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Introduction

Tetracyclines are antibiotics that inhibit protein synthesis by preventing the attachment of aminoacyl-tRNA to the ribosomal acceptor (A). Tetracycline molecules comprise a tetracyclic nucleus to which various groups are attached, the general structure is shown in Figure 1.

[Insert Figure 1 about here]

Tetracyclines are broad-spectrum agents that exhibit activity against a wide range of Gram-positive and Gram-negative bacteria; they have been widely used in both human and veterinary medicine. In some countries the use of antibiotics has been expanded to include addition, at sub-therapeutic levels, to animal feeds for the purpose of growth promotion. The prevalence of bacterial resistance to the tetracycline class of antibiotics has increased following the widespread usage of these compounds within clinical, veterinary and agricultural practice. The spread of bacterial resistance has major implications to human health (World Health Organisation, 2006).

Under EU Legislation, members of the tetracycline class of antimicrobial compounds are permitted for use in the treatment of bacterial diseases in food-producing animal species. Maximum Residue limits (MRLs) have been set under Council Regulation (EEC) No. 2377/90 (as amended) ranging from 100 -600 µg kg -1 dependent on the species and tissue type. The current MRL for tetracycline residues in muscle tissue of Previous studies [START_REF] Stead | Meeting maximum residue limits: an improved screening technique for the rapid detection of antimicrobial residues in animal food products[END_REF]Stead et al. 2005) have shown that the Premi ® Test is a cost-effective screening tool capable of detecting penicillins, cephalsporins, sulfonamides, tetracyclines and some macrolides in a wide range of tissues from a variety of species; including muscle, liver and kidney along with eggs and fish. [START_REF] Carson | Simultaneous determination of multiple tetracycline residues in milk using metal chelate affinity chromatography[END_REF]. Calcium forms a 2:1 metal-ion to ligand complex.

Formation of the calcium complex involves the addition of one metal ion to the C-10, C-11 site with subsequent addition of a second metal ion at the C-12 and C-1 site [START_REF] Newman | Circular dichroism spectra of tetracycline complexes with Mg+2 and Ca+2[END_REF]. Using a calcium and sodium containing buffer, metal ion chelation was investigated as a mechanism for disrupting the antimicrobial activity of tetracyclines and thus selectively reversing the primary Premi ® Test positive response into a secondary negative response. It is postulated that, on formation of the metalion chelation complex tetracyclines can no longer permeate the bacterial cell membrane via binding to the active transport mechanism, the Tet(R) efflux pump [START_REF] Chopra | Tetracycline antibiotics: Mode of action, applications, Molecular biology and epidemiology of bacterial resistance[END_REF]. validated [START_REF] Stead | Meeting maximum residue limits: an improved screening technique for the rapid detection of antimicrobial residues in animal food products[END_REF]Stead et al. 2005) chlortetracycline, determination of false positive and false negative rates, analyte specificity and ruggedness. A single blind trial was also conducted whereby six samples (a mixture of spikes and blanks) were prepared and blind coded by one analyst and analysed by a second analyst in accordance with the integrated antimicrobial screening procedure [START_REF] Stead | Meeting maximum residue limits: an improved screening technique for the rapid detection of antimicrobial residues in animal food products[END_REF]Stead et al. 2005), with the addition of the newly developed tetracycline assay. The tetracycline selective assay was transferred to a second laboratory, DSM (Delft, The Netherlands) for an interlaboratory assessment of the method in combination with the previously reported fluid expression extraction procedure (EuroResidue IV, [START_REF] Offereins | EuroResidue IV Conference poster presentation[END_REF].

This paper reports the development and validation of a third post-screening assay, selective for tetracyclines. The use of these simple secondary-screening assays allows a suspect positive sample to be reliably directed to the appropriate chemical method for confirmatory analysis. 

Materials and methods

Chemicals and reagents

Instrumentation -The scanner system

The Premi ® Test end-point was measured instrumentally using a flatbed scanner in combination with the Premi ® Scan (custom version) software, provided by DSM (Delft, The Netherlands). A scanner value (Z score) of greater than zero was classified as a positive result and a scanner value of zero or lower was classified as a negative result.

Samples

The validation experiments were undertaken using known blank chicken muscle. The UK National Bee Unit, based at CSL, York, supplied honey (wild-flower blossom set honey), for the matrix specificity experiments. 

