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RESUMO

Rigato, Hamilton Modesto — Determinacdo do perfil farmacocinético de anti-
inflamatorios ndo hormonais aplicados a clinica — Faculdade de Ciéncias Médicas;
Universidade Estadual de Campinas, 2011. Tese de Doutorado.

Objetivo: O presente trabalho teve por objetivo avaliar o perfil farmacocinético do
diclofenaco de colestiramina (capsula de 140mg) e de duas apresentacdes
farmacéuticas (comprimidos 100mg e suspensao oral 50mg/mL) de nimesulide
realizado em voluntarios sadios de ambos os sexos e relaciona-los aos desfechos
clinicos em enzimas do painel hepatico e da contagem de plaquetas. Materiais e
métodos: Os estudos foram do tipo aberto, aleatério, cruzado, em dois periodos.
As amostras de sangue foram analisadas em cromatografia liquida de alta
eficiéncia acoplada, a um detector de ultravioleta (UV) para o primeiro farmaco, e
a um espectrometro de massa (EM/EM) para outro. Os valores séricos do painel
hepatico e contagem de plaquetas foram comparados pré e pds-medicacgéo.
Resultados: As razdes geométricas e respectivos 90% do IC para a capsula de
diclofenado de colestiramina/Flotac® 140 mg foram 100.22% (84.99 - 118.19%)
para a Cuax € 90,53% (82.86-98.91%) para a ASCuLtivo. Os valores para o
comprimido de Nimesulide/Nisulid® 100mg foram 85.96% (77.54 — 95.30%) para a
Cumax € 93.91% (84.42 — 104.46%) para a ASCy.mivo, € a formulagao de suspensao
oral de Nimesulide/Nisulid® 50mg/mL obteve 100.1% (91.05 — 110.15%) para Cuax
e 107.7% (99.74 — 116.39%) para ASCy.timo- Quanto ao desfecho clinico foi
observada elevacao significante no parametro de ALT para o diclofenaco de
colestiramina e na formulagdo comprimido de nimesulide. A formulacdo de
suspensao oral teve elevacao significante para o parametro de ALP. Nao foi
observada diminuicdo na contagem de plaquetas. Conclusdo: Considerando que
90% dos intervalos de confianca das razdées de Cwuax € ASCyLmimo, S€ encontram
dentro de 80-125% do intervalo proposto pelo FDA e aceita pela ANVISA,
concluiu-se que a formulacao de capsula de diclofenaco de colestiramina (140mg)
e a formulacdo de suspensao oral (50mg/mL) de nimesulide sao bioequivalentes
em relacdo a taxa e extensdao de absorcdo e que a formulagdo comprimido de
nimesulide (100mg) ndo é bioequivalente ao Nisulid® com relacdo a taxa de
absorcao. Clinicamente os medicamentos se mostraram seguros mesmo
apresentando alteragbes estatisticamente significantes nos parametros clinicos
avaliados.

Palavras chave: Farmacocinética; Antiinflamatérios nédo  Esterdides;
Cromatografia Liquida; Toxicidade de Drogas.
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ABSTRACT

Rigato, Hamilton Modesto — Determination of the Pharmacokinetic profile of the
non-steroidal anti-inflammatory drugs related with clinic outcomes - Faculty of
Medical Sciences; State University of Campinas, 2011. Doctoral Thesis.

Objective: The present work aims to evaluation the pharmacokinetic profile of the
diclofenac-cholestyramine (140mg capsule) and two pharmaceuticals formulations
(100mg tablets and 50mg/m oral suspension) of nimesulide in healthy adult
subjects related with clinic outcomes in the hepatic enzymes panel and platelet
count. Method: The studies were open, randomized, simple crossover balanced
with two periods. The blood samples were analyzed by high performance liquid
chromatography coupled to ultraviolet detection in diclofenac formulations. For
nimesulide a mass espectrometer was performed (MS/MS). Seric enzymes from
liver panels and whole blood platelet count was compared with pre and post single
dose treatment. Results: The geometric mean and 90% confidence intervals (Cl)
for the diclofenac-cholestyramine/Flotac® ratio were 100.22% (84.99 - 118.19%) for
Cwmax and 90,53% (82.86—98.91%) for AUC_ast. The geometric mean and 90%
confidence intervals (Cl) for the Nimesulide/Nisulid® 100mg tablet were 85.96%
(77.54 — 95.30%) for Cuax and 93.91% (84.42 — 104.46%) for AUCasT, and for the
oral suspension 50mg/mL were 100.1% (91.05 — 110.15%) for Cuax and 107.7%
(99.74 — 116.39%) for AUC_ast. For the hepatic enzyme panel was observed
significant rise in the ALT for diclofenac-cholestyramine and nimesulide tablet. The
oral suspension was significant rise in the ALP parameter (p<0.05). No platelet
count decrease was observed. Conclusion: Since the 90% CI for Cuax and
AUC asT ratios were all inside the 80-125% interval proposed by the US Food and
Drug Administration and accepted by ANVISA, it is concluded that the diclofenac-
cholestyramine 140mg capsule and the nimesulide oral suspension formulation
50mg/mL are bioequivalent in regard to both extent and rate of absorption. The
nimesulide 100mg tablet is not bioequivalent to Nisulid® 100mg tablet with respect
to the rate of absorption. Clinically all the evaluated pharmaceuticals are safety
despide the significant changes in the hepatic enzymes panel observed.

Key Words: Pharmacokinetics; Anti-Inflammatory Agents, Non-Steroidal;
chromatography, Liquid; Drug Toxicity.
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1. INTRODUCAO




Agentes anti-inflamatérios

Os anti-inflamatérios nao hormonais, também denominados nao
esterdides (AINEs) sdo os agentes terapéuticos mais amplamente utilizados no
mundo. Muitos desses farmacos apresentam trés tipos de efeitos principais: os
efeitos anti-inflamatorios, que modificam a reagcado inflamatéria; os efeitos
analgésicos, que reduzem certos tipos de dores e os efeitos antipiréticos, que

reduzem a temperatura corpérea elevada'’.

O processo inflamatério € desencadeado normalmente pela acdo de um
estimulo nocivo externo ou um “corpo estranho” que, causando uma injuria
tecidual, resulta na liberacdo de &cido araquidénico, através da agcédo da enzima
fosfolipase A2 nos fosfolipidios de membrana. Posteriormente, o acido
araquidénico é convertido em prostaglandinas através da acdo de um complexo

)@12) A acdo das prostaglandinas no

enzimatico denominado ciclooxigenase (Cox
processo inflamatério agudo € responsavel pelos sinais cardinais de rubor, calor,
tumor e dor. O processo inflamatério pode ser controlado com a utilizacdo da
terapéutica medicamentosa através da inibicdo da Cox e consequientemente da
formacgao das prostaglandinas.

Em 1991 foi descoberta em estudos com embrides de galinhas, uma

2-5, 8-12

forma induzivel da Cox! ) apesar de similar a forma constitutiva ja conhecida

)@ 8 1012 tinha uma estrutura diferente e era

(ciclooxigenase tipo 1/Cox1
codificada por um gene diferente, passando a ser denominada ciclooxigenase tipo
2/Cox2"®. Deste momento em diante, foi atribuida a enzima Cox1 a
responsabilidade em liberar prostaglandinas protetoras e fisiolégicas, e que sua
inibicao resultaria nos efeitos adversos dos AINEs como sangramento e ulceracao

no trato gastrointestinal (TGI), broncoconstricdo, diminuicdo fungcao plaquetaria e
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dos efeitos uterotdnicos e da fungéo renal'®. Casos de dispepsia, dor abdominal e
nausea sao reclamacdes de mais de 50% de pacientes que consumiram AINEs
por um curto periodo de tempo®, tal desconforto diminufa quanto mais

seletividade para a Cox2 o AINE apresentava.

Durante a inflamagéao, enquanto a atividade de Cox1 aumenta em 3 vezes
a da Cox2 se eleva 20 vezes''®. Desta forma, a enzima Cox2 seria responsavel
em liberar prostaglandinas relacionadas ao processo infamatorio, e que resultaria
em dor, febre e inflamacao, ficando sua inibicio como benéfica no processo
inflamatério, ndo interferindo na fungdo plaquetaria™. A partir disto, iniciou-se
uma corrida industrial para sintese de AINEs inibidores seletivos e altamente
seletivos para Cox2, evitando os efeitos colaterais, como a toxidade do TGl, que a

inibicdo da Cox1 acarretava'™®.

Assim, com a presencga deste novo tipo de farmaco, surgiu a classificacao
de seletividade entre os medicamentos inibidores da Cox sendo uma delas:
seletivos para Cox1, ndo-seletivos para Cox1, seletivos para Cox2 e altamente

seletivos para Cox2'.

Porem, esse tipo de classificagdo vai depender do sistema empregado em
cada tipo de estudo ou ensaio, resultando em muitas vezes na inclusdo de um
mesmo farmaco, em diferentes categorias como a inclusdo do celecoxibe,
meloxicam, nimesulide e rofecoxibe como farmacos seletivos para Cox2'”, e

18-20) ' entendendo-se

ficando o diclofenaco com um AINE nio seletivo para Cox2'
qgue ele ndo seria altamente seletivo, entretanto, tendo uma inibicdo preferencial

da Cox2.

A seletividade de um AINE é determinada in vitro pela relacdo de ICsg

(concentracdo que inibe 50% da maxima inibicado da Cox). Quanto menor o ICs
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mais potente é a droga. A seletividade para Cox2 de um AINE pode ser definida
pela razao entre o ICsp para Cox2 sobre o ICsy para Cox1. Valores menores que 1
(um) séo considerados AINEs seletivos de Cox2 e maiores que 1 (um) podem ser
considerados seletivos para Cox1, ficando os farmacos com valores proximos a
um denominados nao seletivos da Cox!'. A tabela 1 compara a atividade de

diversos AINEs quanto sua relagdo Cox2/Cox19.

Tabela 1. Atividade comparativa de diversos AINEs quanto a
razdo Cox2/Cox1.

Farmaco Cox2/Cox1
Inibidores nao seletivos de Cox2

Piroxicam 600
Tolmetina 175
Aspirina 166
Sulindaco 100
Indometacina 60
Acido Tolfenamico 16,7
Ibuprofeno 15
Paracetamol 7,4
Salicilato de sédio 2,8
Flurbiprofeno 1,3
Carprofeno 1
Diclofebaco 0,7
Naproxeno 0,6
Inibidores seletivos de Cox2

Meloxicam 0.8
Nimesulide 0.1
Etodolaco 0,1
Celecoxibe 0,003

No entanto, com o passar do tempo, varios estudos demonstraram que a
Cox2 também possui fungdes fisioldégicas, ndo tendo papel somente em estados
patol6gicos como se pensava, sendo importante na producao de prostaglandinas

essenciais no reparo de ulceragdes gastrointestinais®’, producdo de

22, 23) 4, 9)

prostaglandinas vasodilatoras renais® e cardiacas' , reparo ésseo e na

osteointegracdo de implantes dentarios®.

Introdugao
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Entretanto o amplo emprego de AINEs altamente seletivos da Cox2
(COXIBEs) na década passada pelos profissionais de saude era vista como um
fildo de ouro para as industrias farmacéuticas. Porem em 30 de setembro de 2004
sua efetividade foi colocada em cheque, pela retirada voluntaria do mercado
mundial do medicamento Vioxx® (rofecoxibe) do laboratério Merck & Co., Inc., que
até naquele momento, era o farmaco mais vendido no mundo. Tal medida foi
atribuida ao aumento do risco de acidentes vasculares cardiacos em pacientes

que consumiam o farmaco por mais de 18 meses®* ).

Diante deste cenario e pelo fato das reacdes adversas aos medicamentos
(RAMs) serem relacionados como um efeito de classe dos COXIBEs, em 2005 sua
prescricdo passou a seguir as recomendagbes da Camera Técnica de
Medicamentos (CATEME)®®, necessitando atualmente de receituario “C1” (duas

vias com retengao)®”.

Nesse mesmo ano, o mesmo aconteceu com o medicamento Bextra®
(valdecoxibe) fabricado pela Pfizer que foi retirado do mercado mundial em 2005
pelo potencial aumento do risco de acidentes cardiovasculares graves e de
reacdes de pele graves como: necrose epidérmica, sindrome de Stevens-Johnson
e eritema multiforme. Diante de tais RAMs sua relacdo risco/beneficio ficou
desfavoravel e farmacologicamente ndo possuia qualquer vantagem acima dos
outros  AINEs disponiveis®. No Brasi em 2008 o Bextra®
Intramuscular/Intravenoso (IM/IV) (parecoxibe) ficou restrito para utilizagao

somente em ambiente hospitalar®®”.

Nesse mesmo ano o Plexige® (lumiracoxibe) foi retirado do mercado

nacional por ter um perfil de seguranca, incluindo reacdes adversas hepaticas
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graves, que superava sua relagao risco-beneficio com eficacia terapéutica similar

a outros AINEs®”),

Ficaram disponiveis no mercado Brasileiro dois COXIBEs: o Arcoxia®
(etoricoxibe) que cancelou sua apresentacao de 120mg por entender que 0S riscos
dessa dosagem superavam seus beneficios, mantendo somente suas formulagdes
de 60mg de 90mg com adequacdo do texto de sua bula; e o Celebra® (celecoxibe)
que manteve suas apresentacbes de 100mg e 200mg, também sofrendo

modificacdes em sua bula®”.

Diante desta nova avaliacdo dos COXIBEs somados as recomendacoes
da CATEME, as prescricdes de AINEs ditos Standards ou padrbes, acabaram
sendo reavaliadas e apesar de causarem maiores desconfortos no TGl, possuiam
comprovadamente boa acao anti-inflamatéria (Al). Nesse momento a tematica
sobre efeitos adversos dos AINEs vieram a tona, gerando um maior cuidado por

parte dos prescritores mais conscientes.

Pelo exposto, foram selecionados neste trabalho dois AINEs, seletivos
para Cox2, porem com diferentes relagdes inibitérias de Cox1/Cox2, amplamente
conhecidos e empregados a tanto na clinica médica quanto odontoldgica: o
nimesulide (100mg) e o diclofenaco em associacdo a colestiramina (140mg),

20. 29 Ambos sdo comercializados no

sendo o primeiro mais seletivo para Cox2'
Brasil em formula¢des genéricas e venda sob prescricdo meédica em receitudrio

“C2” (sem retencéo de receita).

O emprego otimizado de AINEs respeitando sua classe farmacoldgica, seu
perfil farmacocinético, sua acao farmacolégica e sua posologia é um exercicio que

envolve muitos conhecimentos ao mesmo tempo e que quando bem empregado,
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contribui muito para a efetividade da prescricdo bem como para o uso racional de

medicamentos.

Neste sentido ressalto a importdncia dos prescritores médicos e
cirurgides-dentistas quanto ao conhecimento do perfil farmacocinético de AINEs.
Na odontologia alem de seu uso para controle de odontalgias, seu emprego no
preparo do paciente para uma intervengao cirurgica tem se tornado frequente.
Existem dois mecanismos possiveis para explicagao da eficacia da administracao
de AINEs antes de uma intervencao cirdrgica: primeiro, por uma vantagem
farmacocinética, onde sua tomada prévia garante niveis sanguineos que estardo
presentes antes da instalacao da dor; e segundo pela presenca de um inibidor de
Cox estar presente no local cirurgico, e limitar a produgcéo de prostaglandinas e

prostaciclinas associadas a hiperalgesia e edema'”.

A observancia da acdo de AINEs em sistemas hemostaticos como a
coagulacao é de suma importancia para seu emprego pré-cirurgico, pois AINEs
seletivos para Cox1, preferenciais para Cox1 e alguns seletivos para Cox2 alteram
o tempo de coagulacao diminuindo a agregacao plaquetaria e conseqliientemente
prolongando o sangramento. Este efeito € indesejado para uma intervengéo
cirurgica porem é muito desejado em pacientes com histérico de infarto do
miocardio, onde se objetiva a diminui¢cdo da coagulabilidade do sangue, acao essa
muito conhecida pelo AAS cardiolégico®. O nimesulide nao interfere nesse
importante mecanismo hemostéatico®”, o diclofenaco pode inibir em ate 20% a
agregacao plaquetaria®. Este conhecimento associado a sua agdo farmacolégica
garante o menor emprego de Als e analgésicos apds o procedimento cirdrgico, e
consequentemente, menor ocorréncia de efeitos adversos. A simples manutencao

do estado de equilibrio farmacol6gico de um Al realizado pela correta posologia
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vai evitar que pacientes fagcam uso de outros Als ou analgésicos para controle da

dor.

