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Residue analysis of tetracyclines in poultry muscle; shortcomings revealed by a proficiency test
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A proficiency test for tetracycline drug residues in poultry muscle was organised according to the guidelines of ILAC-G13:2000. For the proficiency test three test materials were prepared.

Homogeneity and stability of the materials during the study was demonstrated. Sixteen laboratories accepted the invitation to participate in the proficiency test, eleven laboratories reported results within the time frame of the study. Most notably, only four of the participating laboratories complied with the definition of the MRL concerning the inclusion of 4-epimers as stated in Commission Regulation [EC] 281/96. Most participants reported values for CC α and CC ß and hence were already in compliance with Commission Decision [EC] 2002/657/EC for this aspect of method validation. However, some CC α and CC ß values were not in agreement with the actual within-lab reproducibility calculated from the results reported in this proficiency test.

Although most laboratories obtained satisfactory results, it is clear that an effort is needed to include 4-epiOTC, 4-epiTC and 4-epiCTC in the analytical methods. Moreover, reconsideration of values determined for CC α and CC ß with respect to their accuracy may be necessary in some cases.

Oxytetracycline (OTC), tetracycline (TC), chlortetracycline (CTC) and doxycycline (DC) are the most commonly used tetracycline compounds. Tetracyclines have a broad-spectrum activity against both Gram-positive and Gram-negative bacteria. They interfere with the bacterial protein synthesis in rapidly growing and reproducing bacterial cells and inhibit the metabolism of the bacteria (FIDIN Repertorium Diergeneesmiddelen 2000).

The toxicity of tetracyclines is low, but after prolonged therapy or contact, infections with resistant organisms, allergic reactions and vitamin B deficiencies may occur. The use of tetracyclines during pregnancy and by young children and animals has adverse effects on skeleton formation (Mol 1975). The metabolism of tetracyclines was extensively studied in several species (FAO Food and Nutrition Paper 1990). With the exception of metal chelate formation, no chemical transformation occurred in the body. Small amounts of 4-epimers were detected, however, that was attributed to chemical instability at physiological conditions rather than to metabolic transformation.

Tetracyclines are included in Annex I of Council Regulation [ECC] 2377/ 90 (1990) and Maximum Residue Limits (MRLs) have been established. The MRL for OTC, TC and CTC is defined as the sum of the tetracycline and its 4-epimer and is set at 100 µ g/kg in muscle for all food producing species. For DC the MRL is set at 100 µ g/kg in muscle tissue for DC only (Committee for Veterinary Medical Products 1995 and1997). A proficiency test for tetracyclines in poultry muscle was organised, to allow laboratories to evaluate and demonstrate the reliability of the data that are produced. In addition to validation and accreditation, proficiency testing is an important requirement of the European Union (EU) (Council Directive 93/99/EEC 1999) and is increasingly important in laboratory accreditation according to NEN-EN-ISO/IEC 17025 (2005). This proficiency test was carried out according to the guidelines in ILAC-G13(2000). Statistical analysis was performed according to ISO/IEC Guide 43-1 and ISO/IEC Guide 43-2.

Materials and Methods

Test Materials

Three materials (Table I) were prepared containing different concentrations of OTC, 4-epiOTC and DC by adding solutions of OTC, 4-epiOTC and DC (Sigma-Aldrich, St Louis, MO, USA) in methanol to minced blank poultry muscle. The materials were manually homogenised and subsequently frozen using liquid nitrogen and kept under cryogenic conditions during further grinding and homogenisation. The deep-frozen materials were minced using a Stephan (Stephan Machinery, Hameln, Germany) UMC 5 Electronic food processor and subsequently finely ground using a Retsch (Haan, Germany) Grindomix GM200 mill. The resulting cryogenic powder was seived to remove lumbs of material which were minced again. The seived powder was homogenised by stirring for 10 min.

[Insert table I about here]

Materials A, B and C were weighed in portions (20 g) and stored in polyethylene containers. These containers were randomly numbered and sample sets were prepared consisting of two randomly chosen samples of each material. Because a duplicate analysis for each sample was requested, the laboratories would report four results for each material. From these data the repeatability of the laboratories could be calculated. Until dispatch, the samples were stored at -80 °C.

