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RESUMO GERAL

Medicamentos veterinarios sdo utilizados para promover a saude animal, propiciar
ganhos econdmicos e aumentar a produtividade da industria de alimentos. Porém, a
auséncia de um programa eficiente para fiscalizagdo e o uso de forma inadequada
ou excessiva, desses medicamentos, representam uma ameaca ao consumidor, por
contribuirem com a presenca de residuos em tecidos animais destinados a producao
de alimentos. Esses residuos, a longo prazo, contribuem para o aparecimento de
resisténcia por parte dos microorganismos a antimicrobianos utilizados na pratica
clinica humana, além de possibilitar o desenvolvimento de reacdes alérgicas em
individuos hipersensiveis. Sendo a seguranca alimentar um tema cada vez mais
relevante, devido a crescente busca por uma melhor qualidade de vida, e a
conscientizacdo dos consumidores quanto ao direito de adquirir produtos seguros a
salde, o objetivo desse estudo foi desenvolver método para a analise simultanea de
medicamentos veterinarios, que contenham em sua formulacdo os antimicrobianos
sulfametoxazol (SMX) e trimetoprima (TMP), visando seu emprego no controle de
qualidade. Além disso, constituiu escopo desse trabalho desenvolver método para
determinacdo das sulfonamidas: sulfadiazina (SDZ), sulfametoxipiridazina (SPZ) e
SMX em carne de frango, para ser empregado no controle e fiscalizacdo de
alimentos de origem animal, pelos 6rgdos competentes. Para o método de controle
de qualidade ndo houve a necessidade do desenvolvimento de um preparo de
amostras, sendo suficiente a realizacdo de diluicbes para a quantificacdo dos
analitos por cromatografia liqguida de alta eficiéncia (HPLC), com coluna Thermo
BDS Hypersil® C1g (150 mm x 4,6 mm x 5 um) e deteccéo em ultravioleta (UV) a 213
nm. O método apresentou linearidade no intervalo de 5 a 70 pg mL™ para SMX e de
1 a 30 pg mL* para TMP (r = 0,99, para ambos compostos). O desvio padrdo
relativo foi < 5%, e o teste de adi¢cdo de padrdo indicou exatiddo. Assim, o método
proposto apresentou grande potencial para analise simultanea dos farmacos
avaliados e representa uma simples e rapida alternativa para o controle de qualidade
de medicamentos veterinarios. J4 para a analise de sulfonamidas em carne de
frango, foi desenvolvido método, constituido pela técnica QUEChERS modificado e
posterior detecgdo/ quantificacdo dos analitos por cromatografia liquida de alta

eficiéncia acoplada ao detector de arranjo de diodos (HPLC- DAD), empregando



coluna Lichrospher 60 RP-Select B (250 mm x 4,6 mm x 5 um) a 40°C, fase mével
constituida por tampéo fosfato: acetonitrila (75:25, v/v), na vazao inicial de 0,5 mL
min™, aumentando para 1,2 mL min. Os analitos foram detectados a 265 nm. O
meétodo apresentou seletividade, assim como linearidade na faixa de 30 a 200 ug kg
! para a SDZ e de 25 a 200 pg kg™ para o SMX e SPZ. A precisdo, avaliada pela
repetibilidade e pela preciséo intermediaria, apresentou desvio padréo relativo entre
1,4 a 14%, para os niveis baixo, médio e alto, do intervalo linear. A detectabilidade
do método foi satisfatoria, uma vez que os limites de deteccdo e de quantificacdo
obtidos foram 10 e 25 pg kg™, respectivamente, e o limite maximo de residuo,
preconizado pelo Ministério da Agricultura, Pecuaria e Abastecimento do Brasil
(MAPA) é igual a 100 pg kg™. O procedimento de preparo de amostra QUEChERS é
simples, rapido e foi empregado com sucesso na matriz estudada. Os resultados
obtidos sugerem que o método desenvolvido é Util para o monitoramento de
residuos de SMX, SPZ e SDZ em amostras de peito de frango, uma vez que seu
desempenho atende a todos o0s requisitos e critérios aceitaveis, de acordo com
orgaos regulatorios como a Comunidade Européia e o MAPA, para a avaliacdo de

residuos em alimentos, visando a seguran¢a do consumidor.

Palavras-chave: Sulfonamidas. Trimetoprima. Drogas veterinarias. Residuos.

Carne. Aves Domésticas. Cromatografia Liquida de Alta Presséo.



ABSTRACT

Veterinary drugs were used in the worldwide to promote animal health, provide
economic gains and increased productivity of the foodstuffs industry of animal origin.
However, the absence of an effective monitoring program and the use of excessive or
inappropriate these drugs present a threat to consumers, because they contribute
with the presence of residues in animal tissues destined for food production. These
residues, in long term, contribute to the appearance of microbial resistance by
antimicrobials used in human clinical practice, beyond to enable the development of
allergic reactions in hypersensitive individuals. Being the food safety an issue
increasingly relevant due to the increasing search for a better quality of life, and the
awareness consumers about the right to purchase insurance products to health, the
aim of this study was to develop a technique for quality control simultaneous analysis
of veterinary drugs containing the antimicrobial agents sulfamethoxazole (SMX) and
trimethoprim (TMP) in their formulations, beyond development of a method for
sulfonamides analysis, sulphadiazine (SDZ), sulphamethoxypyridazine (SPZ) e
sulphamethoxazole (SMX), in chicken breast, which could be used in a routine
laboratory. For the method of quality control there was no need to develop a sample
preparation, being sufficient the achievement of dilutions for quantification of analytes
by high performance liquid chromatography, with Thermo BDS Hypersil® C1g column
(150 mm x 4,6 mm x 5 pum) and ultraviolet detection (UV). The quality control method
demonstrated linearity in the range of 5 to 70 pg mL™ for SMX and 1 to 30 pg mL*
for TMP (r? > 0.99 for both compounds). The relative standard deviation was < 5%,
and and test of standard addition indicated that the method was accurate. The
proposed method shows great potential for simultaneous analysis of the drugs
evaluated and represents a new alternative approach to quality control of veterinary
medicines. For the analysis of sulfonamides in chicken breast, a method was
developed, based on the techniqgue QUEChERS modified using high performance
liquid chromatography coupled to a diode array detector and LiChrospher 60 RP -
Select B® C18 (250 mm x 4.6 mm x 5 pm) column at 40°C, mobile phase constituted
by phosphate buffer: acetonitrile (75:25, v/v) at a initial flow rate of 0.5 mL min™,
increased by 1.2 mL min™ (total run time of 20 min) and detection at 265 nm. The

QUEChERS method is inexpensive, fast and easy, and the extraction of the analytes



of the matrix was successfully employed. In addition, the method presented linearity,
in the range of 30 to 200 pg kg™, for SDZ, and 25 to 200 pg kg™, for SMX and SPZ.
The precision, evaluated by repeatability and intermediate precision, presented
relative standard deviation of 1.4 to 14% for low, medium and high levels of the linear
range. The detectability of the method was satisfactory, since the limits of detection
and quantitation obtained were 10 and 25 mg kg*, respectively, and the maximum
residue limit recommended by the Ministry of Agriculture, Livestock and Supply of
Brazil is equal to 100 mg kg™. The procedure of sample preparation QUEChERS is
simple, fast and has been successfully used in the matrix studied. The results
suggest that the method developed is useful for monitoring residues of SMX, SDZ
and SPZ in samples of chicken breast, since its performance meets all the
requirements and criteria acceptable in accordance with regulatory guides, including
the Community European and Ministry of Agriculture, Livestock and Supply of Brazil,

for the evaluation of residues in foods, aiming to consumer safety.

Keywords: Sulphonamides. Trimethoprim. Veterinary Drugs. Residues. Meat. Poultry.

High Performance Liquid Chromatography.
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1 INTRODUCAO

Medicamentos veterinarios sdo utilizados no mundo todo para promover a
saude animal, propiciar ganhos econdmicos e aumento da produtividade da industria
de alimentos de origem animal. No Brasil, 0 mercado desses medicamentos € um
dos maiores do mundo e encontra-se em franca expansédo (ACAR; MOULIN, 2006;
BRASIL, 1999).

Segundo o Sindicato Nacional da Industria de Produtos para Saude
Animal (SINDAN), em 2009, a despesa com medicamentos veterinarios na criacdo
de ruminantes, suinos e aves foi de R$ 1,5 bilhdes, R$ 431,2 milhdes e R$ 401,9
milhdes, respectivamente. Ainda, segundo dados do SINDAN, o maior gasto foi com
a classe dos antimicrobianos, sendo o valor relatado em 2009, de aproximadamente
633,4 milhdes de reais (SINDAN, 2010).

De acordo com a Comunidade Européia, para que um medicamento
veterinario possa ser utilizado, deve ser objeto de uma autorizagédo de introducdo no
mercado emitida por uma autoridade competente. Para este efeito, deve ser
apresentado um processo de pedido de autorizacdo, contendo as informacdes e 0s
documentos relativos aos resultados de testes e ensaios realizados com esse
medicamento veterinario (COMUNIDADE EUROPEIA, 2009).

No Brasil, até entdo, ndo existe fiscalizacdo e controle de qualidade de
medicamentos de uso veterinario pelos Orgdos oficiais competentes. Spisso,
Nébrega e Marques (2009) comentam que ndo ha participacdo dos setores saude e
meio ambiente nas avaliacdes para fins de registro de produtos de uso veterinario,
bem como de aditivos empregados na alimentacdo animal. Pode-se observar até o
momento discrepancias entre periodos de caréncia mencionados em bulas para
produtos idénticos registrados no Brasil e na Unido Européia. Além disso, erros de
administracdo desses medicamentos e o uso inadequado podem comprometer a
oportunidade de negociacdo internacional (LE BOULAIRE; BAUDURET, ANDRE,
1997).

A seguranca alimentar € um tema cada vez mais relevante, devido a
crescente busca por uma melhor qualidade de vida e conscientizagdo dos
consumidores quanto ao direito de adquirir produtos seguros a saude. O uso de

substancias em animais produtores de alimentos para o consumo humano requer
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estudos de farmacocinética a deplecdo de residuos, com o estabelecimento de
limites maximos de residuos, de forma que ndo constituam um risco a saude
humana. Além das substancias utilizadas intencionalmente, outras advindas da
contaminagcdo ambiental ou contaminacdo das racdes ingeridas por esses animais
podem atingir o homem através da dieta (SPISSO; NOBREGA; MARQUES, 20009).

Residuos podem estar presentes em concentra¢cdes minimas, mas podem
apresentar uma ameaca para a saude dos consumidores. O uso de medicamentos
veterinarios de forma inapropriada ou excessiva pode resultar na presenca de
residuos em tecidos animais destinados a producdo de alimentos, que contribuem
para a geracdo de efeitos a longo prazo, incluindo o aparecimento de resisténcia por
parte dos microrganismos, tendo como consequéncia a reducdo da eficacia desses
farmacos, tanto em animais como em humanos, além do desenvolvimento de
reacOes alérgicas em individuos hipersensiveis (CHIAOCHAN et al., 2010).

Para medicamento de uso veterindrio, o Limite Maximo de Residuos
(LMR) é definido como a concentracdo maxima de residuo toleravel no alimento,
resultante do seu uso. E baseado no tipo e quantidade de residuo que n&o induz
efeito adverso a salde humana considerando-se a Ingestdo Diaria Aceitavel (IDA)
do composto. A IDA é a quantidade de uma substancia que pode ser ingerida
diariamente, durante toda a vida, sem que provoque danos a saude. Ela é expressa
em mg kg’ de peso corpéreo. A determinacéo da IDA é baseada nas informacdes
toxicolbgicas disponiveis daguele composto na época da avaliagdo. Quando se
estabelece um LMR, sdo levados em consideracdo os residuos que ocorrem nos
alimentos, assim como o0s provenientes do ambiente. No entanto, o LMR pode ser
fundamentado em boas praticas no uso de medicamentos veterinarios e nas
metodologias analiticas disponiveis (JECFA, 2010).

A competéncia para estabelecer os LMRs em alimentos no Brasil, seja de
medicamentos veterinarios, agrotéxicos, contaminantes e aditivos, € do Ministério da
Saude através da Agéncia Nacional de Vigilancia Sanitaria (ANVISA). No caso de
medicamentos veterinarios esses limites nacionais ainda ndo foram definidos pelo
setor saude e, portanto, utilizam-se o Plano Nacional de Controle de Residuos em
Produtos de Origem Animal, os niveis obtidos de referéncias internacionais (Codex
Alimentarius), regionais (Mercosul e Unido Européia) e/ ou nacionais (Agéncia para o
Controle de Alimentos e Medicamentos dos Estados Unidos da América, FDA/ USA)
(BRASIL, 1999).
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A carne de frango, na refei¢cdo diaria, estd se tornando cada vez mais
popular, ndo s6 no pais como também em todo o mundo, isso devido & mudanca de
habito de consumo, uma vez que hoje ha preferéncia pela ingestdo de proteinas
nobres, de facil digestdo, carnes com baixo teor de gorduras compostas por acidos
graxos assimilaveis, além de ricas em vitaminas e magnésio. Além disso, é um
produto de facil aquisicdo por todas as camadas sociais pelo seu baixo custo
(BOTTEZINI; CORSO; VEIT, 2002).

A carne de frango é produzida em escala industrial, em todo o mundo,
inclusive no Brasil, que possui uma das maiores produgdes mundiais e, ainda com
grande potencial de expansao (BOTTEZINI; CORSO; VEIT, 2002). A producao de
carne de frango, apesar da crise mundial que acometeu o setor em 2009, foi maior
do que em 2008, crescendo 0,39%, o que equivale a mais de 71 milhdes de
toneladas. Apesar de aparentemente baixo, o dado aponta um comportamento
positivo, especialmente por referir-se a um periodo de recuperacao internacional,
apos a crise iniciada em outubro de 2008. O Brasil encerrou 0 ano como terceiro
maior produtor mundial, mesma coloca¢édo do ano anterior. De acordo com dados da
Unido Brasileira de Avicultura (UBA), o pais produziu 10,9 milhdes de toneladas em
2009, o que representou 15,3% da producdo mundial (UBA, 2010). Além disso,
dados da Associagéo Brasileira dos Produtores e Exportadores de Frango mostram
gue 67% da producao brasileira de frango foram destinadas ao mercado brasileiro e
33% a exportacdes (ABEF, 2009/2010).

Esse alto consumo e producédo aviaria fez surgir, consequentemente, um
grande numero de doencgas, devido a elevada densidade dos aviarios, que pelas
condicbes propicias oferecidas, podem ser chamados de incubadores de
microrganismos. Para controlar estas enfermidades, optou-se pelo uso de
antimicrobianos, causando uma grande revolucao na medicina veterinaria, pois além
de destruirem microrganismos, tém também como propriedade adicional, serem
estimuladores do crescimento. As modernas tecnologias de produgdo avicola tém
implicado numa dependéncia cada vez maior do uso destas substancias quimicas,
durante as fases de producdo (PALERMO, 2001).

