectious diseases. Because of O regulatory purposes, a simple and rapid analytical method

concerns related to drug residues entering the food chain andC@n S€rve as a screen to detect the presence of analytes such as
contributing to bacterial resistancd4), more and more pefloxacin, which could be confirmed by instrumental methods.

countries are setting MRLs (maximum residue levels) and Th_e ELISA (enzyme-linked_ immunosorbe_nt as;ay) is the most
withdrawal periods for (fluoro)quinolones. According to dif- s_wtable meth_od for _sc_reenlng_qfdrug res!dues mt_h_e_veter_mary
ferent food resources and different drugs, the MRLs of (fluoro)- field due to its rapidity, mobility, and high sensitivity with
quinolones are set in the range of-30600 ug/kg (5, 6). In detection limits in the ppb range. Commercial immunoassays
China, the species of animal, usage, dosage ano] W'ithdrawalavailable to detect residues of (fluoro)quinolones are limited to
period for (fluoro)quinolones have been determined by the ciprofloxacin and enro_floxacin. So far, Fhe (fluoro)quino!ones
Ministry of Agriculture of the People’s Republic of China (no. that have.been studied to develpp immunoassays mclude
278, 2003.5.22). In the case of pefloxacirigure 1), a enrofloxacin (1.5’19'20)' sara_1f|_o>_<a0|n_:(6,22), uprofloxacm_
withdrawal period of at least 28 days is required before livestock (18), norfloxac_ln (2022), nalidixic ac!d (20), and flumeq_um
can be slaughtered for food purposes. In order to monitor (20:21). The aim of the present work is to develop an antibody

pefloxacin residue levels in livestock products, simple and rapid 2t is able to recognize pefloxacin residue in food and food
analytical methods are required. products. To our knowledge, no research on an immunoassay

Traditionally, residue analysis has relied upon classical to detect pefloxacin residue has been reported in the literature

analytical methods such as chromatography, either gas or quuid,SO far.

coupled to various detectors including UV absorbency, mass

spectrometry, or fluorescence detecti@a(4). These methods ~ MATERIALS AND METHODS

require extensive sample preparation as well as highly trained  chemicals and Materials.Bovine serum albumin (BSA), ovalbumin
individuals to operate sophisticated instruments and interpret (OVA), 1-ethyl-3-(dimethylaminopropyl)carbodiimide hydrochloride
(EDC), and Freund’s complete and incomplete adjuvants (cFA and iFA)

*To whom correspondence should be addressed. Te86(531)- were purchased from Sigma-Aldrich (St. Louis, M®I-Hydroxysuc-
88361198. Fax:+86(531)88361198. E-mail: xirimo2000@yahoo.com. cinimide (NHS) was provided by Cxbio Biotechnology Ltd. (Shanghai,
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Figure 1. Structures of pefloxacin and related (fluoro)quinolones evaluated in this study.

China). 3,3',5,5'-Tetramethylbenzidine (TMB) was purchased from
Amresco (Solon, OH). Pefloxacin, fleroxacin, enrofloxacin, ofloxacin,
enoxacin, norfloxacin, lomefloxacin, ciprofloxacin, sarafloxacin, gati-
floxacin, and pipemidic acid were purchased from the Institute of
Veterinary Medicine of China (Beijing, China). Goat anti-rabbit IgG-

in 25 mL of sodium citrate buffer and this solution plugb of H,0,
[30% (w/w)]. The stopping solution was 2 N HCI.

Preparation of Cationized BSA (cBSA) and Cationized OVA
(cOVA). In this procedure, carboxylic acid groups of the carrier proteins
of BSA and OVA were converted into primary amine groups with an

horseradish peroxidase conjugate was provided by the Military Medical excess of EDA. A solutionfol g of BSA (15umol) and 56 mg of

Institute (Beijing, China)o-Phenylenediamine (OPD) was purchased
from Xinjingke Biotechnology (Beijing, China). Dimethylformamide
(DMF), ethylenediamine dihydrochloride (EDA), hydrogen peroxide

EDC (300umol) in 20 mL of PBS (0.1 M, pH 7.4) was added slowly
into a solution of 18 mg of EDA (30@mol) in 20 mL of PBS (0.1 M,
pH 7.4) under stirring. The mixture solution was incubated continuously

(30%), and other reagents used were chemical grade from Guangmandor 2 h atroom temperature and then dialyzed [molecular weight cutoff

Chemical Co. (Jinan, China).