Sample distribution

Participants were invited to take part in this study based on their involvement in the field of veterinary drug residue analysis. In total seventeen laboratories where invited from both within and outside the EU including several National Reference Laboratories (NRLs). Sixteen laboratories agreed to participate. Sample sets were packed in insulating boxes containing dry ice and were sent to the participants, accompanied by instructions and a result form. Participants were requested to carry out duplicate analysis using the methods they routinely use in the analysis of tetracycline residues. The results were due within seven weeks after shipment of the samples.

Method of analysis

For the purpose of homogeneity and stability testing an in-house validated LC/MS/MS method was used compliant with Commission Decision 2002/657/EC. An aliquot (2 g) of the sample was weighed and transferred to a centrifuge tube. Demeclocycline (demethylchlortetracycline, DMC) was added as the internal standard. The sample was extracted twice with 25 mL of McIlvain buffer (0.1N, pH=4.0). The combined extract was centrifuged (3500 g) and filtered using a glass microfibre filter (Whatman , Brentford, Middlesex, UK). Filtered extract (30 mL) was applied to a preconditioned OASIS® HLB (Waters, Milford, MA, US) extraction column (60 mg, 3CC).

After washing with McIlvain buffer and water, the analytes were eluted using 3mL of methanol. The eluent was evaporated to dryness (N2, 50°C) and the residues were dissolved in HPLC mobile phase. The LC-system consisted of a Waters Alliance 2690 equipped with a Waters SymmetryR C18 (3 x 150 mm, 5 µm) analytical column and a thermostatic oven (Spark, Emmen, NL) maintained at a temperature of 10°C. The tetracyclines were chromatographically separated using a lineair acetonitrile gradient in 1 mM ammonium formate (pH=2.6) starting at t=0 min at 0% acetonitrile, increasing the acetonitrile content to 50% at t=10 min and further to 100% at 14 min. Detection was carried out in multiple reaction monitoring (MRM) mode using a Waters-Micromass (Waters, Milford, MA) Quattro Ultima triple quadrupole mass spectrometer equipped with an electrospray interface and operated in positive ion mode.

Mass spectrometric data acquisition was performed in MRM mode monitoring the following MRM transitions; OTC and 4-epiOTC: m/z 461→337 and 461→201; TC and 4-epiTC: m/z 445→410 and 445→154; CTC and 4-epiCTC: m/z 479→444 and 479→154 and DC: m/z 445→428 and 445→154. For the internal standard DMC the transition m/z 465→154 was monitored. The amount of tetracyclines in the samples was calculated with the internal standard method using the ratio of the peak area of the most abundant product ion of the tetracycline and the peak area of the internal standard. Calibration was carried out using extracted matrix-matched standards fortified at concentration levels ranging from 0.25 -5*MRL. The limit of detection (LoD) for this method was 10µ g/kg (0.1*MRL). The homogeneity study was carried out according to The International Harmonized Protocol for Proficiency Testing of Analytical Laboratories [START_REF] Thompson | The International Harmonized Protocol for Proficiency Testing of (Chemical) Analytical Laboratories[END_REF] and ISO/DIS 13528 (2005), taking into account the insights discussed by Fearn et al. (2001) and [START_REF] Thompson | Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation to fitness for purpose criteria in proficiency testing[END_REF].

Homogeneity of the test materials

Ten randomly chosen containers of materials B and C were each analysed in duplicate for OTC, TC, CTC, their 4-epimers and DC. Statistical analysis of the results was carried out using single factor Analysis of Variance (ANOVA). The homogeneity study demonstrated sufficient homogeneity for both materials for their use in the proficiency test.

Stability of the test materials

From the homogeneity data, the amount of tetracycline residues in the materials, just after preparation, was calculated. Ten randomly chosen samples of each material were stored at -80°C to assure the absence of degradation of the tetracycline residues. After 71 days, three containers each of material B and C were analysed. After this analysis, the containers were stored at -20°C to study the stability at generally applied storage conditions. Fourteen days hereafter (corresponding with the deadline for reporting results), the containers were analysed again. In this way, the procedure includes an extra defrosting and freezing cycle. This is essential because some laboratories carried out a duplicate analyses of each sample on different days (i.e. sreening and quantitative analysis). This most likely involves an extra freezing and defrosting cycle.