TCN buffer (calcium containing buffer) preparation

Sample extraction procedure

To tissue (4 g), acetonitrile: acetone 70:30% (10 mL) and anhydrous sodium sulphate (6 g) were added prior to homogenisation for 45 seconds. The extract was centrifuged (4500 rpm, 4 o C, 10 minutes), the supernatant (8 mL) was removed and evaporated to near dryness under a stream of nitrogen at 35-40 o C and then re-suspended in Lab

Lemco Broth (600 µL). The extract (100 µL) was then applied directly to the Premi ® Test, the ampoules were sealed using plastic film and the incubation was carried out according to the test kit instructions (DSM webpage, Premi ® Test demo).

Post screening method for tetracyclines (TCN assay)

To a portion of extract (100 µL) TCN buffer (50 µL) [or water (50 µL) in the case of blank and spiked controls] was added, vortex mixed for approximately 30 seconds and allowed to stand at room temperature for 10 min. Treated extract (100 µL) was applied to the Premi ® Test and incubated as described above. Initial experiments showed that the incubation of the sample extract with calcium and sodium ions in TCN buffer selectively reversed the primary screen positive response for tetracyclines observed on the Premi ® Test. In these initial experiments the quantity of TCN buffer required was also optimised (data not shown). On the basis of this mechanism the validation study was conducted.

The result of the specificity experiment is summarised in graphical format in Figure 3.

These data show the Z score values recorded using the Premi ® Scan scanner system following incubation of extracts on the Premi ® Test with and without the addition of TCN. This experiment was conducted for a variety of primarily Gram-positive inhibitory antimicrobial compounds including; penicillin G, cloxacillin, sulfadiazine, tylosin and a range of tetracycline compounds. The primary matrix was chicken muscle, although a set of honey samples was also included to assess matrix-to-matrix variations.

These data indicate that, in the presence of the TCN buffer, the control (positive)

response recorded for the tetracyclines; oxytetracycline, doxycycline, tetracycline and chlortetracycline spiked into chicken muscle at the MRL concentration of 100 µg kg -1 is reversed to a negative response. In the case of the non-tetracycline class compounds spiked into muscle (at or above their respective MRL concentrations) the control positive response is not significantly affected by the addition of the TCN buffer. This finding demonstrates that the addition of TCN buffer to sample extract Currently there are no approved antibiotics for the treatment of European Foul Brood within the EU. Nevertheless oxytetracycline has been detected in retail honey samples. Therefore, in order to investigate the wider applicability of this assay honey was spiked with oxytetracycline at 100 µg kg -1 , following the extraction procedure the extracts were treated with TCN buffer and applied to the Premi ® Test. These results, shown in Figure 3, indicate that TCN assay performs comparably in both muscle tissue and the second matrix type, honey.

[Insert Figure 3 µg kg -1 were analysed. Twenty samples out of the twenty-one were found to give a positive response, therefore the qualitative CCβ (β error of 5 %) was determined to be less than or equal to 100 µg kg -1 , equivalent to the MRL for tetracyclines in muscle tissue. This finding also indicates the false negative rate of the Premi ® Test primary screen for tetracyclines is equivalent to 5%.

The 21 sample extracts were also treated according to the TCN assay procedure (Figure 2b) and applied to the Premi ® Test. In the presence of TCN, all 21 samples gave a negative test response identifying the presence of a tetracycline. This result suggests that the probability of falsely recording a tetracycline positive using the TCN assay is zero at the 95% confidence interval.

An inter-laboratory assessment of the TCN post-screening assay was conducted at DSM (Delft, The Netherlands) using the alternative fluid expression procedure (data not shown). This simple extraction procedure, which is based on the use of a garlic press to release meat juices, can be performed without the use of any laboratory reagents or equipment and is applicable for use as a field test. A total of 10 known blank chicken muscle samples were fortified with oxytetracycline at 200 µg kg -1 (twice the MRL in muscle tissue) extracted following the fluid expression procedure and 100 µL of the resulting fluid treated with 50 µL of TCN as detailed in Figure 2b.

All 10 spiked replicates showed a strong positive control response on the Premi ® Test.