Instrumentation and Supplies. ELISA was performed in polysty-
rene 96 well microtiter plates (Bio Basic Inc.) and spectrophotometri-
cally read with an automatic microplate reader KHB ST-360 from
Shanghai Zhihua Medical Instrument Ltd. UV data were collected on
a U-4100 spectrophotometer from Hitachi Co. Centrifugation was

carried out with a refrigerated centrifuge (Biofuge Stratos, Heraeus).

Protein dialyses were performed using dialysis tubes from Aibo
Economic & Trade Co., Ltd. (Jinan, China).
Buffers. For the preparation of all buffers and reagents for the

(mwco), 12000-24000 Da] under stirring against PBS (0.1 M, pH 7.4)
to remove free EDA. Cationized BSA and OVA were defined as cBSA
and cOVA, respectively. The solution was lyophilized, and the white
solid (cBSA) obtained was stored a0 °C before use in the next
reaction. The cOVA was prepared in a similar method.

Preparation of Immunogen. The immunogen cBSApefloxacin
and the coating antigen cOVApefloxacin were prepared by carbodi-
imide-modified active ester method as described in the litera8% (

In this procedureRigure 2), a solution of 10.0 mg of pefloxacin (23
umol), 44.7 mg of EDC (23@mol), and 13.4 mg of NHS (11#Zmol)

immunoassays, ultrapure deionized water was used. Phosphate-buffereth 3.0 mL of DMF was incubated for 24 h at room temperature in the

saline (PBS, pH 7.4) consisted of 138 mM NaCl, 1.5 mM Ry, 7
mM NaHPQO,, and 2.7 mM KCI. The wash buffer (PBST) was a PBS
buffer containing 0.05% Tween 20. As a coating buffer, 0.05 M
carbonate buffer (15 mM N&O; and 35 mM NaHC@ pH 9.6) was
used. The blocking buffer was PBE 1% of OVA + 0.05% (v/v)

dark. To this solution, 52.8 mg of cBSA (0:/8nol) dissolved in 20
mL of PBS (0.1 M, pH 7.4) was added slowly under stirring, followed
by incubation at room temperature for 3 h. The reaction mixture was
dialyzed (mwco, 12000—14000 Da) under stirring against PBS (0.1
M, pH 7.4) for 3 days with frequent change of the PBS solution to

Tween 20. The substrate buffer was 0.1 M sodium acetate/citrate bufferremove the uncoupled free hapten. The solution was lyophilized, and
(pH 5.0). To prepare the substrate solution, 10 mg of OPD was dissolved cBSA—pefloxacin conjugate obtained was storee-20 °C. A cOVA—



Pefloxacin Residue in Chicken Liver J. Agric. Food Chem., Vol. 54, No. 19, 2006 6997

|c|>
F C 0
. . Ho __EDC_

2R

o

pefloxacin N-hydroxysuccinimide (NHS)

9 0O

0
n Q F
F oN cBSA-NH2 | C\NH— cBSA
0—N -
N N
d 7

|
72 -

—N

pefloxacin-NHS cBSA-pefloxacin conjugate
Figure 2. Synthesis of cBSA—pefloxacin conjugate.

