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RESUMO

Dissertacédo de Mestrado
Programa de Pés-Graduacdo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

CARVEDILOL —ESTUDOSDE ESTABILIDADE E PERFIL DE
DISSOLUCAO

AUTORA: FIBELE ANALINE LANZANOVA
ORIENTADORA: SIMONE GONCALVES CARDOSO
Data e Local da Defesa: Santa Maria, 17 de dezed&b2007.

O presente trabalho buscou avaliar a estabilidadenatéria-prima de carvedilol, bem
como a liberacdo do farmagovitro, através de estudos de dissolucdo. No estuddalgliegde
foram utilizadas condicGes de estresse hidrolif@n meio acido, basico e neutro), oxidativo
(com peroxido de hidrogénio) e fotolitico (sob litravioleta), as quais foram avaliadas por
cromatografia liquida (CL). Posteriormente, avakeua cinética de degradacao sob condicbes
basica e oxidativa, onde se verificou maior degradaO método por cromatografia liquida
acoplada a espectrometria de massas (CL-EM/EMjdsenvolvido e validado. As amostras de
comprimidos contendo carvedilol foram submetidagstudo de estabilidade acelerada sob
condicdes controladas de temperatura e umidadéiveel@d0 °C £ 2 °C e 75%= 5%,
respectivamente) por seis meses e posteriormentdiadas por CL-EM/EM e por
espectrofotometria no ultravioleta (UV). Na avaliacda liberagdo do farmada vitro, as
condicdes a serem utilizadas no teste de dissofecam testadas durante o desenvolvimento e
posteriormente otimizadas durante a validacdo.esd$sico-quimicos como identificacdo, peso
médio, dureza, friabilidade, doseamento, uniforaidde contetdo, tempo de desintegracao e
dissolucdo foram avaliados para verificar a intetmalidade farmacéutica entre amostras de

comprimidos contendo carvedilol disponiveis no radec

Palavras-chave: Carvedilol, estabilidade, perfildsolucdo, comprimidos.



ABSTRACT

Master’s Degree Dissertation
Postgraduate Program in Pharmaceutical Sciences
Federal University of Santa Maria

CARVEDILOL —STABILITY STUDIESAND DISSOLUTION PROFILE
AUTHOR: FIBELE ANALINE LANZANOVA
ADVISER: SIMONE GONCALVES CARDOSO
Presentation date: Santa Maria, Decemb&r2DD7.

The aim of the present study was to evaluate #ia@lgy of the active principal ingredient
of carvedilol, and the release of the drug in vittwough studies of dissolution. In the stability
study were used hydrolytic conditions of stresstli@ acid, neutral and basic), oxidative (with
hydrogen peroxide) and photolytic (under ultravidight). Later, assessed to the kinetics of
degradation under different conditions by the ktjchromatography (LC) method. The liquid
chromatography coupled with mass spectrometry (L&MWS) method was developed and
validated to indicate the molecular mass of forrsethpounds. The sample tablets containing
carvedilol were subjected to accelerated study tabikty under conditions of controlled
temperature and relative humidity (40 32 °C e 75%t 5 %, respectively) for six months and
then evaluated by LC-MS/MS and ultraviolet spedtmpmetry methods. In order to assess the
in vitro release of the drug, the conditions toused in the dissolution test were tested during
development and then optimized during validatidmyditco-chemical tests such as identification,
weight variation, hardness, friability, assay, ot uniformity, time of disintegration and
dissolution were evaluated to check the possibj@acement between samples of tablets

containing carvedilol available on the market.

Keywords: Carvedilol, Stability, Dissolution Pradjl Tablets
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1 INTRODUCAO

As doencas cardiovasculares representam, nads#dali 0 mais importante grupo de
doencas, considerando a frequéncia com que ocerenmimero de 6bitos que provocam.

Relatorios da Organizacdo Mundial da Saude revejaen essas sdo responsaveis por
29,2% dos Obitos ocorridos no mundo (DAHLOF, 200).Brasil, segundo dados do Ministério
da Saude, as doencas cardiovasculares sdo a eaRsalé dos Obitos registrados (IV Consenso
Brasileiro de Hipertensao Arterial, 2004).

Os blogueadoref-adrenérgicos tém recebido muita atencao clinicavietnde de sua
efichcia no tratamento de disturbios cardiovaseslaAs diferencas mais importantes destes
compostos relacionam-se com o grau de seletivigeala os receptore;-adrenérgicos e a
presenca de outras propriedades associadas (STREHERGHIADE, 2004).

No Brasil, carvedilol € oB-bloqueador de terceira geracdo disponivel na fodma
capsulas, manipuladas em farméacias magistraisfama de comprimidos. Existem atualmente,
no mercado brasileiro, em torno de 35 apresentatidpsniveis contendo o farmaco produzidas
por oito diferentes laboratérios, nas concentradee3, 125; 6,25; 12,5 e 25 mg.

O carvedilol exerce bloqueio mdultiplo dos recepgomrenérgicos além de efeitos
antioxidantes e antiproliferativos, o que é impateana deterioracao progressiva da disfuncéo
ventricular esquerda e da insuficiéncia cardia¢iEBOW et al., 2003).

A legislacdo vigente determina que os medicameobosercializados devam cumprir
com especificagcbes que garantam seguranca ao colesurdssim, torna-se imprescindivel o
desenvolvimento e validacdo de métodos, para qumsea avaliar a qualidade dos produtos
farmacéuticos desde a matéria-prima até o procaioaalo e, posterior, vida de prateleira.

