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A sensitive and specific method is described for the simultaneous determination of oxytetracycline,
tetracycline (TC), and chlortetracycline residues in edible swine tissues, by combining liquid
chromatography with spectrofluorometric and mass spectrometry detection. The procedure involved
a preliminary extraction with EDTA-McIlvaine buffer acidified at pH 4.0, followed by solid-phase
extraction cleanup using a polymeric sorbent. The liquid chromatography analysis was performed
with spectrofluorometric detection after postcolumn derivatization with magnesium ions. The limits of
quantification were 50 µg/kg for muscle and 100 µg/kg for kidney tissues. The recovery values were
greater than 77.8% for muscle and 65.1% for kidney. The method has been successfully used for
the quantification of tetracyclines in swine tissues samples. The selective liquid chromatography mass
spectrometric analysis for confirmation of oxytetracycline in one positive swine muscle sample was
made by atmospheric pressure chemical ionization (APCI). The APCI mass spectra of the TCs gave
the protonated molecular ion and two typical fragment ions, required for their confirmation in single
ion monitoring scan mode in animal tissues.
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INTRODUCTION

In recent years, concerns about the use of antimicrobial
products in food-producing animals have focused on human food
safety because foods of animal origin are vehicles of foodborne
disease in humans. The selection of drug-resistant bacterial
populations is a consequence of exposure to antimicrobial drugs
and can occur from human and animal uses (1).

Tetracyclines (TCs), including tetracycline (TC), oxytetra-
cycline (OTC), and chlortetracycline (CTC), are broad-spectrum
antibiotics widely used in modern animal husbandry and may
result in unsafe TC residues in animal-derived food products.
Since they could represent a risk for the consumer health, the
European Union (EU) established its maximum residue limits
(MRLs) for muscle and kidney tissues at 100µg/kg and 600
µg/kg, respectively (2).

It is, therefore, of great interest to develop analytical
procedures capable of determining accurately animal tissue
concentrations of tetracyclines and to evaluate their presence

in edible animal products because of demands from the EU to
protect human health.

Several methods have been reported for the analysis of TCs
in various biological and pharmaceutical matrixes (3-5). Among
them, different methods for the extraction and analysis of TCs
consider their high propensity for forming chelation complexes.

While it is possible to achieve success with reversed-phase
octadecyl (C18) cartridges (6), some limitations found it difficult
to work. TCs chelate to metal ions and bind with the silanol
groups present in silica sorbents, and their recoveries varied
drastically depending on the supplier of SPE cartridges and even
from the same supplier (7-8).

Metal-chelating affinity chromatography (MCAC) has also
been used for the cleanup of food extracts of tetracyclines (9-
10). However, an additional desalting step of eluent from the
MCAC column is required prior to analysis by liquid chroma-
tography-gas chromatography (LC-MS). Carson et al. (11) used
MCAC as an extraction and concentration step, followed by
desalting and further concentration using polymeric cartridges,
before LC-MS analysis. However, this procedure is complex
and time-consuming.

Cheng et al. (12) present a more simple method for tetracyline
analysis in porcine serum using a recently developed cartridge
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containing a macroporous polymer, poly(divinylbenzene-co-N-
vinylpirrolidone). These sorbent advantages include no impact
of sorbent drying and no silanol interaction and improved
recovery for polar and nonpolar compounds in complex matrixes
over reversed silica-based sorbents. Also, Zhu et al. (13) selected
this sorbent for routine analysis of TCs in groundwater and
lagoon water samples and Pena and co-workers (14-15) in
salmon muscle and honey, because of the simplicity and
ruggedness of the method relative to the C18 sorbent.