Através do perfil farmacocinético também se permite prescrever uma
posologia mais confortavel, diminuindo as ingestées das diferentes apresentacdes
farmacéuticas. Nos casos de comprimidos orais podemos encontrar Al de uma
tomada diaria como é caso o meloxicam 15mg para artrite reumatéide; celecoxibe
200mg para osteoartrite; etoricoxibe 60mg para osteoartrite e dor cronica e

etoricoxibe 90mg para artrite reumatéide e espongilite anquilosante.

Outros AINEs precisam ser ingeridos duas vezes ao dia como € o caso do
nimesulide 100mg ou trés vezes ao dia como o diclofenaco 50mg. Entretanto
foram desenvolvidos sistemas de liberagdo de medicamentos que permitem
aumentar sua biodisponibilidade como é o caso da associacdo com
betaciclodextrina ao nimesulide® e também mudar sua posologia para duas
tomadas diarias, como € o caso da associacdo da colestiramina ao diclofenaco
(diclofenaco resinato) que propicia uma melhora farmacolégica para sua absorgcéo
e protecdo gastrica®, com concentragdes plasmaticas por até 12h e equivale a

70mg de diclofenaco®®.

Uma das maneiras de determinar o perfil farmacocinético em estudos
controlados de medicamentos é através de estudos de bioequivaléncia. Esses
estudos foram estimulados com a Lei N 9.787 de 1999 que instituiu os
medicamentos genéricos no Brasil e cuja finalidade era prover medicamentos de

qualidade certificada a um custo mais reduzido®.

Medicamentos genéricos e bioequivaléncia
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Definimos medicamento genérico como sendo equivalente farmacéutico
em relacdo ao medicamento de referéncia ou inovador, que se pretende ser com
este intercambiavel, geralmente produzido apds a expiracdo ou renuncia da
protecdo patentaria ou de outros direitos de exclusividade, comprovada a sua

eficacia, seguranca, qualidade®

A intercambialidade, ou seja, a segura substituicao do medicamento de
referéncia pelo seu genérico € assegurada por testes de bioequivaléncia
apresentados a Agéncia Nacional de Vigilancia Sanitaria, do Ministério da Saude.
Essa intercambialidade somente podera ser realizada pelo farmacéutico
responsavel, pela farmacia ou drogaria e deverd ser registrada na receita

médica‘®®.

Segundo os numeros de registros de medicamentos genéricos, 0s
farmacos que controlam dor, inflamagédo e febre representam 24,97% desses
registros ficando somente atras dos antibidticos, que totalizam 31,30% dos

registros®).

Para o0 medicamento genérico, o fabricante deve investir no
desenvolvimento farmacotécnico de um produto que cumpra com as mesmas
especificacdes in vitro, em relagdo ao medicamento de referéncia. Entretanto,
aceita-se que a formulacao e o processo de fabricagdo nao sejam idénticos, o que
geralmente ocorre devido aos diferentes equipamentos e fornecedores de
matérias-primas empregados por distintos fabricantes, desde que essas

diferencas ndo comprometam a bioequivaléncia entre os produtos®®.

Nesse contexto, é fundamental ressaltar que diferencas em relagédo a
caracteristicas fisicas e fisico-quimicas do farmaco e demais componentes da

formulacdo, bem como nos processos de fabricacdo, podem gerar diferencas na
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biodisponibilidade que, no caso do genérico, podem comprometer a
bioequivaléncia e, conseqlentemente, a intercambialidade. Entretanto, tal fato
pode ser evitado realizando-se o desenvolvimento farmacotécnico do produto de

forma adequada®?.

A legislacao brasileira, tendo como base a regulamentagdo técnica e a
experiéncia de diversos paises na area de medicamentos genéricos, estabelece
que para um medicamento ser registrado como genérico € necessario que se
comprove sua equivaléncia farmacéutica e bioequivaléncia (mesma
biodisponibilidade) em relagdo ao medicamento de referéncia indicado pela

ANVISAH9).

Considera-se biodisponibilidade como sendo a taxa e a extens&o na qual
uma molécula ativa é absorvida e torna-se disponivel no sitio de agdo do farmaco.
Considerando-se que a quantidade do farmaco contida no fluido biolégico esta em
equilibrio com o sitio de acdo, a biodisponibilidade é determinada através da
medida da concentragdo do principio ativo do farmaco em sangue total, soro ou

outro fluido biolégico apropriado, em fungéo do tempo™?.

Dois medicamentos sdo considerados bioequivalentes se as suas
quantidades e velocidades de absorcdo nado apresentam diferencas
estatisticamente significativas, quando administrados @ mesma dose molar do
principio ativo, sob as mesmas condicées experimentais. Um estudo de
bioequivaléncia refere-se basicamente a comparacdo das principais medidas

farmacocinéticas observadas no experimento, relativas aos produtos a serem

testados™*?.

As agencias reguladoras usam como principais parametros

farmacocinéticos para atestar a bioequivaléncia dos farmacos os valores de Cyax
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(ng/ml); Tmax (h); T2 (h); ASCuitivo ((ng x h)/ml); ASCine ((ng x h)/ml), Essas
medidas sao obtidas diretamente das curvas de concentracao sangliinea versus
tempo, construidas no estudo. A bioequivaléncia é atestada quando 90% do IC
das médias geométricas da razao da formulacao teste/formulacédo referencia se

42, 43

encontram dentro da faixa de 80-125 % aceitaveis pelo FDA' ) e pela

ANVISAH9).

Seguranca Farmacoldgica dos AINEs

Atualmente dispomos de medicamentos mais especificos, mais potentes e
de manejo mais delicado, como conseqléncia direta da descoberta de novos
mecanismos fisiolégicos, bioquimicos e farmacol6gicos e do desenvolvimento de
novas formulacdées. Além disso, novos conceitos sobre farmacocinética e
biodisponibilidade, como também a descricdo de reagbes adversas e interacdes
medicamentosas cada vez mais complexas, as interferéncias dos medicamentos
na homeostase e nos resultados de exames de laboratorio exigem do prescritor

uma atualizagdo constante?.

A observacdo de pacientes com comprometimento de suas funcgdes
hepatico-renal é fundamental para o ajuste de doses a serem administradas, uma
vez que esses pacientes sabidamente terdo, em diferentes graus, uma

metabolizacdo e eliminacao diminuidas.

Assim a indicagao do tipo de farmaco, posologia e tempo de tomada nao
estd diretamente relacionada somente ao profundo conhecimento do profissional
sobre sua farmacocinética e a sua relagéo de inibicdo da enzima Cox1/Cox2. Nos

dias atuais uma das maiores preocupag¢des com relagdo ao emprego dos Als esta
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relacionada com a “segurancga farmacoldgica” na qual se busca uma melhor acéo

farmacolégica, com uma menor reagao adversa.

Entende-se como reagdo adversa qualquer manifestagdo clinica ou
bioldégica ndo desejada que ocorra durante o tratamento com um medicamento.
Uma reagcdo adversa grave € um acontecimento associado com morte,
hospitalizagdo, prolongamento da hospitalizagdo, deficiéncia significativa ou
persistente, incapacidade, ou que haja ameaga de morte em relagdo a um

medicamento?.

O Centro de Vigilancia Sanitaria Paulista, apontou que cerca de 40% dos
casos de intoxicacao registrados no Estado dos ultimos 10 anos sao causados por
medicamentos. Dos 128.769 casos, 49.743 foram relacionados a medicamentos.
90% dos casos de intoxicacdo por medicamentos aconteceram por via oral e, em
85% dos casos, em casa. O problema acomete principalmente as criancas até

cinco anos e pessoas do sexo feminino, que representam 59% dos casos“?.

Nos Estados Unidos RAM graves sao responsaveis pela quarta causa de
morte, nao ficando distante do numero de mortes causadas por cancer e doencas
cardiacas. A cada ano 2 milhdes de pacientes que usaram farmacos comerciais

tiveram alguma RAM, e dessas 100.000 resultaram em mortes”.

Apesar do avanco da farmacovigilancia no mundo as RAMs ainda
acarretam grande impacto a saude dos individuos e por isso a utilizagao racional
de medicamentos é muito importante neste cenario mundial. Os AINEs devem
empregados somente como prescritos; com a menor dose possivel ao tratamento

e no menor tempo necessario*?).

Faz-se lembrar que para um uso racional é preciso que se prescreva 0

medicamento apropriado, que seja disponivel e a um prego accessivel, que se
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dispense em condicbes adequadas e que seja tomado na dose prescrita e nos
intervalos de tempo regulares. O medicamento apropriado deve ser eficaz e de

qualidade e seguranca aceitaveis*?.

Os prescritores que buscam o emprego racional de medicamentos
possuem um desafio enorme relacionado com a cultura de automedicagdo no
Brasil. O uso descontrolado de AINEs é facilitado pelo seu grande emprego na
populagdo em geral, e em muitas vezes em situa¢cdes nao indicadas, somadas
pela venda da maior parte de seus grupos quimicos em farmacias, sem a
apresentacdo de receita meédica. Tal situacdo se agrava pela grande
disponibilidade de medicamentos disponiveis como “over the counter’ (ou seja
isentos de prescricdo) como € o caso do AAS, acetoaminofeno (paracetamol),

dipirona sédica e ibuprofeno.

Diante deste cenario desfavoravel resta ainda eleger a melhor alternativa
terapéutica para cada paciente. E nesse sentido que a tematica da seguranca
farmacoldgica entre os AINEs vem tomando for¢a, destacando os profissionais de

sabem distinguirem os riscos dos beneficios de seu emprego.

Reacoes Adversas Graves — Injuria Hepatica

O figado é um érgado que atua como uma glandula do corpo humano e
como qualquer outro érgao do organismo recebera a acao da medicacao, e 0 mais
importante, possui a fungdo de metaboliza-la. Por este motivo, destaca-se a injuria
hepatica como umas das RAMs graves, juntamente com a ruptura de tendao, a

toxicidade muscular e a psicose*”.

Os antibidticos e os AINEs sdo as maiores causas de injuria hepatica

farmaco induzida (IHFI) que pode variar desde moderadas anormalidades
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bioquimicas como falha hepatica aguda. Os fatores de risco incluem idade, sexo e
polimorfismos genéticos de enzimas metabolizadoras de medicamentos como o

CYP450%?,

A IHFI é uma causa freqliente de disfuncao hepatica®" e alteragdes nos
valores das enzimas que compdem o painel hepatico muitas vezes é identificada

anteriormente a manifestagdes clinicas de doencas relacionadas ao figado.

As manifestac¢oes clinicas da IHFI variam dentro de um amplo espectro,
de assintomaticos, como os testes hepaticos anormais, até os sintomaticos como:
doenca hepatica aguda; ictericia e debilidades e faléncia hepatica aguda ou
subaguda. Nos Estados Unidos a IHFI é uma significante causa de morbidade e
mortalidade representando pelo menos 13% das faléncias hepaticas agudas®® e

considerada um problema alarmante de satide publica nos Estados Unidos®?.

Entende-se por painel hepatico (ou testes de funcao hepéatica) a bateria de
exames de sangue que visam a quantificagdo de enzimas e proteinas que estao
diretamente relacionados ao figado e que seus padrdes de valores indicam a
funcdo normal deste 6rgdo, ainda que possam existir variacoes significantes
nesses valores. Entre elas estdo as transaminases (AT): alanina aminotranferase
(ALT/TGP); aspartato aminotranferase (AST/TGO); fosfatase alcalina (ALP) e
bilirrubina (TBL). A quantificagdo bioquimica de proteinas como proteinas totais e
alboumina bem como a gama glutamil transpeptidase ou gama-GT (GGT) e o

tempo de protombina sao testes que completam as avaliacdes de funcao hepatica.

A patogénese da IHFI pode ser examinada em dois principais padroes de
injuria: o hepatocelular que é caracterizado pelo predominante aumento de AT
(ALT e AST) resultado da perda dos hepatdcitos por apoptose ou necrose € a

colestatica é caracterizada pelo aumento predominante dos valores séricos de

Introdugao

-27-



fosfatase alcalina (ALP) e usualmente resulta em injaria das células do ducto biliar,
diretamente relacionada ao farmaco ou seus metabdlitos ou indiretamente por

uma resposta adaptativa imunolégica®".

A toxicidade por farmaco € o principal causa de falha hepatica aguda, que
neste estado avangado da injuria hepatica, muitas vezes é definida por um
prolongado tempo de protrombina, associado a qualquer alteracdo mental
ocorrendo em menos de 26 semanas apods o inicio da medicacdo em um paciente

sem cirrose pré-existente®".

O metabolismo de um farmaco pode afetar diretamente seu perfil de
seguranca, podendo ser metabolizado, em um metabdlito hepatotéxico, sendo que
em sua maioria, sdo metabolizados oxidavelmente pelo sistema CYP450. (ex.

acetoaminofeno, halotano, isoniazida)®?.

Os AINEs tém sido associados a ocorréncia de hepatotoxidade
idiossincratica? em pacientes susceptiveis, porem o mecanismo envolvendo sua
toxidade ainda ndo esté totalmente elucidado. Os modelos experimentais sugerem
que esses mecanismos estejam associados ao aumento da concentracdo do
farmaco no compartimento hepatobiliar, formando metabolitos reativos que
modificam covalentemente as proteinas produzindo estresse oxidativo e injuria

mitocondrial®® %9

A incidéncia de IHFI que resultaram em hospitalizacdo com uso de AINEs
varia de 3,1 até 23,4/100.000 pacientes/ano segundo a revisdo sistematica

realizada por Rubenstein e Laine®®. Apesar de existirem casos de IHFI

(57)

envolvendo tanto nimesulide como o diclofenaco™”’, o nimesulide tem sido objeto

* 0 termo denota uma hipersensibilidade n&o imunoldgica para uma substancia, sem conexao com
toxicidade farmacolo6gica ou seja, € um efeito independente de dose téxica. Idiossincratico reforga o
fato que outros individuos reagiriam de modo diferente, ou ndo reagiriam, e que a reagao é
individual e baseada em uma condigao especifica daquele que sofreu a reagéao.
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de grandes estudos de seguranca farmacoldgica pos-comercializacdo apos o

alerta da Finlandia feito a EMA em 2002.

O nimesulide, diferentemente do diclofenaco, possui assim como outros
farmacos (tolcapone, nilutamine, flutamina e nitrofurantoina) o grupo funcional
nitroaromatico (uma nitrila ligada a um anel aromatico) e que tem sido associado a
toxicidade 6rgao-seletiva incluindo casos de injuria hepatica idiossincratica. Sua
bioativacdo por nitroreducdo gera derivados que estdo associados a estresse
oxidativo que atinge residuos nucleofilicos de proteinas e acidos nucléicos®®.

Diversos trabalhos relatando faléncia hepatica com uso do nimesulide por

diferentes periodos de tempo foram encontrados na literatura®®®*.

Em um estudo tipo cohort realizado de 1997 até 2001, foram levantados
pacientes que tomaram pelo menos uma prescricao de AINEs. Foram levantados
2 milhdes de prescrigdes sendo que o nimesulide foi o farmaco mais prescrito
(551.000). 42 pacientes, de 176 casos admitidos por hepatopatia, ocorreram
durante o uso de AINEs em uma incidéncia de 29,8 para 100.000 pessoas/ano. O
diclofenaco foi o segundo farmaco mais prescrito, entretanto o numero de eventos
foi muito baixa, impedindo de fazer a comparagao de riscos. Dentre os pacientes,
o intervalo médio entre a prescricdo e sua admissdo no hospital foi de 11 dias
sendo que somente 2 pacientes dos 42 tomaram os farmacos mais que 60 dias. O
risco de hepatopatia em usuarios de nimesulide foi discretamente maior na razao
de 1,3 em comparacao a outros AINEs, porem a relacdo de injuria hepatica do
nimesulide foi de 2,2 (33,1 para 100.000) e 1,5 (22,4 para 100.000) do

diclofenaco®".

