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Rapid Fluorescence Screening Assay for Enrofloxacin and
Tetracyclines in Chicken Muscle
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A simple, rapid fluorescence assay was developed for screening both enrofloxacin (ENRO) and
tetracyclines in chicken muscle at the U.S. tolerance levels (300 ng/g and 2 ug/g, respectively).
Screening for both classes of antibiotics is accomplished using one extraction, thus simplifying and
expediting the process. The method requires an initial extraction of chicken muscle with 1% acetic
acid in acetonitrile, centrifugation, and analysis of the supernatant for ENRO fluorescence. After
addition of ammonium hydroxide, magnesium chloride, and methanol, followed by centrifugation and
filtration, the supernatant can be measured for tetracycline fluorescence. Chlortetracycline (CTC)
was chosen as a representative tetracycline to demonstrate the method, as it displays intermediate
sensitivity among the three tetracyclines approved in the U.S. Comparison of the fluorescence of
control and tolerance-level-fortified samples of both ENRO and CTC shows no overlap. Setting a
threshold as the average fortified fluorescence minus 3¢ allows for successful screening, as illustrated
with blind samples as controls or fortified with ENRO and/or CTC over a range of concentrations.
This method can provide an alternative or supplemental approach to currently used microbial screening
assays.
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INTRODUCTION confirmatory method. The majority of samples, having given a
_— . . negative response, would not require any further investigation.
Antibiotics such as the fluoroquinolones and the tetracyclines Screening is currently typically performed using microbial

Sqre usedt_;)q kt).Oth. mfed|ga| a_md Ivehtermary aptplg:anons. Uje Otf assays, such as the STOP, CAST, FAST)(multiplate assays
€seé anuibiotics In food animals has generated concern due O(12—14) or the Charm Il method.§). Screening assays which
reports suggesting this practice may contribute to increased

- ; . - . do not rely on microbial systems or radioisotopes can provide
ant|m|crob|al resistancel]. Efficient methods are .reqwreq 0 valuable alternative. We have developed separate rapid
monitor the food supply to ensure that any antibiotic residues

resent are below the set tolerance level, thus promotin foodfluorescence screening assays for detection of ENB&) ¢r
P W . Vel, thus p Ing the tetracyclinesl(7) in chicken muscle. These assays required
safety and consumer confidence.

i ) . separate extractions due to the different properties of these two
At present, enrofloxacin (ENRO) is the only fluoroquinolone - ¢jasses of antibiotics. We now report a method which allows
antibiotic approved for use in chickens in the United States, tor rapid fluorescence screening of both ENRO and the
with a tolerance level of 300 ng/g. Among the tetracyclines, eracyclines in chicken using only one sample extract. This
tetracycline (TC), oxytetracyc_llne (_OTC), an_d chlortetracycline approach thus further reduces the time required to screen
(CTC) are approved for use in chickens, with a tolerance of 2 empers of these two different classes, and takes advantage of

#g/g. A number of methods currently exist for the determination neir different fluorescence properties to eliminate possible
of ENRO @-5) and TC, OTC, or CTCE=8) in poultry; interferences.

however, these methods often involve time-consuming ap-

proaches or expensive instrumentation. There were 8.5 billion \,ATER|ALS AND METHODS

broiler chickens produced in the United States in 2@)34nd ‘ ‘

a very low number of antibiotic violations is typically found Reagents and SolutionsENRO (99.9%) was obtained from Bayer
(10). Given this situation, it is most efficient to perform a rapid (Kansas City, MO), difloxacin (DIF; 89.0%) was from Abbott (North

oo S : Chicago, IL), danofloxacin (DANO) was from Pfizer (Groton, CT),
preliminary screen fqr the presence of antibiotic residues. The and e?hopaz)ate was from I(:Iuka (lz/lilwaukee wi). Té (95%) OT)C
few samples that give a positive re.s ponse W.OU!d then be (95%), CTC (83%), tylosin tartrate (95%), and nicarbazin were obtained
analyzed further by a more extensive quantitative and/or ¢, Sigma (St. Louis, MO). Stock solutions (20@/ mL) of TC,
OTC, and CTC were each prepared in methanol, and stock solutions