Several reports on LC analysis of TCs using different
detection modes have been published, namely, fluorescence
detection of TCs, which is more specific and sensitive than UV
detection, has been reported in several papers (16-17). Mass
spectrometry detection using thermospray (TSP) (18), particle
beam (PB) (19), fast atom bombardment (FAB) (20), atmo-
spheric pressure chemical ionization (APCI) (21), and electro-
spray ionization (ESI) (22) are described in the scientific
literature. Although ESI mass spectra of TCs were obtained with
high sensitivity for standard solutions, it is difficult to distinguish
the ions originating from the sample matrixes and the ions of
TCs, when residual TCs in sample animal tissues were analyzed
(23). Oka et al. (24), Zhu et al. (13), and Eeckhout et al. (25)
overcome this problem by using ESI tandem mass spectrometry,
a more sophisticated and expensive analytical equipment for
increasing analytical sensitivity and selectivity in complex
matrixes.

An analytical procedure for the determination of tetracyclines
in swine muscle and kidney tissues was developed. The method
included extraction of analytes from muscle and kidney swine
samples into McIlvaine-EDTA buffer acidified at pH 4.0,
according to Oka et al.’s procedure (26), followed by solid-
phase extraction cleanup using a polymeric sorbent coated
cartridge, Oasis HLB. Because TCs produce strong fluorescence
with metal ions, the LC analysis was performed with spectrof-
luorometric detection after postcolumn derivatization with
magnesium ions. In this paper, the confirmation analysis in
positive samples was performed by APCI LC-MS in positive
ion mode detection as confirmatory method to accomplish the
criteria established by the Commission Decision 93/256/EEC
(27). The APCI mass spectra of the three TCs gave the
protonated molecular ion and two structurally fragment ions,
required for their confirmation in selected ion monitoring mode
(SIM) in animal tissues for regulatory purposes (28-29).

MATERIALS AND METHODS

Chemicals and Materials.Oxytetracycline (OTC), tetracycline (TC),
and chlortetracycline (CTC) were obtained from Sigma Chemical
(Madrid, Spain). LC grade acetonitrile and methanol were purchased
from Carlo Erba (Milan, Italy). Reagent grade anhydrous disodium
sodium phosphate, citric acid, trifluoroacetic acid (TFA), trichloroacetic
acid (TCA), disodium ethylenediamine tetraacetate (Na2EDTA), and
sodium hydroxide were obtained from Merck (Darmstadt, Germany).

Distillation and passage were through Milli-Q System (Millipore,
Bedfore, United States) purified water. All solvents and solutions used
in this study were filtered through a 0.2µm filter under vacuum and
were degassed by ultrasonication before LC analysis.

Oasis HLB extraction cartridge was 6 cm3/200 mg (Waters Corpora-
tion, United States).

Standards, Buffer, and Mobile-Phase Preparation.Individual
methanolic stock standard solutions of OTC, TC, and CTC were
prepared at a concentration of 1 mg/mL, into a volumetric flask, and
were stored at-20 °C in brown glass vials for a maximum period of
1 month. The working solutions were a mixture of the tetracyclines
prepared by serial dilutions of the stock solution in methanol and were
stored in brown glass vials at 4°C. These solutions were prepared daily
immediately before use and were always kept at 4°C protected from
light.

The mobile phases used for spectrofluorometric and mass spectro-
metric analysis were a mixture of acetonitrile-0.01 M oxalic acid (aq
pH 2.0) 30:70 and acetonitrile-0.01 M trifluoroacetic acid (aq pH 2.0)
20:80, respectively. The McIlvaine buffer EDTA solution was prepared
weekly as previously described (30). All glassware was cleaned with
Extran MA 03 (Merck, Germany):water (10% v/v), was rinsed in
concentrated acid-dichromate solution, was washed thoroughly with
tap water, was rinsed with deionized water, and was dried at 80°C.

Extraction Procedure. Muscle and kidney swine samples were
obtained from local butcher shops. Samples were homogenized using
a domestic food blender and were stored at-20 °C until analysis. The
entire extraction-cleanup procedure and chromatographic analysis
should be completed in 1 day.