For both points in time, the average result was calculated. The results of the initial analyses were compared to the results after 71 and 85 days of storage, using a Students t-test (Fearn et al. 2001).

In this test, the standard deviation of the analyses at the three points in time was considered the same, because the same analytical procedure was applied to obtain the results, and was derived from the validation results. The results of the stability study are presented in table II and III. The Students t-test demonstrated that no significant loss of 4-epiOTC, OTC or DC occurred during the time scale of the proficiency test at the chosen storage conditions.

[Insert table IIa andb around here] [Insert table IIIa and b around here]

Statistical evaluation

Accuracy. The statistical evaluation was carried out according to the International Harmonized Protocol for the Proficiency Testing of Analytical Laboratories [START_REF] Thompson | The International Harmonized Protocol for Proficiency Testing of (Chemical) Analytical Laboratories[END_REF] 1982). The target standard deviation (σH) was calculated from the Horwitz equation, taking into account the insights of [START_REF] Thompson | Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation to fitness for purpose criteria in proficiency testing[END_REF]. According to ISO 13528 (2005), when u ≤ 0.3σH , the uncertainty of the assigned value is negligible and therefore should not be included in the statistical evaluation. When this situation applied, the z a -score for each laboratory was calculated according to equation 1. When the uncertainty of the assigned value did not comply with this criterion, the uncertainty of the assigned value was taken into account and the z a '-score was calculated according to equation 2. A z-score between -2 and 2 is regarded as a satisfactory result. Z-scores between 2 and 3 as well as between -3 and -2, are considered as questionable results. Z-scores below -3 and above 3 are considered unsatisfactory. a p
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Precision. In the design of this proficiency test, blind duplicate samples of each material were submitted to the participants. Therefore, every laboratory reported two pairs of results for each material. From the results of the blind pairs of material B and C the repeatability standard deviation (s r ) and the within-lab-reproducibility standard deviation (s RL ) were calculated according to ISO 5725-2 (1994).

To inform participants about their performance for precision, the Horwitz-ratio (HORRAT) (Official Methods of Analysis Program Manual 2002) was used. The HORRAT was calculated from the within-lab reproducibility (Eq. 3). The reproducibility standard deviation (s R ) includes inter-laboratory variation and therefore is likely to be higher than the within-lab reproducibility standard deviation (s RL ). Because the HORRAT value is calculated from s RL instead of s R , this value presents a best case situation and is not suitable for an exact numerical evaluation but is only indicative of the achieved precision. reason that the HORRAT value should be substantially below 1.0. Nonetheless, for the purpose of this study, a HORRAT value is not regarded as a questionable result unless it exceeds 1.0.

Results and Discussion

Participants

Sixteen out of seventeen invited laboratories agreed to participate in the proficiency test. Eleven of those laboratories managed to submit their results for OTC. From those laboratories, two did not include DC in the analysis. Consequently nine laboratories submitted results for DC. None of the participating laboratories reported values for TC and CTC. The majority of participants analysed the samples in duplicate. Only participants 1 and 16 reported one result per sample.

Participants methodologies

The participants applied different sample preparation methods and detection techniques for the analysis of tetracyclines. The majority of the participants extracted the poultry muscle samples 2002) most of the participants carried out a confirmatory analysis using LC/MS/MS. Two participants applied HPLC-DAD for confirmation. In one laboratory a quantitative analysis using HPLC-UV preceded the confirmatory analysis (LC/MS/MS). One participant carried out a semi-quantitative screening analysis using one calibrant followed by a quantitative analysis using a multi level matrix calibration. One participant did not confirm the identity of the analytes but merely carried out a quantitative analysis using LC-UV.

Four participants used an internal standard for their quantitative analyses. In three cases DMC was used. The fourth participant used tetracycline as the internal standard for the quantitative analysis. This quantitative analysis was preceded by a semi-quantative screening analysis to confirm the absence of TC in the test materials.