pefloxacin conjugate was prepared in a similar method. An UV was incubated for 2 h. The plate was washed three times and goat anti-
absorbance method was employed to determine whether the linkingrabbit IgG-HRP (1:3000, 5aL/well) was added, followed by incuba-
had been a success. tion for 2 h at room temperature. The plate was washed three times,
Immunization of Rabbits. Two Male New Zealand white rabbits =~ OPD substrate solution was added @Qwell), and the plate was
were subcutaneously immunized at multiple sites in the back with incubated for another 30 min at room temperature. The color develop-
cBSA—pefixoacin conjugate. The initial immunization was subcutane- ment was halted by adding stopping solution (BD/well), and
ously injected with 1 mg of conjugate in 0.5 mL of NaCl (0.9%) and absorbances were measured at 492 nm. Absorbances were corrected
0.5 mL of Freund’s complete adjuvant. Subsequent booster injections by blank reading. Preimmune withdrawn serum was used as a negative
[0.5 mg of conjugate in 0.5 mL of NaCl (0.9%) plus 0.5 mL of Freund’s control.
incomplete adjuvant] were performed 15 days later and then at 12 day  Chicken Liver Extract Preparation. Minced samples (5 g) of
intervals. One week after each booster, serum titers were determinedpefloxacin-free (determined by high-performance liquid chromatogra-
by ELISA. The antiserum obtained after each booster was prepared byphy) chicken liver were homogenized with 5 mL of extraction solvent
allowing the blood to clot overnight at€, followed by centrifugation consisting of a 1:5 (v/v) mixture of methanol and PBS adjusted to pH
to remove particulate material. Ten days after the last boost, all rabbits 7.4 with 6 N HCI. The homogenates were mixed on a vortex mixer for
were then exsanguinated by heart puncture under general anesthetigo s, vigorously shaken for 30 min, and then centrifuged at 1000
and euthanized by lethal injection before recovery. The serum was for 1 h. The supernatants were diluted by a factor 10 in the assay buffer
separated from blood cells by storage of the blood overnight°& 4  before they were applied to the microtiter plate.
and centrifugation with 13000 rpm/min for 20 min. The crude serum
obtained was purified by saturated ammonium sulfate (SAS) precipita-
tion method (purified three times using 50, 33, and 33% (v/v) of SAS, RESULTS AND DISCUSSION
respectively), and sodium azide was added as a preservative at a final Hapten Conjugation. As a small molecule, pefloxacin (MW
concentration of 0.02% (w/w). The purified serum was then aliquotted = 333 < 1000 Da) (Figure ) has to be conjugated with a carrier
and stored at-70°C. _ _ protein in order to stimulate the immune response of an animal
N Ant't.’k?dg Titer Dete(';rg'"f"‘t('jc.’n byE'['gr:Ct ELISA. Thde t'tedr of g 10 Produce the anti-pefloxacin antibody. Among carrier proteins,
the antibody was tested by indirect » UsIng a procedure described g5 n and OVA are two of the most often used ones, and usually,

below. The microplates were coated with coating antigen cOVA h . tisfyi ts. T t boxvli id
pefloxacin at 5ug/mL (50 uL/well) by overnight incubation at 4C. ey give satisfying results. To convert carboxylic acid groups

Plates were washed with wash buffer three times and blocked with O the carrier protein to primary amine groups, BSA and OVA
250uL/well of blocking buffer, followed by incubation fal h atroom were treated with an excess of EDA as described previously
temperature. Plates were washed three times again, the appropriaté15,16). The cBSA prepared has a higher linking capacity with
dilution of the antisera was added, and the plates were incubated for 2pefloxacin due to more primary amine groups available on cBSA
h at room temperature. Plates were washed three times, and goat antithan BSA (L6). Moreover, the use of cationized carrier proteins
rabbit IgG-HRP (1:3000, 5aL/well) was added, followed by incuba-  can minimize cross-linking and increase their pl values to
tion for 2 h at room temperature. Plates were washed three times a”dgenerate more immune responses as compared to their native
OPD substrate solution was added ¢d0well), and the plates were 4 (23) The free carboxylic acid group on pefloxacin was
incubated for another 30 min at room tempera_ture. The color develop- linked to amino groups on cBSA and cOVA using carbodiimide
ment was halted by adding stopping solution (BD/well), and . . . . .
absorbances were measured at 492 nm. Absorbances were corrected> repprted in the literaturd , 23). Th,'s reaction resylted n .
by blank reading. Preimmune withdrew serum (the serum before @D amide bond between the pefloxacin and the carrier protein.
immunization) was used as a negative control, and the antibody titer UV absorbances were measured for cBSA, pefloxacin, and
was defined as the reciprocal of the dilution that resulted in an CBSA—pefloxacin, respectively. The absorbance peaks at 323
absorbance value that was twice that of the background. and 334 nm, coming from the absorbances of quinolone moiety
Development of Indirect Competitive ELISA. The checker board of pefloxacin, have shifted to 319 and 331 nm of cBSA
procedure was used to optimize the coating antigen and the primary pefloxacin in UV spectrometry, indicating the successful
antibody concentrations. To each well of a 96 well plate, 20@f 10 conjugation between pefloxacin and cBSA. The coating antigen