De acordo com a Instrugcdo Normativa n° 26, de 9 de julho de 2009, é
vedada a utilizagédo de alguns medicamentos veterinarios como aditivos zootécnicos,
melhoradores de desempenho ou como conservantes de alimentos para animais,

dos quais podemos citar o0s anfenicoOis, tetraciclinas, beta lactamicos
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(benzilpenicilinas e cefalosporinas), quinolonas e sulfonamidas sistémicas (BRASIL,
20009).

Um levantamento feito pela Secretaria do Estado da Saude do Parana em
2005 mostra que sulfonamidas (SAs) associadas a trimetoprima (TMP) fazem parte
do grupo de ativos mais utilizados como medicamentos preventivos na fase final do
desenvolvimento do frango de corte e como medicamentos terapéuticos (PARANA,
2005).
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2 REVISAO DE LITERATURA

2.1 SULFONAMIDAS E TRIMETOPRIMA

As sulfonamidas (SAs) fazem parte de um importante grupo de
antimicrobianos sintéticos que tem sido utilizado na terapia humana e veterinaria,
devido ao seu amplo espectro de atividade e baixo custo. As SAs foram 0s primeiros
agentes a serem utilizados para o tratamento das infeccfes bacterianas (LOFFLIN,
2005). Sao bastante utilizadas na medicina veterinaria e, quando nao utilizadas de
acordo com as boas préticas agricolas, a presenca de residuos em produtos de
consumo humano apresenta potencial risco toxicoldégico, desencadeando
importantes reacdes adversas, inclusive as alérgicas (HOFF, 2008). Alguns
compostos ainda sao conhecidos por apresentarem potencial carcinogénico, além de
aumentarem o risco de desenvolvimento de resisténcia aos antimicrobianos, o que
torna o uso terapéutico inadequado (MSAGATI; NINDI, 2004).

As SAs sao analogos estruturais do acido paraminobenzdico (PABA) e
inibem de forma competitiva uma enzima bacteriana, a diidropteroato sintetase, que
€ responsavel pela incorporacdo do PABA ao acido diidrofdlico (acido félico). Dessa
forma, bloqueia a sintese do acido diidrofélico e diminui a quantidade de &cido
tetraidrofélico metabolicamente ativo (co-fator na sintese de purinas, timidina e
DNA). Bactérias, ao contrario de células eucarioticas, nao utilizam acidos folicos pré-
formados e necessitam sintetiza-lo a partir do PABA. A acdo das SAs € antagonizada
pelo PABA e seus derivados (procaina e tetracaina) e pela presenca de pus e
detritos celulares (TAVARES, 1996). Dentre as principais SAs, destacam-se a
sulfadiazina (SDZ), a sulfametoxipiridazina (SPZ) e o sulfametoxazol (SMX), cujas

estruturas sdo apresentadas na Figura 1, juntamente com a trimetoprima (TMP).
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Figura 1- Estrutura quimica dos farmacos: (A) trimetoprima, (B) sulfametoxazol, (C) sulfadiazina e (D)
sulfametoxipiridazina
Fonte: COSTI; SICILIA; RUBIO (2010, p. 6251).

Normalmente, os medicamentos contendo SAs, consistem em
associacOes, sendo uma das mais recorrentes aquela entre SMX e TMP, na relacéo
5:1, o que resulta em sinergismo do efeito antimicrobiano (CORDOVA et al., 2003,
BISWAS et al., 2007) e amplia o espectro pela soma das acdes. E mais dificil que
ocorra surgimento de resisténcia bacteriana com o uso desta associacdo. O
mecanismo de acdo da associacdo é pelo bloqueio sequencial do &acido félico dos
microrganismos (VAN DUIJKEREN; VULTO; VAN MIERT, 1994).

A TMP, ou 2,4-diamino-5-(3,4,5-trimetoxibenzil)-pirimidina (FIGURA 1), é
uma base fraca lipofilica, com acdo bacteriostatica, estruturalmente relacionada com
a pirimetamina. Une-se reversivelmente & enzima bacteriana diidrofolato redutase
inibindo-a. Sua afinidade a essa enzima bacteriana é até 100.000 vezes maior que
pela enzima humana equivalente. Exerce seu efeito num estagio, da biossintese do
folato, imediatamente posterior ao estagio em que atua o SMX, ocorrendo assim
uma acao sinérgica entre ambos (TAVARES, 1996).

Na Tabela 1 sdo apresentados os medicamentos veterinarios existentes
no mercado brasileiro, contendo SMX, SDZ, SPZ, TMP ou a associacao deles,

segundo o Compéndio de Produtos Veterinarios (SINDAN, 2010a).
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Tabela 1 - Medicamentos veterinarios, disponiveis no mercado brasileiro, contendo sulfametoxazol,
sulfadiazina, sulfametoxipiridazina, trimetoprima ou a associacdo deles.

NOME COMERCIAL FABRICANTE FORMA FARMACEUTICA ATMs*
AFECTRIM LABORATORIOS DUPRAT suspensao oral SMX, TMP
AVEREX LABORATORIO po via oral SDz
VETERINARIO ORIENTE
CONTROLBAC FARMABASE SAUDE ANIMAL po via oral SMX, TMP
CURINFEC PROVETS SIMOES suspensao oral SMX, TMP
LABORATORIO
DIASTIN LABORATORIO CALBOS sol. injetavel SDZ, TMP
DIATRIM DES-FAR LABORATORIOS solucéo oral SDZ, TMP
ERIPRIM DES-FAR LABORATORIOS po via oral SPZ, TMP
FARTRIM CEVA SAUDE ANIMAL sol. injetavel SMX, TMP
IBATRIM LABORATORIO IBASA sol. injetavel SDZ, TMP
IBATRIM LABORATORIO IBASA suspenséo oral SDZ, TMP
MASTICAL LABORATORIO CALBOS sol. uso local SDZ
MASTISSULFA PRODUTOS VETERINARIOS sol. injetavel SMX, TMP
J. A
PRADOCOLO LABORATORIO PRADO po via oral SDZ
STOP ANTI- LABORATORIO CALBOS po via oral SMX, TMP
DIARREICO
SULFAFORTE INTERCHANGE po via oral SMX, TMP
VETERINARIA
SULFAMAX VALLEE S. A. PRODUTOS sol. injetavel SDZ, TMP
VETERINARIOS
SULFAPRIM LABORATORIO BRAVET comprimidos SMX, TMP
SULTRIM JOFADEL INDUSTRIA suspenséo oral SMX, TMP
FARMACEUTICA
SULTRINJEX LABORATORIO BIO-VET sol. injetavel SMX, TMP
SUPERTRIN EUROFARMA sol. injetavel SDZ, TMP
LABORATORIOS
SUPRONAL L BAYER S. A. creme de uso local SDz, TMP
TRIBACTAN CLARION BIOCIENCIAS sol. injetavel SMX, TMP
TRIDOXIN 40 LEMA BIOLOGIC DO BRASIL suspensao oral SMX, TMP
TRIMETOX FARMABASE SAUDE ANIMAL po via oral SMX, TMP
TRIMETOX FARMABASE SAUDE ANIMAL solucgéo oral SMX, TMP
TRISSULFIN OURO FINO SAUDE ANIMAL po via oral SMX, TMP
TRISSULFIN OURO FINO SAUDE ANIMAL comprimidos SMX, TMP
TRISSULFIN OURO FINO SAUDE ANIMAL sol. injetavel SMX, TMP
TRISSULFIN OURO FINO SAUDE ANIMAL suspensao oral SMX, TMP
TST PREMIX DES-FAR LABORATORIOS po via oral SDZ, TMP
TST PREMIX S DES-FAR LABORATORIOS po via oral SDZ, TMP
TSTRIM DES-FAR LABORATORIOS sol. reconstituicao SMX, TMP

Fonte: SINDAN, 2010a.

*ATMs — antimicrobianos.
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2.1.1 Farmacocinética em animais

Vérias vias de administracdo, como a via oral, endovenosa, intramuscular
e topica sdo utilizadas para as SAs. Por via oral, sdo rapidamente absorvidas no
trato gastrointestinal, exceto algumas de acao prolongada como a SPZ; de modo
geral, 70 a 100 % da dose oral sdo absorvidos, todavia a absorcdo pode estar
afetada em animais doentes (BAERT et al., 2003).

Dados farmacocinéticos tém sido descritos na literatura para algumas SAs
em animais, porém sdo escassos os trabalhos realizados com TMP. Em estudo
realizado por Baert et al. (2003) a biodisponibilidade média, por via oral, da SDZ e
TMP em frangos de corte foi em média de 80%. Outros estudos tém reportado o
tempo gasto para atingir a concentracdo plasméatica maxima de outras SAs, como
por exemplo, para a sulfaquinoxalina de 5,5 h (EL-SAYED; ABD EL-AZIZ; EL-
KHOLY, 1995) e para a SDZ de 1,6 a 2,5 h (LOSCHER et al., 1990).

As SAs se distribuem amplamente pelos tecidos e fluidos corporais,
atravessam a barreira placentaria e sdo excretadas no leite. Todavia, a distribuicéo
das SAs individualmente depende de muitos fatores, como pKa, estado de
ionizacao, a vascularidade do sitio de absorcéo, ligacdo as proteinas plasmaéticas,
entre outras. Em adicdo, a concentracdo de proteinas plasméaticas totais em
mamiferos domésticos é similar aquela verificada em humanos (6,0 — 8,5 g dL™),
mas esse valor varia entre 3,8 a 5,2 g dL™ em espécies galiformes devido a baixa
concentracdo de albumina (LOSCHER et al., 1990). Baert et al. (2003) relataram
que, em frangos, a SDZ e TMP séo rapidamente eliminadas do plasma, com meia-
vida média de 1,61 h para a TMP e 3,2 h para SDZ. O volume aparente de
distribuicdo (2,2 L kg* para a TMP, e 0,43 L kg* para a SDZ) indicou que a
distribuicdo para os tecidos foi mais extensa para a TMP em relacdo a SDZ.

A biotransformacdo das SAs é hepatica, por mecanismo de acetilacéo,
formando N4-acetil derivados, que sdo metabdlitos inativos. A conjugagdo pode
ocorrer com &cido glicurbnico e a excrecdo é renal, por filtracdo glomerular (VAN
DUIJKEREN; VULTO; VAN MIERT, 1994).

Em relacdo a seu perfil farmacocinético, as SAs sao usualmente
classificadas como: a) sistémicas de acdo curta, com absor¢do e excregdo rapida;

meia-vida entre 4 — 7 horas (exemplos: sulfamerazina, sulfatiazol e sulfametizol); b)
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sistémicas de acdo intermediaria, meia-vida entre 10 — 12 horas (exemplos: SDZ e o
SMX); c) sistémicas de acdo longa — maior porcentagem de absorgéo e excrecao
lenta, com meia-vida sérica de 35 — 40 horas (exemplo: SPZ). Como excecdo,
apresenta-se a sulfadoxina, de acédo ultra-longa, cuja meia-vida é de 7 a 9 dias
(PETERS et al., 2007).

Quando as SAs e TMP séo utlizados com finalidade terapéutica em
frangos de corte, deve-se respeitar o tempo de retirada (FIGURA 2), devido a
presenca de residuos. Em muitos casos os produtores ndo obedecem ao intervalo
de seguranca estabelecido por lei. Esse intervalo é o periodo que deve ocorrer entre
a ultima dose do medicamento e o abate, no caso do animal de corte. Esse tempo
depende das caracteristicas farmacocinéticas do medicamento (FURUSAWA,
HANABUSA, 2002).

Dose Retirada

Concentracdo do
antimicrobiano

0 1 2

Periodo de caréncia

Figura 2 — Deplecéo teorica de residuos de antimicrobianos em tecidos comestiveis de animais
Fonte: DONOGHUE (2003, p. 619).

2.1.2 Utilizag&o das SAs e TMP na avicultura

SAs e TMP tém sido farmacos amplamente utilizados como agentes
terapéuticos na avicultura, principalmente para o controle da coccidiose, tifo aviario,

cOlera aviaria e coriza infecciosa das galinhas. A associagdo diaminopiridinas-SAs
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(TMP e congéneres) tem sido aplicada para controle de infeccbes por E. coli,
Haemophilus paragallinarium, colera aviaria (Pasteurella multocida) e salmoneloses
(KUENZEL et al., 2004).

A via preferencial de administracdo de SAs e associagcbes com
diaminopiridinas em aves é a oral, através da agua e da ragdo. Somente em casos
de coriza e cOlera aviaria sdo ocasionalmente prescritos aplicacdo parenteral,
paralelamente ao seu uso oral (SPENSER, 2004).

As SAs possuem um limite muito estreito entre o seu efeito terapéutico e
toxico, mesmo em niveis terapéuticos podem causar efeitos deletérios sobre o
sistema imune, hematopoiético e reprodutivo das aves. A associacdo com
diaminopiridinas (TMP) reduz riscos de toxicidade por diminuir a dose da sulfa. As
diaminopiridinas sdo pouco toxicas, mas podem causar, quando utilizadas em doses
muito elevadas, deficiéncia de acido fdlico e hipercalcemia (FURUSAWA;
HANABUSA, 2002).

As SAs sao relativamente insolUveis em agua e frente a um pH baixo
tendem a se cristalizar e sedimentar. Devido a este fato, s&o dificeis de serem
misturadas na racao, portanto, quando utilizadas dessa forma, € requerida atencéo
ao calculo preciso da dose em funcao do consumo de agua. Em frangos de corte é
comum observar queda do ganho de peso e intoxicagdo em decorréncia do
consumo elevado de agua ou racdo. Em dias quentes ou em ambientes com
temperatura acima de 27°C podem-se observar quadros toxicos devido ao aumento
do consumo de agua (FURUSAWA; HANABUSA, 2002).

2.2 REGULAMENTACAO

O controle oficial de residuos de medicamentos veterinarios em alimentos
de origem animal € geralmente baseado no LMR e periodos de caréncia (intervalo
de seguranca), estabelecidos caso a caso. Em geral, os regulamentos referentes ao
uso de medicamentos veterinarios devem ser bem fundamentados e, ao escolher o
tipo e dosagem de um medicamento, o risco a saude humana devido a exposicao a
residuos nos alimentos de origem animal deve ser considerado. Portanto, o

desenvolvimento de método para a determinacdo de residuos € necessario para
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aqueles laboratérios que pretendem conseguir aprovacdo de medicamentos para
uso em animais produtores de alimentos. Problemas referentes a presenca de
residuos sao tratados em relatérios da Organizacdo das Nacdes Unidas para
Agricultura e Alimentacdo/Organizacdo Mundial de Sautde (FAO/OMS) (ANADON;
MARTINEZ-LARRANAGA, 1999).