No intuito de ampliar os dados existentes de estudos clinicos controlados,

envolvendo medicamentos que sabidamente acarretam eventos adversos
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hepatico-relacionados, como € o caso do nimesulide, e em menor incidéncia o
diclofenaco, o FDA recomenda que seja analisada a incidéncia de anormalidades
nos niveis biologicos de transaminases, bilirrubina e da fosfatase alcalina com

pelo menos uma exposicdo ao farmaco®™?.

Todos os valores obtidos das analises bioquimicas devem ser
armazenados em um pool de informagdes, mesmo que se objetive a comparacao
de suas diferencas entre experimentos. Para muitos farmacos, uma minima
duracao de exposi¢ao é necessaria antes de ocorrer IHFI. Conseqlentemente é
util descrever esses eventos adversos hepatico-relacionados (ex. sujeitos com
pelo menos 1 més de exposicao). Para alguns farmacos padrdes precoces de
injuria apos inicio do tratamento podem ocorrer, e para esses pacientes testes

periddicos devem ser adequadamente aplicados®®.

As anormalidades dos niveis bioquimicos encontrados ap6s a ingestdo de
farmacos possivelmente hepatotoxicos, devem ser considerados quando atingirem

principalmente os seguintes valores:®

e Aumento de 3x, 5x, 10x e 20xULN de AT (AST e ALT) juntas ou
separadamente;

e Qualquer elevacao de bilirrubina (TBL) maior que 2xULN;

e Qualquer elevacao de fosfatase alcalina (ALP) maior que 1,5xULN;

e Aumento de AT (>3xULN) acompanhada da elevacao de
bilirrubina (>1,5xULN, >2xULN);

e« Aumento de AT em associacao com nausea, vomito, anorexia, dor

abdominal e fadiga.
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Drogas estudadas: nimesulide e diclofenaco

O nimesulide (figura 1) € um AINE da classe das sulfananilidas com
seletividade preferencial para a Cox2?. Além de sua atividade Al, analgésica e
antipirética, apresenta  muitos empregos clinicos em  odontologia,
otorrinolaringologia, ginecologia, oftalmologia, no sistema musculoesquelético, na
urologia em injdrias relacionadas ao esporte e em condicdes respiratérias’?. E
principalmente empregada no tratamento de dores agudas como osteoartrite e

dismenorreia primaria”".

O nimesulide apresenta uma inibicao de Cox2 maior que o diclofenaco e

72-75)

apresenta melhor tolerabilidade gastrica' e melhor acao analgésica tanto para

formulacdo em gel'® como para administragdo 1V

O nimesulide foi inicialmente comercializado na Italia em 1985 e

atualmente é comercializado em mais de 50 paises'’?.

NO,

Figura 1. Estrutura do nimesulide

O dicofenaco (figura 2) é um AINE da classe do acido fenilacético e € um

potente inibidor da sintese de prostagladinas usado para o tratamento de artrite
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reumatoide, osteoartrite, espongilite anquilosante e gota”®. Possui seletividade

preferencial para a Cox2®?.

Cl

NH
Cl OH

O

Figura 2. Estrutura do diclofenaco

O diclofenaco é provavelmente o AINE mais empregado em reumatologia

e reacdes hepaticas e taxas de hospitalizacdes sdo incomuns®®.

Uma grande vantagem terapéutica do nimesulide é possuir seu principal
metabolito (derivado 4-hidroxi) ativo dotado de agao anti-histaminica, com meia
vida plasmatica similar ao nimesulide com concentragdo plasmatica de 3,03
microgramas /mL®" ao passo que o metabolito principal do diclofenaco também é
um derivado 4-hidroxi, entretanto, possui 30 vezes menos atividade que seu

composto inicial®?.

Desta forma, a avaliagdo da acdo de duas tomadas de cada um desses
medicamentos dentro de um estudo de bioequivaléncia, determinara seu perfil
farmacocinético bem como sua agado nos parametros clinicos e laboratoriais do

painel hepatico e da contagem de plaquetas.
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2. OBIJETIVO




O presente trabalho teve por objetivo avaliar o perfil farmacocinético do
diclofenaco de colestiramina (capsula de 140mg) e de duas apresentacdes
farmacéuticas (comprimidos 100mg e suspensao oral 50mg/mL) de nimesulide
realizado em voluntarios sadios de ambos os sexos e relaciona-los aos desfechos

clinicos em enzimas do painel hepatico e da contagem de plaquetas.
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diclofenac in human plasma: application to a
comparative bioavailability study
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Abstract. A rapid, sensitive and specific
method to quantify diclofenac in human plas-
ma using indomethacin as the internal stan-
dard (IS) is described. Samples were ex-
tracted using protein precipitation protocol
and analyzed by high performance liquid
chromatography coupled to ultraviolet detec-
tion at 276 nm. Chromatography was per-
formed isocratically with a run time of
8.0 min and the retention time observed for
diclofenac and IS was 6.0 and 7.0 min, re-
spectively. The calibration curve was linear
over the range 50 — 4,000 ng/ml (r2 > 0.9995).
The mean recovery of diclofenac ranged from
88.76 t0 99.14% and the limit of quantifica-
tion was 50 ng/ml. Intrabatch precision and
accuracy (%CV) of the method ranged from
0.86 to 7.60%, and 99.34 to 103.8%, respec-
tively. Interbatch precision (%CV) and accu-
racy ranged from 0.26 to 11.4%, and 92.00
to 105.34%, respectively. This HPLC method
was used to determine the relative pharma-
cokinetics of two diclofenac-cholestyramine
140 mg capsule formulations. The study was
conducted using an open, randomized and
crossover design with a 1-week washout in-
terval. A single 140 mg dose (equivalent to
70 mg of diclofenac) of each formulation was
administered to 26 healthy volunteers (13 ma-
les and 13 females) and blood samples were
obtained over 12-h interval. The geometric
mean of diclofenac-cholestyramine/Flotac®
ratio was 90.53% for AUC,_;» and 100.22%
for C,,,. Since the 90% CI for C,,, and AUCs
ratios were all inside the 80— 125% interval, it
was concluded that the diclofenac-cholesty-
ramine test formulation is bioequivalent to
Flotac® regarding both the rate and the extent
of absorption.

Introduction

Nonsteroidal antiinflammatory drugs
(NSAIDs) are among the most frequently
consumed drugs worldwide. NSAIDs exert
their action by inhibiting the prostaglandin
synthesis that is catalyzed by cyclooxygenase
activity. Because of their efficacy in relieving
pain and inflammation, the use of NSAIDs is
growing in proportion to the age-related in-
crease in musculoskeletal disorders and
osteoarthritis. Diclofenac, ([2-(2,6-dichloro-
anilino)phenyl] acetic acid) is a potent non-
steroidal antiinflammatory drug (NSAID)
that shows preferential inhibition of the cy-
clooxygenase-2 (COX-2) enzyme [Hinz et al.
2003], widely used for analgesic, antipyretic
and antiinflammatory activities [Small 1989].

The oral bioavailability of diclofenac is
approximately 60% [Hinz et al. 2005, Willis
etal. 1979], and it is extensively metabolized
to a number of hydroxylated metabolites. The
major oxidative metabolite of diclofenac is
4’-hydroxy-(OH)-diclofenac with 3’-OH-,
5’-OH-, and 4°,5°-diOH-diclofenac being
minor metabolites [Stierlin et al. 1979]. Both
diclofenac and its hydroxylated metabolites
are conjugated and excreted in urine and bile.
Less than 1% of the diclofenac dose is ex-
creted unchanged into urine [Geiger et al.
1975]. The combination with cholestyramine
represents a relatively new dosage form of
diclofenac designed to provide rapid onset of
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absorption coupled with measurable plasma
concentrations over 12 h [Farkeretal. 2002].

Diclofenac-cholestyramine is an improved
formulation, from a pharmacokinetic-pharma-
codynamic point of view, compared to diclo-
fenac sodium [Suarez-Otero et al. 2002].
Cholestyramine is an ion exchange resin that
forms a complex with diclofenac [Sriwong-
janya and Bodmeier 1998] and, thus, helps to
reduce mucosal damage by direct contact in
the gastric lumen. Diclofenac-cholestyramine
yields a high peak of plasma concentration and
a short half-life in blood of about 2 h [Silva et
al. 1999]. Its action, however, is long lasting,
as the drug remains in the synovial fluid of in-
flamed joints, i.e., at the effect compartment
[Torres-Lopezetal. 1997]. Diclofenac-choles-
tyramine exhibits a similar analgesic efficacy
and safety in patients with osteoarthritis, com-
pared to the selective COX-2 inhibitor cele-
coxib [Suarez-Otero et al. 2002].

HPLC has been the technique of choice
for separation and determination of diclofe-
nac in biological fluids during pharmaco-
kinetics studies. Thus so far, several HPLC
methods have been described to analyze
diclofenac sodium in various body fluids
using different clean-up procedures includ-
ing direct injection, protein precipitation
[Avgerinos et al. 1993, el-Sayed et al. 1988,
Moncrieff 1992], solid-phase extraction (SPE)
[Millership et al. 2001, Zecca et al. 1991], lig-
uid-liquid extraction (LLE) [Blagbrough et al.
1992, Chmielewska et al. 2006, Roskar and
Kmetec 2003], and column switching [Lee et
al. 2000], either with UV [Avgerinos et al.
1993, el-Sayed et al. 1988, Lee et al. 2000,
Millership et al. 2001], fluorimetric [Mon-
crieff 1992] or electrochemical detection
[Chmielewska et al. 2006, Zecca et al. 1991].
In the present study, it was of interest to de-
velop a reliable, simple and sensitive HPLC
method using UV detection and protein pre-
cipitation for determination of diclofenac in
human plasma using indomethacin as the in-
ternal standard. The described method uti-
lizes neither SPE nor an electrochemical de-
tector and yet is sensitive, making it a rapid,
simple and appropriate procedure for assess-
ing the pharmacokinetics and bioequivalence
of formulations of this drug. This method was
employed in a bioequivalence study of two
diclofenac-cholestyramine 140 mg capsule
formulations (equivalent to 70 mg diclo-

fenac): diclofenac-cholestyramine generic
formulation and Flotac™) from Novartis Bio-
ciéncias S.A. standard reference formulation.

Methods

Test products

A validated HPLC-UV method was applied
to evaluate the pharmacokinetics of two capsule
formulations of diclofenac-cholestyramine
140 mg, corresponding to 70 mg of diclofenac:
generic formulation diclofenac-cholestyramine
from Medley S.A. Indastria Farmacéutica
(batch number DCC02/02-5) as the test for-
mulation, and Flotac® from Novartis Bio-
ciéncias S.A. (batch number Z82879) as the
reference formulation.

Subjects

26 healthy volunteers aged between
20 and 40 years and within 15% variation in
the ideal body weight were selected for the
study (IMC 23.6 + 2.1 kg, mean + SD, range
19.4 — 26.9 kg). The male group comprised
13 volunteers (31.9 £ 6.0 years, range 23 — 40
years), height between 165 and 182 cm
(172.3 £ 5.3 ecm), weighing between 59.6 and
79.6 kg (70.6 + 6.8 kg). The female group
comprised 13 volunteers (26.7 + 5.1 years,
range 20 — 36 years), height between 152 and
177 em (163.0 £ 8.5 cm), weighing between
51.5 and 75.7 kg (62.7 + 8.2 kg).

All volunteers were free from significant
cardiac, hepatic, renal, pulmonary, neurologi-
cal, gastrointestinal and hematological dis-
eases, as assessed by general physical exami-
nation, ECG and the following laboratory
tests: blood glucose, urea, uric acid, creati-
nine, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phos-
phatase, L-y-glutamyl-transferase (y-GT),
total bilirubin, albumin and total protein, tri-
glycerides, total cholesterol, hemoglobin,
hematocrit, platelet count, total and differen-
tial white cell counts, feces parasitological
examination and routine urinalysis. All sub-
jects were negative for HIV, HBV (except for
serological scar) and HCV. Testing (BHCG)
of all female volunteers determined that none
was pregnant.
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The study was conducted in accordance
with the provisions of the Declaration of Hel-
sinki (1964), Tokyo (1975), Venice (1983),
Hong Kong (1989), Somerset West (1996),
Edinburgh (2000) revisions and the Resolu-
tions No0.196/96 and 251/97 of National
Health Council — Health Ministry, Brazil. The
clinical protocol was also approved by the
State University of Campinas ethics commit-
tee and all participants provided written, in-
formed consent.

Study design

The study was conducted in an open, ran-
domized, single crossover balanced design
with 7-day washout period between doses.
During each period, the volunteers were hos-
pitalized at 7:00 p.m. having an evening meal
at 7:30 and after an overnight fast they re-
ceived (at approximately 7:00 a.m.) a single
dose of 140 mg diclofenac-cholestyramine
capsule of either formulation. Water (200 ml)
was given immediately after drug administra-
tion. All volunteers were required to remain
fasting until 2 h after dose when a standard
breakfast was available. A standard meal
was provided after 5 (lunch), 8 (coffee break),
12 (evening meal) h after dosing. No other
food was permitted during the “in-house” pe-
riod. Liquid consumption was permitted ad li-
bitum 6 h before and 2 h after drug but xan-
thine-containing drinks including tea, coffee,
and cola were prohibited. Food was also xan-
thine-free. Smoking was prohibited during
the “in-house™ period. All subjects were re-
quested to stay in the clinic for a 24-h period
after drug administration.

Systolic and diastolic arterial pressure
was measured noninvasively with a sphyg-
momanometer, while heart rate and tempera-
ture were recorded just before drug adminis-
tration and hourly afterwards.

Blood samples (8 ml) from a suitable
antecubital vein were collected by indwelling
catheter into heparin containing tubes before
and 0:15h, 0:30h, 0:45h, 1 h, 1:15h, 1:30 h,
2h,2:30h,3h,4h,5h, 6h,8hand 12 h post
dosing. The blood samples were centrifuged
at approximately 2,000 x g for 10 min at 4 °C
and the plasma stored at -20 °C until assayed
for diclofenac content.

Analytical method

Frozen human plasma samples were
thawed at room temperature and aliquots of
200 pl of each calibrator, QC or volunteer
sample were added to appropriate glass test
tubes with 400 pl of the internal IS (1 pg/ml)
diluted in pure acetonitrile. After vortex mix-
ing for approximately 1 min, samples were
centrifuged at approximately 12,000 x g for
10 minat4 > C. A total of 200 pl of the super-
natant were transferred into individual vials
and 20 pl were injected into the chromato-
graphic system.

A liquid chromatograph system coupled
to an ultraviolet detector (Shimadzu HPLC
SPD-10 AV VP system, Japan) was used for
all analyses. Samples were injected into a
Phenomenex” Luna Cig, 10 pm (150 x 4.6
mm i.d.) analytical column coupled to a
Securityguard® Cj;z (4.0 % 3.0 mm id.)
guard-column, operated at 25 °C operated at
room temperature. The autosampler was kept
at room temperature and the pressure of the
system was maintained between 50 — 65 bars.
The mobile phase was a mixture of acentoni-
trile/sodium acetato buffer pH 5.0 (55/45
v/v). Peaks were monitored by UV absor-
bance at 276 nm. A flow rate of 1.5 ml/min
was used for sample analysis and the total run
time was set to 8.0 minutes.

Calibration standards and quality
control

Diclofenac stock solutions were prepared
in methanol at a concentration of 100 ug/ml.
Work solutions were prepared by serial dilu-
tions of the stock solutions in methanol. Inter-
nal standard indomethacin was prepared
in acetonitrile at 4 °C at a concentration of
1 pg/ml. Calibration curves for diclofenac
were prepared by spiking blank plasma with
work solutions to obtain the final concentra-
tions of 50, 100, 400, 800, 1,000, 2,000 and
4,000 ng/ml. The analyses were carried out in
duplicate for each concentration.

Quality control (QC) plasma samples
were prepared by spiking blank plasma with
the above working solutions to provide four
different concentrations, namely: at the limit
of quantification (LOQ, 50 ng/ml), at low
concentration (QCL 150 ng/ml), at medium
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concentration (QCM 1,500 ng/ml) and at high
concentration (QCH 2,500 ng/ml). The
spiked plasma samples (standards and qual-
ity controls) were extracted in each analytical
batch along with the unknown samples.