However, following the addition of TCN only 8 out of the 10 extracts produced a negative response. This suggests that the TCN post-screening assay was only 80% Results of the blind trial are shown in Table 1. Using the fully integrated antimicrobial procedure for β-lactams, sulfonamides and tetracyclines all 6 blind coded samples were correctly characterised by the analyst, showing the procedure to be applicable to routine screening. Following treatment with TCN, the strong positive control responses seen for samples 1, 3 and 5 were selectively reversed, the responses remained unaffected by the other post-screening procedures. From these observations the analyst correctly identified the class responsible for eliciting the positive control response as tetracycline. In presence of β-lactamase, the strong positive control response seen for sample 2 was selectively reversed, indicating the presence of a βlactam compound. The test response for sample 4 was found to be negative and not significantly affected by any of the post-screening assays, therefore this sample was recorded as a blank. In the case of sample 6, the strong positive control was not significantly affected by any of the post-screening assays. Following the three postscreening treatments, the strong positive response observed in the control is reduced from approximately 7.5 units to between approximately 5 and 5.5 units. The analyst concluded that this was either the result of multiple classes of compound being present in the extract and the combined antimicrobial potency reduced in the presence [Insert Table 1 about here]

Conclusions

The recently developed and validated TCN assay complements the existing integrated antimicrobial screening strategy in combination with the Premi ® Test and scanner system. The fully integrated strategy offers a rapid, broad-spectrum primary screen for Gram-positive inhibitors with a secondary identification of penicillin, sulphonamide and now tetracycline residues in foods of animal origin.

The metal ion chelation (TCN buffer) approach is cost-effective, requiring the preparation of only basic laboratory reagents and is simple to use. The concentration of calcium and sodium ions and the ratio of TCN buffer to extract were optimised in order to compensate for the differences in the antimicrobial potency within the tetracycline class and the potential for very high residue levels. Thus, a fixed volume of TCN buffer is combined with a fixed volume of extract following the solvent extraction procedure.

The 

  is 100 µg kg -1 and no MRLs currently exist for honey. During Defra funded surveillance exercises conducted in the UK between 2001 and 2004 residues of tetracyclines have been found in pig, poultry and calf kidney in the range of 780 -4020 µg kg -1 (Veterinary MedicinesDirectorate, 2006). It is therefore, important that effective screening and confirmatory procedures are available for detecting tetracyclines in foods of animal origin in order to provide legislators and consumers with confidence that the food products entering the food chain are compliant with the current legislation regarding permissible MRLs.

  Test methodology incorporating a solvent extraction and post-screening assays for β-lactam and sulphonamide classes of antimicrobials has been previously

  reagents were of analytical grade and purchased from Sigma-Aldrich (Poole, Dorset, UK) with the exceptions of; Lab Lemco broth and β-lactamase, which were purchased from Oxoid (Basingstoke, Hampshire, UK), acetonitrile, acetone and HPLC grade water were purchased from Fisher Scientific (Loughborough, Leicestershire, UK). The Premi ® Test kits were provided by DSM (Delft, The Netherlands).

Figures

  Figures 2a and 2b outline the existing antimicrobial screening procedure -including

  positive control response of the tetracycline class and does not significantly affect the positive response caused by a range of other antimicrobial compounds.

Figure 4

 4 Figure 4 presents the results of the investigation conducted to determine the efficiency

  the response of a tetracycline following the crude fluid expression procedure. It may be that tissue derived substances in the raw fluid expressed are competing for the divalent calcium ions. Further method optimisation is required in order to improve the efficiency of the TCN assay in combination with the fluid expression extraction.

  -screening treatment or another Gram-positive inhibitory antimicrobial class, for example a macrolide compound.

Figure 3 .(Figure 4 .

 34 Figure3. Effect of TCN on the Premi ® Test response to a range of antimicrobial compounds; 200 µg kg -1 sulfadiazine, 600 µg kg -1 cloxacillin 100 µg kg -1 tylosin 10 µg kg - 1 penicillin-G and a range of tetracycline compounds; doxycycline, tetracycline, oxytetracycline and chlortetracycline at 100 µg kg -1 -fortified chicken muscle and honey
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  Figure 1. The chemical structure of some of the tetracycline compounds Figure 2a. The existing integrated antimicrobial screening procedure -including the postscreening class specific assays for β-lactam and sulfonamide antimicrobial compounds.
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