Nesse contexto, leggli (2005), desenvolveu e validétodos para quantificacdo de
carvedilol em comprimidos e capsulas manipuladas pmmatografia liquida (CL),
espectrometria por ultravioleta (UV), espectronaetie complexacéo e volumetria em meio nao
aquoso. Estudos de estabilidade s&o, no entantasses na literatura e ndo existe, até o
momento, método desenvolvido e validado para avali®eracéoin vitro do farmaco.

Desse modo, o presente trabalho teve por objetlarscontinuidade aos estudos de
controle de qualidade de carvedilol abrangendodestde estabilidade e método para perfil de

dissolucdo. No estudo de estabilidade, foram enapiegos métodos previamente desenvolvidos
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e validados por CL e UV assim como o método poon@tografia Liquida acoplada a
Espectrometria de Massas (CL-EM/EM)desenvolvidcakdado, no presente trabalho. Para o
perfil de dissolucédo, desenvolveu-se e validou-géodo por UV. Posteriormente, os métodos
foram utilizados para avaliar a intercambialidadealtjuns produtos disponiveis no mercado.

Esta dissertacdo esta apresentada na forma desactantificos. A partir dos resultados
obtidos do estudo de estabilidade de carvedildijuente com o desenvolvimento e validacéo
do método de quantificacdo de carvedilol em comigospor CL/EM-EM, elaborou-se o artigo
cientifico intitulado £C and LC-MS evaluation of stress degradation bigmanf Carvedilof
(Artigo 1). Baseado nos resultados obtidos comsemelvimento e validagdo de método para
dissolucdo de carvedilol em comprimidos por UV atamente com os resultados da
intercambialidade farmacéutica de trés formulag@@serciais, elaborou-se o artigo cientifico
intitulado “Development and validation of a dissolution teshwlV spectrophotometric analysis
for carvedilol tablets and pharmaceutical qualityaguation” (Artigo 2).
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2 REVISAO DA LITERATURA

2.1 Caracteristicas fisico-quimicas

O carvedilol (Figura 1) estad descrito como um sHlad temperatura ambiente e seus
cristais sdo brancos ou quase brancos. E pratitarimsolivel em agua, ligeiramente solivel em
alcool, praticamente insollivel em solucbes acislalsivel em dimetilformida, pouco soltvel em
metanol e solivel em cloroformio. Quimicamente egponde a (2RS)-1-(9H-Carbazol-4-iloxi)-

3-[[2-(2-metoxifenoxi) etillamino] propan-2-ol, H26N20O4 , cuja massa molecular é 406,48

g/mol (BRITISH PHARMACOPEIA, 2007).
0]
Qs
N
H

Figura 1 — Estrutura quimica do carvedilol

Os bloqueadores adrenérgicos sao uma classe hatepogde substancias e suas
diferencas mais importantes referem-se ao grau daletiidade para o0s receptores—N3
adrenérgicos e a presenca de propriedades asso(BRISTOW et al., 1992).

Os agentes de segunda geracdo exercem bloqueseldtivo e ndo tem propriedades
adicionais, como metoprolol, atenolol e bisoprolbldo aumentam a resisténcia vascular
periférica e sdo melhores tolerados em pacientes insuficiéncia cardiaca. Contudo, pode
induzir declinio do débito cardiaco e aumento dasgdes de enchimento ventricular devido ao
efeito inotrépico negativo, mesmo em tratamentaste ndo prolongado (WAAGSTEIN et al.,
1989).

Os agentes de terceira geracdo, bucindolol e céolyesfio ndo seletivos e dotados de
propriedades singulares, que podem ser importaatéderabilidade e eficacia em pacientes com
insuficiéncia cardiaca (BRISTOW et al., 1992).
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O carvedilol € um agente anti-hipertensivo com &g ndo-seletivo 3 @ adrenérgico
(RUFFOLO et al., 1998), e tornou-se comercialmetigponivel primeiramente na Bélgica em
1990. No Brasil, o primeiro registro comercial &ditido pela industria Asta Médica, em 1995,
seguido pela industria Smith-Klein, em 1997, e pRlache, em 1999, a qual produz o

medicamento referéncia na forma de comprimidos mome comercial Coré&g

2.2 Acao farmacoldgica e indicacdes

O carvedilol é um agente3-bloqueador n&do-seletivo (a seletividade para os
adrenoceptorefl e p2 é moderada) com propriedades vasodilatadorasg@edda resisténcia
vascular periférica) atribuidas ao bloqueio dogpearesy. E um farmaco racémico, sendo que o
bloqueio do receptd pode ser atribuido ao enantibmero S(-), exercéanddém uma atividade
antioxidante. Os dois enantidbmeros demonstramdatid bloqueadora do adrenocepidy,
sendo maior pelo enantiomero R(+) (HOKAMA et al992). Devido ao seu bloquei@
adrenérgico, suprime o sistema renina-angiotersoh@sterona, e a retencdo hidrica €, portanto,
uma ocorréncia rara (CUBEDDU et al., 1987).

O farmaco atua como antioxidante e neutralizadoradicais oxigénio, protegendo as
membranas cardiacas da peroxidacdo lipidica indupelos mesmosPrevine a deplecéo,
induzida pelo estresse oxidativo, de vitamina Eitagiona e proteinas SH, preservando os
principais sistemas antioxidantes endogenos (Y UHE €1999).

E indicado para tratamento de hipertensdo artégaladamente ou em associacdo a
outros agentes anti-hipertensivos, especialmenteétiios tiazidicos. Também é utilizado no
tratamento de pacientes com insuficiéncia cardtaem casos de angina de peito (DUNN et al.,
1997).