ug/mL of cOVA—pefloxacin solution in bicarbonate buffer (0.05 M, cOVA—pefloxacin aives a similar UV pattern as cBSA
pH 9.6) was added and incubated overnight &C4 The plate was pefloxa(I:Oin 9 P

washed with wash buffer three times and blocked with 2bQvell of . . . .
blocking buffer, followed by incubation fal h atroom temperature. Antibody Characterization. The titer of antibody was
After the blocking solution was removed and the plate was washed determined by indirect ELISA as512000 for both rabbits used

three times, 100 ng of primary antibody was added to each well in the immunization process, with the titer being defined as the
followed by the addition of buffer or competitor in buffer, and the plate reciprocal of the dilution that results in an absorbance value
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120 acin, ofloxacin, and enrofloxacin among commonly used
B pefloxacn (fluoro)quinolones (Table 1).
¢ fleroxacin Bucknall et al. 20) designed an immunogen for norfloxacin
100 A enrofloxacin . h d : | d in th . invl
v ofloxadn using the secondary amino group located in the piperaziny
¢ enoxacin moiety of norfloxacin as a point to link with the carboxylic
804 4 norfloxacin acid group on a carrier protein. This design exposes 4-quinolone

carboxylic acid moiety, the common part for (fluoro)quinolone
drugs (Figure 1), as the immunodominant area. Consequently,
the antibody obtained shows fairly high cross-reactivity with
other (fluoro)quinolones. They also prepared, however, the other
three antibodies by immunogens synthesized through linking
carboxylic acid groups of the haptens with amino groups of
carrier proteins. These three antibodies demonstrate excellent
specificities and show significant affinity only toward corre-
sponding haptens2(). Bucknall’s research supports a well-
. . . . . accepted rule in immunology that antibodies elicited to haptenic
4 2 0 2 4 6 conjugates show a preferential recognition to the part of
Conyetitor [Log(ppb molecule that is furthest from the attachment site of the hapten
r . to the carrier protein (245).

In our research, the immunogen was synthesized by the
linkage of carboxylic acid group of pefloxacin with the amino
group of the carrier proteinF{gure 2). In this linkage, the
furthest group of pefloxain from the linking point is the
piperazinyl moiety. Therefore, it is not a surprise that fleroxacin

Figure 3. ELISA curves for polyclonal anti-pefloxacin antibody using
pefloxacin (M), fleroxacin (@), enrofloxacin (a), ofloxacin (¥), enoxacin
(®), and norfloxacin (left triangle) as competitors in PBS buffer solution.
Each point represents the average of 10 replicates.

Table 1. ICsp and Percentage of Cross-Reactivity of Selected

(Fluoro)quinolones (116%), enrofloxacin (88%), and ofloxacin (10%) show high
cross-reactivities with the antibody because all of these drugs
compound ICso? cross-reactivity” (%) have methyl (pefloxacin, fleroxacin, and ofloxacin) or ethyl
pefloxacin 6.7 100 (enrofloxacin) groups connected to their piperazine moieties
fleroxacin 58 116 through a nitrogen atomF{gure 1). The other (fluoro)-
gﬂg)’(‘l‘éﬁc'" 2-76 ?g quinolones such as enoxacin, norfloxacin, lomefloxacin, cipro-
enoxacin 820 1 floxacin, sarafloxacin, gatifloxacin, and pipemidic acid demon-
norfloxacin 920 ~1 strated only minor or no detectable cross-reactivitiesb(e 1).
lomefloxacin >1000 <1 Holtzapple et al. 16) reported research concerning a mono-
ciprofloxacin >1000 <1 clonal antibody against sarafloxacin. In their research, the
sarafloxacin >1000 <1 . . .
gatifloxacin >1000 <1 immunogen used to prepare the antibody was syn_thes_lzed by
pipemidic acid >1000 <1 connecting a carboxylic acid group on sarafloxacin with an
amino group on BSA. Their cross-reaction study shows that
a|Cso was the competitor concentration where the absorbance value was the antibody has a high cross-reactivity with the haptens, which
decreased in half as compared to the absorbance value of no competitor. Data have similar substituents located in position 1 [see pefloxacin
represent three separate experiments run on three different days. ® The percentage in Figure 1 for numbering of the (fluoro)quinolone ring] to
of crossTreactivity is defined as the ratio of the test compound'’s ICs to that of sarafloxacin. In their study, the similarity in the piperazine
pefloxacin. moiety of haptens has only a minor influence on the specificities