To 5.0 g amount of homogenized sample, weighed into 50 mL
polypropylene centrifuge tube, was added 20 mL of pH 4.0 Na2EDTA
McIlvaine buffer solution, which was vortex-mixed for 2 min. The tubes
were then shaken 10 min on a flatbed shaker at high speed and were
sonicated 15 min in an ultrasonication bath. The samples were immersed
in an ice/salt bath during ultrasonic processing. The tubes were
centrifuged 10 min at 2500g, and the supernatants were decanted
carefully into a clean second centrifuge tube. Two more extractions
were effectuated with 20 mL and 10 mL of pH 4.0 Na2EDTA McIlvaine
buffer solution, and we repeated all steps until the supernatants from
all three extractions were collected in the second tube. The combined
supernatants were vortex-mixed with 2 mL of 20% trichloroacetic acid
for 2 min, were centrifuged 15 min at 2500g, and were filtered through
90 mm Whatman N° 541 filter paper with a plug of glass wool. The
cartridges Oasis HLB were conditioned with methanol (3 mL) and water
(2 mL). After extraction, the cartridges were flushed with 2 mL of 5%
aqueous methanol and were eluted using 2 mL of 1% TFA in methanol.
The eluates were evaporated to 0.5 mL under gentle nitrogen stream
in a water bath at 30°C and were kept at 4°C just before injection in
the chromatographic system to avoid degradation. All the aforemen-
tioned steps were conducted in subdued light.

A blank and one fortification assay were included in each analytical
run to check for interferences (e.g., coeluting substances) and to control
the accuracy.

Apparatus and Operation Conditions. The analysis by LC with
spectrofluorometric detection was performed as previously described
(14-15).

A liquid chromatograph HP 1090 (Hewllet Packard, United States)
equipped with a mass spectrometer detector HP 1100 MSD (Hewllet
Packard, United States), a DAD detector, an injector HP 1100, and a
computer ultra VGA 1280 HP (Hewllet Packard, United States)
controlled by software HP ChemStation (Hewllet Packard, United
States) was used. The HPLC column used was an Inertsil ODS-2 (250
× 2 mm i.d., 5µm) (Macherey-Nagel, Duren, Germany). The mobile-
phase flow used at room temperature was 0.3 mL/min.

The APCI interface, set at a nebulizer gas pressure (nitrogen) of 60
psi, was operated in positive ion mode. A vaporizer temperature of
450°C and a corona discharge voltage of 6µA were used. The voltages
of the capillary and of the fragmentor were set at 4000 V and 90 V,
respectively. The drying gas (nitrogen) was adjusted to a constant flow
rate of 10 L/min and to a temperature of 325°C.

The autosampler was programmed to inject 100µL aliquots of
standard solutions containing each TC, needed to generate the calibra-
tion curve, following the sample extracts. The standard solutions and
samples were determined triplicate. Between the injections of standards
and of samples and between injections of each sample, a blank injection
of methanol was made.

RESULTS AND DISCUSSION

Liquid Chromatography -Spectrofluorometric Detection.
The isocratic analysis with a mobile phase, consisting in
acetonitrile-0.01 M oxalic acid (20:80), provides good resolu-
tions of the three TCs (Figure 1A).

Plotting the ratio of peak area of the standards generated the
calibration curve. Within the concentration range studied, 100-
1000 ng/g, linear plots were obtained for OTC, TC, and CTC.

4974 J. Agric. Food Chem., Vol. 55, No. 13, 2007 Pena et al.
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The mean correlation coefficients obtained were 0.9991, 0.9990,
and 0.9987 for OTC, TC, and CTC, respectively.

Fluorescence detection is a valuable tool for tetracycline
residue analysis. Owing to its specificity, intereferences from
food components are reduced. Tetracyclines are separated on a
reversed-phase C8 column and are made to react with magne-
sium acetate in boric acid buffer (pH 9.0) to produce a highly
fluorescent complex (31).

Excitation and emission wavelengths were optimized so that
the three tetracyclines gave comparable peak intensities and were
very similar. The spectra of the products showed excitation and
emission maximum at 385 and 488 nm for OTC, 380 and 499
nm for TC, and 385 and 502 nm for CTC, respectively. We
have estimated the optimum excitation and emission wave-
lengths for the three tetracyclines at 385 and 500 nm, respec-
tively.