The standard calibration curves were con-
structed using the peak area ratios of diclofe-
nac and IS vs diclofenac nominal concentra-
tions of the eight plasma standards in
duplicate. Linear regression analysis was per-
formed to assess the linearity, as well as to
generate the standard calibration equation:
y=ax +b, where y is the peak-area ratio, x the
concentration, a the slope and b is the inter-
cept of the regression line. In addition, a
blank (nonspiked sample) and a zero plasma
sample (only spiked with IS) were run to elimi-
nate the presence of interferences.

Recovery

The recovery was evaluated by calculat-
ing the mean of the response of five replicates
of each QCL (50 ng/ml), QCM (1,500 ng/ml)
and QCH (2,500 ng/ml) concentration and di-
viding the extracted sample mean response
by the unextracted standard solution sample
mean of the corresponding concentration.

Precision and accuracy of this method
were evaluated using three different batches
of QCL, QCM and QCH of diclofenac, also
including the lowest limit of quantification,
LOQ. For intrabatch assay precision and ac-
curacy, five replicates of quality control sam-
ples at the three concentration levels were as-
sayed all at once within a day to obtain CV(%)
and accuracy values. The interbatch assay
precision and accuracy were determined by
analyzing mean values of quality control
samples from three plasma batches, yielding
the corresponding interbatches CV(%) and
accuracy values.

The lower limit of quantification (LOQ)
was determined for diclofenac, based on two
criteria:

— the analyte response at LOQ had to be at
least 3 times baseline noise,

— the analyte response at LOQ being deter-
mined with sufficient precision and accu-
racy, i.e., precision of 20% and accuracy
of 80 — 120%.

Calculations were based on five replicates
of three blank plasma batches.

Stability assays

All stability assays were performed using
five replicates of plasma spiked with diclo-
fenac at low, medium and high QCs concen-
trations (150, 1,500 and 2,500 ng/ml, respec-
tively). Samples stored at each specified
condition were compared to fresh prepared
ones at equivalent concentration and ex-
pressed in percentage of degradation.

Postprocessing stability was evaluated in
QC samples thawed at room temperature
(22 °C) and extracted. All samples remained
on the bench top for a time exceeding the
maximum period of time expected for routine
sample analysis (16 h).

For freeze-thaw stability of diclofenac
standards plasma samples were subjected to
three freeze-thaw cycles of —20 °C during
24 h. In each cycle, frozen samples were al-
lowed to thaw at controlled ambient tempera-
ture (22 °C) and were subsequently refrozen
for 24 h. Aliquots of all samples were quanti-
fied at the end of the third freeze-thaw cycle.

The storage time of long-term stability was
assessed by keeping the QC samples at —20 °C
during the entire period covered by the bio-
equivalence study, i.e., from the first day of vol-
unteer sample collection up to the last day of
sample analysis (73 days). Storage stability was
defined, comparing sample concentration to the
mean values obtained at first-day analysis.

To assess the stock solution stability, di-
clofenac stock and work solutions were pre-
pared and stored at room temperature or at
—20°C. Sample aliquots of QCs samples were
evaluated after 6 h at room temperature and
also after 14 days at —20 °C.

Pharmacokinetic analysis

The first-order terminal elimination rate
constant (ke) was estimated by linear regres-
sion from the points describing the elimina-
tion phase in a log-linear plot. Half-life (t,2)
was derived from this rate constant (t;; =
In(2)/ke).

Bioequivalence between the two formula-
tions was assessed by calculating individual
test/reference ratios for the peak of concen-
tration (Cp,y), area under curve (AUC) of
plasma concentration until the last concentra-
tion observed (AUC), and the area under
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Table 1.

Accuracy and precision data for diclofenac quantification in human plasma. Results were ob-

tained during the validation of QC samples, including the LOQ in human plasma.

Intra-run Inter-run Intra-run Inter-run
accuracy? accuracy® precision® (%CV) precision® (%CV)
QC samples
Qc-LoQ 99.34 92.00 7.6 1.4
QcL 111.69 105.34 1.97 4.62
QcMm 102.83 99.99 0.86 160
QCH 105.42 99.14 0.90 0.26

QC = Quality control; LOQ = Limit of quantification (50 ng/ml); QCL = QC at low concentration (150 ng/ml);
QCM = QC at medium concentration (1500 ng/ml); QCH = QC at high concentration (2500 ng/ml). #(n = 5),
expressed as (found concentration/nominal concentration) x 100. ®Values obtained from all 3 runs (n = 15).

°n =5,

curve between the first sample (pre-dosage)
and infinite (AUCy.qp). The Cppox and the time
taken to achieve this concentration (ty,,) were
obtained directly from the curves. The areas
under the diclofenac-cholestyramine plas-
ma concentration vs. time curves from 0- to
the last detectable concentration (AUC )
were calculated by applying the linear trape-
zoid rule. Extrapolation of these areas to in-
finity (AUC.i,) was done by adding the
value Cjy/ke to the calculated AUC,, (where
Clas = the last detectable concentration). Log-
transformed AUC,, and C ., data for the two
formulations were analyzed using ANOVA
and the 2 one-sided t-test to establish whether
the 90% CI of the ratios was within the 80 —
125% interval indicating bioequivalence as
proposed by the US Food and Drug Adminis-
tration. Parametric analyses of In-trans-
formed arithmetic means between test and
reference formulations were also performed.

The software used included WinNonLin
Professional Network Edition (Scientific Con-
sulting, v. 1.5), Bioequivalence Program for
Two-Period Crossover Studies (Herman P.
Wijnand, v.3.4), Microsoft Excel (v. 7.0) and
GraphPad Prism (v. 3.02).

Results

HPLC analysis

Specificity or selectivity

Under the conditions applied in this work,
the retention times for diclofenac and IS were
6.0 and 7.0 min, respectively. All chromato-

grams were free from interferences at the
retention times of diclofenac or internal stan-
dard. Both compounds eluted as completely
resolved peaks and no peak tailing was no-
ticed enabling the use of either peak height or
peak area in the calculation of standard
curves. The absence of any peak in the blank
plasma at the retention time of diclofenac
standard indicates the specificity or selectiv-
ity of the method of analysis from plasma.

Linearity

Good linear relationships were found
when the peak area ratios of diclofenac to the
internal standard were plotted versus the di-
clofenac plasma concentration in all concen-
tration applied to construct the standard curve.

The simplest regression method for the
calibration curves of the diclofenac was Y =
a+bx from 50 to 4,000 ng/ml. Correlation co-
efficient was above 0.9995. The LOQ for di-
clofenac was 50 ng/ml at a signal to noise ra-
tioof3 : 1.

Precision and accuracy

The intra- and interdays accuracy and pre-
cision values of the assay methods are pre-
sented in Table 1. Intrabatch precision and
accuracy of the assay was measured for di-
clofenac at each QC level (150, 1,500 and
2,500 ng/ml), including the LOQ sample (50
ng/ml). Calculated intrabatch precision and
accuracy (%CV) of the method ranged from
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Table 2. Freeze and thaw stability test.

Theoretical concentration Initial mean concentration Final mean concentration Variation
(ng/ml) (ng/ml) (ng/mi) (%)
150 146.49 158.46 8.17
1,500 1,442.89 1,554.89 7.76
2,500 2,367.29 257112 8.86
Table 3. Post-processing stability test after 16 h at room temperature.
Theoretical concentration | Initial mean concentration Final mean concentration Variation
(ng/ml) (ng/ml) (ng/ml) (%)
150 129.45 128.16 -1.00
1,500 1,400.25 1,523.71 8.82
2,500 2,358.24 2,551.29 8.19
Table 4. Long term stability test after 73 days at —20 °C.
Theoretical concentration Initial mean concentration Final mean concentration | Variation
(ng/ml) (ng/mi) (ng/ml) (%)
150 149.20 148.95 -0.17
1,500 1,524.81 1,457.91 —4.39
2,500 2,494.66 2,360.37 -5.38

0.86 to 7.60%, and 99.34 to 103.8%, respec-
tively. Method interbatch precision (%CV)
and accuracy ranged from 0.26 to 11.4%, and
92.00 to 105.34%, respectively. These re-
sults, as well as the respective values for the
percentage accuracy, were within the accep-
tance criteria for precision and accuracy.

Recovery

The extraction efficiency was determined
by comparison of the peak areas of the spiked
plasma samples with those of unextracted
diclofenac solution in solvent. The mean re-
coveries for diclofenac in spiked blank
plasma samples were found to be 94.06% for
QCL, 99.14% for QCM and 88.76% for QCH.
The recoveries were consistent throughout the
replicates as demonstrated by CV% ranging
from 2.07 to 6.82%, considering the analysis
of the five samples in each run. Recoveries
were not dependent on the concentration, and

consequently resulted in good linearity of the
calibration curve.

Stability

Stability tests showed that the samples did
not suffer significant degradation after three
cycles of freeze and thaw (freeze and thaw
stability test), under the conditions of analysis
(postprocessing stability test) or after 73 days
storage at —20 °C (long-term stability test).
The standard solutions were also stable after
6 h at room temperature or 14 days at—20 °C.
Tables 2 — 5 show the results for the stability
tests.

Pharmacokinetic evaluation

Applicability of this method was con-
firmed by analyzing true samples obtained af-
ter administration of 140 mg of diclofenac-
cholestyramine to healthy volunteers. The
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Table 5. Stock solution stability after 6 h at room temperature or after 14 days at -20°C.

6 h (RT) 14 days (-20 °C)
Theoretical Initial mean Final mean Variation Final mean Variation
concentration concentration concentration (%) concentration (%)
(ng/ml) (ng/ml) (ng/ml) (ng/ml)
150 146.49 157.94 7.82 146.03 -0.31
1500 1442.89 1407.35 -2.46 1546.40 FAUTS
2500 2367.29 2368.66 0.06 2507.22 5.91

RT = room temperature.

Table 6. Arithmetic mean pharmacokinetic parameters obtained from 26 volunteers after administration of
each 140 mg diclofenac-cholestyramine tablet formulation.

Diclofenac-cholestyramine Flotac®
Mean IC 90% Mean IC 90%
Crmax (Ng/ml) 45955 396.84 — 522.27 454.32 394.64 — 514.00
tmax (h) 1.91 1.68-2.14 2.09 1.72-245
t4/2 (h) 2.40 1.47 - 3.34 2.58 1.76 — 3.39
AUCq_¢ ((ng x h)/ml) 1098.34 952.67 — 1,244.01 1195.96 1,059.77 — 1,332.14
AUC; ¢ ((ng x hy/ml)y 1318.04 111530 - 152078 | 1399.18 |1,.216.32—1,582.03

—*— Flotac

Time (h)

Figure 1. Mean plasma concentration vs. time
curve after single oral dose administration of both
diclofenac-cholestyramine formulations (test or ref-
erence Flotac®) in the form of 140 mg tablet.

mean diclofenac plasma concentration vs time
curves obtained after a single oral dose of
each formulation are shown in Figure 1. The
plasma concentration of diclofenac did not
differ significantly after administration of both
formulations (test and reference).

The mean pharmacokinetic parameters
for both brands of diclofenac sodium tablets
are also summarized in Tables 6 and 7.
Briefly, the geometric mean and respective
90% ClI of diclofenac test/reference percent
ratios were 100.22% (84.99 — 118.19%) for
Coax and 90.53% (82.86 — 98.91%) for
AUC,... These results were found to be within
the FDA acceptable range of 80 — 125% for
evaluation of bioequivalence.

Clinical observations

The post-study clinical and laboratory
evaluations showed no significant variations
that could be attributed to treatment. Both for-
mulations were well-tolerated at the adminis-
tered doses and no significant adverse reac-
tions were observed or reported. No clinically
relevant change was observed in any mea-
sured biochemical parameter. All 26 volun-
teers finished the study.

Discussion

The present study demonstrates that di-
clofenac-cholestyramine is reproducibly and
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Table 7. Geometric mean of the individual AUC, , and Cmax ratios (test/refer-
ence formulation) and the respective 90% Cls. Log transformed data for the two
formulations were analyzed using ANOVA and two-one sided t-test.

Diclofenac/Flotac® Parametric (n = 26)

Geometric mean (%) 90% CI
AUCq.4 % ratio 90.53 82.86 — 98.91
Cmax % ratio 100.22 84.99 — 118.19

well-absorbed after oral administration of a
140 mg dose. Diclofenac was detected in
plasma within 15 min after oral administra-
tion of diclofenac-cholestyramine, suggest-
ing a rapid absorption. Diclofenac has been
shown to undergo considerable first-pass me-
tabolism, limiting its oral bioavailability (50 —
60%) following single oral administration
[John 1979, Willis et al. 1979]. The combina-
tion of diclofenac with the ion-exchange resin
cholestyramine produces a longer-lasting ab-
sorption and consequently a prolonged effect
[Silva et al. 1999, Sriwongjanya and Bod-
meier 1998]. It can also be assumed that ef-
fective concentrations of active substance are
present in the target tissue for a longer period
[Fowler et al. 1986, Todd and Sorkin 1988].
A reversed-phase high-performance lig-
uid chromatographic method with UV detec-
tion at 280 nm has been the method of choice
for the determination of diclofenac in differ-
ent body fluids. However, a very high vari-
ability of sensitivity was observed, for ex-
ample 10 ng/ml [Blagbrough et al. 1992,
Godbillon et al. 1985], 50 ng/ml [Lansdorp et
al. 1990]and 200 ng/ml [Avgerinos et al. 1993].
In different works, authors reported con-
siderably lower limits of diclofenac quantifi-
cation in plasma [Miller 1993] or in ocular
fluid [Riegel and Ellis 1994]. However, these
methods were not fully validated and these
very low limits of detection using UV detec-
tion appear unrealistic near the full validated
ones. Full validated methods include fluores-
cence detection, directly (limit of quantifica-
tion 40 ng/ml in serum [Moncrieff 1992] or af-
ter derivatization (limit of detection 6 ng/ml in
plasma [Wiese and Hermansson 1991]), or
electrochemical detection, where the limit of
detection is > 1 ng/ml in plasma, synovial fluid
and cerebrospinal fluid [Zecca et al. 1991].
Chmielewska et al. [2006] also described
a full validated and very sensitive method

based on HPLC with electrochemical detec-
tion. The limit of quantification was 5 ng/ml
and the detection limit was 2 ng/ml. However,
this method applied a longer chromatogra-
phic run time and the extraction consumed
2.5 times more plasma than the method de-
scribed in this work. Considering the high
number of samples obtained in relative phar-
macokinetics studies and the invariable need
for speed associated with lower amount of hu-
man blood collected, the shorter chromato-
graphic run and only 200 ul of plasma used
for sample extraction can be critical.

It is noteworthy that the protein precipita-
tion extraction procedure was simple and
cheaper and faster than SPE oreven LLE. The
method provides excellent analytical perfor-
mance for diclofenac extraction providing
mean analytical recovery of above 88.76%
from spiked plasma containing 150, 1,500
and 2,500 ng/ml diclofenac. The extraction
procedure proved to be appropriate for ana-
lyzing plasma samples containing different
amounts of diclofenac. The reported analyti-
cal method has been successfully applied to
human pharmacokinetic investigations. More-
over, bioequivalence was confirmed by the
90% CI for the ratios of the C.x and AUC,
values being within the acceptance range of
80 — 125%.

Conclusion

A protein precipitation extraction fol-
lowed by HPLC with UV detection allows di-
rect, rapid and sensitive quantification of
diclofenac-cholestyramine in human plasma
samples. Data obtained by this approach
show that the method is reliable and was suit-
able for studies of pharmacokinetics after oral
administration of 140 mg of diclofenac-
cholestyramine and satisfactory quantitative
determination of diclofenac in human plasma
was achieved within therapeutic range. Using
the protocol developed in this work, hundreds
of samples can be analyzed daily, while only
small quantities of plasma and solvent are
consumed.