of the antibodies.
that is twice that of the background. The antibody was evaluated et et al. (22) reported research on two antibodies prepared
for its ability to bind to pefloxacin and other (fluoro)quinolones. by immunogens synthesized from sarafloxacin and norfloxacin
The representative ELISA curves for pefloxacin, fleroxacin, ith carrier proteins. Their study shows that the substituent,
enrofloxacin, ofloxacin, enoxacin, and norfloxacin are shown sych as a piperazinyl group, connected with (fluoro)quinolone
in Figure 3, and the 1G values obtained from these experiments  at position 7 (sedmigure 1), is the most important structural
are summarized iffable 1. Three (fluoro)quinolones including  factor to determine the cross-reactivity for a (fluoro)quinolone
pefloxacin, fleroxacin, and enrofloxacin show nearly equal toward sarafloxacin antibody or norfloxacin antibody. Because
relative affinity with 1Gso values of 6.7, 5.8, and 7.6 ppb, they all lack the piperazinyl moiety contained in sarafloxacin
respectively. Ofloxacin has a sgvalue of 67 ppb, whereas all  and other fluoroquinolones, three (fluoro)quinolones including
of the other (fluoro)quinolones listed rable 1 have 1Go values flumequine, oxolinic acid, and cinoxacin exhibit lower affinity
of more than 800 ppb. toward these two antibodies.

Specificity of the Antibody. The specificity of the antibody In the (fluoro)quinolone family, current research could not
was evaluated by determination of the cross-reactivity toward reach a clear conclusion on where a substituent located (position
various (fluoro)quinolones. The cross-reactivity studies were 1 or position 7; sed-igure 1) is a more important structural
carried out by an indirect competitive ELISA by adding various factor to determine the affinity of a drug toward an antibody.
free competitors at different concentrations (from 0.001 to Although further careful designed research is necessary to clarify
100000 ppb) to compete with binding of the antibody to the the issue, we believe that both electronic and three-dimensional
coating antigen. Cross-reactivity was measured by comparisonstructures should be considered before the problem can be
of the IGsp of the competitor with that of pefloxacin. The anti- elucidated clearly in the future.
pefloxacin antibody shows fairly good specificity with signifi- ELISA Performance in Chicken Liver Extract. The
cant cross-reactivity only toward a few drugs including flerox- applicability of the developed assay in the determination of
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Table 2. Inter- and Intra-assay Variations of Chicken Liver Spiked with LITERATURE CITED

Pefloxacin . . - . . .
(1) Giacometti, A.; Cirioni, O.; Barchiesi, F.; Scalise, G. In-vitro

interassay? intra-assay® activity and killing effect of polycationic peptides on methicillin-
resistantStaphylococcus aurewsd interactions with clinically

level measured  recovery CV measured  recovery CV S . . ) .
used antibioticsDiagn. Microbiol. Infect. Dis2000,38, 115—
(ppb)  n (ppb) () (%) n  (pph) ) (%) 118 g
g~5 g Os“gfm‘s 182 132 g Os“gfggf’ 185 1(5)3 (2) Weigel, L. M.; Anderson, G. J.; Tenover, F. C. DNA gyrase
10 12 86406 86 69 6 87404 87 16 and topoisomerase IV mutations associated with fluoroquinolone
50 12 457433 91 72 6 465+30 95 65 resistance ifProteus mirabilis Antimicrob. Agents Chemother.
100 12 89.7+60 90 67 6 90456 90 62 2002,46, 2582—2587.
(3) Martin-Galiano, A. J.; de la Campa, A. G. High-efficiency
anterassay variation was determined by 12 replicates on 15 different days. generation of antibiotic-resistant strainsStfeptococcus pneu-
b Intra-assay variation was determined by six replicates on a single day. moniaeby PCR and transformatioAntimicrob. Agents Chemoth-

er. 2003,47, 1257—-1261.