Postcolumn derivatization does not directly affect the chro-
matographic properties of the tetracyclines. However, the
chemical reaction must be rapid on the chromatographic time
scale to preserve the chromatographic behavior. Postcolumn
derivatization also has the advantages that a separate sample
treatment step is not required and that analytes are better
separated from interferences prior to derivatization. The fluo-
rescence response depends on the flow rate of postcolumn
reagent, and in our study, this reached a maximum at 0.45 mL/
min.

Extraction and Cleanup Procedures.Because of the polar
nature of tetracyclines, they were extracted from tissues using
pH 4.0 Na2EDTA-Mac Ilvaine buffer, according to Oka et al.’s
procedure (26). Their propensity to complex with inorganic ions,
fortunately, is overcome by adding EDTA to the extracting
solvents (32). The content calcium of the raw swine muscle
and kidney weight is between 11 and 19 mg/100 g and does
not interfere in the analysis.

The modifications to Oka et al.’s extraction procedure
included an ultrasonic processing step, centrifugation at 2500g
according MacNeil et al. (8), and incorporation of TCA to the
combined supernatants as an additional protein denaturing step.
Addition of this step alleviated SPE column blockage and
reduced chromatographic noise.

C18 sorbent presents several limitations: TCs readily chelate
to metal ions and can lead to low and variable recoveries,
probably because of the presence of trace metal impurities in
the sorbent; the active silanol sites of the octadecylsilylated silica
support material also interact with the polar groups of the TCs.
This strong ion-exchange interaction of TCs with trace metals
provides a challenge in using SPE because of low recoveries
resulting from premature breakthrough of TCs during sample
loading (7-8). Since they are polar compounds, they may be
insufficiently retained. This reduced retention can result in lower
recoveries because of analyte breakthrough during the sample-
loading step (9).

Oka et al. (26) observed that it was necessary to have a
pretreatment of the Sep-Pak C18 cartridges with 0.2 M aqueous
Na2EDTA solution to elute the TCs from the cartridge with
ethanol. However, this pretreatment was not effective for Varian
Bond Elut cartridge and Baker C18 cartridge.

Previous work using silica-based SPE cartridges indicated
that the addition of oxalic acid to the methanol eluent was
essential for good recoveries of TCs (26). To avoid adding
nonvolatile salts to the elution solvent, we evaluated the
cartridges containing a macroporous polymer (poly(divinylben-
zene-co-N-vinylpirrolidone) that exhibits both hydrophilic and
lipophilic characteristics for these matrixes. This polymeric

presents several advantages, no impact of sorbent drying, no
silanol interaction, and no breakthrough of polar analyte, and
because it has a high retention capacity, we can use lower
amounts of sorbent (200 mg), which was was already applied
successfully in our laboratory in TC analysis in salmon muscle
(14) and honey (15).

Figure 1. (A) Liquid chromatogram of standard solution of OTC, TC,
and CTC. (B) Liquid chromatogram of blank kidney swine sample. (C)
Liquid chromatogram of fortification assay kidney swine sample containing
OTC, TC, and CTC.

Tetracycline Antibiotic Residues in Edible Swine Tissues J. Agric. Food Chem., Vol. 55, No. 13, 2007 4975
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The chromatograms of the blank muscle and kidney swine
extracts showed a clean one for the muscle and a small matrix
peak on the kidney’s chromatogram, in close proximity to the

CTC peak but clearly separated from it (Figure 1B). MacNeil
(8) also noted that kidneys contained interfering substances that
make it difficult to find a truly blank tissue. These interferences

Figure 2. (A) LC-MS total ion chromatogram in positive ion mode under experimental conditions. 1-OTC, 2-TC, 3-CTC. (B) Diode array chromatogram
at 360 nm under experimental conditions. 1-OTC, 2-TC, 3-CTC. (C) Diode array chromatogram at 254 nm under experimental conditions. 1-OTC, 2-TC,
3-CTC.