2.3 Métodos de quantificacdo
A Farmacopéia Britanica (2007) disponibiliza moradigr para o carvedilol na forma de

matéria-prima. O método de quantificacdo indicadovélumetria de neutralizacdo em meio néo

aquoso, utilizando acido perclérico Bllcomo titulante e acido acético anidro como solvent



17

com determinacao potenciométrica do ponto finalalamprimidos n&do foram disponibilizados,
monografias farmacopéicas.

Diversos trabalhos relatam a determinacdo do caoVesim fluidos biol6gicos polCL
com diferentes tipos de detectores como: espeatrafhétrico (VARIN et al., 1986; REIFF,
1987; EISENBERG et al., 1989; HOKAMA et al., 198EHN et al., 2001; BEHN et al., 2001a;
BEHN et al., 2001b; PTACEK et al., 2003; XIAO et, &005; PEREZ et al., 2006; RATHOD et
al., 2007; ZARGHI et al., 2007; MEDVEDOVICI et akR007; RAJESHWARI, et al. 2007),
espectrofotométrico no UV (CLOHS & Mc ERLANE, 20BAITO et al., 2006) e eletroquimica
(MACHIDA et al., 2003). Método por eletroforese taptem sido também relatado por CLOHS
& Mc ERLANE, 2001.

Técnicas cromatogréficas acopladas a espectrongetmiaassa encontram-se descritos na
literatura para determinacdo de carvedilol e seast®meros em plasma, por CL (CL/EM-EM)
(YANG et al., 2004; BORGES et al., 2005; JEONG let2007; WANG et al., 2007; LI et al.,
2007; MCINTOSH et al., 2007) e em urina, por craygedfia gasosa (CG/EM-EM) (MYUNG &
JO, 2005).

Outras técnicas, menos usuais e viaveis em labmstd@e controle de qualidade
farmacéuticos, tém sido propostas para quantifcalgg carvedilol em matéria-prima, como a
guimiluminometria (PIRES et al., 2005), e para dateacdo de carvedilol em comprimidos por
voltametria diferencial de pulso (RADI & ELMOGY, @6) e fluorimetria XU et al. (2005).

Devido a caréncia de métodos para determinacactitpisma do farmaco em formas
farmacéuticas, leggli desenvolveu e validou métogasa determinagdo quantitativa do
carvedilol em comprimidos e capsulas manipuladiigartdo a CL, a espectrofotometria no UV,
espectrofotometria de complexacéo (com iodo e deap@ento iGnico com azul de bromotimol
(BTB) e verde de bromocresol (BCG) e a volumetmia meio ndo-aquoso utlizando acido
perclorico como titulante (leglli, 2005; leglli ak, 2005; leglli et al., 2007).

2.4Estudo de estabilidade

Nas Ultimas décadas o desenvolvimento de estudosstibilidade de produtos

farmacéuticos tém recebido especial atencdo taekos pdrgdos fiscalizadores quanto pelas
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empresas produtoras. E dever do fabricante assegugualidade dos produtos aos seus
consumidores.

Estabilidade é definida como a capacidade do poodnanter, dentro dos limites
especificados, e por todo o periodo de armazenamentiso, as mesmas propriedades e
caracteristicas, que possuia no momento de suadedo, garantindo sua eficacia e seguranca
terapéutica (VADAS, 2000), desde que seja compeadao formacao de produtos téxicos ao
oragnismo (CARSTENSEN, 2000). Sendo assim, os roétandicativos de estabilidade séo
importantes para avaliar o comportamento do farniemde a condigbes adversas e durante o
periodo de armazenagem, proporcionando, tambérmeparagdo e identificacdo de possiveis
produtos de degradacéao.

As alteracdes podem ser rapidas ou lentas podievdo a perda parcial ou total da
atividade ou a formacao de produtos cuja toxicidaddevada. A partir dos dados obtidos com
relacdo as modificagbes como, alteracdes de dobibdade, pH, viscosidade, teor do farmaco e
presenca de produtos de degradacdo é possivelb@@margem de seguranca, estabelecer um
prazo minimo de validade, no qual a formulagéo sst@ el (CARSTENSEN, 2000).

Alguns guias e o6rgdos oficiais contendo diretrizebre a conducdo de estudos de
estabilidade estdo disponiveis atualmente, conmernational Conference on Harmonization —
ICH. A literatura especializada recomenda que sie$ede estabilidade devam consistir de duas
etapas: testes acelerados e testes confirmat@®estudos acelerados de estabilidade servem
para identificar os fatores degradantes, seleciosacritérios de conducdo dos testes e para
avaliar a adequabilidade das técnicas analiticemestestes sdo especialmente Uteis nos casos em
gue ndo se tenham dados sobre os produtos de de@ioadh obtencdo do farmaco degradado
permite controlar e escolher o0 método mais sensigetjuantificacdo e de identificacdo dos
produtos de degradacdo. Os estudos confirmatérenend ser realizados para propiciar
informacdes necessarias sobre a manipulagéo, egebala rotulagem dos produtos (ICH, 20083;
KLICK et al., 2005).

