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Residues of sulfadiazine and doxycycline in broiler liver

and muscle tissues due to cross-contamination in the feed

Introduction 31

The veterinary drugs used therapeutically in poultry industry are generally given via mass 32 application in feed or drinking water (Kan and Petz 2000). Antibiotics are used to raise 33 production efficiency , as they enhance growth and feed efficiency and reduce disease 34 [START_REF] Donoghue | Antibiotic residues in poultry tissues and eggs: Human health concerns? 355[END_REF]. Antibiotics have been used as growth promoters in the member states of 35 the EU but concerns about development of antibacterial resistance led to the withdrawal of 36 these agents as growth promoters in the EU since January 1, 2006 [START_REF] Castanon | History of the use of antibiotic as growth promoters in European poultry 344 feeds[END_REF]. Some 37 antimicrobial drugs, such as sulfonamides are used to treat coccidiosis (Roudaut and Garnier 38 2002; Sentepe and Eraslan 2010). In veterinary medicine the sulfonamides are effective 39 chemotherapeutics for bacterial or protozoal diseases [START_REF] Emea | Committee for veterinary medicinal products sulfonamides (2) summary report 364[END_REF][START_REF] Bcfi | Gecommentarieerd Geneesmiddelenrepertorium voor Diergeneeskundig 342 gebruik[END_REF]. Doxycycline 40 belongs to the group of tetracycline antibiotics, which have a broad spectrum activity (EMEA 41 1996). These drugs are widely used as mass medication in both pig and poultry industry.

42

Concerning feed medication, in Belgium, sulfadiazine in combination with trimethoprim is 43 available as pre-mix for pigs and non-laying hens and as oral powder to be mixed in the feed 44 of pigs. Doxycycline is registered as a premix only for pigs and also an oral powder to be weighed and 1 ml of the internal standard demethylchlortetracycline (20 µg mL -1 ) was 153 added. After the addition of 25 mL of methanol, the samples were placed on a rotary shaker 154 for 20 minutes and centrifuged for 10 min at 4000 rpm. Two hundred µL of the supernatant 155 was transferred in a vial, 800 µL of HPLC water was added and the vial was vortex mixed.

156

Extraction and clean-up of broiler samples

157 For sulfadiazine analysis in muscle and liver, we used the method described by Mortier et al.

158 (2005). Two grams of minced muscle or liver were weighed and the internal standard (20 µl 159 of 10 µg mL -1 ) was added. The samples were vortex mixed, were allowed to stand for 10 min 160 and 6 g (muscle) or 8 g (liver) of anhydrous sodium sulphate was added. The tissue was 161 carefully mixed with a spatula until a powdery mixture was obtained and 10 mL (muscle) or 162 20 mL (liver) of acetonitrile was added. After vortex mixing, the tubes were placed on a 163 horizontal shaker for 30 min. The tubes were centrifuged (15 min, 4000 rpm), 5 mL (muscle) 164 or 10 mL (liver) of the supernatant was transferred into a tube and was evaporated to 165 dryness under nitrogen in a water bath of 45°C. Then, the sample was redissolved in 1 mL of 166 an acetonitrile/water mixture (50:50,v:v) containing 0.1 % formic acid, vortex mixed, 167 sonicated for 5 min and filtered through a 0.22µm filter into a HPLC vial.