tPhone: (215) 233-6743. Fax: (215) 233-6642. E-mail: mschneider@ (100ug/mL) of ENRO, DANO, and DIF were each prepared in 0.03
errc.ars.usda.gov. M NaOH. Stock solutions were stored at@ and prepared fresh either
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monthly (TC, OTC, CTC) or after six months (ENRO, DANO, DIF).  response under the acidic conditions of the ENRO assay.
Deionized water prepared with a Barnstead (Dubuque, IA) E-pure Furthermore, ENRO in the presence of chicken muscle extract

system was used to prepare all aqueous solutions. did not significantly fluoresce under the ammoniacal acetonitrile
Chicken Tissue Samples.Six individual chicken breasts were  conditions of the tetracycline assay.

obtained from each of three different sources (Bell and Evans, The next aporoach was to start with the conditions of one of
Fredericksburg, PA; Tyson, Springdale, AR; Perdue, Salisbury, MD). Xt app w wi I

After removal of bone and skin, each breast was cut into small pieces the tWO_ assays, measure fluorescence for that analyte, and then
and then ground to homogeneity in a food processor (Robot coupe, @dd acid or base to change the pH to enable measurement of
Jackson, MS). The tissue was then storee-86 °C. the fluorescence of the second analyte. The tetracycline assay

Fortification of Chicken Muscle. A 10 ug/mL solution of ENRO, ~ Was not chosen as the starting point for this approach, as the
DANO, or DIF was prepared from the corresponding stock solution presence of Mg, required for optimum tetracycline fluores-
by dilution in methanol. This dilution (6@L) was then added to a2.0  cence, was found to decrease the fluorescence of ENRO under
g sample of chicken tissue in a disposable 50 mL centrifuge tube to acidic conditions. Thus, both ENRO and CTC were extracted
achieve a fortification level of 300 ng/g. TC, OTC, or CTC stock from chicken muscle according to the ENRO assay procedure
solution (20;4L)_was added to achieve_afortification level ofug/g. (16), and ENRO fluorescence was measured. Concentrated
(20-0r 500 to provid forficaton at 200 or 500 ngig. respecively. 2MMONIUM hydroxide (109L) was then added to the sample

“ P 979, resh Y o change to a pH range of-40. The volume of ammonium

A dimethylformamide solution of nicarbazin (20@/mL, 40uL) was . .
added to provide fortification at #g/g. In each case, a volume of hydroxide to be added was varied between 90 andil10he

methanol was also added to the tissue to provide a constant total volumdarger volume of ammonium hydroxide provided a greater
added (10QuL). fluoresence response for CTC; however, the readings were

Extraction of Fluoroquinolone and Tetracycline Residues from somewhat less stable, with formation of iso-CTC over time, as
Fortified Chicken Muscle. A solution of 1% acetic acid in acetonitrile ~ evidenced by an increase at 420 nrg& 340 nm). Thus, 100
(6 mL) was added to each centrifuge tube containing either fortified xL of ammonium hydroxide was chosen as an optimum volume.
or control chicken muscle (2.0 g), and the samples were homogenizedwater (3 mL) was then added to solubilize the second layer
(Ultra-turrax T25, Janke and Kunkel, Cincinnati, OH). Following  that developed on basification, and then 0.1 M magnesium
centr_ifugation (37163 5 min), the supernatants were decanted into 15 ~p(oride (60uL). The volume of magnesium chloride was varied
mL disposable centrifuge tubes. The fluorescence of these supernatant etween 30 and 90L. The smaller volume gave a less intense

was measured to determine the levels of ENRO (or DANO or DIF) fluorescence response, and there was no significant difference
present. After fluorescence measurement, the supernatant samples weré P ’ g

returned to the centrifuge tubes and concentrated¥H(100 uL), observed in resultant fluorescence between 60 and 9thus,

methanol (0.75 mL), and 0.1 M Mg©(60uL) were added with mixing.  the smaller of the two (6@L) was chosen. Centrifugation of
The samples were allowed to sit for 10 min to complete precipitation, the resultant precipitate allowed the CTC fluorescence of the

and then centrifuged (37865 min). The supernatants were then syringe  supernatant to be measured. Despite the potential demonstrated

filtered (0.2um, nylon, 25 mm), and their fluorescence was measured by this experiment, a major difficulty was that the difference

to determine the levels of TC, OTC, or CTC present. in fluorescence between control extracts and those fortified with
Fluorescence AnalysisFluorescence measurements were performed 2 ug/g CTC was not as large as desireduflg fortified sample

with a Cary Eclipse fluorescence spectrometer (Varian, Walnut Creek, f|yorescence signal approximately %.%hat of the control),