O estudo de estabilidade em condi¢cdes de estpEsde auxiliar na identificacdo de
provaveis produtos formados e na avaliacdo daibd&ate intrinseca do farmaco, estabelecendo
possiveis rotas de degradacédo (ICH, 2003). O empdegmetodologia analitica adequada é
essencial para identificacdo e separacdo dos edig degradacdo formados (SINGH &
BAKSHI, 2000).
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Antes de prever o tempo de estocagem de uma facdmlé fundamental determinar a
cinética de degradacao de um farmaco sob condardéadosamente controladas. No entanto, a
decomposicdo de farmaco freqientemente ndo seggeereas simples de reacdao.
Experimentalmente, pode-se monitorar a velocidagledecomposicdo de um farmaco pelo
decréscimo de sua concentracdo com o0 tempo, ounaltamente, pela dosagem do
aparecimento de um dos produtos da decomposicaR$TENSEN, 2000, FLORENCE &
ATTWOOD, 2003).

leggli (2005), durante o desenvolvimento do métpdo CL, ao analisar o parametro
especificidade sob condi¢des de estresse hidméioxidativo, observou a formacéo de picos
adicionais, sugerindo a formacao de produtos deadagdo. Nesse sentido, para complementar
estes dados, planejou-se determinar a cinéticaedeadacdo do farmaco sob condicdes de
degradacao forcada, bem como sugerir, através timm@or CL/EM, a massa molecular destes
compostos.

Ressalta-se que 0s escassos estudos referentesbdidesle do carvedilol que se
encontram descritos na literatura ndo abordaraodestcinéticos sob condi¢cdes de degradacéo
forcada, incluindo, basicamente, o desenvolvimetgométodos indicativos da estabilidade,
como o método espectrofotométrico na regido ulbtata por Imran et al. (2006), proposto como
indicativo de estabilidade para carvedilol e eziéantanto na forma pura como em formulacdes,
em diferentes solventes. Stojanovi et al. desemevaiu e validaram métodos por CL para
determinacédo de carvedilol e impurezas em composi(P0O05) e para monitoramento da
estabilidade fotoquimica de carvedilol e de seodytos de degradacao (2007).

Pokharkar et al. (2006) desenvolveram uma formari@mdo carvedilol, que se
apresentou estavel quanto as suas propriedades-disimicas quando comparada a sua forma

cristalina.

2.5 Estudo de dissolucao

Testes de dissolucéo vitro sdo uma importante ferramenta de controle de dpddi em

diferentes estagios de ciclo de vida de um medintoneNos primeiros estagios do

desenvolvimento farmacotécnico sdo Uteis para ifdzmt varidveis criticas na producdo,
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escolher entre diferentes formulacdes, otimizéeldazer avaliacbes de risco, como o0 caso de
formulas de liberacédo controlada (MARCOLONGO, 2003)

Por sua vez, o teste de dissolucdo constitui-seperoedimento importante na area
farmacéutica, pois, para que o farmaco seja alskoatingindo a circulagéo sistémica, deve estar
solubilizado. Nesse sentido, os estudos de diskolsgo empregados ndo somente para garantir a
gualidade lote-a-lote da forma farmacéutica sélidas também para avaliar etapas de producéo
e de desenvolvimento de novas formulages (FDA32DRESSMAN et al., 1998).

No desenvolvimento farmacotécnico permite a avatiagle novas formulacdes, a
verificacdo da estabilidade e possibilita possoatelacéoin vitro — in vivo,dependendo da
classificacdo biofarmacéutica do farmaco. Durantasa de producdo e controle de qualidade
permite-se detectar desvios de fabricacao, uniftade do produto e reprodutibilidade lote a lote
(CONSIGLIERI et al., 2000).

Os estudos de dissolucdo vitro sdo essenciais para a avaliagdo das propriedades
biofarmacotécnicas das formulacdes, considerandtbém parametros importantes como:
farmaco e a formulacdo, equipamento, meio de disdo| temperatura e o método analitico.
Para farmacos que ndo possuem monografia oficiatambém a necessidade de desenvolver
testes de dissolucdo que possam prever o compatamesivo (NOORY et al., 2000; ROHRS,
2001; LAGACE et al., 2004).

Diferentes dosagens de um mesmo produto que apaeseperfis de dissolucao
semelhante, se existir estudo de bioequivalénaacqgumprove a relacdn vitro-in vivo de uma
das dosagens, geralmente a mais alta, com produtefeténcia as demais podem ser registradas
sem a necessidade de novos estuidosvo, apresentando, assim, vantagens do ponto de vista
ético, econémico e técnico (MARCOLONGO, 2003).

Para farmacos que ndo possuem monografia oficiateexecessidade de desenvolver
ensaios de dissolu¢do que possam prever o compmtam vivo dos mesmos (MANADAS et
al., 2002). A avaliacdo do perfil de dissolugcéo, &#hs diferentes meios, na faixa de pH
fisiologico (pH de 1,5 a 7,5) é recomendada conpgpia no desenvolvimento e otimizagédo do
método de dissolugédo, bem como no estabelecimentordelacdes vivo-in vitro (MARQUES
& BROWN, 2002).

O volume de meio a ser utilizado em um teste deollisdo depende da condicsiak

gue pode ser definida como uma quantidade de delvéio inferior a 5 vezes o volume de meio
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necessario para obter a solucdo saturada do farrBat@tanto, atualmente, se aceita que um
volume de 3 a 10 vezes 0 necessario para satusajg@suficiente para manter as condigdiek.

Isto deve ser mantido para evitar que a velociddde dissolucdo seja influenciada,
artificialmente, pela aproximacdo da saturacdo rdara realizagdo do teste (MARQUES &
BROWN, 2002).

A validacdo de métodos analiticos utilizados pagtemininacdo de caracteristicas de
desempenho, como € o caso dos testes de dissotl@dm,incluir a avaliacdo da linearidade,
precisdo, exatidao e especificidade (USP 30, 2007).

Na literatura consultada ndo foi encontrado métpdm dissolugdo de carvedilol em
formas farmacéuticas de uso oral. Nesse contextmu-se necessario desenvolvé-lo, pois € uma
ferramenta que fornece informacfes importantes relafimentais tanto para a pesquisa e

desenvolvimento, como na producéo e controle didaqui® destas formulacdes.