Table 1. Inter- and Intra-assay Validation Results

sample tetracyclines number assays (N) fortification level recovery variation (%) recovery mean (%) %CV intraday %CV interday

swine muscle tissue OTC 5 50 µg/kg 78.6−82.1 81.0 8.50 9.66
TC 5 50 µg/kg 77.8−81.8 80.7 9.14 9.89
OTC 5 100 µg/kg 84.9−88.4 86.7 5.11 6.46
TC 5 100 µg/kg 83.3−85.9 84.6 6.23 7.27
CTC 5 100 µg/kg 79.0−82.5 81.3 7.21 8.69
OTC 5 200 µg/kg 80.1−88.9 85.6 7.00 6.00
TC 5 200 µg/kg 79.9−90.0 85.0 6.44 7.34
CTC 5 200 µg/kg 79.0−84.3 80.4 11.28 10.31

swine kidney tissue OTC 5 100 µg/kg 72.7−79.0 77.6 9.96 11.36
TC 5 100 µg/kg 73.9−77.5 74.3 9.78 12.55
CTC 5 100 µg/kg 65.1−77.6 71.0 11.66 14.32
OTC 5 200 µg/kg 80.5−82.0 81.6 6.90 9.61
TC 5 200 µg/kg 78.9−80.4 79.5 7.25 11.30
CTC 5 200 µg/kg 70.0−79.3 74.3 8.87 13.59
OTC 5 600 µg/kg 79.0−81.1 80.3 6.10 10.00
TC 5 600 µg/kg 77.7−83.5 80.9 6.78 12.38
CTC 5 600 µg/kg 69.8−80.0 76.5 9.31 13.88

4976 J. Agric. Food Chem., Vol. 55, No. 13, 2007 Pena et al.
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seemed to be enhanced by additional tissue manipulations
required to ensure homogeneity (8). Since this matrix peak does
not interfere with the chromatographic analysis and was not
present in mass spectrometric analysis when the selected ions
were monitored under SIM mode, no additional cleanup step
was attempted.

In the mass spectra of blank tissues, no ions corresponding
to protonated molecular ion and typical fragment ions of TCs
appeared.

Only 2 mL of methanol was necessary to elute TCs from the
polymeric cartridge. We have proceeded to a second elution
with another 2 mL of methanol, but no peaks were detected
further. The concentration of the eluate at 35°C at low volume
(0.5-1.0 mL) under gentle stream of nitrogen was also possible.
Evaporation of sample extract to dryness was avoided since this
could result in considerable losses of TCs (33).

The accuracy was evaluated by HPLC with spectrofluoro-
metric detection atλex 385 nm andλem 500 nm by spiking swine
blank tissues at three fortification levels (one-half to twice the
MRL), 50, 100, and 200µg/kg for muscle and 100, 200, and
600 µg/kg for kidney tissues (Figure 1C).

Intraday and interday accuracy and precision data were
obtained by performing extraction batches of the spiked samples
and one blank (to check interferences) and by analyzing them,
on the same day and on different days, respectively, against a
calibration curve. Recoveries were generally greater than 77.8%
for muscle and greater than 65.1% for kidney tissues, showing
the good accuracy of the method. The coefficient of variation
(CV) of intraday precision ranged from 5.1 and 11.6% and
interday precision ranged from 6.0 and 14.3%, showing a good
repeatability (Table 1).

The 25 samples were collected from slaughterhouses along
a 1 month period in the central region of Portugal. It was
detected by LC with spectrofluorometric detection, the presence
of OTC residue at violative level (193.0µg/kg) in one muscle
sample, and it was confirmed by LC-APCI-MS.

Confirmation by LC-APCI-MS. The use of a well end-
capped silica gel column (Inertsil C18 ODS-2) enables the
separation of the TCs without reduction of peak resolution using
a volatile mobile phase, acetonitrile-0.001 M TFA (20:80, pH
2.0), which is applicable to direct interface LC-APCI-MS
without clogging problems, buildup of deposits in the ion source,
and reduction in ion production.

