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One of the major roles of public health agencies is to ensure safe products for consumers through analysis of resid-
ual antibiotics and antibacterials in livestock products. In this study, the analytical methods were established for tetracy-
clines (TCs), penicillins (PCs), and sulphonamides (SAs), which are widely used as veterinary drugs in livestock. Tak-
ing into consideration the inspection systems used by prefectural governments, UV-HPLC, which is commonly used in
health centers, was selected as the determination method, and LC/MS/MS, which is used for highly sensitive analyses,
was employed as a confirmation method. Based on the physicochemical features of TCs, PCs, and SAs, detailed exami-
nations of the solid-phase extraction cartridge clean-up and analytical conditions were carried out. A simultaneous con-
firmation method for four types of TCs in bovine tissues, both the simultaneous determination method and the highly
sensitive identification method of six types of weakly acidic PCs in bovine tissues, and the simultaneous determination
method of SAs in animal liver and kidney were established. The development of the analytical method for PCs is
described in detail in this paper. The combined use of a simple and reproducible determination method and the highly
sensitive and precise confirmation of residual antibiotics and antibacterials in livestock products was successfully estab-
lished for the inspection system. This should provide high-quality analysis and ensure safe product improvements.
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Fig. 1. Chemical Structures of Penicillins
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Table 1. Recoveries of Penicillins from Bovine Tissues
Muscle Liver Kidney

Penicillins Fortified  Recovery?  C.V. Fortified Recovery? C.V. Fortified Recovery? C.V.
(mg/kg) (%) (%) (mg/kg) (%) (%) (mg/kg) (%) (%)
Benzylpenicillin 0.1 83 7.0 0.5 82 4.2 0.5 83 4.7
0.05 77 6.4 0.1 86 7.4 0.1 82 5.8
Phenoxymethylpenicillin 0.1 82 4.8 0.5 88 1.4 0.5 82 1.8
0.05 84 5.4 0.1 83 4.1 0.1 86 7.8
Oxacillin 0.1 74 3.5 0.5 91 1.4 0.5 92 3.2
0.05 80 3.9 0.1 96 3.4 0.1 92 4.2
Cloxacillin 0.1 86 3.1 0.5 91 2.9 0.5 89 2.9
0.05 82 4.0 0.1 92 8.7 0.1 90 2.7
Nafcillin 0.1 85 2.6 0.5 84 1.7 0.5 80 3.5
0.05 90 5.2 0.1 84 3.8 0.1 89 3.8
Dicloxacillin 0.1 71 2.6 0.5 73 3.1 0.5 79 5.9
0.05 79 6.4 0.1 89 6.4 0.1 89 4.3

a) Average of 5 trials. C.V.: coefficient of variation.
) CRBEPEORERE il X DI,

Bond Elut C18 6cc (500 mg)

wash with H20 10 ml, 15 % MeOH
containing 2 % NaCl 5mland H20 5 ml
aspirate over 10 min.

elute with 55 % MeOH 5 ml

Eluate
Sep-Pak Accell Plus QMA 3cc (500 mg)

wash with 55 % MeOH 3 ml, 10 mM acetic
acid MeOH soIn. 3 ml and H20 3 mi
aspirate over 10 min.

elute with mobile phase of HPLC 2 ml

HPLC

Scheme 1. Clean-Up Procedure for Analysis of Penicillins in
Bovine Liver and Kidney
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Fig. 2. Typical HPLC Chromatograms of Bovine Tissue Samples

a) muscle sample fortified at a concentration of 0.1 mg/kg each of penicillins, b) muscle sample, c) liver sample, d) kidney sample. 1, benzylpenicillin; 2,
phenoxymethylpenicillin; 3, oxacillin; 4, cloxacillin; 5, nafcillin; 6, dicloxacillin. Operating conditions, column: TSKgel ODS-80Ts (150X4.6 mm I.D.) ; mobile
phase: acetonitrile-0.02 m phosphate buffer, pH 6.2 (4.3: 5.7, v/v) containing 12 mm cetyltrimethylammonium chloride; flow-rate: 0.8 ml/min; detector: UV 220

nm; column temp.: 30°C.

Table 2. Diagnostic Ions and ESI MS/MS Conditions for Penicillins Analysis

D -
Penicillins Product ions Precursor ion Cone Collision
[M-H]-  [M-H-CO,]-  [M-H-141]- [M-H]- voltage (V)  energy (eV)
Benzylpenicillin 333 289 192 333 23 8
Phenoxymethylpenicillin 349 305 208 349 23 8
Oxacillin 400 356 259 400 20 10
Cloxacillin 434 390 293 434 20 9
Nafcillin 413 369 272 413 23 9
Dicloxacillin 468 424 327 468 23 9
a) (m/z)
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Fig. 3. ESI LC/MS/MS Analysis of Penicillins Fortified at a Concentration of 0.05 mg/kg in Bovine Kidney
(a) mass chromatograms monitored at [M-H-141] —, (b) tandem mass spectra of penicillins recorded at the top of each peak on the mass chromatograms (a) .
(b-1) benzylpenicillin, (b-2) phenoxymethylpenicillin, (b-3) oxacillin, (b-4) cloxacillin, (b-5) nafcillin, (b-6) dicloxacillin.
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