(4) Minnick, M. F.; Wilson, Z. R.; Smitherman, L. S.; Samuels, D.
S. GyrA mutations in ciprofloxacin-resistaBartonella bacil-
liformis strains obtained in vitroAntimicrob. Agents Chemother.

pefloxacin residue in chicken liver was tested, and the results
obtained are shown ifiable 2. In this research, samples for

the recovery study were prepared by the dilution of the extract 2003,47, 383—386.

in PBS without any further treatment. To gain information about (5) Brown, S. A. Fluoroquinolones in animal healtd. Vet.
the matrix effect, a series dilution of chicken liver extract were Pharmacol. Ther1996,19, 1-14.

measured by ELISA and compared with the results obtained in  (6) E.E.C. Council Regulation EEC/2377/90 of 26 June 1990 laying
PBS buffer. It was found that the extract dilution 1:10 gives down a Community procedure for the establishment of maximum
the inhibition curve almost the same as that of PBS buffer. The residue limits of veterinary medicinal products in foodstuffs of
linear range of the percentaBéB, vs log pefloxacin concentra- animal origin and amended by several EC-Regulatia)fs. J.

Eur. Commun1990,L244, 1-8.

(Figure 3). The assay has a detection limit of 0.16 ppb in buffer (/) NI Y- N.; Wang, V. R.; Kokot, S. Simultaneous determination
of three fluoroquinolones by linear sweep stripping voltammetry

solution. The detection limit was determined by a concentratlonO with the aid of chemometricgalanta2006,69, 216—225.
of pefloxacin where the absorbance value was decreased to 90% 8) Espinosa-Mansilla, A.; de la Pena, A. M.; Gomez, D. G.; Lopez,

tion competitive curve generated in PBS was-0l00 ppb

of the absorbance value of no competitor. Known amounts of F. S. Determination of fluoroquinolones in urine and serum by

pefloxacin were spiked into chicken liver and were analyzed using high performance liquid chromatography and multiemis-
using a calibration curve made in buffer. The liver sample spiked sion scan fluorimetric detectioalanta2006,68, 1215—1221.

at 0.5, 5, 10, 50, and 100 ppb gave an average recovery rate of (9) Espinosa-Mansilla, A.; de la Pena, A. M.; Canada-Canada, F.;
88, 106, 86, 91, and 90% for interassay and 92, 103, 87, 95, Gomez, D. G. Determinations of fluoroquinolones and nonste-
and 90% for intra-assay, respectively. The CVs (coefficient of roidal anti-inflammatory drugs in urine by extractive spectro-

variation) ranged from 13:66.9% for interassay and 106-9 photometry and photoinduced spectrofluorimetry using multi-

variate calibrationAnal. Biochem2005,347, 275—286.

(10) Zheng, Z.; Dong, A. G.; Yang, G. X.; Chen, Z. L.; Huang, X.
H. Simultaneous determination of nine fluoroquinolones in egg
white and egg yolk by liquid chromatography with fluorescence

4.6% for intra-assay. Because 0.5 ppb is close to the detection
limit of 0.16 ppb, larger variability and decreased accuracy are
to be expected.

In summary, we have prepared a high-quality polyclonal detection.J. Chromatogr. B2005,821, 202—209.
antibody for pefloxacin for the first time. The ELISA based on  (11) Toussaint, B.; Chedin, M.; Bordin, G.; Rodriguez, A. R.
this antibody shows high sensitivities toward pefloxacin, Determination of (fluoro)quinolone antibiotic residues in pig
fleroxacin, and enrofloxacin with I§g values less than 10 ppb. kidney using liquid chromatography-tandem mass spectrometry
The feasibility to apply this antibody in a competitive ELISA gzLaggratory-validated method. Chromatogr. A2005,1088,

to detect the residue of pefloxacin has been explored using
chicken liver extract. The ELISA developed in this study could
be used for the routing screening of pefloxacin residues in food
animal edible tissues.