Since good resolution of OTC, TC, and CTC was obtained
(Figure 2), the use of oxalic acid was not investigated preferring
not to introduce nonvolatile compounds into the mass spec-
trometer.

The system allows the determination by DAD and APCI to
permit a simultaneous detection of TCs. The diode array
detection was carried out at two wavelengths, 245 and 360 nm,
according to the maximum absorption of TCs.

To obtain optimal APCI conditions for TCs, the APCI mass
spectra of TCs were measured under different conditions and
the intensity of these ions was carefully observed. Adjustment
of the voltage across the fragmentor induced sufficient frag-
mentation to permit the monitoring of at least three ions, very
useful for confirmation (28-29).

The positive ion APCI mass spectra of TCs at a fragmentor
voltage of 90 V show the protonated molecular ion as the peak
base for OTC, TC, and CTC. The fragment ions [M+ H -

Figure 3. APCI mass spectra in positive ion mode of OTC.

Figure 4. APCI mass spectra in positive ion mode of TC.

Tetracycline Antibiotic Residues in Edible Swine Tissues J. Agric. Food Chem., Vol. 55, No. 13, 2007 4977
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NH3]+, [M + H - H2O]+, and [M + H - NH3 - H2O]+ were
observed in the mass spectra of the three TCs studied (Figures
3-5). In the mass spectra of CTC, typical chlorine isotopic ion
is clearly observed (Figure 5).

The loss of ammonia occurs from the carboxyamide moiety
in the A ring of TCs, and the formation of the [M+ H - NH3

- H2O]+ fragment ion is related on the presence of a hydroxyl
group in the C ring. In the mass spectra obtained, the three
compounds did not generate an [M+ H - 2H2O]+ ion, but
there is evidence in the literature of tetracycline class compound
generating this ion (13). Molecular and characteristics fragments
ions obtained are summarized inTable 2.

When a higher fragmentor voltage was applied (110 V), a
low abundance protonted molecular ion was observed and [M
+ H - NH3 - H2O]+ for OTC (m/z 426), TC (m/z 410), and
the [M + H - NH3]+ for CTC (m/z 462) appeared as the most
abundant ions. This study was carried out with a fragmentor
voltage of 90 V.

The confirmation was based on SIM at three ions per
tetracycline, for example,m/z 461, m/z 444, andm/z 426 for

OTC; m/z 445,m/z 428, andm/z 410 for TC; andm/z 479,m/z
462, m/z 444, and the chlorine isotopic ionm/z 481 for CTC,
and on the requirement to have relative abundances of these
ions within 10% of the values obtained by standards (34).

Residue confirmation was based on analysis of the APCI mass
spectra at the retention time of standards. To ensure adequate
retention time matching, sample analyses were preceded and
followed with standard analysis.

The curve of calibration exhibited good linearity and repro-
ducibility over the calibration range for OTC, TC, and CTC.
The regression coefficients were 0.9993, 0.9979, and 0.9990
for OTC, TC, and CTC, respectively.

The quantification limit obtained for OTC by APCI LC-MS
was 100µg/kg, and the proposed method can reliably identify
OTC in one muscle tissue sample at violative level.

In conclusion, the cleanup method outlined above with Oasis
HLB copolymer is simpler relative to silica-based sorbents and
leads to good recoveries for the determination of tetracycline
residues in muscle and kidney swine tissues. Quantification at
50 µg/kg for muscle and at 100µg/kg for kidney swine tissues
by HPLC with spectrofluorometric detection was readily
achieved. Absence of a peak of the appropriate retention time
provides unequivocal evidence that an analyte is not present
above the detection limits of the spectrofluorometric method.

The method by LC-APCI-MS has been successfully applied
to the identification of OTC in one muscle swine sample that
was previously found by LC with spectrofluorometric detection.
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