CA). Cary Eclipse software controlled the instrument operation and given the potential for variation between chickens.

signal processing. The spectrometer was allowed 30 min to warm before luati f the basificati d led h
use. Samples were placed in 3 mL quartz cuvettes for fluorescence A reevaluation of the basification procedure led to the use

measurement. These cuvettes were washed between samples witQf Mmethanol, rather than water, to solubilize the basified layers.
deionized water and acetone. Fluoroquinolone fluorescence wasIn this way, a smaller volume of methanol could be added (0.75

monitored withlex = 320 nm, slity =5 nm, andlem = 440 nm, slifm uL), decreasing the dilution of the resultant solution, and
= 20 nm. Tetracycline fluorescence was monitored wigh= 375 reducing potential quenching of the fluorescence by the added
nm, slitx = 10 nm, andiem = 515 nm, slitm = 20 nm. water. Following this revised procedure, the fluorescence of 2

Preparation_ of Blind Samples.A protocol was developed in which  4g/g CTC fortified samples was now approximately that of
20 concentrations of ENRO were randomly selected between 0 andthe control samples, providing an improved differentiation. The
300 ng/g, and 20 between 300 and 600 ng/g. Similarly, 20 concentra-,o|yme of methanol to be added in the basification step was

tions of CTC were randomly selected between 0 anty®), and 20 ; . L .
between 2 and 4g/g. In addition, 10 concentrations for ENRO and Vined bgtwet?]n 0.5 al?d ;Lf(l) mL, with no fSIt?]nlflcant ?Ifference
10 for CTC were designated as 0 ng/g (controls). Concentrations for observed in the resuftant fluorescence ot the samples.

ENRO and for CTC were randomly paired, and these combinations ~ The linearity of the response of the assay was illustrated with
were then each randomly paired with one of the eighteen chicken breastchicken muscle samples fortified with three different fluoro-
samples. On a day of analysis, the analyst prepared 50 mL disposablequinolones and three different tetracyclines over a range of
centrifuge tubes containing 2.0 g samples of the designated chickenconcentrations (81 and 0-5 ug/g, respectively). Results are
breast and another chemist performed the fortifications of these samplesshown inFigure 1afor ENRO, DANO, and DIF, and iffigure
using the above protocol. Th_e_ analyst then proceeded to lndependentlylb for TC, OTC, and CTC. Limits of detection were calculated
extract and analyze the fortified samples. A total of-12 samples as Fconrofslope for ENRO (155 ng/g), DANO (76.5 ng/g), DIF

tchoiLSJI(:nceeta;]s(;Ié/ be extracted and analyzed per day by an analyst usmg(226 nglg), TC (0.15@g/g), OTC (0.327:g/g), and CTC (0.250
' uglg).

Recoveries were determined for the above three fluoro-
quinolones and three tetracyclines by extracting control and
The goal of this work was to develop a method enabling a chicken muscle extracts fortified at 300 ng/g andu@/g,
rapid fluorescence screening assay of both ENRO and TC, OTC,respectively, and measuring their respective fluorescence re-
or CTC in the same chicken muscle extract. The simplest sponses. Matrix-matched samples were prepared by spiking
approach would be to choose conditions for the ENRO assay,control chicken muscle extracts at the corresponding levels
and see if the tetracyclines would fluoresce, or vice versa. immediately prior to fluorescence analysis. Recoveries were
However, tetracyclines did not display a significant fluorescence calculated as follows: (fortified sample control)/(matrix-

RESULTS AND DISCUSSION
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Figure 1. Linear response of fluoroquinolones and tetracyclines in chicken =
0
muscle. B1 B2 B3 B4 B5 B6 P1P2P3P4 P5 P6 T1 T2 T3 T4 T5 T6

matched sample- control) x 100%, and the values ranged from Chicken sample

68% to 76% for the three fluoroquinolones, which were Figure 2. Establishing threshold levels for ENRO and CTC.
comparable to what had been observed previoudl§).(
Recoveries for the tetracyclines ranged from 22% to 36%, again CTC, the area below, + 3g, would represent 99.87% of the
comparable to previous observations (17). control samples, and the area abayg — 30300 for ENRO or