Para limitar a exposicdo humana, a Unido Européia (UE) estabeleceu
LMRs para diferentes contaminantes alimentares em alguns alimentos crus, com
base em dados toxicologicos, valores aceitaveis de ingestdo diaria e do
desempenho de tecnologias analiticas atuais. Dentro da UE, um dos principais
documentos é o Regulamento 2377/90/EC, revogado pelo Regulamento n° 470/2009
do Parlamento Europeu e do Conselho (COMUNIDADE EUROPEIA, 2009). As
substancias farmacologicamente ativas permitidas, que possuem um valor de LMR,
estédo contidas no Regulamento 37/2010 do Conselho, que prevé um LMR de 100 pg
kg™’ para SAs em alimentos de origem animal quando utilizadas de forma isolada,
todavia, o total de residuos de todas as substancias do grupo das SAs ndo deve
exceder o valor maximo de residuos igual a 100 pg kg’ se em associacdes
(COMUNIDADE EUROPEIA, 2009a).

No Brasil, a ANVISA, 6rgdo do Ministério da Saude (MS), coordena,
supervisiona e controla as atividades de registro, informacdes, inspe¢édo e controle
de riscos, estabelecimento de normas e padrdes relativos a seguranca alimentar. O
objetivo é garantir acdes de vigilancia sanitaria de alimentos, limites de
contaminantes e residuos de medicamentos veterinarios, entre outros (BRASIL,
2003). Essa atuacao é compartilhada com outros ministérios, como o da Agricultura,
Pecuaria e Abastecimento (MAPA), e com os estados e municipios, que integram o
Sistema Nacional de Vigilancia Sanitéria.

As atividades de Vigilancia Sanitaria (VS) de alimentos no Brasil datam do
século XVI, mas somente em 1950, através da Lei n° 1.283, estabeleceu-se
atribuicbes e competéncias relacionadas a produtos de origem animal. Em 2000, a
ANVISA instituiu um grupo de trabalho sobre medicamentos veterinarios em
alimentos, sendo que nessa época foi desenvolvido o Programa Nacional de
Controle de Residuos de Medicamentos Veterinarios em Alimentos Expostos ao
Consumo (PAMVet), com o objetivo de operacionalizar sua competéncia legal de
controlar e fiscalizar residuos de medicamentos veterinarios em alimentos, conforme
a Lei n° 9.782, de 26 de janeiro de 1999 (SPISSO; NOBREGA; MARQUES, 20009;
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BRASIL, 1999). Apesar de ter sido delineado em 2000 e iniciado suas atividades em
2002, o PAMVet so foi oficialmente instituido em setembro de 2003, pela RDC n° 253
(BRASIL, 2003).

O PAMVet contempla acbGes de colheita de amostras no comeércio e
andlise de residuos com o objetivo de avaliar a exposi¢cdo do consumidor a residuos
de medicamentos veterinarios por meio do consumo de alimentos de origem animal.
Embora esse programa preveja a analise de diferentes tipos de alimentos de origem
animal, somente analises de leite estdo sendo realizadas at¢é o momento, como
pode-se verificar em relatérios disponibilizados pela ANVISA (ANVISA, 2003).

O MAPA, que divide a responsabilidade referente aos riscos de agravo a
saude decorrente da exposicdo humana a residuos de medicamentos veterinarios
com a ANVISA, publicou a Instrucdo Normativa n® 14, de 25 de maio de 2009
(BRASIL, 2009a), que aprova os Programas de Controle de Residuos e
Contaminantes em Carnes (Bovina, Aves, Suina e Equina), Leite, Mel, Ovos e
Pescado, que traz, em seus anexos, oS limites de referéncia para residuos de
antimicrobianos e outros farmacos utilizados em animais, que podem trazer riscos a
saude humana, a fim de proteger a salde dos consumidores. Entretanto, o
gerenciamento e a comunicagdo de riscos no pais tém se baseado muito mais nas
consequéncias advindas da ndo adequacdo as exigéncias internacionais do que
propriamente na protecdo a saude da populacéo brasileira (SPISSO; NOBREGA;
MARQUES, 2009).

2.3 DETERMINACAO DE RESIDUOS DE SAs E TMP EM ALIMENTOS DE
ORIGEM ANIMAL

Uma vez que na area de Toxicologia de Alimentos, as matrizes sao
complexas e a andlise é de tracos, torna-se fundamental considerar o
desenvolvimento de métodos seletivos, robustos, reprodutiveis e viaveis para a
aplicacao na rotina analitica e com detectabilidade adequada (BEDOR et al., 2008).

Segundo Siqueira (2008), o procedimento analitico para amostras
complexas consiste em diversas etapas, consideradas criticas para a obtencédo de

resultados confiaveis e informativos, que tipicamente incluem:
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amostragem — inclui decisdes de onde e como coletar amostras que melhor
atendam ao objeto ou problema a ser caracterizado, que sejam
representativas do material a ser analisado;

preparo de amostras — envolve procedimentos de extracdo, além de, em
muitos casos, incluir etapa de purificacdo (clean up) para amostras muito
complexas. Essa etapa também objetiva trazer os analitos num nivel de
concentracdo adequado para a deteccgdo, e, assim, técnicas de preparo de
amostras tipicamente incluem o enriquecimento;

separacdo — onde a mistura complexa isolada que contém os analitos é
subdividida em seus constituintes, geralmente por meio de técnicas
cromatograficas e eletroforéticas;

guantificacdo — determinacdo da quantidade dos compostos identificados,
com a ajuda de detectores espectrofotométricos, por fluorescéncia e
eletroquimicos. Frequentemente instrumentos mais especificos (por exemplo,
espectrometro de massa) sdo usados para eliminar possiveis erros na
quantificacdo devido aos interferentes, apds confirmada a identidade dos
analitos;

avaliac@o estatistica e tomada de decisdo — permite fazer uma estimativa da
concentragdo do analito na amostra analisada e estimar incertezas. Esses
dados fundamentam a tomada de decisbes sobre as acbes a serem
implementadas diante dos resultados.

Uma das etapas mais criticas do processo é o preparo de amostras, que

pode ser obtido pelo emprego de uma variedade ampla de técnicas, porém todos 0s

meétodos devem atender ao mesmo objetivo (PAVLOVIC et al., 2007):

eliminar interferentes potenciais;

aumentar a concentracdo do analito;

se necessario, converter o analito em uma forma mais adequada para analise;
utilizar pouca quantidade de amostra e usar menor volume de solventes
organicos;

obter seletividade na extracao;

definir um método robusto, reprodutivel e independente da variacdo na
amostra matriz.

O conceito basico para as técnicas de preparo de amostras é transformar
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a matriz em uma amostra adequada para a analise. Este processo altera
inevitavelmente as interacdes dos compostos com seu meio quimico especifico.
Essas alteracdes sdo determinadas pelas propriedades fisicas e quimicas, tanto do
analito quanto da matriz, que determinam a aplicacdo de diferentes técnicas de
preparo de amostra e métodos analiticos, influenciando sua eficiéncia e
reprodutibilidade (PAVLOVIC et al., 2007).

Tecidos animais sdo conhecidos por serem ricos em proteinas, que
podem se ligar com antimicrobianos, especialmente aqueles que possuem carater
polar. Solventes orgénicos (como a acetonitrila, metanol e etanol) s&o comumente
empregados na precipitacdo de proteinas em matrizes bioldgicas. A acetonitrila
providencia alta eficiéncia de extracdo, além de minimizar a co-extracdo de lipidios
de tecidos animais (CHIAOCHAN et al., 2010).

As SAs, como resultado das propriedades indutivas do grupamento SO,,
sdo compostos que exibem comportamento anfotérico, por possuirem grupamentos
guimicos com carater acido e basico, o que permite que em determinadas faixas de
pH estas moléculas se comportem como zwitterions (FIGURA 3), ou seja, capazes
de manter carga positiva e negativa (HOFF, 2008). Vérias influéncias da matriz
durante a quantificacdo dessa classe de compostos tém sido descritas (PECORELLI
et al., 2004). As propriedades fisico-quimicas das SAs e da TMP estdo descritas na
Tabela 2.
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Figura 3 — Comportamento anfotérico das sulfonamidas
Fonte: HOFF (2008, p. 20).
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Tabela 2 — Propriedades fisico-quimicas de sulfonamidas e da trimetoprima

Antimicrobiano Log Kow pKa; pKa,
Sulfadiazina -0,09 1,64 6,5
Sulfametoxipiridazina 0,32 2,18 7,19
Sulfametoxazol 0,89 1,39 5,81
Trimetoprima 0,91 7,12 -

Fonte: COSTI; SICILIA; RUBIO, 2010

* Log Kqw= logaritmo do coeficiente de particdo octanol/ agua.

**pka= valor de pH do meio em que 50% das moléculas de uma substancia quimica estdo na forma
ionizada e 50% estdo na forma nao-ionizada.

Véarios métodos de extracdo sdo utilizados para analise de residuos de
SAs e TMP em alimentos de origem animal, como por exemplo a extracdo liquido-
liquido (LLE) e a extracdo em fase sélida (SPE), porém, em sua grande maioria, Sao
longos e tediosos (KOESUKWIWAT, JAYANTA; LEEPIPATPIBOON, 2007). Estes
métodos podem incluir uma etapa anterior para precipitar as proteinas e, em muitos
casos, LLE e SPE foram usadas em conjunto: ap0s a extracdo do
analito/desproteinizacdo por meio de extracdo com solvente organico apropriado, 0s
extratos foram posteriormente purificados utilizando um procedimento de SPE
adequado (BISWAS et al., 2007). Procedimentos baseados em dispersdo da matriz
em fase sélida tém sido propostos a fim de simplificar a etapa de extragdo (KISHIDA;
FURUSAWA, 2001). Microextracdo em fase sélida (SPME) também tem sido
utilizada para a determinacdo de SAs em carne, onde a extracdo e a concentracao
dos analitos sdo realizadas em uma Unica etapa (LU; CHEN; LEE, 2007).

Um passo significativo na reducdo do tempo para processar uma amostra
foi descrito por Anastassiades et al. (2003), para analise de praguicidas, o chamado
QUEChERS (Quick — rapido, Easy - facil, Cheap — barato, Effective — eficaz, Rugged
— robusto e Safe — seguro). A grande diversidade nas propriedades fisico-quimicas
de medicamentos veterinarios dificulta a combinacdo de varias classes em uma
Unica andlise, no entanto, este método tem sido utilizado com sucesso por alguns
pesquisadores, sempre acompanhado de deteccdo baseada em espectrometria de
massas (STUBBINGS; BIGWOOD, 2009; FRENICH, et al.,, 2010). Nao ha, até o
momento, nenhum relato na literatura para determinacdo de SAs usando o método
QUEChERS e cromatografia liqguida com deteccéo por de arranjo de diodos, devido
ao fato da relacdo extrato/ amostra final, de 1 g por 1 mL, n&o contribuir para a

utilizacéo de detectores menos sensiveis, em relacdo a espectrometria de massas.
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O método QUEChERS ¢é baseado em uma extragdo utilizando acetonitrila,
adicdo de sulfato de magnésio e cloreto de sédio, 0os quais promovem uma particdo
liquido-liquido, facilitando a remocdo de componentes polares da matriz. Apds a
centrifugacéo, que fornece uma separacéao fisica das fases, o clean up e a remocao
de &gua residual sdo executados simultaneamente utilizando a extracdo em fase
sélida dispersiva, onde um adsorvente de amina primaria secundaria (PSA) e sulfato
de magnésio sdo misturados com o extrato da amostra, que depois de agitado e
centrifugado, estd em condi¢cdes de ser analisado por um equipamento acoplado a
um espectrometro de massas (ANASTASSIADES et al., 2003).

Porém, devido a necessidade de minimizar problemas de degradacéo de
analitos menos estaveis, desenvolveu-se uma modificacdo no método QUEChERS
original, uma etapa de tamponamento do extrato utilizando acetonitrila contendo 1 %
de &cido acético (pKa = 4,75) (v/v) e simultaneamente particdo liquido-liquido
promovida pela adicdo de acetato de sodio e sulfato de magnésio (LEHOTAY;
MASTOVSKA; LIGHTFIELD, 2005). O controle do pH do meio é importante para
evitar a degradacdo de compostos sensiveis em meios acidos e basicos. Sendo
assim, € necessario que se tenha uma faixa de pH entre 4 e 5, uma vez que a
mesma proporciona boas recuperacdes (70 a 120 %) para analitos sensiveis em
meio acido, além de garantir a estabilidade de analitos sensiveis em meio alcalino
(MASTOVKA; LEHOTAY, 2004).

Ensaios de proficiéncia empregando QUEChERS mostraram que esta
técnica apresenta robustez, sendo o reprodutivel, em ensaios inter-laboratoriais. Nos
Estados Unidos, este método foi adotado em 2007, como sendo o método oficial da
Association of Official Analytical Chemists (AOAC) para determinacao de residuos de
praguicidas em alimentos (LEHOTAY, 2007).

Prestes et al. (2009) citam vantagens e desvantagens do método
QUEChERS sobre os métodos tradicionais, relacionado a determinacao de residuos
de praguicidas em alimentos, ja que este método foi desenvolvido inicialmente para
esta finalidade. Dentre as vantagens, estdo os altos percentuais de recuperacao (>
85%) obtidos para um grande numero de compostos de diferentes polaridade e
volatilidade; boa exatiddo e preciséo; o preparo de 10 a 20 amostras entre 30 e 40
minutos; a utilizagcdo de um pequeno volume de solventes néo clorados; a adicao de
acetonitrila, quando realizada com dispensadores, faz com que o analista tenha uma

exposicdo minima a este solvente; um Unico analista pode realizar o preparo da



29

amostra; ndo requer a utilizacdo de muitos equipamentos, bem como utiliza um
pequeno espaco fisico durante a execuc¢ao do método.

A principal desvantagem deste método, ainda de acordo com Prestes et
al. (2009), estéa relacionada com a relacdo amostra/ extrato final, que € de 1 g por 1
mL. Este valor € menor quando comparado com aqueles obtidos por outros
métodos, 0s quais utiizam uma etapa de concentracdo, apresentando relagéo
amostra/ extrato final de 2 a 5 g por mL. Portanto, se a matriz ndo € uma fonte de
ruidos nas analises isto pode conduzir, no método QUEChERS, a valores de limites
de quantificacéo (LQ) mais elevados para o0 mesmo volume de injecéo.

Para analise de residuos de SAs em alimentos, o método QUEChERS
tem sido usado com sucesso por alguns pesquisadores. Aguilera — Luiz et al. (2008)
utilizaram este método para determinar 18 farmacos veterinarios de diferentes
classes, dentre eles duas SAs, em leite. Stubbins e Bigwood (2009) determinaram
35 antimicrobianos (16 SAs) em musculo de frango, utilizando esta técnica, com
deteccao por LC — MS/MS.