Based on the calculated 90% CI for Cp
and AUC), diclofenac-cholestyramine/F lotac”
individual ratios are within 80 — 125% inter-
val defined by the US Food and Drug Admin-
istration, it can be concluded that tested
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diclofenac-cholestyramine formulation (70 mg
diclofenac) is bioequivalent to Flotac™ (No-
vartis Biociéncias S.A.), in regard to both ex-
tent and rate of absorption.
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Abstract. A specific. fast and sensitive
high performance liquid chromatography
coupled to an electro spray tandem triple
quadrupole mass spectrometer {LC-MS/MS)
assay was developed for the determination of
nimesulide in human plasma using carbama-
zepine as the internal standard. The lower
limit of guantification (LLOQ) was 50 ng/ml
and the calibration curves were linear in the
concentration range of 50 - 6,000 ng/ml.
Method inter-batch precision and accuracy
ranged from 2.78 to 10.80%, and 94.92 to
102.46%, respectively. Intra-batch precision
ranged from 2.44 to 7.74%. while intra-batch
accuracy ranged from 91.70 to 104.73%. The
analytical method was applied to evaluate the
pharmacokinetic and relative bioavailability
of two different pharmaceutical formulations
containing nimesulide, one tablet and one
oral suspension, manufactured by the same
pharmaceutical factory, comparing with two
reference Nisulid® formulations in 52 volun-
teers of both sexes previously divided in two
groups of 26 subjects (13 men and 13 females
cach group). The test tablet formulation was
not bioequivalent to the Nisulid® 100 mg tab-
let with respect to the rate of absorption, but
was bioequivalent according to the extent of
drug absorption. On the other hand, since the
90% CI for C .. AUC,, and AUC,; were
within the 80 - 125% interval in the oral sus-
pension study, it was concluded that test oral
suspension were bioequivalent to Nisulid™ 50
mg/ml with respect to both the rate and extent
of absorption.

Introduction

Nimesulide (4-nitro-2-phenoxymethane-
sulfonanilide) is a potent sulfonanilide non-
steroidal anti-inflammatory drug (NSAID).

Unlike most traditional NSAIDs that inhibit
both cyclooxygenase (COX -1 and COX-2 iso-
forms, nimesulide selectively blocks COX-2
which is induced in inflaimmatory conditions
[16, 17]. By selectively inhibiting the activity
of COX-2, nimesulide exerts potent anti-in-
flammatory, analgesic and antipyretic activi-
ties with much lower risk of gastrointestinal
adverse effects [4, 5. 16, 17].

Nimesulide also exerts other actions in-
cluding inhibition of oxygen-free radicals,
decrease in the production of cytokines and
degradative enzymes and possibly activation
of glucucorticoid recepiors [3, 4, 16, 17].

It is usually given in oral doses of
100 - 200 mg/daily. After single oral adminis-
tration of the drug to fasting healthy volun-
teers at the doses of 100 and 200 mg, peak
plasma concentrations are reached between
2~ 4 hours and | - 6 hours, respectively, ac-
counting for the plasma concentrations of
about 4 - 9 pg/ml and 6 — 14 pg/ml. The re-
ported plasma elimination half-life is about
5 hours for both doses [1, 6, 19]. Afier oral ad-
ministration, about T0% of the dose is ex-
creted in feces and the remaining part in urine
as hydroxynimesulide metabolite.

Nimesulide has been normally quantified
in plasma samples or in pharmaceutical prep-
arations using high-performance liquid chro-
matographic methods coupled to UV detec-
tion [8, 11]. The first method describing the
quantification of nimesulide in human plasma
using mass spectrometric detection was re-
ported in 2001 [2]. Because of the high selec-
tivity and senositivity of LC/MS/MS, this
method has been currently accepted as the
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method of choice for the determination of or-
ganic molecules from complex biological
matrices [10, 12, 13, 20].

Here, we describe a fast, sensitive and
specific LC/MS/MS method for the quantifi-
cation of nimesulide using carbamazepine as
internal standard. This method was applied to
evaluate the comparative bioavailability of
two oral suspensions at 30 mg/ml (test formu-
lation) against Nisulid” oral suspension and
two 100 mg tablet formulations of nimesuolide
(test apainst the reference Nisulid® tablet).

Methods

Clinical study

Test products

A validated LC-MS5/MS method was ap-
plied to evaluate the comparative bioavail-
ability of two oral suspensions at 50 mg/ml
(test
Nisulid™)and two 100 mg tablet formulations
of nimesulide (test against the reference
Misulid®).

formulation against the reference

Subjects

52 volunteers (26 men and 26 females)
aged between |8 and 50 vears and within 15%
variation in the ideal body weight were se-
lected for the study. The volunteers were di-
vided in two groups of 26 subjects (13 men
and 13 females) and designated to take part in
the oral suspensions formulations compara-
tive bioavailability study (Group 1) or in the
tablet one (Group 2). The Group | suspension
consisted of individuals with the following
characteristics {mean = 8D): 31.2 + 7.9 years
(range 18 — 48 years), IMC 23.6 + 2.1 kg
{range 19.4 - 26.9 kg), height between 154 and
189 cm (169 + 10 cm) and weight between 50
and ¥8.3 kg (68.9 = 10.0 kg). Group 2 con-
sisted of individuals with the following char-
acteristics: 30.0 = 8.4 years (range 19 - 46
years), IMC 23.4 + 2.6 kg (range 19.1 - 27.7
kg). height between 152 and 183 cm (166 +
8.0 cm) and weight between 506 and 88.5 kg
(66,1 + 12.2 kg).

All volunteers were free from significant
cardiae, hepatic, renal, pulmonary, neurologi-
cal, pastrointestinal and hematological dis-
eases, as assessed by general physical exami-

nation, ECG and the following laboratory
tests: blood glucose, urea, uric acid, creatinine,
aspartate aminotransferase {(AST), alanine
aminotransferase (ALT), alkaline phosphatase,
Ley-glutamyl-transferase (y-GT). total biliru-
bin. albumin and total protein. triglycerides.
total cholesterol, hemoglobin, hematocrit,
platelet count, total and differential white cell
counts, feces parasitological examination and
routine urinalysis. All subjects were negative
for HIV, HBV (except for serological scar)
and HCV. All female volunteers were nega-
tive for pregnancy test (FHCG).

The study was conducted in accordance
with the provisions of the Declaration of Hel-
sinki (1964), Tokyo (1975), Venice (1983),
Hong Kong (1989), Somerset West (1996),
Edinburgh (2000} revisions and the Resolu-
tions Mo.196/96 and 251/97 of National
Health Council - Health Ministry, Brazil. The
clinical protocol was also approved by the
State University of Campinas ethics commit-
tee and all participants provided written.
informed consent.

Study design

The study was conducted in an open. ran-
domized, single crossover balanced design
with 14 days washout period between doses.
Dwuring each period, the volunteers were hos-
pitalized at 8:00 p.m. having an evening meal
at 8:30 and after an overnight fast they re-
ceived the medication starting at 7:00 a.m.
Group | received a single oral dose of 2 ml of
the test nimesulide suspension or reference
formulation ( 100 mg of nimesulide). Group 2
received a single 100 mg nimesulide tablet.
Water (200 ml) was given immediately after
drug administration in both studies. All vol-
unteers were required to remain fasting until
4 hours after dose when a standard meal was
provided afier 5 (lunch). 8 (coffee break) and
12 {evening meal} hours after dosing. No
other food was permitted during the “in-
house™ period. Liguid consumption was per-
mitted ad libitum & hours before and 2 hours
after drug, but xanthine-containing drinks in-
cluding tea, coffee and cola were prohibited.
Food was also xanthine-free. Smoking was
prohibited during the “in-house” period. All
subjects were requested to stay in the clinic
for a 24-h period after drug administration.
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Blood samples (8 ml) from a suitable ante-
cubital vein were collected by indwelling
catheter into heparin containing tubes before
and 0:10h, 0:20h, 0:30 h, 0:45h, | h, 1:20 h,
1:40h,2h,2:30h. 3 h.4h. 5h. 6 h,Bh, 14 h
and 24 h post-dosing for Group | (oral sus-
pension) study or 0:15h, 0:30 b, 0:45h, | h,
1:30h,2h,2:30h,3h,4h, 5h, 6h,8h, I4h
and 24 h for Group 2 study (tablet formula-
tions). The blood samples were centrifuged at
approximately 2,000 = g for 10 min at 4 °C
and the plasma was stored at -20 °C until as-
sayed for nimesulide content.

Analytical method

Chemicals and materials

Nimesulide and carbamazepine were ob-
tained from Fundagio Oswaldo Cruz-Instituto
MNacional de Controle de Qualidade em Saude
(Brasil) as chemical standards
(batches 1049 and 1038, respectively). All re-
agents and solvents were HPLC grade. Hu-
man plasma samples (normal, hyperlipemic
and hemolyzed) came from distinct drug free
subjects (six different lots) and were obtained
from HEMORIO (Rio de Janeiro, Brazil).

reference

Instrumentation

An LC/MS/MS system consisting of a lig-
uid chromatograph (PS 210, Varian, Lexing-
ton, MA, USA ) coupled to an electrospray tan-
dem triple quadrupole mass spectrometer
(model 12001, Varian, Lexington, MA, USA)
was used for detection and mass analysis oper-
ating with MS Workstation 6.42 software.

Chrematographic conditions

The liquid chromatography runs were
performed on a Polaris MS Varian CI8, 3 pm
analytical column (50 = 2.0 mm i.d.) coupled
to a Polaris MS Varian, 3 pm (2.0 = 2.0 mm
i.d.) guard-column operating at 28 "C. The
autosampler (Varian P8 410) was kept at
24 °C and the pressure of the system was
maintained between 60 and 62 bars. Nime-
sulide and carbamazepine were eluted iso-
cratically with a mixture of actonitrile/water
(60:40, v/v) and 12.22 mM formic acid. A

flow rate of 0.25 ml/min was used for sample
analysis and the total run time was set to 3.0
minutes. Under these conditions, the reten-
tion times for nimesulide and carbamazepine
were .33 and (.89 min, respectively.

Mass spectrometric conditions

The mass spectrometer equipped with
electrospray ionization (ESI) source was op-
erated in the positive ion mode (E5+) and
multiple reactions monitoring (MEM ) mode.
The tuning parameters were optimized for
nimesulide and carbamazepine by infusing
the standard solution of each compound into
the stainless steel sample capillary of the
electrospray source. The detector was set to
1800 eV and Nitrogen was used as drying gas
for solvent evaporation. The drying gas tem-
peratures were kept at 398.5 °C and the hous-
ing temperature was set at 45 °C. The time
scan was set to 1,200 msec for both com-
pounds. The collision energies were — 14 and
-35, for nimesulide and carbamazepine, re-
spectively. Based on the full scan MS/MS
spectrum of each drug, the most abundant
ions were selected and the mass spectrometer
was set to monitor the transitions of the pre-
cursors to the product tons. as follows: m/z
3092 =
237.2 — 194.0 for carbamazepine. Data ac-

1540 for nimesulide and m/z

quisition and analysis were performed using
the M3 Workstation 6.42 software.

Calibration standards and quality
control

Standard stock solutions of nimesulide
and carbamazepine were prepared, from sep-
arate weighting, in methanol/water (50/50,
v/v) at concentration of 1.0 mg/ml, trans-
ferred to a dark glass flask and kept at -20 *C.
Work solutions of nimesulide were prepared
in methanol/water (50:50, v/v), applying a se-
ries of appropriate dilutions of stock solu-
tions. Carbamazepine work solution was pre-
pared diluting the stock solution in methanol/
water (50:50, v/v) to obtain the final con-
centration of 4 pg/ml.

All calibration curve samples (non-zero
samples), except blank plasma, were pre-
pared by spiking different blank plasma
batches of the work nimesulide solutions to
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yield final plasma concentrations of 50, 100,
200, 300, 1,000, 2,000, 4,000, 5,000 and
6,000 ng/ml. The analyses were carried out in
duplicate for each concentration.

Quality control samples were prepared in
blank plasma using a separate set of nime-
sulide work solution to obtain the final con-
centrations of 30, 100, 4,000, and 5.000 ng/ml
(LLOQ, QCL, QCM and QCH, respectively).
The spiked plasma samples (standards and
quality controls) were extracted ineach analyt-
ical batch along with the unknown samples.

The standard calibration curves were con-
structed using the peak area ratios of nime-
sulide and IS vs. nimesulide nominal concen-
trations of the nine plasma standards in
duplicate. Linear regression analysis was per-
formed to assess the linearity. as well as to
generate the standard calibration equation:
y=ax + b, where y is the peak-area ratio, x the
concentration, a the slope and b is the inter-
cept of the regression line. In addition, a blank
(non-spiked sample) and a zero plasma sam-
ple (only spiked with IS) were run to elimi-
nate the presence of interferences.

Sample extraction

The analyte was extracted from plasma
samples, using a single liquid/liquid extrac-
tion technigue. Frozen human plasma sam-
ples were thawed at room temperature and
aliguots of 200 pl of each calibrator, QC or
volunteer sample were transferred to poly-
propylene tubes (Eppendorff) with 50 pl of
the internal 1S (4 pg/ml) diluted in methanol/
water (50/50 v/v). After mixing, 1.5 ml of
ethyl-acetate was added to all the tubes and
extraction was performed by vortex mixing
for | min. Samples were centrifuged at 2,000 g
for 5 min at 4 “C. The organic phase was
transferred to another set of clean glass tubes
and evaporated to dryness under N2 at 40 *C.
The dry residues were reconstituted 1n 800 pl
of acetonitrile/water (50/50 v/v) and 5 mM
ammonium acetate.

Method validation

Specificity

Presence of non-specific peaks and inter-
ference from plasma components were evalu-

ated in normal, lipemic and hemolyzed blank
plasma samples. All samples were processed
by the liquid-liquid extraction procedure and
submitted to the described LC-MS-MS pro-
cedure to determine the extent to which en-
dogenous plasma components may contrib-
ute to the interference at retention time of
analyte and internal standard. Blank samples
were compared to spiked normal plasma with
nimesulide at LLOC concentration and
carbamazepine. On the day of the study all
volunteers had a blank plasma sample col-
lected before drug administration. Any inter-
ference at the analyte and IS retention time
should not account for more than 20% of
LLOQ and 5% of the peak response area in
the IS concentration used in the method.

Recovery

The recovery was evaluated by calculat-
ing the mean of the response of five replicates
of each QCL. QCM and QCH concentration
and dividing the extracted sample mean re-
sponse by the unextracted (spiked blank
plasma extract) sample mean of the corre-
sponding concentration. Comparison with
the unextracted samples. spiked on plasma
residues obtained after performing the full
extraction process in blank plasma samples.
was done in order to eliminate matrix effects.
giving a true recovery.

Precision and accuracy

Precision and accuracy of this method
were evaluated using three different batches
of QCL, QCM and QCH of nimesulide, also
including the lowest limit of quantification,
LLOQ. For intra-batch assay precision and
accuracy, eight replicates of guality control
samples at the three concentration levels were
assayed all at once within a day to obtain
%CV and accuracy values. The inter-batch
assay precision and accuracy were deter-
mined by analyzing mean values of quality
control samples from three plasma batches,
yielding the corresponding inter-batches
%CV and accuracy values. The following cri-
teria were used to assess the suitability of pre-
cision and accuracy: the %CV determined at
each concentration level should not exceed

L 5%, except at the limit of quantification.
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The LLOQ was determined for nime-
sulide, based on two criteria: {a} the analyte
response at LLOQ had to be at least three
times baseline noise; (b) the analyte response
at LLOGQ being determined with sufficient
precision and accuracy, i.e., precision of 20%,
and accuracy of 80 - 120%. Calculations
were based on five replicates of three blank
plasma batches.

Stability assays

All stability assavs were performed using
five replicates of plasma spiked with nime-
sulide at low, medium and high QCs concen-
trations. To be considered stable, the final re-
sults should reach the following acceptance
condition: the %CV of both precision and ac-
curacy determined at each concentration level
should notexceed 15%. The percentof degra-
dation was defined comparing sample con-
centration to the mean values obtained from
fresh prepared ones at equivalent concentra-
tion,

Post-processing stability was evaluated in
QC samples thawed at room temperature
(22 2C) and extracted. All samples remained
on the bench top for a time exceeding the
maximum period of time expected for routine
sample analysis (24 k).