2.6 Equivaléncia farmacéutica

A equivaléncia farmacéutica entre dois medicamergiagiona-se a comprovacao de que
ambos contém o mesmo farmaco (mesma base, saleowl@snesma molécula terapeuticamente
ativa), na mesma dosagem e forma farmacéuticaggqde ser avaliado por meio de testes
vitro (BRASIL, 2004).

A intercambialidade entre o genérico e seu respeatiedicamento de referéncia baseia-
se no conceito da equivaléncia terapéutica entranesmos, geralmente assegurada pela
comprovacao da equivaléncia farmacéutica, da biealgmcia e das boas préaticas de fabricacédo
e controle de qualidade (STORPIRTIS et al., 2004).

A legislacdo brasileira, tendo como base a regedatdo técnica e a experiéncia de
diversos paises na area de medicamentos genéestabelece que para um medicamento ser
registrado como genérico € necessario que se compoa equivaléncia farmacéutica e
bioequivaléncia (mesma biodisponibilidade) em @ago medicamento de referéncia indicado
pela Agéncia Nacional de Vigilancia Sanitaria — ASX (BRASIL, 2007)

O medicamento teste deve cumprir em sua totalidadeos requisitos farmacopeéicos da
monografia individual, inscrita na Farmacopéia Beas. No caso de utilizacdo de algum outro

codigo autorizado pela legislacdo vigente, os s farmacopéicos da monografia devem ser
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complementados com 0s ensaios descritos em mégedais da Farmacopéia Brasileira vigente,
para a forma farmacéutica em estudo. Na falta deografia farmacopéica oficial, o estudo deve
ser realizado utilizando-se método previamente rdedeido e validado, complementando-se
com os ensaios descritos em métodos gerais da é@pdia Brasileira vigente (BRASIL, 2004).
Trés diferentes especialidades contendo carve@iééréncia, genério e similar) foram

avaliados no intuito de avaliar sua intercambial@laComo até o momento ndo existe
monografia oficial, utilizou-se, para quantificagdo farmaco o método por espectrofotometria
na regido ultravioleta desenvolvido e validado leggli et al., (2005), por ser de facil execucao,
e por ter custo relativamente baixo, complementamdstudo com os testes especificos para

comprimidos, descritos nos métodos gerais da Fanpés Brasileira 1V edicdo (1988).
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3 OBJETIVOS

3.1 Objetivo geral

Realizar estudo de estabilidade sob condicdestdesss e desenvolver e validar método
para dissolugao de comprimidos contendo carvedilol.

3.2 Objetivos especificos
» Avaliar a estabilidade de matéria-prima do canatédibb condi¢des de hidrdlise (acida,
basica e neutra), oxidativa e fotdlise, utilizarmmdmétodo por cromatografia liquida com
deteccdo no UV.

» Avaliar a cinética de degradacéo das condi¢cbesiargs.

» Realizar estudo de estabilidade acelerada de condims de diferentes especialidades

farmacéuticas.

» Desenvolver e validar método por cromatografiaitiguacoplada a espectrometria de

massa.

» Desenvolver e validar método para avaliar a digsalwe comprimidos.

> Realizar estudo de equivaléncia farmacéutica paiaa a intercambialidade de
diferentes especialidades farmacéuticas.
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Abstract

In the present study, forced and accelerated datioadstudies of carvedilol (CAR) were carried
out according to ICH guideline Q1A (R2). The drugsasubjected to acid (1.0 N HCI), alkaline
(2.0 N NaOH) and neutral hydrolytic conditions lefluxing at 90°C, as well as to oxidative
(7.5% HO,) decomposition, protected from light, at room tengpure. Photolysis was carried
out in solid state of drug and in methanolic salnti The stress degradation samples were
evaluated by LC and LC-MS. The kinetics of degratatvas determined by the LC method,
previously development and validated for our grabpt could separate the degradation products
formed under various stress conditions. A LC-MS/M&hod was developed and validated and
was found to be precise, accurate, specific anecget. Tablets of CAR from three different
batches (A,B,C) were subjected to climate chamhb#r 40°C + 2°C and 75%t 5°C relative
humidity for 6 months to evaluate the stability andccelerated conditions. The samples were
assayed by LC-MS/MS and UV methods. The weightatiam, hardness, disintegration time,
friability, content and dissolution test were afsrformed. The drug was relatively stable under
acidic, neutral and photolytic stress conditionsif Bhowed instability under alkaline and
oxidative conditions. The LC-M&Vz values of the two products obtained under oxidative
conditions were 224.3 and 283.3 daltons, respdygtivEhe parameters of quality such as
hardness, disintegration time and dissolution wefleenced by humidity and temperature for

product B.

Keywords: Forced degradation, Accelerated Stability, CateédiC-MS/MS Method, Tablets
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1. Introduction

Carvedilol (CAR, figure 1) is an anti-hypertensiagent with non-selective- and 1
adrenergic receptor blocking activities. It is dafle as tablets formulations and has been used
for the treatment of hypertension, ischemic hesgake and congestive hearth failure (1).

Stability testing provides evidence for the qualitfythe bulk drug and its final drug
product when they are exposed to influence of envitental factors such as pH, temperature and
humidity and includes long-term studies, where gheduct is stored at room temperature and
humidity conditions, as well as accelerated studibsre the product is stored under high heat
and controlled humidity conditions. Forced degramhahelps to determine the intrinsic stability
of the molecule by establishing the degradatiohyays (2).