Frenich et al. (2010) comparou quatro métodos de extracdo (extragcdo com
solventes, QUEChERS, MSPD e SPE) para a andlise de varias classes de farmacos
veterinarios em ovos. A conclusao deste trabalho mostrou que o método QUEChERS
extraiu poucos dos compostos estudados, porém, para as quatro SAs estudadas
(sulfadimidina, sulfaclorpiridazina, sulfadimetoxina e sulfaquinoxalina), foram
observadas recuperacdoes semelhantes as alcancadas com o método de SPE
utilizado.

Técnicas de separacdo, como cromatografia liquida de alta eficiéncia
(HPLC) (TSAI et al., 2010) e eletroforese capilar (KOWALSKI et al., 2011; CHU et al.,
2009), tém sido muito utilizadas para analise de SAs em amostras de alimentos. A
extensdo do preparo da amostra depende do sistema de deteccdo utilizado, que
pode ser mais ou menos seletivo e sensivel. Os detectores mais usados tem sido o
ultra-violeta e o arranjo de diodos (CHRISTODOULOU; SAMANIDOU,;
PAPADOYANNIS, 2007; GARCIA-MAYOR et al., 2006), o fluorimétrico (COSTI;
SICILIA; RUBIO, 2010), bem como o espectrometro de massas (SHERIDAN et al.,
2008), apresentando resultados satisfatorios em analises de alimentos (TABELA 3).
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Tabela 3 - Técnicas de preparo de amostras e de detecgdo de sulfonamidas e trimetoprima em
diferentes matrizes

Referéncia Tipo de Tipo de Extracéo Equamerlto Analitos
Amostra de deteccao
; . 2 sulfonaminas
Aguilera-Luiz et . @ uPLC® - ;

al. 2008 Leite QUEChERS Ms/MS® _mais 1.6

antimicrobianos

SPE¥ (Oasis HLB 30 HPLC® — Sulfametoxazol e

Bedor et al., 2008  Plasma humano mg, solvente de DAD®, HPLC Trimetoorima
eluicao — acetonitrila) — MS/MS b
Biswas et al =PI [EEris e CI 3 sulfonamidas e
o Carne de Bufalo solvente utilizado — HPLC — DAD : :
2007 . trimetoprima
ag)etomtnla)

Bogialli et al., . MSPD (C}rystobal|te, HPLC - .

Leite e ovos usando 4gua para (10) 12 sulfonamidas

2003 oY MS
eluicao)
Plasma e L
Cavazos-Rocha et tecidos PreC|p|ta,gao de HPLC — DAD Sulfame_toxazol
proteinas e mais 4

al., 2007

Chico et al., 2008

Gamba et al.,
2009

Haller et al., 2002

Le Boulaire;
Bauduret; Andre,
1997

Msagati; Nindi,
2004

Pecorelli et al.,
2004

Posyniak;
Zmudzki;
Mitrowska, 2005

Soto-Chinchilla;
Garcia-Campania;
Gamiz-Gracia,
2007

Stubbings;
Bigwood, 2009

infectados de
actinomicetoma

Carne de frango

Leite

Estrume animal
Carne suina e
de vitela

Tecidos de rim e
figado, leite e
urina

Mdusculo

Carne de frango

Carne bovina e
amostras de
aguas
subterraneas

Carne de frango

(acetonitrila)

LLE® (mistura
MeOH:H,0)

LLE
(cloroférmio/acetona),
clean-up com
cartucho de troca
catibnica (SCX)

LLE (acetato de etila)

MSPD (C18)

SLM®

SPE (cartucho de
troca catibnica forte,
solvente utilizado —
acetato de etila)
MSPD (Octadecyl —
C18, solvente
utilizado —
acetonitrila)
1° extracdo com
acetonitrila e pré-
concentragcdo com
SPE (Oasis HLB)

QUEChERS

Fluorescéncia

UPLC -
MS/MS

HPLC — DAD

HPLC — MS

HPLC — DAD
e
Fluorescéncia

HPLC — MS
HPLC — DAD
HPLC —

Fluorescéncia

CE(ll) _
ESI® —Ms

HPLC -
MS/MS

antimicrobianos

14 sulfonamidas
mais 25
antimicrobianos

7 sulfonamidas

6 sulfonamidas e
trimetoprima
8 sulfonamidas
mais 5
antimicrobianos

16 sulfonamidas

10 sulfonamidas

6 sulfonamidas

10 sulfonamidas e
trimetoprima

16 sulfonamidas
mais 35
antimicrobianos

“Quick, Eas%, Cheap, Effective, Rugged and Safe; ““Solid phase extraction; “Matrix solid-phase

dispersion; ¢

Liquid-liquid extraction; “®Supported liquid membrane; ©Ultra performance liquid

chromatograph%i;o)mTandem mass spectrometry; (8)High-performance liquid chromatography; ®Diode-

array detector;

Mass spectrometry; m’CapiIIary electrophoresis; (lz)EIectrospray ionization.
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2.4 VALIDACAO DO METODO

Métodos analiticos tém sido desenvolvidos para a determinacdo de
residuos de contaminantes em alimentos de origem animal como ferramenta
principal para assegurar que os produtos estejam enquadrados nas normas legais.
Para que estes métodos garantam a disponibilidade de um alimento seguro, é
preciso que sejam normalizados e cumpram requisitos que garantam resultados
confiaveis. Com esse objetivo, sdo delineados procedimentos de validacdo do
processo analitico empregado, como garantia de qualidade das medi¢Bes quimicas,
através de sua comparabilidade, rastreabilidade e confiabilidade (PASCHOAL et al.,
2008).

O desenvolvimento do método analitico envolve processo de avaliacao
que estime sua eficiéncia na rotina do laboratorio. Determinado método é
considerado validado se suas caracteristicas estiverem de acordo com 0s pré-
requisitos estabelecidos. O objetivo da validacdo consiste em demonstrar que o
método analitico € adequado para o seu propésito (ICH, 1996; COMUNIDADE
EUROPEIA, 2002; BRASIL, 2003a; INMETRO, 2010).

No Brasil, a validacdo de métodos para a andlise de farmacos é
regulamentada pela Resolucdo n° 899, de 29 de maio de 2003 da ANVISA (BRASIL,
2003a). A validacdo deve garantir, por meio de estudos experimentais, que o método
atenda as exigéncias das aplicacfes analiticas, assegurando a confiabilidade dos
resultados. Para tanto, a metodologia sera considerada validada, desde que sejam
avaliados parametros como: especificidade (seletividade), faixa linear, linearidade,
sensibilidade, limite de deteccao, limite de quantificacdo, precisdo (intra-ensaio e
inter-ensaio) e exatidao.

Métodos analiticos para residuos de contaminantes toxicos em alimentos
requerem consideracfes técnicas especiais quando comparados a métodos
delineados para outros fins, como em analises de medicamentos, por exemplo.
LMRs especificos para cada analito alvo sdo estabelecidos, os quais devem ser
levados em consideracdo no estabelecimento de um protocolo para validacdo do
meétodo analitico a ser empregado na determinacdo desses residuos nos alimentos
(PASCHOAL et al., 2008).

Na literatura internacional sdo descritos parametros usados para a analise
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de residuos em produtos de origem animal. Em 2002, a Unido Européia (UE) emitiu
uma regulamentacdo especifica (2002/657/EC) referente ao desempenho dos
meétodos oficiais e interpretacdo dos resultados em produtos de origem animal. Além
dos parametros tradicionais, tais como a linearidade, precisdo, exatidao,
seletividade, robustez entre outros, novos testes foram introduzidos, tais como o
limite de Decisdo (CCa) e capacidade de detecgdo (CCB), para indicar a
aplicabilidade do método desenvolvido (COMUNIDADE EUROPEIA, 2002). No Brasil
esses parametros estdo descritos na Instrucdo Normativa n° 24, de 14 de julho de
2009 (BRASIL, 2009b).

O estabelecimento do CCa e da CCB depende de se a substancia
(farmaco veterinario) a ser analisada na matriz (alimento) possui um LMR ou apenas
um limite minimo de performance requerido (LMPR) definido (PASCHOAL et al.,
2008). O LMPR é o teor minimo de uma substancia quantificavel em uma amostra.
Tem o objetivo de padronizar o desempenho analitico minimo requerido do método,
cuja substancia sob anélise ndo possui limite permitido definido. Nestes casos, CCa
e CCp devem ser menores que o LMPR, que s&o estabelecidos pela Coordenacéo
de Controle de Residuos e Contaminantes (BRASIL, 2009b).

O CCa é o limite a partir do qual uma amostra pode ser declarada néo
conforme (amostra que contém o analito no caso de se tratar de uma substancia nao
permitida ou que o contém em concentracfes superiores ao LMR estabelecido) com
uma probabilidade de erro igual a a (erro de 1% para substancias ndo permitidas e
de 5% para substancias com LMR) (COMUNIDADE EUROPEIA, 2002; BRASIL,
2009b). Ja, o CCB € o limite a partir do qual o analito pode ser detectado,
identificado e/ou quantificado com uma probabilidade de erro B (erro de 5% para
todas as substancias permitidas ou nao). No caso das substancias com LMR, é a
concentracdo que o método é capaz de detectar no limite permitido com certeza
estatistica de 1-8 (COMUNIDADE EUROPEIA, 2002; BRASIL, 2009b).

Para compostos com LMR, o CCa pode ser determinado de duas formas:
analisar pelo menos 20 amostras branco por matriz, fortificadas com o analito no
nivel do LMR. A concentracdo no LMR mais 1,64 vezes o desvio padrdo
correspondente equivale ao CCa (a= 5%); outra forma é fortificar amostras branco
em niveis de concentracdo equidistantes ao redor do LMR, analisar as mesmas e
plotar uma curva analitica. O valor de CCa sera igual ao LMR (concentragdo) mais

1,64 vezes o desvio padrdo da reprodutibilidade intra-laboratorial (a= 5%)



33

(PASCHOAL et al., 2008).

A transformacdo do resultado obtido em concentracdo € alcancada
utilizando uma curva analitica, construida em amostras branco fortificadas. A curva
devera ter seis niveis de fortificacdo, incluindo o ponto zero; entre esses niveis
deveréo constar: ¥2 LMR, LMR e 1,5 LMR (FREITAS, 2008).

Para substancias que possuem um LMPR, o CCa pode ser estabelecido
por dois procedimentos distintos: analisar pelo menos 20 amostras branco por matriz
e calcular a razao sinal-ruido na faixa do tempo de reten¢éo do analito. O CCa € trés
vezes a razao sinal ruido; outra forma é fortificar amostras branco ao nivel do LMPR
e acima deste valor em concentracfes equidistantes. Analisar as amostras e plotar
um grafico do sinal em funcdo da concentracdo adicionada. A concentracao
correspondente ao intercepto e mais 2,33 vezes o desvio padrao da reprodutibilidade
intra-laboratorial do intercepto equivale ao CCa (a= 1%) (PASCHOAL et al., 2008).

O valor de CCB, para compostos que possuem LMR, de maneira
semelhante ao CCa, pode ser determinado de duas formas: analisar pelo menos 20
amostras branco por matriz, fortificadas com o analito no limite de decisao (CCa). O
valor de CCa mais 1,64 vezes o desvio padrao correspondente equivale ao CCB (B =
5%); ou fortificar amostras branco em niveis de concentracdo equidistantes ao redor
do LMR, analisar a mesma e plotar uma curva analitica. Calcular o desvio padrdo na
concentracéo correspondente ao CCa. O valor de CC[ sera igual ao valor de CCa
(concentracdo) mais 1,64 vezes o desvio padrdo da reprodutibilidade intra-
laboratorial (B = 5%) (PASCHOAL et al., 2008).

Mais uma vez, com base na curva analitica é feita a correspondéncia do
valor encontrado a concentracdo CCR. A Figura 4 é uma representacgao estatistica da
dispersédo dos sinais para analitos com LMR. A area do sinal ao nivel do LMR da-nos
a concentracdo CCa com um erro associado de 5 %, erro esse que representa o
namero de possiveis falsos positivos. A amplitude minima do sinal de CCp

corresponde ao erro — 5 % — associado aos falsos negativos (FREITAS, 2008).
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Figura 4 — Representacgdo estatistica do limite de decisdo e capacidade de deteccao para substancias
com LMR estabelecido
Fonte: FREITAS (2008, p. 32).

Para substancias que possuem um LMPR definido, o CCB pode ser
determinado das seguintes formas: analisar pelo menos 20 amostras branco por
matriz, fortificadas com o analito na concentracdo do CCa. O CCp € igual ao CCa
mais 1,64 vezes o desvio padrao da reprodutibilidade intra-laboratorial (= 5%); outra
forma é fortificar amostras branco em niveis de concentracdo equidistantes ao redor
do LMPR. Analisar as amostras e plotar um grafico do sinal em funcdo da
concentracéo adicionada. A concentracdo correspondente ao CCao mais 1,64 vezes o
desvio padrédo da reprodutibilidade intra-laboratorial da média mensurada contendo
CCa equivale ao CCB (B= 5%) (PASCHOAL et al., 2008).
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3 JUSTIFICATIVA E OBJETIVOS

A importancia da utilizacdo de medicamentos de uso veterinario na cadeia
de producdo animal esta intimamente relacionada aos progressos experimentados
por esse segmento da agricultura nas duas ultimas décadas. Os beneficios
aparentes desses produtos veterinarios e a vinculacéo da utilizacdo dos mesmos as
expectativas de desempenho dos animais vém sistematicamente massificando sua
recomendagdo e utilizagdo no Brasil. Entretanto, existem questionamentos
permanentes a respeito da eficacia desses produtos uma vez que o desempenho
predito dos animais manejados sob condi¢cdes ideais raramente € alcancado em
condicbes de campo. Diante dessas constatacOes, surgem algumas indagacoes
relacionadas aos processos envolvidos com a administragdo dos medicamentos
veterinarios.

A hip6tese desse projeto considera que o uso inadequado pode contribuir
por perdas significativas na produgdo animal, inclusive com o comprometimento da
comercializacao internacional do produto alimentar como consequéncia da presenca
de residuos.

Considerando que a classe de antimicrobianos usados em animais é
muito diversa, decidiu-se por priorizar a triagem dos farmacos segundo o maior
namero de medicamentos registrados no Ministério da Agricultura, Pecuéria e
Abastecimento (MAPA) e que representam porc¢éao significativa do mercado de carne
(bovinos, aves e suinos) e cujos protocolos de determinacdo poderiam ser
validados, garantindo competéncia e soberania nacional nesse monitoramento.

Nesse contexto, foram escolhidos para esse estudo os principios ativos
SMX e TMP, nos medicamentos em que estdo presentes como associacfes. Além
disso, decidiu-se avaliar a presenca das SAs SDZ, SPZ e SMX em carne de frango,
por esse ser um alimento de alto consumo e, esses farmacos serem amplamente
utilizados, tanto para o tratamento de patologias quanto para contribuir com o
aumento da producdo, quando adicionados na alimentacdo das aves, em doses
subterapéuticas (PECORELLI et al., 2004).