The next step was to determine if the observed difference abovex, — 3o, for CTC would represent 99.87% of the samples
between control and fortified chicken muscle samples would above their respective fortification (tolerance) levels. A clear
be maintained after taking into account variations among difference thus exists between control and fortified samples
chickens and producers. FroRigure 1, it can be seen that ~ Within each class of antibiotics, as illustrated with ENRO and
different antibiotics display different sensitivities in the assay. CTC, and as confirmed by ANOVAp( < 0.01). These
For this study, ENRO was chosen from the fluoroquinolones, differences, which still occur when different chickens or
as it is the only one approved for use in chickens in the United producer samples are examined, can be used in a screening assay
States. CTC was chosen from the tetracyclines, as it displaysin Which samples are determined to be above or below the
intermediate sensitivity among the three approved tetracyclinestolerance level for ENRO and/or CTC.
in the assay. Six individual chicken breasts were obtained from  In such a screening assay, setting of a threshold for decision
each of three different suppliers. These samples were eachmaking is required. If analysis of an unknown sample gives a
analyzed using the assay as control samples and as samplegesult higher than the threshold, the sample is considered as a
fortified at their respective tolerance levels (300 ng/g for ENRO positive (violation), and would then be examined by more
and 2ug/g for CTC). The results are shown in paatsndb, extensive analytical methods. If the analysis gives a result lower
respectively, of Figure 2. Each data point in this figure than the threshold, the sample is determined to be negative (no
represents the average of three replicate samples. The averagéolation), and no further testing is required. In such a system,
within day variation (repeatability) among replicates for control it is important to minimize false negative results, as violative
and fortified samples was 1.4% RSD for ENRO and 2.4% RSD samples (those above the tolerance level) could then be missed.
for CTC. A measure of day-to-day variation (reproducibility) To keep such false negatives to a practical minimum, the
was obtained by extracting and analyzing control and fortified threshold of this assay could be seigj — 30300 for ENRO
samples of a standard mix of chicken breast samples each dayandx, — 30, for CTC, thus allowing for detection of 99.87%
analyses were performed; variation ranged from 1.5% to 2.8% of violative samples according to normal distribution statistics.
RSD for the control, and from 1.3 to 4.1% RSD for fortified This assay could also be used to screen for the simple
ENRO and CTC. Analysis of such standard control and fortified presence or absence of ENRO and/or CTC. False positive results
mixed samples could provide a correction for instrumental drift would be minimized by setting a thresholdXatt 30, for each
over time, although, in this study, such a correction was not antibiotic. Samples giving results higher than the threshold
needed. In this study, two chicken breast samples (P3 and T5)would be considered as positive (antibiotic present), while those
appeared to have somewhat higher control fluoroquinolone providing results below the threshold would be negative
fluorescence levels than the otheffsgiure 2a). Samples of these  (antibiotic absent). False negative results would be possible
chicken breasts were extracted and analyzed for fluoroguino- when concentrations of the antibiotic are below the limit of
lones using liquid chromatography with fluorescence detection detection for the assay.

(3); no fluoroquinolones were found to be presdfigure 2 To establish that these thresholds would be effective at
includes solid lines indicating average valu@s for control identifying violations or the presence/absence of the antibiotic,
and fortified samples, as well as dashed lines indicating 3 a series of blind samples were prepared containing ENRO and/