168 For doxycycline analysis in tissues, 2 g of minced tissue were weighed and extracted 169 as described by [START_REF] Cherlet | Quantitative multi-residue analysis 346 of tetracyclines and their 4-epimers in pig tissues by high-performance liquid 347 chromatography combined with positive-ion eclectrospray ionization mass spectrometry[END_REF]. After the addition of the internal standard 170 demethylchlortetracycline (50 µl of 10 µg mL -1 ), the samples were vortex mixed an were 171 allowed to stand for 5 min. Ten mL of a 0.1 M sodium succinate buffer was added, the 172 samples were placed on a rotary shaker for 20 minutes and centrifuged at 4000 rpm for 10 173 min. The supernatant was added to a centrifuge tube containing 1 mL of a 20 % 174 trichloroacetic acid, vortex mixed and centrifuged at 4000 rpm for 10 min. The supernatant 175 was filtered through a Whatman® filter paper and was ready for a further solid-phase clean-176 up step. In the solid-phase clean-up, the Oasis® HLB (hydrophilic lipophilic balance) column 177 was preconditioned consecutively with 3 mL methanol, 3 mL of a 1N HCl solution and 3 mL 178 of water and the extract was allowed to pass slowly through the HLB column. The HLB 179 column was washed with 1 mL of water and dried. The analytes were eluted with 3 mL of > 107.95, 250.94 -> 92.18, 194 250.94 -> 156.06; doxycycline: m/z 462.45 -> 428.1). In this study, the limit of quantification 195 (LOQ) of the method was 5 mg kg -1 and 2.5 mg kg -1 for sulfadiazine and doxycycline 196 respectively for feed. For muscle and liver, the method LOQ was 2 and 10 µg kg -1 for 197 sulfadiazine and doxycycline. For both sulfadiazine and doxycycline the maximum authorized dose is 250 mg kg -1 218 (instruction leaflets). Therefore a value of 25, 12.5 and 6.25 mg kg -1 was calculated for the 10 219 %, 5 % and 2.5 % carry-over groups, respectively. Mean concentrations ± standard deviation 220 and recovery for the 10 %, 5 % and 2.5 % groups were 21.2 ± 1.8 (79 %), 12.7 ± 0.9 (93 %) 221 and 5.5 ± 0.4 (88 %)mg kg -1 for sulfadiazine and 24.7 ± 4.6 (99 %), 13.2 ± 4.1 (106 %), 5.5 ± [START_REF] Baert | Pharmacokinetics and oral bioavailability 337 of sulfadiazine and thrimetoprim in broiler chickens[END_REF]. Sulphonamides may be metabolized in various tissues, However, once the "cross-contaminated feed" was no longer administered, we observed a 305 fast decline in measured concentrations.

306

The use of cross-contaminated feed may have several consequences for animal as 307 well as human health. Besides the possible adverse effect on the health of non-target 308 species and the indirect toxic effect by the promotion of resistant strains of bacteria, the 309 MRL may also be exceeded in food matrices of animal origin, and consequently food safety 310 may not be guaranteed [START_REF] Donoghue | 352 Modeling drug residue uptake by eggs: Yolks contain ampicillin residues even after drug 353 withdrawal and nondetectability in the plasma[END_REF]Segato et al. 2011;Vincent et al. 2011) 

  , however exceeded the corresponding Maximum Residue Limits (MRLs).

  feeding stuffs are prepared in multi-product plants following good Acros (Geel, Belgium), respectively. The internal standards, namely 93 sulfachloropyridazine and demethylchlortetracycline were purchased from Sigma. 94 Acetonitrile, distilled water and methanol came from Biosolve (Valkenswaard, The 95 Netherlands). Water was HPLC grade and generated by a Q Gard 2 system (Millipore, 96 Billerica, MA, USA). The anhydrous sodium sulphate came from Merck (Darmstadt, 97 Germany). Filters for filtration of the sulfadiazine extract, i.e. 0.22 µm Millex® GV were from 98 Millipore (Billerica, MA, USA). The solid-phase extraction (SPE) columns used for the clean-99 up of doxycycline containing samples were Oasis® columns (HLB SPE column 60 mg/3 ml, 100 Waters, Milford, MA, USA). The Robot Coupe 2, used to mince muscle and liver samples, 101 came from C-Tech Systems (Lille, Belgium). 102 Preparation of the experimental feed and animal experiments 103 The feed preparation and the animal experiments were carried out at ILVO's Animals 104 Sciences Unit with approval from the ILVO ethical committee (EC no. 2008/89, 2009/108). 105 The experimental feed was mixed with sulfadiazine or doxycycline at cross-106 contamination levels of 10 %, 5 % and 2.5 % of the maximum allowed dose of 250 mg kg -1 107 feed for both drugs. The premix resp. oral powder was first mixed with a small amount of 108 blank feed in the Varimixer Bear (Dehaeck construct, Ghent, Belgium), which was then 109 added to the remaining blank feed in the feed mixer constructed by Silobouw (Zulte, 110 Belgium). The final experimental feed was mixed at 35 rpm during 30 minutes with a switch 111 of direction every five minutes. Before and between the preparations of each experimental 112 feed, rinsing batches were carried out. Ten samples were taken from the moving stream of 113 experimental feed and from the top (n=3), the middle (n=4) and the bottom (n=3) of each 114 experimental feed to determine the concentration achieved and two samples of each rinsing 115 batch were analyzed to exclude cross-contamination. Because of the large amount needed, 116 the preparation of each experimental feed was performed in two phases. 117 A growth trial was set-up with 575 one-day-old broilers, male Ross 308, which were 118 housed per concentration in a concrete floor pen under conventional conditions of 119 ventilation, temperature and lighting (22 hours light/day). The animals were randomly 120 assigned to three treatments, distributed among three pens and separated from each other 121 by a narrow walkway. Each study group counted 188 chickens, of which 102 were 122 small group of 11 broilers was used as control group. Each study consisted of a