For freeze-thaw stability of nimesulide
plasma samples spiked with nimesulide were
subjected to three freeze-thaw cycles of

20 *C. In each cycle, samples were frozen
for 24 hours and allowed to thaw at controlled
ambient temperature (22 °C). After complete
thawing, samples were refrozen at -20 °C for
additional 24 hours. This cycle was repeated
three times. Aliquots of all samples were
quantified at the end of the third freeze-thaw
cycle,

The short-term storage stability was eval-
uated in spiked plasma samples kept at room
temperature (22 “C) on the bench top for a
time exceeding the maximum period of time
expected for routine sample preparation (6 h).
The long-term storage stability was assessed
keeping the spiked plasma samples stored at
-20°C during 1,2, 4,8, I6and 179 days, cov-
ering the entire period needed for the hio-
equivalence study, 1.e., from the first day of
valunteer sample collection up to the last day
of sample analysis.

Nimesulide stock and work solutions
were prepared and stored at -20 °C. Sample
aliguots were analyzed after 179 days.

Pharmacokinetic analysis

The first-order terminal elimination rate
constant (ke) was estimated by linear regres-
sion from the points describing the elimina-
tion phase in a log-linear plot. Half-life (t,,,)
was derived from this rate constant (1, =
In{ 2 yke).

Bioequivalence between the two formula-
tions was calculated for both oral suspension
study and tablet formulation study by calcu-
lating individual test/reference ratios for the
peak of concentration (C,.,). area under
curve (ALUC) of plasma concentration until
the last quantified nimesulide concentration
(AUC,,), and the area under curve between
the first sample (pre-dosage) and infinite
(AUC,p. The C,,
achieve this concentration (t...) were ob-
tained from the data fitting analysis of the

. and the time taken to

curves. The areas under the nimesulide plasma
concentration vs. time curves from 0 to the last
detectable concentration (AUC,, ) were calcu-
lated by applying the linear trapezoid rule.
Extrapolation of these areas to infinity
(AUC, ;) was done by adding the value
Co'ke to the calculated AUC, | (where C,
= the last detectable concentration). The ALUC
and C,, data for the two formulations were
analyzed by ANOWVA to establish whether the
00% Cl ofthe ratios was within the 80 - 125%
interval indicating bioequivalence as pro-
posed by the US Food and Drug Administra-
tion. Parametric analyses of In-transformed
arithmetic means between test and reference
formulations were also performed.

The software used mcluded R2.2, Micro-
soft Excel (v, 7.0), Tinn-R, Win-Edit, Scien-
tific Work Place and Equivtest.

Results

Clinical observations

The post-study clinical and laboratory
evaluations showed no significant variations
that could be attributed to treatment. Both for-
mulations were well tolerated at the adminis-
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Figure 1. Reprasentative fon chromatograms
{MEM ) illustrating the retention times for nimesulide
fright panels; miz 309.2 - 154.0) and carbama-
zapine (laft panels; miz 2372 - 184 0} in: (A} blank
normal human piazma; {B) blank lipemic human
plasma; (C) blank hemolyzad human plasma and
(D} normal human piasma spiked with nimesulide
{30 ng'ml) or carbamazepine (1 pg/ml). The retan-
fion times for nimesulide and carbamazepine were
1.35 and 0.89 min, respectively. When a significant
peak was identified the chromatogram was zoomed
close to the specific retention time.

Table 1. Accuracy and precision data for nimesulide QC samples, including

the LLOQ, obtained during the method validation in normal human plasma.

QC-LLOO 81.70 9668 74T 10.80
acL 104.73 10246 4.01 2.78
acm 10223 a7 74 2.44 423
QCH 100.28 B4 .82 7.74. 5.08

*(n = 8), expressed as (found concentration ! nominal concentration) = 100,
byalues obtained from all 3 runs (n = 24), *n = B.

tered doses and no significant adverse reac-
tions were observed or reported. No clinically
relevant change was observed in any mea-
sured biochemical parameter. A total of 50
volunteers finished the study. 25 for Group |

and 25 for Group 2. One volunteer did not
participate in the second period and dropped
out. The second volunteer showed a preg-
nancy-positive result before the second con-
finement period and also dropped out.

HPLC analysis

Specificity or selectivity

Under the conditions applied in this work,
the retention times fornimesulide and IS were
1.35 and 0.89 min, respectively. All chroma-
tograms were free from interferences at the
retention times of nimesulide or internal stan-
dard carbamazepine, Both compounds eluted
as completely resolved peaks and no peak
tailing was noticed enabling the use of either
peak height or peak area in the calculation of
standard curves. The absence of any peak in
the mormal, lipemic and hemolyzed blank
plasma samples at the retention time of
nimesulide and IS indicates the specificity
and selectivity of the analytical method in
plasma (Figure 1).

Linearity

Good linear relationships were found
when the peak area ratios of nimesulide to the
internal standard were plotted versus the
nimesulide plasma concentration in all con-
centration applied to construct the standard
curve. The simplest regression method for
the calibration curves of the nimesulide was
¥ =a+ bx from 50 - 6,000 ng/ml. Correlation
coefficient was between 0.995 and 0,998 for
all independent analytical runs. The LOC) for
nimesulide was 50 ng/ml at a signal to noise
ratio over 5.

Precision and accuracy

The intra- and inter-days accuracy and
precision values of the assay methods are pre-
sented in Table 1. Intra-batch precision and
accuracy of the assay were measured for
nimesulide at each QC level (100, 4,000 and
5,000 ng/ml), inchiding the LLOGQ sample
{50 ng/ml). Calculated intra-batch precision
and accuracy (%CV) of the method ranged
from 2.44 to 7.74%, and 91.70 to 104.73%,
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Table 2. Stability tests showing the nimesulide concentrations before and after A
three cycles of freeze and thaw (reeze and thaw siability), post-processing test, Z e I.-‘f"tq
after & h at room temperature (short term) or after 179 days stored at -20 *C § F s
{long-tarm stability}. The standard stock solutions were also analyzed after ;ﬁ! fl r’ "\ iy
179 days at —20 °C. % =
: T."l \
E away 7 2,
F
£ \
§ | e
Freeze-thaw é e T
]
Fresh conc. (%CV) 106.55 (7.96) [ 4,079.54 (9.04) | 4,799.55 (6.55) -
o 2 4 ] L n {F3 ks 15 m F- " ~
Test samples (%CV) | 84.39 (3.58) | 3.791.38(6.06) | 4,863.15 (6.24) B o bl
‘ariation (%) -10.58 ~T.08 1.33 .
Post-processing g.m ;. “\
£ \ =
Fresh conc. (%CV) 108.74 (6.92) | 4,074.15 (3.38) | 5.298.22 (6.08) i b R 90
Test samples (%CV) | 104.52 (4.32) | 4.037.92 (B.84) | 4.849.54 (2.24) E o E\,
Variation (%) -388 -0.89 -B.47 ‘E L
i Ty
Short-term = .mI “%\h
Fresh conc. (%CV) 80.75 (5.34) | 4,144.96 (3.47) | 4,739.27 (3.75) é r i
e |
Test samples (%CV) | 93.47 (7.55) | 3,756.14 (3.43) | 4,687.96 (6.19) S o TR e L R, S Tl
Variation (%) 3.01 938 —1.08 Pl
Long-term Figure 2. Mean plasma nimesulide concentration
vs. fime curves obtained from 25 healthy volunteears
Fresh conc. (%CV) 95.89 (6.73) | 3.858.65 (1.76) | 4.750.17 (3.58) following the oral administration of a single 100 mg
Test scamples (%CV) | 89.03(4.01) [ 4.032.84 (4.02) | 4,799.88 (5.14) dose in a comparative bicavailability study of two
= tablet formulations (A) or two oral suspension for-
Variation (%) =715 4.52 1.04 mulations (B).
Stock solution
Fresh conc. (%CV) 102,11 (7.69) | 3,858.30 (7.66) | 4,590.00 (3.62) samples in each run. Recoveries were not de-
Test samples (%CV) | 90.83 (3.08) | 4,162.47 (6.25) | 4.782.10 (4.66) pendent on the concentration, and conse-
Vanation (%) 1105 788 218 qucr_n]).r resilted in good linearity of the cali-
bration curve.

respectively. Method inter-batch precision
(%CV) and accuracy ranged from 2.78 to
10.80%, and 94.92 to 102.46%, respectively.
These results, as well as the respective values
for the percentage accuracy, were within the ac-
ceptance criteria for precision and accuracy.

Recovery

The extraction efficiency was determined
by comparison of the peak areas of the spiked
plasma samples with those of unextracted
nimesulide solution in solvent. The mean re-
coveries for nimesulide in spiked blank
plasma samples were found to he 79.71%
(%CV 8.80) for QCL, 74.59% (%CV 4.00)
for QCM and 73.09% (%CV 4.65) for QCH.
The recoveries were consistent throughout
the replicates as demonstrated by the %CV
observed throughout the analysis of the five

Stability

Stability tests showed that nimesulide
samples did not suffer significant degradation
in spiked plasma after three cycles of freeze
and thaw (freeze and thaw stability test), un-
der the conditions of analysis (post-process-
ing stability test), after & h at room tempera-
ture or after 1, 2. 4, 8, 16 and 179 days stored
at -20 °C (long-term stability test). The stan-
dard stock solutions were also stable after
179 days at -20 °C, Table 2 show the results
for the stability tests. In this table, the long
term stability is represented by the results ob-
tained after 179 days at =20 °C.

Pharmacokinetic evaluation

Applicability of this method was con-
firmed by analyzing true samples obtained af-
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Table 3. Arithmetic mean and 80% Cl of the pharmacokinetic paramaters of
nimesulide obtained from 25 volunteers after administration of each 100 mg
nimesulida tablat formulation.

Mean | SD Mean | SD
Conax (ngimi) 452034 | 120154 | 530688 | 1,63256
T () 3.3z 148 223 0.99
tz () 556 403 480 348
AUCo (Ing x hyiml) | 39,1871 | 18.910.76 | 4183369 | 21,000.48
AUC, ((ngx hyml) | 4574654 | 30318.02 | 47,185.56 | 33,100.93

Table 4. Arithmetic mean and 80% Cl of the pharmacokinatics parameters of
nimesulide obtained from 25 voluntesrs after administration of each 100 mg
nimesulide oral suspension formulation.

Mean | SD Mean | SD
Conax (noimil} 430758 | 98055 | 4,305.56 | 1,031.80
tna () 285 123 192 1.00
i ) 454 249 452 3.00
AUCq, ((ng x hyml) | 3507273 | 14,029.66 | 32,288.21 | 12,602.18
AUC,{(ng x hyml) | 37,069.82 | 16,416.64 | 35013.14 | 19.498.32

Table 5. Nimesulide geometric mean of the individual C,,.,,, AUC,,, AUC, ¢
and ratios (test/reference formulation) and the respective 90% confidence inter-
vals (Cl} obtained from 25 volunteers after administration of each 100 mg
nimesulide tablet formulation or 100 mg nimesulide oral suspension.

a7.09

Cumax % ratio 85.06 77.54 - 9530 21.49
AUCq . % ratio 9391 B4.42 — 104 46 85.45 22.96
AU % ratio 96,62 85.18 — 109.59 88.12 27.43

1001

Cmax % ratio 91.05-110.15 | 09845 10,82
AUCq 1% ratio 107.7 99.74- 11639 | 99.79 16.02
AUCi % ratio 107.6 98.24 - 117.90 | 0883 18.97

ter administration of 100 mg of nimesulide to
healthy wolunteers. The mean nimesulide
plasma concentration vs. time curves ob-
tained after a single oral dose of each tablet

formulation are shown in Figure 2A and the
mean nimesulide plasma concentration vs.
time curves obtained after a single oral dose
of each oral suspension formulation are
shown in Figure 2B. In the case of the tablet
formulations, significantly lower concentra-
tions for the test formulation compared to the
reference Nisulid®, mainly in the region of
the C_ .. concentration, were observed. On
the other hand, the plasma concentration of
nimesulide did not differ significantly after
administration of both oral suspension for-
mulations {test formulation and reference
formulation).

The mean pharmacokinetic parameters
for the both brands of nimesulide tablets are
summarized in Tables 3 and 5. Briefly, the
geometric mean and respective 90% CI of
nimesulide test/reference percent ratios were
8596% (77.54 - 9530%) for C_,, and
93.91% (84.42 - 104.406%) for AUC,,. The
C ... Tesulis were found to be outside the FDA
acceptable range of 80 - 125%, for evaluation
of bioequivalence.

The mean pharmacokinetic parameters
for both brands of nimesulide oral suspen-
sions are summarized in Tables 4 and 5.
Briefly, the geometric mean and respective
00% Cl of nimesulide test/reference percent
ratios were 100.1% (91.05 — 110.15%) for
Cpae and 107.7% (9974 - 116.39%) for
AUC, . Inthis case, the results were found to
be within the FDA acceptable range of
80 — 125% for evaluation of bioequivalence.

Discussion

Switching the patient from one pharma-
ceutical formulation of the same drug to an-
other, may lead to therapeutic failure in some
cases. To minimize the risk. careful pharma-
cokinetic studies are desired in the pre-regis-
tration period and afterwards. A randomized,
crossover design with a 2-week wash-out pe-
riod between each dose was applied. Plasma
samples obtained before dosing and at vari-
ous appropriate time peints up to 24 h, were
analyzed for nimesulide content by a high-
performance liquid chromatographic method
with LC-MS-MS detection. The pharmaco-
kinetics and relative bipavailability of two
different pharmaceutical formulations con-
taining nimesulide, one tablet and one oral
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suspension, manufactured by the same phar-
maceutical factory, were compared with two
reference Nisulid® formulations. These stud-
ies require highly selective and sensitive ana-
Iytical methods that provide high accuracy
and precision for the determination of drug
levels.

The combination liquid chromatogra-
phy/mass spectrometry is currently accepted
as being a powerful means of determining or-
ganic molecules from complex biological
matrices [ 10, 12, 13, 20]. LC/MS/M3 was the
method of choice because it offers high speci-
ficity and sensitivity, good precision and ac-
curacy, and a wide dynamic range. in addition
to high throughput, which is an essential char-
acteristic in bioeguivalence studies. Several
analytical methods for the quantitative deter-
mination of nimesulide using UV [7, 8, 14,
18] and UV/Vis [11. 15] have been reported.
Some of these methods wvalidated higher
LLOGQ [L1, 14, 15, 18]. In spite of using UV
detection, the validated method described by
Giiachetti and Tenconi [7] describes a lower
limit of quantification (25 ng/ml). However,
the chromatographic run was accomplished
in 30 min, 10 times longer than our method.
The same time problem is observed in a 2006
publication of Pavan Kumar etal. [14], show-
ing a 35 min chromatographic run and LLOQ
{500 ng/ml} 10 times higher than the LLOQ
presented in this work.

A pharmacokinetic study reporting the
quantification of nimesulide in human plasma
by LC/MS/MS was published in 2001 [2]. In
that work, the authors described a lower limit
of gquantification for nimesulide (10 ng/ml)
compared to the LOCO) described in this work
{50 ng/ml). Howewver, this difference in sensi-
tivity does not compromise the analysis of
plasma samples after administration of the
therapeutic nimesulide dose applied in the
pharmacokinetic studies described in this
work.

To compare the bioavailability of two
nimesulide oral suspension (30 mg/ml) for-
mulations and two nimesulide tablet (100 mg)
formulations (Nisulid® as reference formula-
tion), 52 volunteers of both sexes were di-
vided in two groups of 26 subjects (13 men
and 13 females each group) and a single
100-mg eral dose of nimesulide was given in
both pharmacokinetic studies; The toler-
ahility of all preparations was excellent as in-

dicated by the absence of any significant side
effect.

The respective 90% confidence intervals
of the ratios of geometric means of nime-
sulide C,,y were out of acceptable limits for
the test tablet in comparison with the refer-
ence formulation. In spite of the 90% confi-
dence interval for the AUC,., and AUCy. .
values of nimesulide absorbed from both test
and reference tablets were included in the
80 — 125% interval proposed by the Food and
Drug Administration (FDA), the test tablet
formulation was considered not bicegquiva-
lent to the reference Nisulid". On the other
hand. the study comprising the oral suspen-
sion formulations, confidence intervals of the
ratios of geometric means of C AUC,,
and AUC; ; values of nimesulide absorbed

max?

from both test and reference formulations
were included in the 80 - 125% mterval.