Stability studies are linked to the establishmend @assurance of safety, quality and
efficacy of the drug product. In order to assesdibty, the appropriate physical, chemical,
biological and microbiological testing must be penied. One of the evaluation criteria is the
appearance of impurities and degradations proq@gts

The chemical and physical stability of CAR has bestandied by some works in
pharmaceutical formulations. Stability indicatingtraviolet spectroscopy methods were
developed and validated for the determination adtierbe and CAR in pure form and their
formulations (4). A reversed-phase high-performadiceiid chromatographic (RP-HPLC)
method was developed for separation of CAR andnifsirities from tablets and for monitoring
of the photochemical stability of CAR and its detgion products (5-6). A preparation of
amorphous form of CAR and the study of its physibemical properties in comparison to pure
drug was studied (7). Stability of CAR in an otiguid veterinary preparation was performed (8)
and for research and development of new pharmaedsitformulations, some works were

published (9-12).
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The aim of the present study was to evaluate armbmapare the stability of carvedilol
under stress conditions, as well as to evaluatglilysical and chemical stability of tablets under
controlled temperature and relative humidity, adowg to ICH guidelines (2). The analyses were
performed by liquid chromatography (LC) (13), liuchromatography coupled with mass

spectrometry methods (LC-MS/MS) and UV (14).

2. Experimental

2.1. Chemical and reagents

Carvedilol chemical reference substance (purity99%) was purchased by DEG (S&o
Paulo, Brazil). The purity of the reference substamas evaluated by NMEC, NMR'H and
DSC (data not shown). Carvedilol tablets were ola@ifrom commercial sources within their

shelf life period and were identified as productBfand C:

Product A (brazilian reference product, Coreg®) — labeleddntain 25 mg of the drug and the

following excipients: lactose, sacarose, magnestaarate, povidone, crospovidone and coloidal

anhydrous silica.

Product B (generic product) - labeled to contain 25 mg ofdheg and the following excipients:

lactose, microcrystalline cellulose, crospovidome)oidal silicium dioxide and magnesium

Stearate.

Product C - labeled to contain 25 mg of the drug and theofeihg excipients: lactose,

microcrystalline cellulose, crospovidone, coloidiéicium dioxide and magnesium stearate.
Analytical reagent grade sodium hydroxide (NaOi)drochloric acid (HCI), hydrogen

peroxide (HO,) were purchased from Merck (Darmstadt, Germany}. drade acetonitrile,
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methanol, formic, phosphoric and acetic acid waslmse from Tedia (Fairfield, USA). Ultra

pure water, obtained from a Labconco Water PutificalUnit (Missouri, USA)

2.2 Forced degradation studies

Forced degradation studies were carried out ungerconditions of hydrolysis (acid,
alkali and neutral), oxidation and photolysis, asired by ICH Q1A (R2) (2) and the approach
suggested by Singh and Bakshi (15), using CAR ct&mreference substance at the
concentration of 1 mg/mL solution (stock solutidoy all degradation conditions. Acid and
alkaline decomposition were performed by dissolving drug in 1.0 N HCI and 1.0 N NaOH
solutions, respectively. These solutions were xeftbat 90 °C for 6 hours. The studies in neutral
conditions were conducted similarly (reflux, 90 “&€ hours) in water. Aliquots of hydrolytic
degraded samples (one aliquot for each time) wetgralized, if necessary, diluted in mobile
phase and filtered through 0.22 pm filter beforé&img CL analysis. The oxidative studies were
carried out with 7.5% (v/v) hydrogen peroxide, @m temperature (25 + 2 °C) and protected
from light, for a period of 15 hours. The photatystudies were carried out by spreading the drug
substance in solid state in a petri dish with ekiness of about 15 mm and in solution (dissolved
in methanol) mantained in quartz cell. These samplere covered with parafilm and exposed
for 7 days in photostability chambers with an ollaiilamination of UVC-254 nm 30W lamp
(Philips, Holland). The distance between the lamg the samples was 10 cm. The temperature

into the chamber was controlled and kept alwaysra@5°C.
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2.3 Methods

2.3.1UV

Analysis of the degraded tablets were carried suiguthe method previously developed
and validated by leggli et al., 2005 (14), follogithe conditions: A Shimadzu double-beam
spectrophotometer (Shimadzu, Kyoto, Japan) model-UM601 PC, with a fixed slit width (2
nm) using 10 mm quartz cell. An amount of powdariegjent to 25 mg of CAR was placed in a
100 mL volumetric flask and about 5 mL of acetal@tand 20 mL of ethanol were added. After
shaking for 15 minutes, the volume was made up witianol and the solution was filtered
through aquantitative paper filter (Schleicher & Schuellurther dilution of the filtrate was
made with ethanol in order to give a final concatin of 4.0ug/mL. The absorbances were

measured at 244 nm.

232LC

Analysis of the degraded samples were carried siaguhe method previously validated
by leggli, 2005 (13), following the conditions: &iadzu LC system (Shimadzu, Kyoto, Japan)
equipped with an SCL-10A system controller, LC-10 Alp pump, DGU-14A degasser, CTO-
10Avp column oven, SIL-10AR: autosampler and an SPD-M1@Aphotodiode array (PDA)
detector. The peak areas were integrated autorthatigacomputer using a Shimadzu Class®/P
V 6.12 software program. The LC analysis was cdroat on a reversed phase Phenomenex
Luna Ggcolumn (250 mm x 4.6 mm |.D., with a particle safeb pm). A security guard holder
(4.0 mm x 3.0 mm [.D.) was used to protect the @il column. The Shimadzu LC system was

operated isocratically at controlled-ambient terapge (25 °C) using a mobile phase of
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phosphoric acid 0.1%, pH 3.0/acetonitrile (50:5(;),vrun at a flow rate of 1.0 mL/min using
photodiode array (PDA) detector at 241 nm. Thectpe volume was 10 pL of solution
containing 12.5ug/mL for both standard and samples. The chromapbgcaseparation was

obtained within 10 minutes.