times the standard deviatiory(+ 30p) for the control data and  or CTC over a range of concentrations above and below
X2 — 302 (CTC) orxso0 — 30300 (ENRO) for the fortified data. tolerance. These analytes provided a linear reponse in the assay,
According to normal distribution theory, for both ENRO and as shown inFigure 3.
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Table 1. Results from Blind Samples
threshold no. of false no. of false no. of concn range
analyte assay purpose (fluorescence intensity) negatives positives samples tested («glg)
ENRO above/below tolerance X300 — 30300 (147) 0 8 50 0-1
ENRO present/absent X0+ 309 (132) 92 0 50 0-1
CTC above/below tolerance X2 — 30, (189) 0 9 50 0-4
CTC present/absent X0+ 309 (93) 52 0 50 0-4
@ All but one below the limit of detection.
400 (a) Enrofloxacin intensities, due to the differing sensitivities of these analytes.
350 . This level can be approximated by examination of the fluores-
2 300 03080+ 515 4 cence intensities at 2g/g for each analyteHigure 1), and
5 250 T Remogas S ¢ subtracting the value ofd3, as found for CTC. Thus, the —
= 200 SN * oo 30, threshold would correspond to approximate fluorescence
150 doogeeee e A S 30 intensities of 170 and 367 for OTC and TC, respectively,
g 100 providing a clear distinction from thg + 30y fluorescence
E 50 tolerance intensity value of 93. In both cases, and particularly for TC,
= 0 there should thus be adequate separation between control and
' ' ' ' fortified samples for the screening assay to be effective.
0 200 400 600 . i . :
Fortified concentration (ng/q) In this study the specific tetracycl_lne_ present in the samples
was known (CTC). In an actual monitoring situation, TC, OTC,
(b) Chiortetracycline and/or_CTC coul_d be present in_the_samples. Use of _this
j£ screening assay in a monitoring situation where tetracyclines
N (Y present were not identified would require setting a threshold to
< 300, YeBBEX*720 . determine the least sensitive of the tetracyclines likely to be
£ 20 R=0982 N * . present (OTC). Such an approach would minimize false negative
2004 S o, results, and would likely generate additional false violations in
2 150 the case of TC. CTC would not be expected to give a
5 100 tolegance significantly larger number of false violations than OTC, as the
T 58 ﬁ sensitivities of CTC and OTC at@&y/g are not greatly different.

4 A final consideration was to examine the effect on this
screening assay of other drugs approved for use in poultry. Three
additional drugs (tylosin, nicarbazin, and ethopabate) were tested
at their U.S. tolerance levels (200 ng/gud/g, and 500 ng/g,
respectively). None of these drugs increased the fluorescence
of fortified samples over that observed for control samples in
Results from the screening of the blind samples are shown the assay.

in Table 1. In assaying for violations (thresholdxato — 30300 In conclusion, this simple, rapid fluorescence assay has been
or X, — 30p), no false negatives were found, and there were spown to be effective for screening chicken muscle samples
only a few false violations (positives). The potential for false for the presence of both ENRO and CTC at their respective
positives will always be present when false negatives are yglerance levels. As the same chicken muscle extract is used
minimized in such a screening assay. However, as the totalfor poth analytes, this procedure is more efficient than analyzing
number of violative samples would likely be low in an actual for these analytes separately. This method should be effective
monitoring situation10), there should also be few samples close gy the two other approved tetracyclines, TC and OTC, as well.
enough to a violative level to respond as a false positive in the The assay represents a useful alternative to currently used
assay. Thus, the presence of false positives should not be gnjcrobial assays and, in combination with more extensive
significant concern. guantitative and/or confirmatory methods, can provide an

When blind samples were screened for the presence/absencefficient approach to monitoring chicken muscle for these
of ENRO and/or CTC (threshold & + 3o0p), all control analytes.

samples were identified correctlygble 1). There were some

false negative responses for samples containing low amounts

of either ENRO (0.015-0.13@g/g) or CTC (0.02—0.28g/ ABBREVIATIONS USED

g). In all but one case, these concentrations were below the limit

of detection for the analyte in the assay. ENRO, enrofloxacin; DANO, danofloxacin; DIF, difloxacin;
This screening assay should also be effective for monitoring TC, tetracycline; CTC, chlortetracycline; OTC, oxytetracycline;

samples where TC or OTC is known to be present. Prior to RSD, relative standard deviation.

analysis of such unknown samples, experiments setting an exact

threshold fluorescence level would be required, such as the ones

which generate&igure 2b. However, an estimate of the degree ACKNOWLEDGMENT

of separation between control and fortified samples can be

obtained from the data provided. For these casesxgthe3ay Limei Yun and Susan Braden are acknowledged for technical

upper boundary of the control region would be unchanged, while assistance, and John Phillips is acknowledged for assistance with

the X, — 30, threshold would occur at different fluorescence the statistical analysis.

0 1 2 3

Fortified concentration (ug/g)

Figure 3. Linear response of ENRO and CTC blind fortified samples.
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