In this study, the oral suspension and the
tablet formulations were not compared to
each other. However, Jovanovic et al. [9]
compared the pharmacokinetics and relative
bioavailability of three different pharmaceu-
tical formulations containing nimesulide,
manufactured by the same pharmaceutical
factory. This study was performed prospec-
tively in only 12 healthy subjects of both
sexes. A single 100-mg oral dose of nime-
sulide was given to the volunteers in the form
of conventional tablets, mouth dissolving tab-
lets or as a reference suspension. They found
that only the mouth dissolving tablets were
considered bioequivalent to the suspension
according to only the extent of drug absorp-
tion. A statistically significant difference be-
tween .. values was also observed. In addi-
tion, the respective confidence intervals of
the ratios of geometric means of C_,, and
AUC . of nimesulide were out of accepi-
able limits either for conventional tablets in
comparison with suspension or for mouth dis-
solving tablets when compared with conven-
tional tablets [9].

Conclusion

A very simple and fast method involving
the LLE protocol and LC/MS/MS analysis for
the nimesulide quantification in  human
plasma using carbamazepine as the internal
standard was fully validated. This method is
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in agreement with the high sensitivity, speci-
ficity and high throughput analysis required
for pharmacokinetic studies and hundreds of
samples can be analyzed daily, while only
small quantities of plasma and solvent are
consumed. The method developed here was
linear over the concentration ranges of
50 - 6,000 ng/ml.

Since the 90% CI for the C,,, ratio was
outside the 80 — 125% interval proposed by
the US Food and Drug Administration, it is
concluded that the nimesulide 100 mg tablet
formulation is not bioequivalent to the
Nisulid™ 100 mg tablet with respect to the rate
of absorption. This formulation is bioeguiva-
lent to the reference tablet according to only
the extent of drug absorption.

On the other hand, since the 90% CI for
Cou AUC, 1 and AUC, . were within the
80 — 125% interval in the oral suspension
study, itwas concluded that test 50 mg/ml oral
suspension were bioequivalent to Nisulid®
50 mg/ml oral suspension with respect to both
the rate and extent of absorption. Indeed, con-
cerning the comparable amounts of nime-
sulide available in the systemic circulation af-
ter application of these formulations, one
might not expect therapeutic failure after
switching the patient from one to another.
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3. DISCUSSAO




O maior objetivo dos estudos de bioequivaléncia é garantir farmacos com
padrbes farmacocinéticos e qualidades comprovadas. No presente trabalho foram
utiizados como matriz biolégica o plasma humano para quantificacdo
farmacocinética dos farmacos através do método de cromatografia liquida de alta

eficiéncia (CLAE).

A quantificacado do diclofenaco de colestiramina descrito no Capitulo 1 foi
feita com um espectrofotdmetro de ultravioleta visivel (UV-VIS) e a das duas
formulacdes de nimesulide descrito no Capitulo 2, com espectrémetro de massa

(EM/EM).

O primeiro é baseado na absorbancia da luz pelo analito, cujo
espectrofotdbmetro s6 detecta os compostos que absorvem no comprimento de
onda em que estiver ajustado. E muito utilizado em CLAE, pois a grande maioria
das substancias absorve radiagdo UV. O segundo €& determinado pela
abundancia da massa molecular de compostos quimicos através da separacao
pela razdo massa/carga (m/z) das moléculas ionizadas que sao formadas apos

vaporizacao e aplicacao de um potencial elétrico.

Devido sua alta seletividade, especificidade e precisdo atualmente é o
método de quantificacdo mais utilizado em estudos de bioequivaléncia. Apesar do
alto custo do CLAE-EM/EM e de sua assisténcia técnica € compensado pelo seu

curto tempo de operagdo no processamento das amostras®®.

A utilizagdo do padrao interno nos estudos determina uma compensacao
de diferengas no comportamento do analito durante todo o processo desde sua
extracdo, eventuais falhas no processo de injecdo e em diferengas na
quantificacdo. Padrées internos mais utilizados sdo farmacos de estrutura quimica

semelhante ao analito.
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A quantificacdo das amostras de medicamentos foi realizada de acordo

com os parametros apresentados na Tabela 2 e Capitulos 1 e 2. Nesses

capitulos encontram-se os dados e resultados, graficos, tabelas e andlise

estatistica correspondentes.

Tabela 2. Caracteristicas gerais da metodologia empregada para quantificacdo dos

diferentes farmacos

Método

Matriz Biologica

Padrao Interno

Tipo de Extracao

Fase Movel

Volume Injetado

Tempo de retencao
Analito (min.)

Tempo de retencao
Padrao Interno (min.)

Tempo corrida analitica
(min.)

LOQ

Detector

Diclofenaco

CLAE — UV-VIS

Plasma

Indometacina

Precipitacao de
proteina

Acetonitrila

20pL

50ng/mL

UV (276nm)

Nimesulide
Comprimidos

CLAE-EM/EM
Plasma
Carbamazepina
Liquido-liquido
Acetonitrila/Agua
20pL
1,35

0,89

50ng/mL

TRANSICAO
m/z 309.2 > 154.0

Nimesulide
Suspensao Oral

CLAE-EM/EM
Plasma
Carbamazepina
Liquido-liquido
Acetonitrila/Agua
20pL
1,35

0,89

50ng/mL

TRANSICAO
m/z 309.2 > 154.0

Apesar de serem apresentados diferentes métodos de extiracdo e

quantificacao, o limite de quantificacdo (LOQ) de 50ng/mL obtido nos estudos foi

suficiente para aplicacdo nos estudos de bioequivaléncia. A extracao por
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precipitacdo de proteinas € mais simples e barata ao passo que a liquido-liquido

envolve mais etapas e reagentes.

O tempo de retencdo do analito e do seu padrédo interno resulta em
diferentes tempos de corrida analitica e desempenha um papel fundamental na
velocidade de processamento das amostras de plasma, tal velocidade foi mais
rapida com o método validado para o nimesulide de deteccdo com espectrometro
de massas, sendo 2,7 vezes mais veloz que o método validado para do

diclofenaco de colestiramina.

Foi apresentado no Capitulo 1 pela primeira vez na literatura um estudo
de bioequivaléncia do diclofenaco de colestiramina, apesar de ja terem sido
realizados estudos de biodisponibilidade relativa entre diferentes formulacdes

farmacéuticas do diclofenaco®?.

O tempo de washout dos estudos respeitou o intervalo minimo de sete

meias-vidas de eliminacdo do farmaco®®

, resultando em um intervalo de uma
semana entre as tomadas do diclofenaco de colestiramina e duas semanas para o
nimesulide. A quantidade de voluntarios para os trés estudos foram suficientes
para assegurar dentro do coeficiente de variagdo do farmaco, um numero
estatisticamente significativo®® de voluntarios. 26 voluntarios de ambos os sexos

foram selecionados em cada, ocorrendo um dropout para cada formulacdo de

nimesulide, ndo ultrapassando o limite de 5% dos voluntarios do estudo®®.

Depois da quantificagdo de 780 amostras para o estudo do diclofenaco de
colestiramina e 1664 dos estudos do nimesulide foram tracados as curvas
individuais de concentracdo versus tempo para cada voluntario, cuja média da
curva esta exposta nos respectivos Capitulos. Através da determinacao do perfil

farmacocinético dos medicamentos comprovamos que em duas tomadas diarias
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obtemos a concentracdo em niveis terapéuticos. A simplificacdo da prescricao de
comprimidos duas vezes ao dia oferece vantagens em termos de conforto e
adesdo ao tratamento, particularmente em pacientes que tomam multiplas

medicacdes®®.

Estdo consolidados na Tabela 3 os dados farmacocinéticos dos
Capitulos. Observamos que a apresentacao farmacéutica de suspensao oral nos
permite uma velocidade de absor¢cao mais rapida que a formulagdo comprimido. A
Meia-vida das formulacbes de nimesulide é aproximadamente o dobro da
formulacdo de diclofenaco. Entretanto € devido a sua associagcdo com a
colestiramina que permite concentracdes plasmaticas terapéuticas para duas

tomadas diarias®®.

Relativamente ao nimesulide, o diclofenaco de colestiramina demonstra
uma rapida eliminagcado do plasma, contudo possui uma longa Meia-vida no local

de inflamagéo o que pode explicar a duracido de seu efeito terapéutico'’.

Tabela 3. Farmacocinética dos farmacos estudados.

Nimesulide Nimesulide
Diclofenaco "
’ Comprimidos Suspensao Oral
Média / IC 90% ’
Média / SD Média /SD
459,55
Cuax (ng/ml) 4.520,34 / 1,201,540 4.307,58 / 980,55
396,84 — 522,27
T 191 3,32/1,48 2,85/1,23
MAX 1 ,68 _ 2,14 El ’ El I
2,40
T42 (Meia-Vida) 5,56 /4,03 4,54 /2,49
1,47 - 3,34
ASCyLivo 1098,34
39.148,71 /18.910,76 35.072,73 / 14.029,68
((ngxh)/ml) 952,67 — 1.244,01
1318,04
ASC\r ((ngxh)/ml) 45.746,54 / 30,3185,58  37.069,82/ 16.416,64

1.115,30 — 1.520,78
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Na Tabela 4 estdo colocados os valores das médias geométricas da razao

da formulacao teste / formulacao referéncia.

Tabela 4. Valores das médias geométricas da razdo da formulacdo teste / formulagéo
referéncia

Média Geométrica

TR (%) IC 90% CV (%)

DICLOFENACO
Cuax 100,22 84,99 - 118,19 ~ 35,82
ASCy.mimo 90,53 82,86 — 98,91 ~18,82

NIMESULIDE COMPRIMIDOS

Cumax 85,96 77,54 — 95,30 21,49
ASCyLtimo 93,91 84,42 — 104,46 22,96
ASCinr 96,62 85,18 — 109,59 27,43

NIMESULIDE SUSPENSAO ORAL

Cumax 100,1 91,05 -110,15 19,82
ASCy.mimo 107,7 99,74 — 116,39 16,02
ASC\\r 107.,6 98,24 — 117,90 18,97

O parametro do Cuax para a formulacdo comprimidos de nimesulide néao
se enquadrou dentro do intervalo de confianca aceito pela ANVISA“?, desta forma
ndo foi atestada sua bioequivaléncia. Para atestd-la, 90% do IC devem se
encontrar dentro da faixa de 80-125%. Dentro do Sistema de Classificacao
Biofarmacéutica (SCB) o nimesulide é um farmaco que tem a classificagédo Il no
critério de solubilidade (baixa solubilidade e alta permeabilidade) podendo gerar

problemas para suas formulagdes comprometendo sua biodisponibilidade®”.
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Os estudos de bioequivaléncia obrigatérios para as formulagbées genéricas
desde sua criacdo em 1999®® também passaram a ser obrigatérios para as

formulagdes de similares em 2003 )

, estima-se que até 2014 todos os
fabricantes de medicamentos similares ja terdo atendidos aos critérios de
adequacdo®’, ou seja, tenham comprovacdo da biodisponibilidade relativa,
através do estudo de bioequivaléncia. Com isso teremos disponiveis em médio
prazo mais medicagbes de confiabilidade comprovada, evitando que uma

medicacdo referéncia ou genérica sejam substituidas erroneamente por uma

formulagédo que nao seja considerada equivalente terapéutico.

Desde a criagdo da lei dos genéricos, seu emprego pelos prescritores e
pela populacdo tem sido cada vez maior, gerando uma grande economia com
gastos com medicamentos. Ap6s 3 anos decorridos dos primeiros registros,
observou-se que o preco dos genéricos era cerca de 40% menor em comparagao
aos medicamentos referéncia®. Atualmente a biodisponibilidade e a
bioequivaléncia entre as formulagdes genéricas sado vistos como temas mais
comuns e a sua confiabilidade aumenta diretamente com o aumento de sua
producédo e consumo. Os AINEs sao farmacos de tratamento sintomatico néo
interferindo diretamente na evolucdo da doenca, desta forma sua equivaléncia

terapéutica ndo é tio critica quanto os medicamentos de agéo cardiovascular®®.

Em contraste com o grande avanco da qualidade e confiabilidade das
formulagdes genéricas o controle sobre sua dispensacdo ainda € motivo de
preocupacao, pois em sua maioria podem ser facilmente adquiridos nas farmécias
sem receituario, permitindo que a populagéo leiga fagca uso de AINEs sem ao

menos ter passado por orientacdo de um profissional habilitado.
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Depois de alertas de reagbes adversas envolvendo os COXIBEs feitos por
orgaos de controle de medicamentos em niveis mundiais (FDA e EMA), em 2008
os COXIBEs comercializados no Brasil (Arcoxia® e Celebra®) foram
reclassificados de venda sob prescricdo médica para venda sob retencéo de
receita medica (receituario C1) e tiveram adequacdo do texto da bula
notadamente quanto aos aspectos presséricos, no caso do Arcoxia® e quanto os
aspectos de uso em gravidez, amamentacao e limitagdo do tempo de tratamento
para as diferentes indicacbes no caso do Celebra®®"). Tais medidas refletiram

diretamente no controle de dispensacao desses farmacos.

Dentre os farmacos estudadas, clinicamente, o nimesulide requer uma
atencado maior, pois desde 2002 a EMA esta emitindo constantes avisos,
desenvolvendo estudos, modificando apresentacées comerciais e bulas
culminando na retirada do mercado de alguns paises membros devido sua

toxicidade hepatica.

Pelo fato do nimesulide ndo ser comercializado nos Estados Unidos
devido sua hepatotoxicidade®® tampouco no Canadd por também ndo ser
solicitada sua comercializacdo®, as observacdes sobre suas reacdes adversas
se concentram nos paises da Unidao Européia onde a EMA faz sua monitorizacao
desde 2002. Esse monitoramento teve inicio apds a Finlandia emitir um alerta de
109 reacdes adversas relacionados ao nimesulide sendo que, 66 eram reacdes
hepaticas, incluindo RAM graves como: hepatite e faléncia hepatica que
resultaram em dois transplantes. Essas morbidades levaram a Finlandia a

suspensdo de comercializacdo em Margo de 200278

Em 10 de Abril de 2002 a Finlandia notificou a CPMP e a EMA foi aberta

uma reavaliacao sobre risco/beneficio do nimesulide principalmente no que se
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relaciona a sua toxicidade hepatica. Simultaneamente a Espanha suspendeu sua
comercializacdo. A CHMP ap6s ampla discussao e revisdes, estabeleceu que a
dose maxima diaria fosse a posologia oral de 100mg duas vezes ao dia, retirando
do mercado dosagem oral de 200mg e contra indicando seu uso em pacientes
com problemas hepaticos!”®. No Brasil a formulagdo similar oral em cépsula de
200mg esta disponivel no mercado'®™ e nenhum alerta foi dado com relacdo ao

risco deste farmaco causar problemas hepaticos graves.

Em 2007 a EMA finalizou a revisdo da seguranca hepatica do nimesulide e
concluiu que os beneficios superam os riscos, porem seria necessario limitar a
duracdo de sua prescricdo e restringir seu uso para garantir que o risco de
pacientes desenvolverem problemas hepaticos se mantenha no minimo. Em Maio
deste mesmo ano, a Irlanda suspendeu a comercializagdo do nimesulide®® devido
notificacées de reagcbes adversas graves que afetam o figado e novamente a EMA
e o CHMP foram notificadas. Tal notificacdo culminou na abertura de uma nova
avaliacao para concluir se a acao tomada pela Irlanda deveria ser implementada
em toda a Unido Européia. Depois de analisadas todas as evidéncias disponiveis
concluiram que as informagdes nédo suportavam a suspensao de todas as
autorizacbes de comercializacdo na Unido Européia, entretanto seria necessario
adequar as autorizacdes e informar tanto os médicos quanto os pacientes quanto
ao risco de injuria hepatica. O CHMP recomendou que o tratamento com
nimesulide fosse limitado em 15 dias e que os blisters contenham no maximo 30

doses'.

Em 2009 uma nova revisao foi concluida e o CHMP limitou o emprego do
nimesulide como um farmaco de segunda linha (usada quando pelo menos outro

farmaco falhou)®®,
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Devido ao estudo de simulacdo Italiano® no qual a diminuicdo das
prescricoes de nimesulide aumentariam os efeitos adversos envolvendo o
estdbmago e intestino o comité iniciou um novo acompanhamento dos riscos e
beneficios tanto da seguranga gastrointestinal como hepatica’". Em Junho deste
ano EMA contra-indicou a prescricdo de nimesulide para tratamento de
osteoartrite e recomendou aos prescritores que o substituam por uma alternativa
apropriada, devendo ser empregado como farmaco de segunda linha somente em

casos de dores agudas e dismenorreia‘'%.