2.3.3 LC-MS/MS

The LC-MS/MS method was performed on a Waters AleaLC system (Milford, MA,
USA). The peak areas were integrated automatidaflycomputer using a Masslynx (v 4.1)
software program. The experiments were carried @muta reversed phase Synergi Fusion
(Phenomenex, Netherlands)s€olumn (50 mm x 4.6 mm ID, with a particle sizedofim and
pore size of 100 A). A security guard holder (4.thm 3.0 mm ID) was used to protect the
analytical column. The LC system was operated &aally at controlled temperature (40 °C)
using a mobile phase of acetonitrile/acetic actth®(80:20, v/v). This was filtered through a
0.45 um membrane filter (Millipore, Bedford, MA, B¥yand run at a flow rate of 1.0 mL/min
(split 1:5). The injection volume was 20 puL for batandard and samples. The triple quadrupole
mass spectrometer (Waters, Milford, MA, USA), mo@elattro micro, equipped with an ESI
source using a crossflow counter electrode runogitipe mode (ESI+), was set up in multiple
reaction monitoring (MRM) mode, monitoring the tséions 406.7>100.3 for CAR. For the
optimization of mass spectrometer conditions, a eghixstandard solution (1000 ng/mL)
containing CAR was directly introduced and thedwling parameters were selected: cone gas
and desolvation gas set at 50 and 400 L/h, reyedgtiCapillary voltage, extractor voltage, RF
lens voltage, source temperature and desolvatiopdeature were 3.90 kv, 2 V, 0.3 V, 120 °C

and 400 °C, respectively. The dwell time was sét@ateconds; the collision gas pressure (argon)
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was 2.3x1G mbar. The cone voltage was 40 V and the collisinoergy was 30 eV. Data
acquisition and analysis were performed using thiéwvare Masslynx (v 4.1) running under

Windows XP on a workstation IBM PC.

2.4 Validation of the LC-MS/MS method
The LC-MS/MS method was validated by the deternmmatf the following parameters:
specificity, linearity, range, precision, accuratgit of detection (LOD), limit of quantitation

(LOQ) and robustness, following ICH guidelines (16)

2.4.1. Specificity

The evaluation of specificity was performed by gmmlg solutions of a placebo
containing the same excipients of the commercialdpets in their usual concentration. The
samples were chromatographed to determine the tetxtemhich mobile phase components and

excipients could contribute to the interferencentiite analyte.

2.4.2. Linearity and range

Linearity was determined by constructing threébecation curves. For the construction of
each calibration curve seven standard concentadrCAR in the range of 10 — 1500 ng/mL
were prepared in acetonitrile/water (50:50, v/ivheTpeak area ratio of the drug against the
respective standard concentrations was used fatiqgdhe graph and the linearity evaluated by

least squares regression analysis.
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2.4.3. Precision

The precision of the method was determined by tepédray and intermediate precision.
Repeatability was examined by six evaluations efsame concentration sample of CAR (1000
ng/mL), using the product A, on the same day, uridersame experimental conditions. The
intermediate precision of the method was assesgeadipying out the analysis on two different
days (inter-days) and also by another analyst peifay the analysis in the same laboratory

(between-analysts), using the products A and C.

2.4.4. Accuracy

The accuracy was evaluated applying the proposédati¢o the analysis of the in-house
mixture of the tablet excipients with known amourdk the drug, corresponding to the
concentrations of 80, 100 and 120%. The accuras/ ealculated as the percentage of the drug

recovered from the formulation matrix.

2.4.5. Limit of quantitation and limit of detection

The limit of quantitation (LOQ), was taken as tloavést concentration of analyte in a
sample that can be determined with acceptablegioecand accuracy, and the limit of detection
(LOD), was taken as the lowest absolute conceatraif analyte in a sample that can be detected

but not necessarily quantified. These limits warlewated based on the ICH guideline (16).

2.4.6. Robustness
The robustness of an analytical procedure refemtstability to remain unaffected by
small and deliberate variations in method parameded provides an indication of its reliability

for the routine analysis. The robustness was datexdnby analyzing the same sample (1000
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ng/mL) under a variety of conditions of the methoparameters such as flow rate, column

temperature, injection volume and changing the fegihiase composition.

2.5 Kinetics of degradation

The concentrations of the remaining CAR determiatedhe different time intervals of
degradations studies were plotted in three diffegeaphs, as follow: (a) concentrations values
against time (zero-order kinetics), (b) log of cemication versus time (first-order kinetics) and
(c) reciprocal of concentration versus time (seeorder kinetics). The determination
coefficients ) were obtained and the best fit observed. Eacleraxent was done in triplicate

(analyzed by LC method) and average values wesntaik the analysis (17-18).

2.6 Accelerated Stability Samples

Samples of product A, B and C were stored for sixtins under accelerated conditions of
temperature and humidity (40 “€2 °C/75%z= 5 RH) in climatic chambers (Mecalor, Brazil)
(2,19). The samples were analyzed monthly by UV} @irtl LC-MS/MS. The weight variation,
disintegration, hardness and friability tests, weperformed according to Brazilian
Pharmacopoeial (20), and the content uniformity dig$olution test by methods previously

development and validated by the group.