Although 4-epimers are not metabolically formed in significant amounts (FAO Food and Nutrition Paper 1990), they may be formed during sample storage, preparation and extraction especially under acidic conditions. It is therefore of importance to include the 4-epimers in the method of analysis. Only four of the participating laboratories paid specific attention to the presence of 4-epiOTC, 4-epiTC and 4-epiCTC. Two other laboratories included just one of the 4epimers. When epimer analysis was included, 4-epiOTC often co-eluted with OTC. Those participants quantified the sum of 4-epiOTC and OTC using OTC calibrants. When 4-epiOTC and OTC were chromatographically separated, the participants quantified these compounds using separate calibrants for both 4-epiOTC and OTC or they quantified both compounds using OTC calibrants. Considering the short retention times of OTC reported by some participants that also stated that they did not include 4-epiOTC in their analysis, it is likely that in those cases 4-epiOTC and OTC co-eluted. It could well be possible that those participants included 4-epiOTC in the quantitative analysis without being aware or specifically aiming to do so. Summarizing, it is evident that the analysis of 4-epimers of tetracyclines is not yet generally implemented in the laboratories. Hence, seven out of the eleven participants (i.e. 63%) do not fully comply with Commission Regulation [EC] 281/96 (1996) regarding the definition of the MRL (inclusion of the 4-epimers).

Results of analysis

Quantitative results. Eleven participants reported results for the materials A, B and C. Laboratory 1 and 16 reported only a single value for all samples. Laboratory 3 and 7 did not include DC in their analyses and were therefore not able to report any values for this analyte.

Laboratory 5 detected OTC in both samples of material A with amounts ranging from 40 to 113 µg/kg in contrast to the other participants that unequivocally did not detect any tetracycline residues in this material. Laboratory 5 did not detect any DC in these samples, however, none of the materials sent out to the participants contained OTC as the only analyte. Despite that the identity of OTC was confirmed by participant 5 using LC/MS/MS, this result was considered as a false-positive result which is most likely attributed to contamination of the sample at the laboratory.

Laboratory 6 did not find any tetracycline residues in one of the samples of material C. This was considered as a false-negative result.

[Insert An overview of the participants results, including the calculated assigned value, uncertainty of the assigned value and the target standard deviation is presented in Tables IV-VII. The z a -scores and HORRAT values are graphically presented in figure 1 and 2. In the statistical analysis of OTC in both material B and C, the uncertainty of the assigned value could not be neglected and consequently z a '-scores were calculated. The quantitative results of all participants were satisfactory with respect to accuracy and precision for DC. For OTC, a significant variation in the reported results is observed, ranging from 56 to 176 µ g/kg for material B and 78 to 250 µ g/kg for material C. Surprisingly, no correlation was found between low results and laboratories that did not include 4-epiOTC in their analysis. Other differences in methodology (i.e. LC/MS/MS versus LC-UV and SPE versus no SPE) were examined to clarify divergent results. No correlation between results and methodology was found. Two laboratories (5 and 7) obtained z a '-scores just below 3, indicating questionable results for accuracy. For laboratory 5, a HORRAT was calculated above 1.0, indicating unsatisfactory performance for precision.

[Insert figure 1 VIII. Laboratory 1 reported surprisingly low values for CC α and CC ß compared to the other participants. This suggests very good within-lab reproducibility. The CC α reported by the laboratories were compared to the within-lab reproducibility calculated from the results in the proficiency test. From the reported duplicates of the unknown pairs, the within lab-reproducibility standard deviation was calculated for each laboratory [ISO 5725-2 1994]. With this, the CC α that could be expected from the reported data was calculated for each laboratory using formula 4

(Commission Decision [EC] 2002/657/EC). L R CCα = MRL + 1.64s (4) 
For OTC, this calculation resulted in an expected CC α of 152 µ g/kg for laboratory 5, whereas the reported CC α is 115 µg/kg (Table VIII). This indicates that the within-lab reproducibility for OTC for this laboratory is worse than is suggested by the reported CC α even when considering that due to the limited number of data, the uncertainty in the calculated CC α is considerable.

Regarding the analysis of DC of laboratory 9 an expected CCα of 132 µg/kg was calculated, whereas the reported CC α is 119 µ g/kg. This indicates that also for this laboratory the within-lab reproducibility for DC is worse than is suggested by the reported CCα. This comparison could not be made for laboratory 1 and 16 due to the lack of duplicate results.