Face ao exposto, 0 objetivo deste trabalho foi desenvolver método

cromatografico para a determinacdo de SMX e TMP em medicamentos de uso
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veterinario, para ser empregado no controle de qualidade e na fiscalizacdo de
insumos agropecuarios. Ainda, constituiu escopo do trabalho, desenvolver método
para a determinacdo de SAs em carne de frango.

Para alcancar esses objetivos, as etapas desenvolvidas do trabalho
foram:

a) para a determinacéo dos analitos em medicamentos veterinarios:

- otimizar o método: cromatografia liquida, com detector por arranjo de
diodos, para a deteccdo de SMX e TMP, em preparacdes farmacéuticas de uso
veterinario;

- validar o método otimizado, através dos parametros: especificidade,
linearidade, faixa linear, precisdo intra- e inter-ensaio, limite de quantificacéo,
exatidao e robustez;

- avaliar a seletividade cromatogréfica, por meio de estudos de
degradacéo, sob condi¢des de estresse, dos medicamentos contendo os analitos em
guestéo;

- analisar medicamentos veterinarios adquiridos no comércio utilizando o

método desenvolvido, para a demonstracao da aplicabilidade do mesmo.

b) para a determinacdo dos analitos em carne de frango:

- otimizar o método constituido por cromatografia liquida com detector por
arranjo de diodos, utilizando a técnica QUEChERS, para o preparo de amostra, para
a determinacao de SAs em carne de frango;

- validar o método desenvolvido, através dos parametros: especificidade,
linearidade, faixa linear, precisdo, exatiddo e robustez, recuperacdo, limite de
deciséo e capacidade de detec¢cdo em amostras de carne de frango;

- avaliar a aplicabilidade do método em amostras de peito de frango,

comercializadas em Alfenas- Minas Gerais e regiéo.
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4 RESULTADOS

Conforme descrito nas normas do Programa de Pds-graduacdo em
Ciéncias Farmacéuticas, artigo 22, a critério do orientador e do discente, a
dissertacdo poderd ser apresentada sob a forma de 01 (um) volume contendo: uma
revisdo de literatura, 1 artigo cientifico (nUmero minimo), tendo o mestrando como
primeiro autor, representativo dos resultados obtidos no desenvolvimento da
pesquisa proposta no programa.

No presente trabalho, os resultados serdo apresentados a seguir, na

forma de artigos submetidos para publicacdo em periédicos da area de Farmacia.
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4.1 ARTIGO |

O artigo | consiste no desenvolvimento e validacdo de método para o
controle de qualidade dos medicamentos veterinarios que contenham a associacao
sulfametoxazol e trimetoprima. O artigo foi submetido a Revista Chromatographia e

encontra-se em fase de analise pelos revisores.
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VETERINARY MEDICINES: A SIMULTANEOUS METHOD FOR
SULPHAMETHOXAZOLE AND TRIMETHOPRIM

Abstract

This study describes the development of a method for simultaneous analysis
of sulphamethoxazole (SMX) and trimethoprim (TMP) through the use of high-
performance liquid chromatography with an ultraviolet detector, with the application to
veterinary medicine. Satisfactory chromatographic separation of SMX and TMP was
isocratically with a C18 column (150 mm x 4.6 mm, 5 um). A mobile phase consisting
of water, pH 3.5, and methanol (60:40, v/v) was delivered at a flow rate of 1.0 mL
min™® for 5 minutes, after which the flow was increased to 1.8 mL min™. These
conditions enabled detection of the analytes in a run time of 12 minutes. Detection of
the drugs was performed at 213 nm. Linearity was demonstrated in the range of 5 to 70 ug
mL™ for SMX and 1 to 30 ug mL™* for TMP (r? = 0.99 for both compounds). The
relative standard deviation was < 5%, and test of standard addition indicated that the
method was accurate. The resultant stressed samples were analysed by the method.
The proposed method shows great potential for simultaneous analysis of the drugs
evaluated and represents a new alternative approach to quality control of veterinary

medicines.

Key-words: sulphamethoxazole, trimethoprim, HPLC, veterinary medicines.
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1. Introduction

Veterinary drugs are used worldwide to improve animal health, provide
economic gains and increase food industry productivity of food of animal origin [1].
The broad goals of the use of drugs on animals are to preserve the health of the
animals, improve animal production and protect public health. However, veterinary
drug control is only one aspect of these broad subjects of public policy and
legislation, and the specific goals of veterinary drug administration are much
narrower [1,2].

According to the Brazilian National Association of Industrial Products for
Animal Health, the largest drug expenditure in 2007, with a value of approximately
6.5 million dollars, was in the class of antimicrobials. The importance of this class of
drugs ensures interest in screening and developing new drug evaluation systems
based on assessment of appropriate laboratory protocols and routines for this
purpose [3].

Intentional or unintentional alterations in the concentrations initially
reported for a particular drug can account for significant losses in the animal industry.
Errors in administration of these drugs can often cause more harm than good and
can, in turn, affect international trading opportunities [2].

Sulphonamides are a class of antimicrobial agents that are of considerable
use in human and veterinary medicine. Sulphonamides, were the first agents used to
treat bacterial infections. Sulphonamides are widely used in veterinary medicine.
However, incorrect administration of these drugs can lead to the accumulation of
drug residues in products intended for human consumption. These residues are
considered to have toxicological potential and can cause significant adverse
reactions, including allergic reactions [4].

Sulphamethoxazole (SMX), or 5-methyl-3-sulphanilamidoisoxazol, is a
sulphonamide-class drug that is widely used in veterinary practice, as it presents a
wide spectrum of action and a relatively low cost. It is a structural analogue of amino
benzoic acid (PABA) and competitively inhibits a bacterial enzyme,
dihydropteroatesynthetase, which is responsible for incorporation of PABA
dihydrofolic acid (folic acid). Thus, SMX blocks dihydrofolic acid synthesis and
decreases the amount of metabolically active tetrahydrofolic acid (a cofactor in the
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synthesis of purines, thymidine and DNA). Unlike eukaryotic cells, bacteria do not
utilise folic acid or its preforms, and thus they must synthesise it from PABA. The
action of sulphonamides is antagonised by PABA and its derivatives (procaine and
tetracaine) and by pus and cellular debris [5-8].

Typically, drugs containing sulphonamides consist of multiple compounds.
One of the most common combinations is a 5:1 ratio of trimethoprim and
sulphamethoxazole, two compounds with synergistic effects [6,7] and a low
probability of bacterial resistance [9]. Trimethoprim (TMP), or 2,4-diamino-5-(3,4,5-
trimethoxybenzyl)-pyrimidine, is a lipophilic weak base with bacteriostatic properties
and is structurally related to pyrimethamine. TMP binds reversibly to the bacterial
enzyme dihydrofolate reductase, inhibiting its activity. The affinity of TMP to this
bacterial enzyme is up to 100,000 times greater than its affinity to the equivalent
human enzyme. TMP exerts its effects on a stage of folate biosynthesis immediately
subsequent to the stage upon which sulphamethoxazole acts, thus prompting a
synergistic action between the two drugs [5-8].

Previous studies have discussed various analytical methods for the
estimation of SMX concentration, either individually or in combination with TMP in
human pharmaceutical products. Analytical methodologies with high throughput
should be considered in the analysis of drugs. [10] The simultaneous determination
of the concentrations of both of these compounds generally utilises
spectrophotometric methods with multicomponent analysis using a diode- array
detector [11,12] and liquid chromatography-HPLC [13-19]. Kulikov et al. (2005) [20]
compared micellar liquid chromatography and reverse-phase liquid chromatography
and concluded that the techniques present similar efficiency, sensitivity and
selectivity for determination of SMX and TMP concentrations. Normal-phase high
performance thin layer chromatographic methods have also been reported for
analysis of these drugs [21].

British pharmacopoeial methods for veterinary medicine recommend
analysis of TMP through spectrophotometric methods, while United States
pharmacopoeial methods for SMX and TMP analysis in human medicines is time
consuming and requires expensive reagents, making this type of analysis tedious for
routine analysis [22,23]. Thus, it is desirable to develop methods that serve as
alternatives to the current official methods of SMX and TMP analysis.

The aim of this work was to develop a simple and fast HPLC assay for
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measuring SMX and TMP in veterinary medicinal products. This assay would be
applied to simultaneous analysis for quality control and monitoring of agricultural
inputs containing the active ingredients. Figure 1 shows the chemical structures of
these two drugs. The development of the analytical method involves evaluation
processes that estimate the efficiency of the laboratory routines. A given method is
considered valid if its characteristics agree with pre-established requirements. The
purpose of this form of validation is to demonstrate that the analytical method is

suitable for the given application [24-28].

2. Experimental Procedures

2.1 Chemicals and solutions

Analytical grade phosphoric acid was purchased from Merck (Darmstadt,
Germany) and methanol (HPLC-grade) was purchased from Tedia (Fairfield, USA).
Sulphamethoxazole (SMX), purity > 98%, was obtained from Sigma- Aldrich® (St.
Louis, USA) and trimethoprim (TMP), purity > 99%, was obtained from Fluka
(Steinheim, Germany).

Standard stock solutions of the drugs were prepared by dissolving 100 mg
(0.1 mg) of each compound in 100 mL of methanol. The solutions were stored at -
18°C between experiments. Standard working solutions were prepared daily by
diluting the standard stock solutions with water to within the range of 5-50 pg mL™ for
SMX and 1-10 pg mL™ for TMP.

Throughout the study, water was obtained from a Milli-Q system from
Millipore (Bedford, USA). Prior to analysis, all solutions were filtered through 0.22-um

membrane filters from Millipore (S&o Paulo, Brazil).

2.2 Instrument and chromatography conditions
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The HPLC system consisted of a Shimadzu LC-10ATvp (Kyoto, Japan)
gradient system equipped with a Shimadzu SIL-10AF (Kyoto, Japan) auto-injector
with a 50-uL loop. The column oven was a Shimadzu CTO-10ASvp (Kyoto, Japan)
operated at ambient temperature (25°C). Detection was performed with a Shimadzu
SPD-10Avp (Kyoto, Japan) detector. Detection of the drugs was performed at 213 nm.
Chromatographic separation was achieved using a C18 THERMO BDS HYPERSIL
(150 x 4.6 mm; 5 um) column protected by a similar guard-column (40 x 4.6 mm).
The mobile phase consisted of a mixture of water (adjusted with phosphoric acid to
pH 3.5) and methanol (60:40, v/v) and was delivered at a flow rate of 1.0 mL min™ for
the initial 5 minutes, after which the flow was increased to 1.8 mL min™. Data
acquisition and analysis were performed with the Class-VP software (Shimadzu,

Kyoto, Japan).

2.3 Sample preparation

Veterinary medicines (injection, n=2) were purchased from a local
veterinary store. The labels on the commercially available samples indicated that the
medicines contained 20 g of SMX and 4 g of TMP per 100 mL of solution. An
accurate quantity of the sample was transferred to a 100 mL volumetric flask and
dissolved with mobile phase to obtain 30 pg mL™ SMX and 6 pg mL™ TMP. The
mixture was sonicated for approximately 15 minutes until the samples were fully
dissolved, and the volume was brought up with mobile phase. The solutions were

filtered through a 0.22-um membrane filter prior to HPLC analysis.

2.4 Method validation

The method was internally validated using the following performance
criteria: linearity and linear range, sensitivity, intra-assay and inter-assay precision,
accuracy and ruggedness, according to RE n°® 899 of the National Agency of Sanitary

Surveillance [27]. We also conducted a forced degradation study on the samples.
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Linearity, linear range and sensitivity were established through the
analytical curve obtained at six concentration levels (n=6 for each concentration) in
the range of 5 to 70 ug mL™ of SMX and 1 to 30 pg mL™ of TMP. The sensitivity was
determined as the slope of the analytical curve.

Ruggedness tests were conducted using the Youden approach. Eight
determinations were made, using a combination of the factors with variations (Table
1, 2). The influence of the variation was evaluated by comparing the values obtained
from the formulas with those obtained from the proposed method (Table 3).

A forced degradation study was also conducted on samples containing the
drugs (in three replicates, containing 30 pg mL™ of SMX and 6 pg mL™ TMP) that
were exposed to extreme conditions. Intentional degradation was initiated by
exposing 10 mL of the reference or test stock solutions to 20 mL of 1 mol L™
hydrochloric acid/sodium hydroxide for 1 and 24 h at 60 °C (in a water bath). The
solutions were withdrawn to a 10 mL volumetric flask, allowed to equilibrate to room
temperature and neutralised with acid or base (when necessary). Oxidative
degradation of the sample solution was conducted in a water bath maintained at
60 °C for 1 and 24 h by exposing equal volumes of the solution and a 1 mol L™
hydrogen peroxide solution. The solution was allowed to attain ambient temperature
and diluted to the proper volume with water.

Blank solutions were prepared by the aforementioned procedure wherein
stock solutions were replaced with the diluent. The method's analytical data were
collected at 213 nm. Additional diode array detector (DAD) data were collected for the
peak purity evaluation.

The intra-assay precision (repeatability) of the method, expressed as the
relative standard deviation of the peak area measurements (n=5), was evaluated by
analysing the results obtained with the method operating over the course of one day
under the same conditions using solutions of each analyte at three concentrations: 5,
30 and 50 pg mL™ for SMX and 1, 6 and 30 pg mL™* for TMP. The inter-assay
precision was determined for the same three concentrations and the analyses were
performed on three separate days.

Accuracy was evaluated through analyses of veterinary formulations,
performing three replicates for each formulation, using the proposed HPLC-UV. Also,

the accuracy was tested for standard addition of the 20, 40 and 60 % levels at the
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middle concentration (30 ug mL™ for SMX and 6 pg mL™ for TMP).

3. Results and Discussion

All veterinary medicinal products that are to be commercialised should be
subject to authorisation issued by proper authorities. Quality control methods are
important tools for this authorisation application. Thus, we developed a method to
detect the presence of two drugs extensively used in veterinary clinical practice,
sulphamethoxazole and trimethoprim, in a single analysis. This method provides the
capability to conduct comprehensive evaluation of quality control of formulations
containing theses drugs.

Figure 2 shows the UV spectra of the drugs measured by a DA detector.
These data provide that at 213 nm is possible to detect and to quantify both analytes,
although SMX displays a peak at 268 nm. The working conditions for the HPLC
method were established by preparing various mobile phase systems to provide
chromatographic separation (Figure 3). SMX and TMP were chromatographically
separated by an isocratic mode using a reverse phase column and a mobile phase
composed of water (adjusted to pH 3.5) and methanol (60:40, v/v), delivered at a flow
rate of 1.0 mL min™* for 5 minutes followed by an increase to 1.8 mL min™. These
conditions enabled us to detect the analytes in a run time of 12 minutes, a length of
time that can be easily applied in the routine of quality control. Analysis of the
analyte-free mobile phase did not show any interference in the retention time of the
compounds studied.