  180 methanol and the eluate was evaporated to dryness at 40 °C under nitrogen. After 181 redissolvation with 250 µL of a 0.5 % formic acid solution and vortex mixing, the sample was 182 transferred to an autosampler vial. was performed on a Waters Alliance 2695 Separation Module 185 combined with a Waters Micromass Quattro MS instrument. An X-terra® column (C 18 5 µm, 186 150 x 2.1 mm) was used and the analysis was performed with a gradient of 0.1 % formic acid 187 (FA) in H 2 O (solvent A) and 0.1 % FA in ACN (solvent B). The analysis of doxycycline was 188 performed on a Waters Alliance 2695 Separation Module combined with a Waters 189 Micromass Quattro Ultima MS instrument. Separation was performed on a PLRP-S polymer 190 column (5 µm, 150 x 2.1 mm). An isocratic mobile phase consisting of 70 % solvent A (HPLC 191 H 2 O+0.5% formic acid and 0.001 M oxalic acid; 0.5 % tetrahydrofurane) and 30 % of solvent 192 B (ACN) was used. The analysis of sulfadiazine and doxycycline was performed in MRM mode 193 and electrospray positive ion mode (sulfadiazine: m/z 250.94 -

198

  Pharmacokinetic and statistical analysis199 These studies were not repeated, therefore, no statistical analysis of the effect of the 200 experimental feed on the zootechnical parameters was performed. Due to the limited 201 dataset of the experimental feed, no statistical analysis to determine the homogeneity of the 202 experimental feeds could be carried out. The terminal elimination half-life and elimination 203 rate constant in tissues were calculated using pharmacokinetic (PK) functions for Excel and 204 were based on the terminal slope of the tissue concentration-time curve after withdrawal of 205 the experimental feed (Usansky et al, Allergan, Irvine, USA). Statistical analysis was 206 performed with Statistica 9.0 (StatSoft. Inc., Tulsa, OK, USA). Significance level α was set at 207 0.05. Statistical analysis was performed on the mean of the residue concentrations of the 208 individual chickens and the pooled sample for each of the different matrices. The 209 comparison between measured residue concentrations in thigh muscle and in breast muscle 210 was performed with a t-test for dependent samples. The pooled sample on day 13 of 211 treatment period was analysed six times. The mean of these results was compared with the 212 mean of the individual chickens by an independent t-test. experimental feed on the performance parameter, broiler weight, were 216 studied. The mean broiler weights are presented for sulfadiazine and doxycycline in Figure 1.

  217

  222 1.2 (88 %) mg kg -1 for doxycycline. 223 Residue concentrations in breast muscle, thigh muscle and liver 224 The residue concentrations for respectively sulfadiazine and doxycycline for all groups in 225 breast muscle are shown in Figure 2. The plateau phase was reached at day 3 for all dietary 226 treatments of the doxycycline and the 2.5 and 5 % carry over group of sulfadiazine. A rapid 227 depletion phase was noted after withdrawal of the experimental feed. The breast muscle 228 tissue elimination half-life was calculated for both molecules but due to the rather fast 229 decline below the LOQ, elimination half-life could only be calculated for the 5 and 10 % 230 group of doxycycline, namely 3.1 and 3.5 days, respectively. The concentrations in the three 231 tissue matrices for the 10 % group during plateau phase are presented in Figure 3. Small 232 differences in concentrations were noted between the different types of muscles for 233 sulfadiazine as well as for doxycycline but these were not statistically significant. Measured 234 residue concentrations in liver were similar from the concentrations in muscle for 235 sulfadiazine although higher concentrations were measured in liver compared to muscle for 236 doxycycline. The ratio liver/breast muscle was 1.2 and 1.8; the ratio liver/thigh muscle was 237 1.3 and 1.9 for sulfadiazine and doxycycline respectively. Transfer factors, 238 ౙౙ౪౨౪ ౪ ౣ౪౨౮ ౚ౯ భయ ౪౨౪ౣ౪ ౦౨ౚ ౨ ౪ భబ % ౨౫౦ ౣ౩౫౨ౚ ౙౙ౪౨౪ ౪ ౚ * ଵ 239 are presented for liver, breast muscle and thigh muscle for sulfadiazine and doxycycline.