Atualmente o nimesulide esta disponivel na Unido Européia nos seguintes
paises membros: Bulgaria, Republica Checa, Chipre, Franca, Grécia, Hungria,
ltalia, Letbnia, Lituania, Malta, Polénia, Portugal, Roménia, Eslovaquia e
Eslovénia. Medicamentos contendo nimesulide sao autorizados, porem nao

comercializados na Austria e Irlanda‘"®?.

Em um levantamento do emprego de nimesulide realizado no mundo
inteiro, o Brasil se encontra entre os trés maiores consumidores, ficando atras de
ltalia e Portugal em numeros de unidades vendidas. Entretanto a quantidade de
RAMs relacionadas ficam em décimo lugar, tal discrepancia esta relacionada a
falta de notificagbes de RAMs quando o emprego deste farmaco!'®). Tal
discrepancia ocorre pelas informagdes de reagdes adversas estarem incompleta
ou indisponivel. Sua subnotificacdo no sistema de farmacovigilancia somado a
incerteza em estimar o nimero de pacientes que fazem uso do medicamento

impedem de definir a freqiéncia com que ocorre uma reacéo adversa®.

Apesar dos modernos avancos terapéuticos salvarem e melhorarem
muitas vidas humanas, suas RAMs graves representam atualmente o maior desfio

para o0s profissionais da salde, agéncias reguladoras e companhias
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farmacéuticas. Essas RAMs podem tira-las do mercado e infortunamente privar
alguns pacientes de seus efeitos benéficos. Desde 1998, dezenove farmacos
foram retirados do mercado Norte Americano devido a efeitos adversos pos-
comercializagdo. O que realmente constitui um efeito adverso inaceitavel ndo é
facilmente definido, pois depende da gravidade da doenga que esta sendo tratada
e a disponibilidade de uma alternativa terapéutica segura®”’. A IHFI é a causa

mais comum das retiradas de farmacos do mercado farmacéutico''%?.

Alguns farmacos apesar de sua hepatotoxicidade serem reconhecidas,
eles ainda sao mantidos no mercado como farmacos de segunda linha. Algumas
reagcoes adversas de hepatotoxidade e outras toxidades sao aceitas para
anticonvulsivantes, farmacos antivirais, e para tratamentos anti-cancer onde as
respostas individuais sdo variaveis e a necessidade de muitos farmacos é

grande('®,

A elevacao de TA em diferentes graus € um marcador biolégico seguro, e
sempre que ocorrerem devem ser tratadas com seriedade. Um dos indicadores
seguros de farmacos quanto sua hepatotoxidade € a aplicacdo da regra de Hy ou
Hy’s Law (em referéncia ao Dr. Hy Zemmerman nos anos 80). Um farmaco
potencialmente hepatotéxico precisaria evidenciar sua injuria hepatocelular como
0 aumento de 3 vezes ou mais do limite superior da normalidade para as TAs
somado ao aumento de pelo menos duas vezes o valor normal de bilirrubina, sem
que possua obstrucéo intra ou extra hepatica. A elevagdo de TAs € mais sensivel

que a aplicacdo do Hy’s Law que é mais especifica’®.

Muitas vezes o aumento de TAs antecede a manifestacdes clinicas e sua
dosagem em estudos controlados, pode ser Gtil na identificacdo prematura de

pacientes com maior susceptibilidade a tais farmacos.
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Como objetivo secundario de nosso trabalho, levantamos dados dos
exames laboratoriais realizados para investigar alguma mudanc¢a nos parametros
clinicos relacionada ao medicamento. Ambos os farmacos possuem potencial para
causar injuria hepatica, e sua monitorizacdo pés-comercializacao neste sentido é
desejavel, avaliando seus riscos contra os beneficios ao longo do tempo. O

diclofenaco e outros AINEs possuem raras hepatotoxidades graves!'®.

Os critérios de inclusdo dos voluntarios nos estudos foram apresentados
nos Capitulos 1 e 2, mostrando os exames laboratoriais realizados pré e pés-
internacdo. Foram incluidos individuos com fungcédo hepatica normal sem serem
portadores de injuria hepatica devido a hepatites virais, pois todos foram
examinados contra Hepatite B e C. Neste estudo controlado, randomizado, duplo
cego, foram feitos os exames laboratoriais pré-internacao e pos-internacao dentro
de um intervalo de um més (28 dias) no qual o voluntario declarou que nao fez uso
de nenhuma outro farmaco ou alcool no periodo do estudo. Foram feitas duas
administragdes, uma para cada internacdo, tanto do diclofenaco como do
nimesulide, cujos intervalos de dias de cada tomada para o dia do exame pos-

estudo esta no quadro abaixo (Tabela 5).

Tabela 5. Dias de cada tomada que antecedeu os exames pdés-internacao

DICLOFENACO NIMESULIDE NIMESULIDE
COMPRIMIDOS SUSPENSAO ORAL

Primeira tomada 12 19 21

Segunda tomada 5 5 7

Durante a etapa clinica que envolveu dois periodos de internacédo de 24h
nao foram relatados efeitos adversos. Analisando os resultados laboratoriais pré e

pds-internacdo, quanto aos parametros de transaminases (ALT e AST), gama GT
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(GGT), fosfatase alcalina (ALP) e bilirrubina (TBL), todas essas do painel hepatico
e ainda a contagem de plaquetas demonstrados nos graficos do Anexo |I.
Obtivemos os valores dos intervalos de confianca e o valor de P (<0.05) apéds

aplicacao do teste de significancia de Student (Tabela 6).

Tabela 6. Valores dos IC e P dos exames laboratoriais do painel hepatico e da contagem
de plagquetas

NIMESULIDE NIMESULIDE
DIGHOIALAEY) COMPRIMIDOS SUSPENSAO ORAL
-2.951486:4.259179)
(3.00931; 7.06761) (0.85238; 8.53224) (
ALT /TGP P 0.0001 P 0.019 P0.712
(-1.038849; 2.885003) (-6.91376; 2.91376) (-5.71917; -1.66544)
AST/TGO P 0.342 P 0.410 P 0.001
GamaGT
(-5.58226; -0.57159) (-6.80235;-0.27458) (-2.48620; 7.64004)
(GGT) P0.018 P 0.035 P 0.305
Fosfatase
(-28.0065; -11.0704) (-11.13553;21.44322) (21.9514; 49.4332)
alcalina (ALP) P 0.0001 P 0.521 P 0.0001
Bilirrubina
(-0.381172; -0.222674) (-0.080579; 0.066733 (-0.108267;0.005960)
(TBL) P 0.0001 P 0.848 P 0.077
(-2,450.1; 24,296.3) (-20,875.96; 5,337.50) (5,321.8; 26,908.9)
Plaquetas P 0.105 P 0.234 P 0.005

p<0.05 Existe diferenga significativa
Valores em azul mostram aumento significativo e vermelho diminuicdo significativa

Examinando a significAncia dos valores dos exames obtidos depois da
administragdo das drogas, obtivemos desfechos clinicos variados. N&o se
encontrou uniformidade de variacdes significantes entre as diferentes drogas nem
mesmo entre as duas formulagdes de nimesulide. Apesar de encontrarmos
alteracoes estatisticamente significantes para alguns parametros, clinicamente nao
representam alteracdes significantes, porem conseguimos com esse resultado

fazer as seguintes ponderacoes:
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Nenhuma das formulagbes apresentou correlagdo com a diminuicdo de
plaquetas. Tal observagéo corroboram com os resultados de Marbet et al. em seus

estudos de hemostasia com o nimesulide®".

A administracdo de nimesulide entre as duas formula¢gdes ndo mostrou
alterac6es clinicas laboratoriais uniformes. Apresentou correlacdo entre dose e
aumento de enzimas para sua formulacdo de comprimido na ALT, tendo no
parametro GGT diminuicdo. Sua formulagdo de suspensao oral mostrou diferenca
estatisticamente significante na diminuicdo dos valores de AST, e no aumento de
ALP. O diclofenaco apresentou aumento estatisticamente significante para o
parametro de ALT, porem foi observado diminuicao dos parametros de GGT, ALP

e TBL.

E possivel correlacionar com a literatura o aumento do ALT tanto para o
nimesulide comprimido quanto para o diclofenaco, sendo que essa enzima
hepatica € a mais sensivel quando da metabolizacdo de drogas. Apesar do
aumento ser significativo ele nao representou valor superior a 3 vezes o0 ULN, o
que significaria toxicidade hepéatica®. Seria muito raro identificar grandes
mudancgas nos parametros avaliados com apenas duas tomadas de drogas dos

estudos de bioequivaléncia.

Porem dentro de um processo investigativo os valores que graficamente
sao considerados outliers existentes nos graficos em anexo, podem ser
questionados diante de seu aumento dentro do estipulado por Hy’s Law e serem
atribuidos a uma acgéao idiopatica ao farmaco do referido individuo e ser de base

para um processo de investigacao em farmaco genética.

Atualmente a selecdo de farmacos para os pacientes € um exercicio

empirico, e que o fator de risco para muitos efeitos adversos seja em particular
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fatores genéticos que ainda permanecem amplamente desconhecidos. Uma
alternativa possivel seria o desenvolvimento de testes genéticos preditivos. Porem
interacdes com outras drogas e estados de morbidade como doencgas cardiacas

ou hepaticas seriam dificiimente identificados*”.

Mesmo um aumento significante de enzimas hepaticas pode né&o indicar
clinicamente uma injuria hepatica importante; elevacdées de significantes de
enzimas hepaticas farmaco induzidas sdo reversiveis mesmo com a continuidade
do uso do farmaco e pode nao levar a uma injuria permanente, por isso que 0s

verdadeiros casos de IHFI precisam de cuidados em sua monitorizagao®®.

Por esse motivo um monitoramento de casos controlados de drogas
potencialmente hepatotdxicas poderia reunir dados para um estudo comparativo
e/ou para uma base de dados para a populacdo brasileira, visando identificar
populagbes de alto risco. Porem a utilidade de testes de monitorizacdo de

hepatoxicidade é discutivel frente a raridade de toxicidade clinicamente
significante!'®?.

No trabalho de Bessone F®® mostrou que o tempo de laténcia para a
tomada de nimesulide para o acometimento clinico tarda de 15 a 90 dias em 66%
dos casos. Van Steenbergen et al. registrou injuria hepatica com uma e trés
semanas de ingestdo da dosagem de 200mg/dia®®. Apesar do emprego na
odontologia ser de curto prazo, existe situacdes clinicas que a manutencao deste

farmaco é feita por mais tempo como no caso de disfungdo da articulagcao

105) (106)

témporo-mandibular’®, na manutengdo da doenga periodontal crénica e em

107

cirurgia bucomaxilofacial''®”). Entretanto no tratamento sintomatico de desordens

18, 73, 75

musculo-esqueléticas sua administragdo a longo prazo é freqliente! ) e por

isso requer maior atengao.
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Existem alguns paises que o risco de hepatopatias por nimesulide € maior
entre sua populacdo em comparacdo com outros AINEs, como é o caso da
Espanha e Finlandia, no caso da Finlandia esse risco é estimado em 100 vezes

mais®?.

Entendendo que alteragbes de enzimas hepaticas em estudos controlados
como o de bioequivaléncia e em tratamentos com drogas hepatotoxicas
monitorados, podem trazer elementos favoraveis para um futuro em que caminha
para o desenvolvimento de testes genéticos predectivos, dando aos prescritores e
pacientes mais opg¢bes para eleger um farmaco mais adequado evitando que um

paciente que tenha uma reacao adversa grave ao farmaco seja catastrofica.
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4. CONCLUSAO




Quanto ao perfil farmacocinético:

Diclofenaco de colestiramina

A formulagéo testada (Capsula 140 mg) é bioequivalente ao Flotac® para

sua velocidade e sua extensao de absorc¢ao.
Nimesulide

A formulacdo testada (Comprimido 100mg) nado demonstrou
bioequivaléncia, dentro dos critérios (IC 80-125%) estabelecidos pelo FDA e

ANVISA para o critério de velocidade de absorgdo (Cwax) ao Nisulid®.

A formulacdo testada (Suspensao oral 50mg/mL) é bioequivalente ao

Nisulid® para sua velocidade e sua extensdo de absorgao.

Quanto a seguranca farmacoldégica

Ambos medicamentos apresentam amplo emprego e muitos estudos

positivos sobre sua eficacia.

Apesar do nimesulide apresentar vantagens clinicas por oferecer uma
melhor tolerancia ao TGI que o diclofenaco de colestiramina, seu emprego deve

ser feito como um farmaco de segunda linha.

Caso seja empregada, deve seguir as recomendagdes da EMA quanto
sua indicacao, dose maxima diaria de 100mg duas vezes ao dia por no maximo 15

dias.
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Resultados dos parametros clinicos laboratoriais avaliados
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ANEXO I
Publicacées durante o periodo de doutorado

A- - Borges NC, Rigato HM, de Oliveira PR, Nogueira DR, Moreno RA, Dalmora
SL. Liquid Chromatography-Tandem Mass Spectrometry Method for the
determination of Propranolol in Human Plasma and its Application to a
Bioequivalence Study. J Liq Chrom Relat Tech, 2008, 31:19, 2927 - 2941

Abstract: A rapid, sensitive and specific method based on liquid chromatography-
tandem mass spectrometry (LC-MS-MS) was developed and validated for the
determination of propranolol in human plasma using metoprolol as internal
standard. The drugs were extracted from plasma by liquid-liquid extraction and
separated isocratically on a Phenomenex Synergi Fusion-RP Cig analytical
column, 4 ym (150 mm x 4.6 mm i.d.) maintained at 30 °C, with acetonitrile /water
(95/5, v/v): 100 mM ammonium acetate: 100 mM acetic acid (65:15:20 v/v/v) as
mobile phase, run at a flow rate of 1 mL min™ (split 1:3). Detection was carried out
by positive electrospray ionization (ESI+) in selected reaction monitoring (SRM)
mode. The chromatographic separation was obtained within 3.0 min and was linear
in the concentration range of 2-150 ng mL" (r*=0.9969). The method was
successfully applied for the bioequivalence study of two tablet formulations (test
and reference) of propranolol 80 mg after single oral dose administration to 36
healthy human volunteers, using an open, randomized, two period crossover
design with one week wash out interval. The geometric means ratios of Cnax and
AUC o) Wwere 99.77 and 103.70%, respectively, with both the confidence intervals
between 90.12 - 112.92% demonstrating the bioequivalence of the two

formulations.
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B — Moreira RF, Rigato HM, Borges BC, Sverdloff CE, Oliveira RA, Moreno RA,
Borges NC. Effect of Hyperlipemic Food on the Comparative Bioavailability of Two
Bupropion Formulations after Administration of a Single Oral Dose of 150 mg in
Healthy Human Volunteers. J Bioequiv Availab Volume 1(4): 103-111 (2009) —
103.

Abstract: A specific, fast and sensitive LC—MS/MS assay was developed for the
determination of bupropion and its metabolite hydroxybupropion in human plasma
using lidocaine as the internal standard. The limit of quantification was 3.13 ng/ml
for bupropion and 7.81 ng/ml for hydroxybupropion. The method was linear in the
studied range of 3.13 — 400.00 ng/ml for bupropion and 7.81 — 1000 ng/ml for
hydroxybupropion. This analytical method was applied to a comparative
pharmacokinetic study, in which seventy eight volunteers (39 men and 39 female)
aged between 18 and 50 years received a single oral dose of 150 mg of reference
and test bupropion formulation, in an open, two-period, balanced randomized,
crossover protocol. Group 1 received the medication without any additional meal.
Group two received a hyperlipemic meal 30 min before the medication. Based on
the 90% confidence interval of the individual ratios for Cmax and AUCO-inf, it was
concluded that the test formulation is bioequivalent to the reference formulation
with respect to the rate and extent of absorption of both bupropion and
hydroxybupropion and that food intake before the drug administration had no effect
in the relative pharmacokinetic parameters. However, the hyperlipemic meal

significantly increased the bupropion absorption.
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