The widespread use of HPLC in routine analysis makes it important to
develop and thoroughly validate satisfactory HPLC methods [13-19]. System
suitability was evaluated prior to the validation experiments. These tests are used to
determine whether the resolution and repeatability of the system are adequate for the
analysis. Further, they are utilised to check overall system performance.

Parameters such as plate count, tailing factors and resolution were
determined and compared against the specifications, as demonstrated in Table 4.
These data indicated that the system was potentially suitable since the results of the

test were considered satisfactory according to Shabir, 2003 [29], who reported an
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acceptable range of plate count = 2000, resolution = 2.0 and tailing factor between
0.5 and 2.0. Linearity was demonstrated over the concentration points of 5, 10, 15,
20, 30, 40, 50 and 70 pg mL™ for SMX and 1, 5, 10, 15, 20, 30, 40, 50 and 30 pug mL
! for TMP. These results are shown in Table 4 and were considered acceptable, as
the correlation coefficients (r*) were = 0.99 for both compounds.

Ruggedness testing was conducted using the Youden approach. The
influence of variation was evaluated by comparing the values obtained from the
formulas (shown in Table 3) with those obtained from the proposed method (nominal
parameters). No variations of greater than two standard deviations from the results
obtained from proposed method (nominal parameters) were observed.

Forced degradation or stress testing is undertaken to demonstrate
specificity when developing stability-indicating methods, particularly when little
information is available about potential degradation products. These studies also
provide information about the degradation pathways and degradation products that
could form during storage. Forced degradation studies may help facilitate
pharmaceutical development as well in areas such as formulation development,
manufacturing, and packaging, in which knowledge of chemical behavior can be used
to improve a drug product [30]. The degradation test was performed samples (in
three replicates) containing 30 pg mL™ of SMX and 6 pug mL™* TMP that were
exposed to extreme conditions (20 mL of 1 mol L™ hydrochloric acid/sodium
hydroxide, 60 °C for 1 and 24 h) to trigger intentional degradation. Additionally,
samples were exposed to 1 mol L™ hydrogen peroxide solution to trigger oxidative
degradation. The results of these experiments are shown in Table 5. No interference
peak was observed in the retention time of the analytes.

Intra- and inter-assay precision were assessed at three concentrations
and the results are shown in Table 6. All values for the relative standard deviations
were below 5% and, therefore, considered acceptable for analysis of pharmaceutical
formulations. The solutions were freshly prepared to ensure stability of the analytes.
However, solutions analysed 24 hours after preparation did not show any appreciable
change in assay values. In order to demonstrate the validity of the proposed method,
accuracy tests were carried out to analyse commercial products with standard
additions (Table 6).

In order to apply the proposed method, veterinary medicines (injection,
n=2) were purchased from a local veterinary store. The labels on the commercially
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available samples indicated that the medicines contained 20 g of SMX and 4 g of
TMP per 100 mL of solution. The results of the samples were compared with the
values indicated on the product labels (Table 7). The relative errors observed were
below 5%, indicated that the results were accurately obtained. No differences were

observed between the label values and the measured values.

5. Conclusions

Our results indicate that the proposed method is sufficiently linear, robust,
precise and accurate. It is simple, cheap and rapid and does not involve any complex
analyte separation or tedious sample preparation. Together, our data indicate that the
method can be used in routine quality control analysis of veterinary medicines

containing sulphamethoxazole and trimethoprim.
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Table 1. Factors evaluated for ruggedness for the proposed method.

Factor Nominal (+) Variation (-)
water adjusted to pH 3.5: methanol (v,v) 60:40 50:50

pH of the mobile phase 3.5 3.7

column temperature (°C) 25 35

sample diluents mobile phase methanol
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Table 2. Experiments for evaluating the ruggedness of the proposed method.

Experiment assayed

Factor 1 2 3 4 5 6 7 8
water adjusted to pH 3.5: methanol + + + + - - - -
(v,v)

pH of the mobile phase + o+ - - + o+ - -
column temperature (°C) + - + - + - + -
sample diluents + + - - - - + +

Results a b C d e f g h
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Table 3. Variation effect evaluation for ruggedness of the proposed method.

Factor Formulato variation effect
water adjusted to pH 3.5: methanol (v,v) (a+b+c+d)/4 — (e+f+g+h)/4
pH of the mobile phase (atb+e+f)/4 — (c+d+g+h)/4
column temperature (°C) (atct+e+g)/4 — (b+d+f+h)/4

sample diluents (a+b+g+h)/4 — (c+d+e+f)/4
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Table 4. System suitability* and analytical curve parameters for simultaneous
determination of sulphamethoxazole (SMX) and trimethoprim (TMP) by HPLC-UV

proposed method.

Parameter SMX TMP
Retention time (min) 3.7 8.1
Plate counter (N) 10347.7 34560.5
Resolution** - 7.7
Tailing factor (T) 15 1.3
Capacity factor (k) 2.4 5.1
Sensitivity 44892 47256
Intercept 22168 29566
Linearity (r%) 0.9997 0.9940

*Reference values: N 22000; Rs22;05<T< 2;k>2

** Resolution was calculated between: TMP and SMX
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Table 5. Degradation test in different conditions applied on sample (three replicates
containing 30 pg mL™ of sulphamethoxazole (SMX) and 6 ug mL™ of trimethoprim
(TMP).

% Mean relative error

(relative standard deviation)

Condition SMX TMP

1 mol L™" NaCl

after 1 hour -1.7 (0.7) +4.3 (0.8)
after 24 hours -1.2 (0.8) +6.1 (0.6)
1 mol L™ HCl

after 1 hour -0.1 (0.8) +5.1 (0.6)
after 24 hours +0.1 (0.5) +7.3 (1.2)
1 mol L™ H,0,

after 1 hour -7.9 (0.8) -27.0 (1.7)
after 24 hours -11.0 (1.3) -27.6 (1.9)
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Table 6. Intra- and inter-assay precision (n=5) and accuracy (n=3) for the

determination of sulphamethoxazole (SMX) and trimethoprim (TMP) by the proposed

method.

Precision SMX (ug mL™Y) TMP (ug mL™)
10 30 70 2 6 30

intra-assay

(% RSD¥) 1.0 0.7 0.4 0.9 0.8 0.9

interassay

(% RSD*) 07 26 04 09 31 09

Accuracy SMX (ug mL™) TMP (ug mL™)

36 42 48

7.2 8.4 10.8

standard addition
(% relative error)
4(RSD¥)

-0.6 +0.1 -0.3
11 0.6 0.4

-1.7 -2.2 -1.3
1.0 11 0.7

®RSD (Relative standard deviation)
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Table 7. Sulphamethoxazole and trimethoprim determination, in commercial
veterinary products, contained 20 g of sulphamethoxazole (SMX) and 4 g of

trimethoprim (TMP) per 100 mL of solution, by the proposed method.

SMX TMP
experimental experimental

Sample 1 (n=3) 19.4 3.9
%s (g/100 mL) 0.19 0.07
Intra-assay precision
® (% RSD) 0.98 1.8
Sample 2 (n=3) 20.1 4.1
%s (g/100 mL) 0.20 0.1
Intra-assay precision
® (% RSD) 0.99 2.7

3s: estimate of standard deviation; °PRSD: relative standard deviation
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Figure captions
Fig.1 Chemical structure of the drugs: (a) trimethoprim and (b) sulphamethoxazole.

Fig.2 Spectra from a Shimadzu SPD-M10Avp (Kyoto, Japan) diode array detector, for
standard solutions of the drugs (50 pg mL™). Mobile phase: water (adjusted to pH
3.5, with phosphoric acid): methanol (60:40, v/v); column: C18 (150 mm x 4.6 mm, 5

um) with a similar guard-column (4 mm x 4.6 mm).

Fig.3 Typical HPLC chromatograms, in optimal conditions evaluated: (1) standard
containing 30 pg mL™ of sulphamethoxazole and 6 ug mL™ of trimethoprim (B); (2)
injection preparation containing 20g of sulphamethoxazole and 4 g of trimethoprim
(B). Mobile phase: water pH 3.5: methanol (60:40, v/v); column: C18 (150 mm x 4.6

mm, 5 um) protected by a similar guard-column (40 x 4.6 mm).
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4.2 ARTIGO II

O artigo Il consiste no desenvolvimento de um método QUEChERS —
HPLC — DAD para andlise de sulfonamidas em carne de frango. O artigo foi
submetido a Revista Food Chemistry e encontra-se em fase de avaliagdo pelos

revisores.
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DEVELOPMENT OF A QUECHERS-HPLC-DAD METHOD FOR THE ANALYSIS
OF SULPHONAMIDES IN CHICKEN BREAST

Abstract

The development and validation of a QUEChERS-HPLC-DAD method using a
Lichrospher 60 RP-Select B column (25 cm x 4.6 mm x 5 um) at 40°C, mobile phase
constituted by phosphate buffer: acetonitrile (75:25, v/v) at a initial flow rate of 0.5 mL
min?, increased by 1.2 mL min™ (total run time of 20 min) and at 265 nm is presented
for simultaneous determination of sulpha compounds: sulphadiazine,
sulphamethoxypyridazine and sulphamethoxazole in chicken breast samples.
QUEChERS is inexpensive, fast and easy, and the extraction of the analytes of the
matrix was successfully employed. In addition, the method presented linearity, in the
range of 30 to 200 pg kg™t for SDZ and 25 to 200 pg kg* for SMX and SPZ,
precision, selectivity and sensitivity. Therefore, the validated method is clearly useful
for the practical residue monitoring of the drugs evaluated in chicken samples, since
its performance meets all the requirements and criteria acceptable in accordance with
regulatory agency like the European Community and the Ministry of Agriculture,
Livestock and Supply of Brazil, for evaluation of residues in foods, aiming to

consumers’ safety.

Key-words: QUEChERS; sulphonamides determination; veterinary drugs residues;
chicken breast; HPLC-DAD
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1 Introduction

Sulphonamides (SAs) are antimicrobial agents most commonly used in
veterinary practice to treat diseases, to control and prevent infection and to promote
growth and production efficiency; they are inexpensive and offer a wide spectrum of
antimicrobial activity (Biswas, Rao, Kondaiah, Anjaneyulu & Malik, 2007; Mamani,
Reyes & Rath, 2009). The inappropriate or excessive use of these drugs can result in
the presence of drug residue in animal tissue, which contributes to the generation of
long-term health effects, including microbial antibiotic resistance, and can cause
potential adverse side effects in hypersensitive individuals (Chiaochan, Koesukwiwat,
Yudthavorasit & Leepipatpiboon, 2010). Thus, many efforts, such as monitoring
veterinary drug residues to ensure the safety of food, have been made to protect
consumers’ health.

To limit human exposure, the European Union (EU) has set maximum
residue limits (MRLS) for different food contaminants in a certain number of raw foods
on the basis of toxicological data, acceptable daily intake values and the performance
of current analytical technology. Within the EU, one of the main document stating the
MRLs of authorized veterinary drugs in food of animal origin is Council Regulation
2377/90/EC, which was repealed by Commission Regulation 470/2009 of the
European Parliament and the Council (European Commission, 2009). The
pharmacologically active substances that have an MRL (permitted), are contained in
Regulation 37/2010 of the Council, which provides an MRL of 100 pg Kg™ for SAs in
foods of animal origin, stating that the combined total residues of all substances
within the sulfonamide group should not exceed this MRL value (European
Commission, 2009). In Brazil, these limits are established in the Normative
Instruction 14, dated May 25, 2009, from the Ministry of Agriculture, Livestock and
Supply (MAPA, 2009).

Therefore, it is necessary to develop sensitive and easy analytical
methods that can be used routinely, comply with current legislation and allow for the
determination of residues of veterinary drugs in food of animal origin, thus ensuring
the safety of the supplied products.

In 2002, the European Union (EU) issued a specific regulation decision

(2002/657/EC) concerning the performance of methods and the interpretation of
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results in the official control of residues in products of animal origin. It was mandated
that some new parameters must be calculated, such as the limit of decision (CCa)
and detection capability (CCB) (European Commission, 2002).

For detecting antimicrobial residues in food, bioassay techniques are
widely used in screening methods because of their simplicity and low cost (Knecht,
Strasser, Dietrich, Martlbauer, Niessner & Weller, M. G., 2004; Lamar & Petz, 2007).
However, before samples are condemned for containing levels of antimicrobials
exceeding the stipulated levels, it is well recognized that these methods must be
supported by sufficiently selective and sensitive chemical methods (Bogialli & Di
Corcia, 2009). The low selectivity at the detection step created a need for highly
selective sample preparation that often included lengthy extractions and clean-up
procedures.

Several extraction methods have been used for SA-residue analysis;
however, most of them are long and tedious, involving liquid-liquid extraction (LLE) or
solid-phase extraction (SPE) (Koesukwiwat, Jayanta, & Leepipatpiboon, 2007), which
also include an additional step to precipitate the proteins. In many instances, LLE and
SPE were used in combination; for example, after deproteinization/analyte extraction
by means of a suitable organic solvent and solvent removal, the extracts were
subsequently purified using suitable SPE procedures (Biswas, Rao, Kondaiah,
Anjaneyulu & Malik, 2007). Procedures based on matrix solid-phase dispersion have
been proposed to simplify the extraction step (Kishida & Furusawa, 2001). Solid-
phase microextraction (SPME) has been used for the determination of SAs in meat
(Lu, Chen & Lee, 2007).

A significant step forward in reducing the time to process a sample was
described in 2003: the QUick, Easy, CHeap, Effective, Rugged and Safe
(QUEChERS) method by Anastassiades et al. for pesticide analysis. The greater
diversity in the chemical properties of veterinary drugs, compared to pesticides, has
made combining them into large analytical suites difficult; however, this method has
been used successfully by some researchers and is always accompanied by
detection based on mass spectrometry (Stubbings & Bigwood, 2009; Frenich,
Aguilera-Luiz, Vidal & Romero-Gonzalez, 2010). The QUEChERS method is based
on an acetonitrile extraction/partitioning of the contaminants and water, and proteins
are removed from the sample by salting out with sodium chloride and magnesium

sulphate, followed by a dispersive-SPE clean-up, which requires the addition of small
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amounts of bulk SPE packing sorbents to the extracts (Anastassiades, Lehotay,
Stajnbaher, & Schenk, 2003). Currently, there are no reports in the literature on the
analysis of SAs using the QUEChERS method and liquid chromatography with a
photodiode array detector (DAD).