The comparison showed however, that the suggested good within-lab reproducibility of some laboratories is not supported by the data reported in the framework of this proficiency study.

[Insert table VII about here]

Conclusions

This proficiency study was carried out to enable laboratories to demonstrate or evaluate their performance for the analysis of tetracycline residues in poultry muscle. Seventeen laboratories were invited to participate of which sixteen laboratories agreed to take part. Eleven of those reported results within the time frame of the study. Although most laboratories obtained satisfactory results for accuracy and precision, it is clear that in some laboratories there are difficulties regarding the analysis of tetracyclines residues.

Eight out of eleven participants (i.e. 72%) demonstrated acceptable performance for the analysis of OTC and DC in poultry muscle with respect to accuracy, precision and the occurrence of falsepositive and false-negative results. A significant variation in the results for OTC was observed.

This could not be explained by whether or not participants included 4-epiOTC in their method or any other differences in the applied methods. 
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 12 Figure 1. Graphical presentation of the laboratories za'-scores (black bars) and HORRAT values (grey bars) for OTC + 4epi-OTC in (a) material B and (b) material C.
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  Laboratory 10, on the other hand, reported relatively high values for CC α (153 µ/kg) and CCß (206 µg/kg) for DC, indicating variable method performance for this compound. The expected CC α calculated from the data in this proficiency study however, is 114 µg/kg. This indicates that, for this laboratory the within-lab reproducibility for DC is better than is suggested by the reported CC α .
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Table I .

 I It is mandatory, and also relevant from an analytical point of view, to include the 4-epimers of tetracyclines in the method of analysis. At present not all laboratories can meet this requirement.Most participants reported values for CC α and CC ß and hence, the majority already comply with Commission Decision 2002/657/EC(2002). Considering the precision that is apparent from the data reported in the framework of this study, in some cases values reported for CC α and CC ß may be too optimistic and hence may need reconsideration. Target concentrations of tetracyclines in the inter-laboratory test material.
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Table IIa .

 IIa Statistical evaluation of the results of OTC + 4-epiOTC obtained from the stability study of material B..

	Time (days)	Result (µg/kg)	std (µg/kg)	t	tcritical
	0	129			
	71	132	10.9	0.43	2.08
	85	135	10.9	0.83	2.08

Table IIb .

 IIb Statistical evaluation of the results of DC obtained from the stability study of material B..

	Time (days)	Result (µg/kg)	std (µg/kg)	t	tcritical
	0	55			
	71	57	7.5	0.52	2.08
	85	59	7.5	0.92	2.08

Table IIIb .

 IIIb Statistical evaluation of the results of DC obtained from the stability study of material C.

	Time (days)	Result (µg/kg)	std (µg/kg)	t	tcritical
	0	195			
	71	202	26.8	0.44	2.08
	85	214	27.0	1.16	2.08

Table IIIa .

 IIIa Statistical evaluation of the results of OTC obtained from the stability study of material C.
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	Time (days) 0 71 85	Result (µg/kg) 152 146 138	std (µg/kg) 12.7 12.7	t 0.84 1.77	tcritical 2.08 2.08 R e v i e w
					O n
					l y

Table IV .

 IV Overview of the laboratory results obtained from the analysis of 4-epiOTC + OTC in material B.Assigned value 104.0 µg/kg Uncertainty of assigned value 12.0 µg/kg Target standard deviation (Horwitz, Thompson) 22.9 µg/kg
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Table VIII .

 VIII Overview of reported CCα and CCß values for 4-epi-OTC, OTC and DC (µg/kg).

	Page 21 of 23						
		4-epiOTC	OTC		DC	
	Lab	CCα	CCß	CCα	CCß	CCα	CCß
	Lab1			104.3	108.6	103.5	106.9
	Lab2	122.9	147.1	124.2	144.4	118.5	135.4
	Lab5			115	129	129	158
	Lab8			115	130	125	154
	Lab9			112	126	119	146
	Lab10			111	121	153	206
	Lab12	113	137	107	120	112	133
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