  287mainly the liver at varying degrees and through varying mechanisms such as acetylation and 288 oxidation and are mainly excreted via the kidneys (Sentepe and Eraslan 2010).289In this study, besides individual tissue analysis we also analyzed a pooled sample. We 290 may conclude that pooled tissue samples are a good reference for the mean of the 6 291 individual chickens for the studied matrices. An important remark is the animal dependent 292 variability, noted for each of the different matrices. This needs to be kept in mind while 293 sampling and interpreting the results in case of a cross contamination problem occurs on MRL's have been set at 100 µg kg -1 for sulfadiazine as well as for 296 doxycycline (BCFI 2010). The 10 % group of sulfadiazine and the 5 and 10 % group of 297 doxycycline generated concentrations above the MRL, whereas intake of 5 % carry-over of 298 sulfadiazine and the 2.5 % of doxycycline resulted in concentrations around the MRL. Only 299 the 2.5 % group of sulfadiazine generated concentrations that were below the MRL. For 300 liver, MRL'-s have been set at 100 µg kg -1 and 300 µg kg -1 for sulphonamides and doxycycline 301 resp.[START_REF] Bcfi | Gecommentarieerd Geneesmiddelenrepertorium voor Diergeneeskundig 342 gebruik[END_REF]. Only liver tissue from the animals receiving the 10% concentration in feed 302 was analyzed and resulted in concentrations exceeding the MRLs. It may be concluded that 303 may lead to the presence of residual concentrations above MRL. 304

  The measured residue concentrations of the tissues from the 6 individual chickens 243 and the six repetitive analyses' of the pooled sample were compared. The calculated means 244 and standard deviations are presented in Table1. For both molecules no significant 245 difference between the 2 means was noted for all matrices (P>0.05).
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	267	(2005, 2008) found significantly higher concentrations of enrofloxacin in breast muscle
	268	compared to thigh muscle but no difference in concentrations between different breast
	269	sections (Reyes-Herrera et al, 2005; Reyes-Herrera et al, 2008). Other authors reported
		differences between residual concentrations in thigh and breast muscle, which may be
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240

Transfer factors of breast muscle, thigh muscle and liver were 1.04, 0.95 and 1.37 % for 241 sulfadiazine and 1.27, 1.62 and 2.90 % for doxycycline. 251 precision and the size of samples taken for analysis and other factors such as particle size, 252 electrostatic properties, types of mixing machinery and mixing in stages or trituration

(EMEA 253 1996)

. The ideal way to mix a drug is to add it at the beginning of the pre-mix process just 254 prior to pelleting

[START_REF] Daniel | Drugs and chemicals in aquafeeds: The problems and solutions[END_REF]

. Good sampling requires sufficient samples of adequate size 255 and sampling from a moving stream is better than static sampling

[START_REF] Borras | Analysis of antimicrobial agents in animal feed[END_REF]

. Since 256 very small volumes of pre-mixes were added to large amounts blank finished feed and 257 because the experimental feed differs in composition from the feed used for target species 258 for which the medicated pre-mix is intended, it is not easy to guarantee a homogeneous 259 feed. For each experimental feed, ten dynamic samples were taken after 30 min of mixing at 260 the top (n = 3), the middle (n= 4) and the bottom (n=3) of the final feed in order to provide 261 as good as possible sampling procedure.

262

For both compounds studied, no significant differences were found between the 270 explained by a different amount of intramuscular fat content. According to Reyes-Herrera, 271 different antibiotics may have different sites of preferential deposition and therefore it may 282 levels in liver and kidney

(EMEA 1996) 

and to have a high tissue binding

(Santos et al. 1997)

. 283 Doxycycline has an absolute oral bioavailability of 73.4 % and may be metabolised up to 40 284 % by the liver and is largely excreted in faeces, via bile (EMEA 1996; Laczay et al. 2001). After 285 oral dosing, a good bioavailability (approximately 80 %) of sulfadiazine is obtained in non-286 fasted chickens

Table 1 :

 1 European Commission. 2002. Regulation (EC) No 178/2002 of the European parliament and 360 of the Council laying down the general principles and requirements of food law, establishing 361 the European Food Safety Authority and laying down procedures in matters of food safety. Mean and standard deviation (µg kg -1 ) of the pooled sample and the six individual
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