Separation techniques, such as high-performance liquid chromatography
(HPLC) (Tsai, Chuang, Chen, Wu, Cheng & Huang, 2010) and capillary
electrophoresis (Kowalski, Plenis, Oledzka, & Konieczna, 2011; Chu, Zhang, Wang &
Ye, 2009; Mamani, Reyes & Rath, 2009), have been widely used to analyze SAs in
food samples. These techniques require elaborate sample preparation procedures
before quantitation to eliminate interferences from the food matrix and to concentrate
the analyte. The extent of the sample preparation depends on the detection device of
the chromatographic system in which the detection systems commonly used can be
more or less selective and sensitive. LC has been the most frequently used
instrumental technique coupled with UV, photodiode array detection (Christodoulou,
Samanidou & Papadoyannis, 2007; Garcia-Mayor, Garcinufio, Fernandez-Hernando
& Durand-Alegria, 2006) fluorimetric detection (Costi, Sicilia, & Rubio, 2010) and
mass spectrometry (Sheridan, Policastro, Thomas & Rice, 2008).

The aim of the work was to develop and validate a method for the
determination of selected veterinary antibiotics (three sulphonamides: sulphadiazine,
sulphamethoxypyridazine and sulphamethoxazole) in chicken breast. The chemical
structures and physicochemical properties of the studied analytes in this work are
shown in Table 1. The method involves an easy extraction technique based on the
QUEChERS procedure and analytical determination by a simple HPLC-DAD method,

which could be applied to quality control in routine analysis.

2 Experimental

2.1 Chemicals and reagents

Analytical standards of sulphadiazine (SDZ), sulphamethoxypyridazine

(SPZ) and sulphamethoxazole (SMX) were obtained from Sigma-Aldrich (St. Louis,
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MO, USA). Acetonitrle and methanol (HPLC-grade), anhydrous magnesium
sulphate, sodium acetate, analytical-grade disodium hydrogenphosphate and
potassium dihydrogenphosphate were purchased from Vetec (Rio de Janeiro, RJ,
BR), whereas phosphoric acid, acetic acid and the 25% ammonia solution (NH,OH)
were purchased from Merck-Schuchard (Munich, Germany). The primary secondary
amine (PSA)-bonded silica was supplied by Supelco (Bellefonte, PA, USA). Ultrapure
water was obtained from a Milli-Q gradient water system (Millipore, Bedford, MA,
USA). OASIS HLB (N-vinylpyrrolidone/ divinylbenzene copolymer) 200 mg/5 cm?®
cartridges (Waters, Milford, MA, USA) were used for clean-up during the
development of the extraction procedure.

Stock standard solutions of individual compounds (with concentrations of 1
g L™) were prepared by the exact weighing of the analytes powder and dissolved in
10 mL of methanol for SMX and SPZ; for the SDZ, the analyte powder was dissolved
in 10 mL of sodium hydroxide solution (0.025 mol L™?). Both solutions were then
stored at -20°C in the dark. A multicompound-working standard solution at a
concentration of 20 pug mL™ of each compound was prepared by the appropriate
dilutions of the stock solutions with methanol and stored in amber glass flasks closed
at -20°C in the dark. This solution was stable for 4 weeks, after which it was replaced
with a fresh solution. A buffer solution was prepared by dissolving 3.48 g of
potassium dihydrogenphosphate and 1.38 g of disodium hydrogenphosphate in 500
mL of ultrapure water and diluting it to 1000 mL. The pH of the phosphate buffer was
adjusted to 3.5 by adding 10% phosphoric acid solution.

2.2 Apparatus and software

Chromatographic analyses were performed using a Shimadzu system
consisting of a Model LC-10ATvp pump, a Model SIL-10AF auto injector, a Model
CTO-10ASvp column oven, and a Model SPD-M10Avp DAD detector. The data were
analyzed with Class-vp software, taking into account the peak area of the analytes.
The separation was carried out on a reverse phase octyldecylsilane C18 stainless
steel column Lichrospher 60 RP, Select B, 250 mm X 4 mm, 5 pum particle size

(Merck, Darmstadt, Germany), preceded by a precolumn cartridge of the same
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material. The chromatographic separation was carried out with a mobile phase
consisting of a mixture of acetonitrile:phosphate buffer (25:75, v/v), which was filtered
through a 0.45-um nylon filter with the assistance of a Millipore® support for filtration
and degassed using an ultrasonic bath (Unique, Ultracleaner) before analysis. The
mobile phase was monitored at a wavelength of 265 nm with a flow rate of 0.5 mL
min™ for 11 min, increasing by 1.2 mL min for 17 min, followed by a re-equilibration
time of 3 min at a flow rate of 0.5 mL min™, for a total run time of 20 min at a column
oven temperature of 40°C.

In the first step of sample preparation of the modified QUEChERS method,
a high-volume centrifuge was used, while in the second step and in solid-phase
extraction method, a Sigma 2-3 centrifuge was used. A Certomat (B. Braun Biotech
International) vortex mixer, a pH meter, a combined glass electrode (Nova Técnica,
Séao Paulo, Brazil), a Britania mixer and a Kern 410 analytical balance were also
used.

2.3 Sample preparation

The chicken breast samples were diced into small pieces and then
crushed in a mixer for 2 min at high speed; they were then deep-frozen until the
analysis. For the construction of the analytical curves, samples of chicken breast
purchased from local supermarkets were tested to verify the possible existence of the
analyzed medications. The blank samples were fortified with the multicompound

working standard solution.

2.3.1 Modified QUEChERS method

For the modified QUEChERS method, 10 g of crushed tissue sample was
taken into a 100-mL fortified glass centrifuge tube, and 15 mL of acetonitrile with 1%
acetic acid was added; the mixture was vortexed for 1 min. Afterward, 6 g of

anhydrous magnesium sulphate and 1.5 g of sodium acetate were added, and the
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tubes were vortexed immediately for 1 min, followed by centrifugation at 680 x g for
10 min. A volume of 7 mL of the supernatant was taken and placed in a glass tube
containing 175 mg of PSA and 1 g of anhydrous magnesium sulphate. The mixture
was shaken manually for 30 s, and the tube was centrifuged for 15 min at 1500 x g.
Following centrifugation, a 5-mL aliquot was transferred to another tube to be
evaporated to dryness under a stream of nitrogen at 40°C. The residual was
reconstituted in 1 mL of the mobile phase and centrifuged at 1500 x g for 10 min, and

100 pL was injected into the LC system.

2.3.2 Solid-phase extraction (SPE)

In order to evaluate the technique described in the item 2.3.1, the SPE, a
traditional sample preparation technique, was applied in the same samples. For this
purpose, the procedure was based on two procedures previously employed for the
determination of trimethoprim and sulfonamide residues in buffalo meat (Biswas,
Rao, Kondaiah, Anjaneyulu & Malik, 2007) and the determination of veterinary drugs
in honey (Martinez-Vidal, J. L.; Aguilera-Luiz, M. M; Romero-Gonzalez, R.; Garrido-
Frenich, A., 2009), with some modifications. For extraction, 50 g of crushed chicken
breast was taken into a 200-mL beaker, and 50 mL of ultrapure water was added.
The mixture was homogenized for 2 min using a mixer. After that, 2 g of homogenate
was accurately weighed in a glass tube of 15 mL by dispensing the homogenate with
the help of a micropipette of 1000-5000 pL capacity. Then, 4 mL of acetonitrile was
added to the sample, and the tube was held for 10 min at room temperature,
vortexed at high speed for 10 min, and finally centrifuged at 1500 x g for 15 min. A
volume of 4 mL of supernatant was transferred to another tube to be evaporated to
dryness under a stream of nitrogen at 40°C. The residual was reconstituted in 1 mL
of a solution of water pH 9.0:acetonitrile (75:25, v/v). It was prepared daily, adjusting
the pH of the water with a sodium hydroxide solution of 0.1 mol L™, and then loaded
into an OASIS HLB (200 mg) cartridge previously conditioned with 1 mL of methanol
and 1 mL of ultrapure water. The cartridges were washed with 1 mL of ultrapure
water and vacuum-dried for 2 min. The elution of analytes was carried out by adding

sequentially 1 mL of methanol, 1 mL of acetonitrile and 1 mL of 0.12% (v/v) of 25% of
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ammonia solution in methanol. The collected eluent was evaporate under a stream of
nitrogen, redissolved in 0.5 mL of the mobile phase and centrifuged at 1500 x g for

10 min; finally, 100 pL was injected into the LC system.

2.4 Method validation

For the QUEChERS method, the validation was carried out according to
internationally accepted criteria (European Commission, 2002), i.e., linearity,
selectivity, limit of quantification (LOQ), limit of detection (LOD), decision limit (CCa),
detection capability (CCpB), precision, recovery and accuracy. For the SPE method,
the validation was carried out also according to internationally accepted criteria
(European Commission, 2002), i.e., linearity, selectivity, accuracy and precision,
recovery, limit of quantification (LOQ), and limit of detection (LOD). Stability and
ruggedness were also evaluated.

The linearity, linear range and sensitivity were established through the
analytical curve obtained by six replicates of analysis for the three analytes, using six
concentration levels (30, 50, 100, 150, 175, and 200 pg kg™ for SDZ and 25, 50, 100,
150, 175, and 200 pg kg™ for SMX and SPZ) in the chicken breast matrix. Analytical
curves were constructed by plotting the peak area against the concentration of each
drug; they were evaluated by least squares regression analysis. The sensitivity is the
slope of the calibration graph. The interference of endogenous compounds was
assessed by analyzing drug-free samples and chicken breast spiked with SDZ, SPZ
and SMX.

The limit of detection (LOD) and limit of quantitation (LOQ) were
determined at the signal-to-noise ratios of 3 and 10, respectively, measured at the
approximate retention time of the corresponding analyte peak.

The critical concentrations for MRL compliance (CCa, where a = 0.05)
were calculated from the MRL value plus 1.64 times the standard deviation of the
fortified samples (n=20) at the MRL. The CCPB was obtained by adding CCa 1.64
times the same standard deviation.

Inter- and intra-day variability of the method was determined by analyzing

six replicates of three samples of low, medium and high concentrations (30, 100 and
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200 pg kg™ for SDZ and 25, 100 and 200 ug kg™ for SMX and SPZ). The intra-day
precision was evaluated on the same day (n=6/each level), while the inter-day
precision was evaluated on separate days (n=6) using different analysts. The results
were expressed as the relative standard deviation (RSD, %) of peak area
measurements.

For the recovery tests, SDZ, SPZ and SMX from chicken samples were
measured at three levels (30, 100 and 200 ug kg™ for SDZ and 25, 100 and 200 pg
kg™ for SMX and SPZ) prepared in six replicates. The efficiency of the extraction was
calculated by comparing the peak areas of the analytes to those obtained by the
analysis of spiked extracts of chicken blank samples, prepared as described above at
the same concentration.

The accuracy of the method was determined through the recovery at three
fortification levels (30, 100 and 200 g kg™ for SDZ and 25, 100 and 200 pg kg™ for
SMX and SPZ) in six replicate analyses. After extraction and chromatographic
analysis, the results were compared to the theoretically added values, and the results
were expressed as the relative error (%).

The SA stability was determined in the solvent (working standard solution
at 20 pg mL™) and in the matrix spiked at 100 pg kg™. The stability of the stock
standard solutions in methanol were analyzed for one month, and the instrumental
responses were compared to the peak areas obtained at the moment of solution
preparation. The chemical stability of the analytes in chicken samples was tested in
the following conditions: sitting at room temperature for 8 h (bench-top stability),
stored at -20°C and exposed to three freeze—thaw cycles. The extracts were tested
for 24 h (auto-sampler stability). For comparison, all the stability determinations were
assessed by preparing a set of freshly made samples. The analytes were considered
stable if the variation of the concentrations between the assays were less than 15%
of initial time response.

The method ruggedness was estimated for minor changes by means of
the Youden robustness test. Three different factors (Table 2) were chosen for the
entire analytical chromatographic conditions because of their possible critical

influence.
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3 Results and discussion

To ensure food safety, it is necessary to develop selective, sensitive, easy
and inexpensive analytical methods that comply with current legislation, allow the
routine, simultaneous determination of several compounds of veterinary drugs and
provide accurate quantitative data. In this study, a QUEChERS technique for the
determination of sulphonamides in chicken breast samples has been developed and
compared with a traditional SPE technique, using a N-vinylpyrrolidone/divinylbenzene
copolymer as a sorbent.

3.1 Chromatographic optimized conditions

Applying the Lichrospher 60 RP-Select B column (25 x 4.6 mm x 5 mm) at
40°C, the chromatographic separation was achieved in isocratic mode using a mobile
phase constituted by phosphate buffer:acetonitrile (75:25, v/v) at a flow rate of 0.5 mL
min™ for 11 min, increased by 1.2 mL min™ until 17 min, followed by a re-equilibration
time of 3 min at a flow rate of 0.5 mL min™ (total run time of 20 min) and detection at
265 nm. According to the UV spectrum, 265-270 nm was the maximum absorbance
of the analyzed sulphonamides. The use of the buffer with pH 3.5 in the mobile phase
maintained the efficiency of the separation of the compounds (pK, values of sulfa
drugs is shown in Table 1), allowing greater interaction with the stationary phase by
van der Waals forces. No interference was observed in the analytes’ retention time,
which was established as 10.1 minutes for SDZ, 12.7 minutes for SPZ and 16.5
minutes for SMX.

Table 3 presents the system suitability parameters, and Figure 1 shows
typical chromatogram of the analytes evaluated in the present study. The theoretical
plates (N) were calculated for the chromatographic column to evaluate the number of
separate layers, the tailing factor (T) was a measure of the peak tailing, the resolution
(Rs) described how well the species were separated, and the retention factor (k) was
used to describe the migration rate of analytes on a column. These data indicated

that the system was potentially suitable since the results of the test were considered
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satisfactory (plate count = 2000, resolution = 2.0 and tailing factor between 0.5 and
2.0) (US FDA, 1994).

Regarding robustness, the application of the Youden test consisted of the
introduction of minor simultaneous changes in possible critical factors, which were
chosen in the developed method according to an established experimental design
with the aim of identifying the critical factors that should be controlled to obtain
accurate assay results. Their selection and levels of variation are reported in Table 2.
The standard deviation of the differences between two levels of each factor was then
calculated, and the results obtained demonstrated that the only the variation in the %
of organic solvent in the mobile phase affected the results.

3.2 Development of QUEChERS method

Traditional sample preparation for sulphonamides in animal tissues
involves isolation with an organic solvent (e.g., methanol, acetonitrile, ethyl acetate),
followed by SPE with polar, non-polar or ion-exchange sorbent materials (Posyniak,
Zmudzki & Mitrowska, 2005). Dispersive SPE was previously used by Sergi et al. for
the determination of SAs from meat (Sergi, Gentili, Perret, Marchese, Materazzi &
Curini, 2007). Frenich et al. (Frenich, Aguilera-Luiz, Vidal & Romero-Gonzalez, 2010)
published a comparison of several techniques for veterinary drugs in eggs. Antibiotics
were extracted from the samples using a buffered QUEChERS methodology.