(12) Toussaint, B.; Chedin, M.; Vincent, U.; Bordin, G.; Rodriguez,
A. R. Determination of (fluoro)quinolone antibiotic residues in
pig kidney using liquid chromatography-tandem mass spectrom-
etry Part Il. Intercomparison exercisk. Chromatogr. A2005,

1088, 40-48.
ABBREVIATIONS USED (13) van Vyncht, G.; Janosi, A.; Bordin, G.; Toussaint, B.; Maghuin-
Rogister, G.; De Pauw, E.; Rodriguez, A. R. Multiresidue
MRL, maximum residue level; BSA, bovine serum albumin; determination of (fluoro)quinolone antibiotics in swine kidney
OVA, ovalbumin; cBSA, cationized BSA; cOVA, cationized using liquid chromatography-tandem mass spectromelry.
OVA, EDC, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide; Chromatogr. A2002,952, 121-129. o _
NHS, N-hydroxysuccinimide; 16, concentration at 50% inhibi- (14) Johnston, L.; Mackay, L.; Croft, M. Determination of quinolones

and fluoroquinolones in fish tissue and seafood by high-

tion; Da, unit of molecular mass Dalton; PBS, phosphate- o ) R
performance liquid chromatography with electrospray ionisation

buffered saline; PB.ST.’ phosphate-buffered saline TW(?:-en. 20; tandem mass spectrometric detectidnChromatogr. A2002,
OPD, o-phenylendiamine; DMFN,N-dimethyl formamide; 982 97-109

SAS, saturated ammonium sulfate; cFA, complete Freund's (15) Hammer, P.; Heeschen, W. Antibody-captured immunoassay for

adjuvant; iFA, incomplete Freund's adjuvant. the detection of enrofloxacin in raw milMilchwissenschaft
_ _ _ 1995,50, 513—514.
Supporting Information Available: UV spectra for cBSA, (16) Holtzapple, C. K.; Buckley, S. A.; Stanker, L. H. Production
pefloxacin, and cBSAeda-pefloxacin conjugate and standard and characterization of monoclonal antibodies against sarafloxa-
curve prepared in buffer for calibration. This material is available cin and cross-reactivity studies of related fluoroquinolordes.

free of charge via the Internet at http://pubs.acs.org. Agric. Food Chem1997,45, 1984—1990.
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(17) Mellgren, C.; Sternesjo, A. Optical immunobiosensor assay for
determining enrofloxacin and ciprofloxacin in bovine milk.
AOAC Int.1998,81, 394—397.

(18) Duan, J.; Yuan, Z. Development of an indirect competitive
ELISA for ciprofloxacin residues in food animal edible tissues.
J. Agric. Food Chem2001,49, 1087—1089.

(19) Watanabe, H.; Satake, A.; Kido, Y.; Tsuji, A. Monoclonal-based
enzyme-linked immunosorbent assays and immunochromato-
graphic assay for enrofloxacin in biological matricésalyst
2002,127, 98-103.

(20) Bucknall, S.; Silverlight, J.; Coldham, N.; Thorne, L.; Jackman,
R. Antibodies to the quinolones and fluoroquinolones for the
development of generic and specific immunoassays for detection
of these residues in animal produdt®od Addit. Contam2003
20, 221-228.

(21) Van Coillie, E.; De Block, J.; Reybroeck, W. Development of
an indirect competitive ELISA for flumequine residues in raw
milk using chicken egg yolk antibodied. Agric. Food Chem.
2004,52, 4975—4978.

(22) Huet, A-C.; Charlier, C.; Tittlemier, S. A.; Singh, G.; Benrejeb,
S.; Delahaut, P. Simultaneous determination of (Fluoro)quinolone

Lu et al.

antibiotics in kidney, marine products, eggs, and muscle by
enzyme-linked immunosorbent assay (ELISA).Agric. Food
Chem.2006,54, 2822—-2827.

(23) Hermanson, G. TBioconjugate Techniqugeécademic Press:
San Diego, 1996.

(24) Goodrow, M. H.; Sanbom, J. R.; Stoutamire, D. W.; Gee, S. J.;
Hammock, B. D. Strategies for inmunoassay hapten design. In
Immunoanalysis of Agrochemicals; Nelson, J. O., Karu, A. E.,
Wong, R. B., Eds.; ACS Symposium Series 586; American
Chemical Society: Washington, DC, 1995; pp 119—139.

(25) Marco, M. P.; Gee, S.; Hammock, B. D. Immunochemical
techniques for environmental analysis Il. Antibody production
and immunoassay developmeitends Anal. Chenl 995,14,
415—425.

Received for review May 9, 2006. Revised manuscript received July
23, 2006. Accepted July 24, 2006.

JF061309Q