Animal tissues are known to be rich in protein components (U.S.
Department of Agriculture, 2009), which can bind to antibiotics, especially polar
compounds. Therefore, an appropriate sample treatment is essential for obtaining
reliable results in antibiotic analyses. Organic solvents, such as acetonitrile,
methanol, and ethanol, are commonly employed in the precipitation of proteins in
biological matrices. Acetonitrile typically provides high extraction efficiency and often
minimizes co-extraction of lipids from animal tissues (Chiaochan, Koesukwiwat,
Yudthavorasit & Leepipatpiboon, 2010).

In Figure 2, the original (unbuffered) and the buffered QUEChERS
methodologies applied in the present study can be compared. The buffered

methodology with acetonitrile could be highly suitable for the extraction of



75

sulphonamides evaluated from chicken breast, as this solvent can precipitate
proteins. After the addition of magnesium sulfate and buffering salts (pH 5-5.5), the
mixture is shaken intensively and centrifuged for phase separation. An aliquot of the
organic phase is cleaned up by dispersive SPE employing bulk sorbent (PSA) and
MgSO, for the removal of residual water. The final extract can be directly employed
for HPLC analysis. In the present study, the dryness step was evaluated, and it
provides an increment of the recovery of the analytes (Figure 2). In view of these
results, the step was included in the methodology, and the results of this parameter
are presented in Table 4.

The method was linear in the range evaluated for sulphonamides in
chicken breast samples (Table 4). The linear range established is satisfactory; it is
able to quantify the residue values (100 pg Kg™) in accordance with the European
Community (European Commission, 2002) and the Brazilian Agricultural Ministry
(MAPA, 2009). In addition, the deviation of the individual points from the calibration
curves was always lower than 20%. The matrix effect was also evaluated. Because
the presence of matrix components can affect the analysis and the selectivity, the
influence must be studied. For this purpose, the concentrations were analyzed in
pure solvent and in extracted blank chicken samples, and the slopes intercept of the
calibration curves were compared based on a t-test that revealed they were not
statistically different (p-value higher than 5%). The selectivity was evaluated by the
blank-sample analysis, and the chromatograms are shown in Figure 3.

The analytical method is able and sensitive enough to carry out residue
analysis for the sulphonamides studied, as the LOD and LOQ values are ten and
three times, respectively, lower than the MRLs (European Commission, 2002; MAPA,
2009).

Tests of inter- and intra-assay precision produced relative standard
deviations (RSD) acceptable (Table 5) according to the European Community
(European Commission, 2002), which recommends values below 15%, except for the
LQ, which must be less than or equal to 20%. Accuracy can also be verified in Table
5. To evaluate the validity of the proposed method, the test was carried out at three
levels, and the results can be considered satisfactory. According to the concept of the
European Commission Decision 2002/657/EC, the CCa (decision limit) and CCf
(detection capability) have been estimated in this case for permitted veterinary drug

substances. The values are presented in Table 5. With an MRL set at 100 ug kg™,
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CCa and CCB were always lower than 115 ug kg™.

3.3 Comparison of the proposed QUEChERS method and the SPE

To compare the results obtained with the QUEChERS method, the SPE
method was optimized in the laboratory. The modified procedure was based on two
procedures previously employed for the determination of sulphonamides in buffalo
meat (Biswas, Rao, Kondaiah, Anjaneyulu & Malik, 2007) and in honey (Martinez-
Vidal, J. L.; Aguilera-Luiz, M. M; Romero-Gonzalez, R.; Garrido-Frenich, A., 2009).
Several solvents were tested for the conditioning, washing and elution steps. For an
acceptable recovery, the sorbent was previously conditioned with methanol and
ultrapure water and washed with ultrapure water. The analytes were then eluted by
adding sequentially methanol, acetonitrile and 0.12% (v/v) of 25% of ammonia
solution in methanol.

The linearity is demonstrated in Table 6, and the SPE procedure was
sensitive enough to carry out the residue analysis for the sulphonamides studied, as
the LOD and LOQ values were lower than the MRLs (European Commission, 2002;
MAPA, 2009).

Tests of repeatability, recovery and accuracy of the produced results,
employing the SPE methodology, are acceptable (Table 7) according to the European
Community (European Commission, 2002).

When the extraction methods were compared in terms of the initial amount
of sample and final concentration in the elution solvent, it can be noted that SPE
provided a concentration approximately 60 times higher than the QUEChERS
methodology, indicating that solid-phase extraction introduces low amounts of matrix
in the chromatographic system and the effect of matrix can be minimized (Figure 3).
However, the procedure is tedious and time consuming (6 samples/hour).
Nevertheless, QUEChERS is a fast and inexpensive procedure, and the evaporation
of the solvent permitted the concentration of the analytes in the extract with higher
analytical frequency (12 samples/hour). Though the SPE method produced low
values of detection and quantitation limits, by employing QUEChERS, the limits are

satisfactory for the application of residue monitoring of sulphonamides.
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To evaluate the stability, freeze-thaw cycles and storage at room
temperature for 8 h (bench-top stability), tests were performed, and the analytes
remained stable in the samples. In the extracted samples, the analytes remained
stable for 24 h in the equipment auto-sampler. A 20 ung mL™ solution stored at -20°C
remained stable for one month. The analytes were considered stable in the condition
evaluated if the variation in the concentrations was less than 15% of initial time
response.

To evaluate the applicability of the proposed QUEChERS method, six
samples from different brands and supermarkets from Alfenas (Brazil) were analyzed
(n=3/sample). The samples were also analyzed by the SPE methodology. In both
methods, none of the samples showed contamination of the sulphonamides studied
at detectable levels.

4 Conclusions

A QUEChERS-HPLC-DAD method has been proposed for the
simultaneous determination of sulpha compounds: sulphadiazine,
sulphamethoxypyridazine and sulphamethoxazole. QUEChERS is inexpensive, fast
and easy, and the extraction of the analytes of the matrix was successfully employed
in chicken breast samples. In addition, the method presented linearity, precision,
selectivity and sensitivity. Therefore, the validated method is clearly useful for the
practical residue monitoring of the drugs evaluated in chicken samples, as all the

values were within the acceptable criteria used for food safety.
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Chemical structure, octanol-water partition coefficients (log Kyy) and ionization

constants (pKa; and pKa,) for sulphonamides.

Sulphonamide antibiotic Chemical Log Kow pKay pKa;
structure

Sulphadiazine H -0.09 1.64 6.5

Sulphamethoxypyridazine Ny 0.32 2.18 7.19

0.89 1.39 5.81

Sulphamethoxazole @ fi

*Adapted from Costi, Sicilia & Rubio, 2010.
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Table 2
Ruggedness parameters for chromatographic parameters optimized
PARAMETERS NOMINAL VARIATION
(+) )
Mobile phase pH 3.5 3.3
% of organic solvent in mobile phase 25 30

Column temperature (°C) 40 35




83

Table 3
System suitability parameters® calculated for sulphonamides determination by the

chromatographic conditions optimized

Drug N Rs T k

sulphadiazine 6248.08 0.00 1.04 9.12
sulphametoxypyridazine 31744.44 3.22 1.00 11.68
sulphamethoxazole 38966.76 6.22 0.89 15.54

®N= plate number; Rs= resolution; T= tailing factor; k= retention factor for the first
analyte eluted.
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Table 4

Linear regression data for sulphadiazine (SDZ), sulphametoxypyridazine (SPZ) and
sulphamethoxazole (SMX) limits of detection (LOD) and quantification (LOQ), in
chicken breast samples analysed by QUEChERS-HPLC-DAD proposed method.

Compound Linear slope intercept r?value LOQ LOD
range (Mg kg™) (Mg kg™)
(Mg kg™)
SDZ 30-200 688.42 -3185.3 0.9929 30 13
SPzZ 25-200 351.51 4446.7 0.9924 25 10

SMX 25-200 332.19 -6304.6 0.9936 25 10
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Table 5

Intra-day and inter-day precision, accuracy, recovery, decision limit (CCa) and
detection capability (CCB) for sulphadiazine (SDZ), sulphametoxypyridazine (SPZ)
and sulphamethoxazole (SMX) in chicken breast samples analysed by QUEChERS-
HPLC-DAD proposed method.

Parameter SDZ SPZ SMX
Intra-day

precision

(RSD, %)

30 pg kg™ 3.56 9.03 10.90

100 pg kg™ 10.84 6.97 8.57

200 pg kg™ 8.56 14.09 1.90
Inter-day

precision

(RSD, %)

30 pg kg™ 9.65 2.50 10.19

100 pg kg™ 6.48 1.68 2.44

200 ug kg™ 1.53 4.07 2.07
Accuracy ?

(relative error, %)

30 pg kg™t -8.57 (9.12) 11.48 (2.95) +11.87 (8.03)
100 pg kg™ +2.08 (6.40) +6.24 (1.74) -5.59 (2.23)
200 pg kg™ +7.86 (1.52) -4.55 (4.17) +9.46 (2.01)
Recovery (%)

30 pg kg™ 74.5 95.8 88.5

100 pg kg™ 94.2 87.5 75.2

200 g kg™ 98.7 85.7 88.6

CCa (ug kg™ 104.7 103.3 110.6

CCB (ug kg™) 108.4 105.7 114.8

% Relative standard deviation is given in brackets (n=6/ each level)
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Linear regression data for sulphadiazine (SDZ), sulphametoxypyridazine (SPZ) and

sulphamethoxazole (SMX) limits of detection (LOD) and quantification (LOQ), in
chicken breast samples analysed by SPE-HPLC-DAD method.

Regression line

Compound Linear slope intercept r?value LOQ LOD
range (Mg kg™ (Mg kg™)
(Mg kg™)
SDz 25-200 618.08 4146.5 0.9977 15
SPz 25-200 563.14 169.22 0.9987 15
SMX 25-200 320.76 636.04 0.9965 15
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Table 7

Intra-day precision, accuracy and recovery for sulphadiazine (SD2),
sulphametoxypyridazine (SPZ) and sulphamethoxazole (SMX) in chicken breast
samples extracted by SPE-HPLC-DAD.

Parameter SDZ SPZ SMX
Intra-day precision

(RSD, %)

30 pg kg* 8.87 8.18 11.90
100 pg kg™ 5.50 1.50 14.51
200 pg kg™ 8.33 10.73 11.15
Accuracy ?

(relative error, %)

30 pg kg™ -9.89 (7.55) +4.25 (8.23) +0.34 (12.37)
100 pg kg™ +0.66 (5.32) -0.14 (1.50) +1.18 (14.65)
200 pg kg™ +1.88 (8.24) +1.16 (10.74) +0.69 (11.18)
Recovery

30 pg kg™ 57.39 69.75 63.42

100 pg kg™ 69.60 73.07 66.46

200 pg kg™ 63.42 66.46 70.90

% Relative standard deviation is given in brackets (n=6/ each level)
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Figure captions

Fig. 1. Typical chromatogram of the standards solutions of the sulphonamides
analysed at 200 ng mL™ (1) sulphadiazine; (2) sulphamethoxypyridazine; (3)

sulphamethoxazole, in the chromatographic conditions evaluated.

Fig. 2. (A) Comparison of the original and buffered QUEChERS method in the
recovery of sulphonamides. (B) Effect of preconcentration step in the QUEChERS

method.

Fig. 3. Chromatograms of QUEChERS method: (A) blank chicken sample; (B) blank
chicken sample fortified at 100 pg kg™. Chromatograms of SPE method: (C) blank
chicken sample and (D) blank chicken sample fortified at 100 ug kg™. All analysis
was performed in the chromatographic conditions optimized.
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5 CONCLUSOES

Os resultados obtidos permitem concluir que:

o A metodologia analitica para determinagdo simultanea de
sulfametoxazol (SMX) e trimetoprima (TMP) em medicamentos veterinarios,
empregando cromatografia liqguida com detector ultravioleta, em fase reversa e
eluicdo isocratica, proporcionou separacdo cromatografica dos analitos, nas
condicbes otimizadas. O método apresentou linearidade, com coeficiente de
determinacdo maior que 0,999 para os dois analitos, precisdo intra-ensaio, com
desvio padréo relativo (DPR) variando de 0,4 a 1,0% para o SMX e entre 0,8 e 0,9%
para a TMP, e precisao inter-ensaio, com variacéo entre 0,4 e 2,6 % para SMX e 0,9
e 3,1% para TMP. O método também apresentou exatiddo, com valores entre 99,3 a
100,1%, além de robustez, sendo considerado rapido, simples e adequado para
aplicacdo no controle de qualidade de medicamentos veterinarios, uma vez que
atendeu aos requisitos preconizados pelo Guia de Validagdo de Métodos, Resolucéo
n°899, de 29 de maio de 2003, da Agéncia Nacional de Vigilancia Sanitaria;

. A metodologia analitica para quantificacdo de sulfonamidas em carne
de frango, empregando cromatografia liquida com detector ultravioleta, em fase
reversa e eluicdo isocratica, proporcionou separacdo cromatografica dos analitos,
nas condi¢Bes otimizadas. O método apresentou seletividade e linearidade entre 30
e 200 pg kg*,para a SDZ e de 25 a 200 pug kg™, para a SPZ e SMX, com coeficiente
de determinacdo maior que 0,99, para os trés analitos; repetibilidade, com DPR
entre 3,6 e 10,8%, para a SDZ, entre 7,0 e 14,1%, para a SPZ e entre 1,9 e 10,9%,
para o SMX, e precisao intermediaria, com DPR entre 1,5 e 9,7%, para a SDZ, 1,7 e
4,1% para a SPZ e entre 2,1 e 10,2%, para o0 SMX. A detectabilidade pode ser
considerada satisfatéria, uma vez que foi possivel obter valores de limite de
deteccdo de 13 pg kg?, para a SDZ e 10 pg kg, para a SPZ e SMX e de
quantificacdo de 30 ug kg™, para a SDZ e 25 pug kg™, para a SDZ e SMX, e o limite
maximo de residuo, preconizado pelo Ministério da Agricultura, Pecuéaria e
Abastecimento do Brasil (MAPA), é igual a 100 pg kg™. Os valores de CCa para os
analitos foram de 104,7 pg kg para a SDZ, 103,3 pg kg, para a SPZ e 110,6 ug kg’
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! para o SMX, e os valores de CCP foram 108,4 ug kg™, para a SDZ, 105,7 ug kg™,
para a SPZ e 114,8 ug kg, para o SMX. Assim, o método desenvolvido pode ser
considerado uma alternativa para o emprego em laboratoérios analiticos, visando o
monitoramento de residuos de SMX, SPZ e SDZ em amostras de peito de frango,
uma vez que seu desempenho atendeu a todos 0s requisitos e critérios aceitaveis,
de acordo com o6rgdos regulatorios como a Comunidade Européia e o MAPA,
contribuindo assim para a seguranc¢a do consumidor.

o A partir dos achados desse estudo, sugere-se que a cromatografia
liguida com detector de arranjo de diodos é técnica util na andlise rotineira dos
farmacos avaliados, tanto em niveis elevados, tais como os apresentados em
medicamentos veterinarios, quanto em niveis residuais, tais como os apresentados

em amostras de peito de frango, quando devidamente validada.
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