3. Results and discussion

3.1 LC studies on the stressed solutions
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Preliminary stability studies of CAR under acidatkali, neutral, oxidative and photolytic
stress conditions were performed (Figure 2). NamiBgant changes were observed after stress
exposure of CAR in acid, neutral and photolytic tfbsolid state and methanolic solutions)
conditions. On the other hand, the drug degradadugly in alkali condition with time after 6
hours of reflux at 90 °C, forming additional resdvpeaks at 10.67 minutes. CAR showed to be
instable after exposure for 15 hours in 7.5% (Wyrogen peroxide, at room temperature, with
higher degradation. Two resolved peaks appearé®atand 9.31 minutes under this condition.

In the present work, the main observed degradd#ictor was the hydrogen peroxide. In
the kinetics determination of the degradation, @swound that around 75% of CAR was
degraded in 15 hours. The values of concentratiog, of concentration and reciprocal of
concentration of the remaining drug versus timesam@vn in Table 1.

Through the evaluation of the correlation coefiitge it can be concluded that the
degradation of CAR under oxidative experimental dibons applied shows a second-order

kinetics. The calculated second-order degradatitmaonstant was= 0.0021 miri™.

3.2 Validation of LC-MS/MS method

To obtain the best chromatographic conditions wbffié columns and mobile phases
consisting of acetonitrile/water or methanol/watere tested to provide sufficient selectivity and
sensitivity in a short separation time. Modifierscls as ammonium acetate, formic and acetic
acid were tested. Acetic acid was selected bedauses easily miscible with organic solvent and
led to improve peak symmetry and ionization efficig of CAR. The best signal was achieved
using acetonitrile/acetic acid 0.1% (80:20, v/v)hwa flow rate of 1.0 mL/min (split 1:5).

In the present study, electrospray (ESI) was usetiea LC-MS/MS interface because the

efficiency of ionization of CAR was higher than aspheric pressure chemical ionization
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(APCI). The mass spectrometric response of theysnalas measured by using selected reaction
monitoring in which the mass spectrometer is tuteedeveral sets of ions (multiple reaction
monitoring, MRM). In this method a set of precurson/product pairs was monitored. The
protonated molecular ions [M + H]of CAR observed on the full scan mass spectra were
406.7. Moreover, the collision energy in Q2 proausggnificant fragments for CAR (100.3,
193.9 and 221.8). The MS/MS transition 406.7>100eBe selected since the ion scan product
with m/z 100.3 presented a higher abundance and stahditythie CAR. The fragmentation
patterns for CAR is are according to the literat@%).

The coupling of LC with MS/MS detection in the MRMode showed high specificity
because only the ions derived from the analytent#rést (CAR) were monitored, indicated that
no interferences were detected from mobile phades&aipients of the formulation.

The linearity determined by three determinationthefconcentrations in the range of 10-
1500 ng/mL gave the determination coefficient #9%5. The obtained calibration curve was
y=369.11x + 12198where x is concentration and y is the peak arethefdrug. These results
indicating significant linearity of the calibrati@urve for the method.

The LOD and LOQ were obtained by using the meahefslope (369.11 + 0.56) and the
standard deviation of the intercept (352.27) of itheeependent curves, determined by a linear
regression line. The LOD and LOQ calculated we86 2nd 9.54 ng/mL, respectively.

A typical chromatogram obtained by the proposed MEMS method, with the
resolution of the symmetrical peak correspondingC#R in pharmaceutical formulation is
shown in Figure 3. The low analysis time of 2.0 utés allow a rapid determination of the drug,
which is an important advantage for the routindysis

The repeatability of the method was calculatedhasRSD of six assays (of the product

A) containing CAR in the same range of concentra{itt0O0 ng/mL) performed on the same day
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and under the same experimental conditions. The R&De obtained was 0.58%. The
intermediate precision was assessed by analyziag&mples of the pharmaceutical formulation
(product A and C) on two different days (inter-dagple 2); the RSD values obtained for each
sample were 0.48 and 0.51, respectively. Betwealysts precision was determined by
calculating the RSD for the analysis of two sampmiethe pharmaceutical formulation (product
A and C) by two analysts; the values were founde®.41 and 0.51%, respectively (Table 3).

The absolute means obtained for accuracy were 108.9 and 99.0%, from different
solutions containing 800, 1000 and 1200 ng/mL, eéespely, with a mean value of 99.40% and
RSD of 0.79% as shown in Table 4.

In order to assess the robustness, different paeaseere evaluated: flow rate, column
temperature, injection volume and changing the ragihase composition. The results and the
experimental range of the selected variables arengin Table 5, together with the optimized
values. The obtained values demonstrated that nedl variations do not affect the results,

indicating that the method its reliability duringutine analysis.

3.3 LC-MS studies on forced decomposition sample$ carvedilol

The full scan LC-MS spectra of CAR reference stathdend oxidated forms after 15
hours of degradation with 7.5% (v/v) hydrogen pétexare shown in Figure 4.

According to the work by Stojanovic et al, 20076(6the method for monitoring the
photochemical stability of carvedilol was purposel avhen exposed to continuous daylight for
100 days at room temperature (25 °C), carvediladwsd to be relatively photostable. The
compound 4-hydroxycarbazole was detected in theose@ sample by LC analysis and the
impurity C— (R9-1-(2-(2-methoxyphenoxy)ethyl)amino)-3HScarbazol-4-yloxy) propan-2-ol

was not detected after this period under the desdriconditions. The (2RS)-1-[benzyl[2-(2-
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methoxyphenoxy)ethyllamino]-3-(9H-carbazol-4-ylopgdpan-2-ol, has molecular mass of
496.60 and is denoted impurity C in the British f@copoeia (BP). The 4-hydroxycarbazole
with molecular mass of 183.21, is not mentionethenBP and is used for the synthesis of CAR
hence it can be supposed that it is a synthesisritg22-23).

In this paper, it was detected that basic and dixieldactors are really damaging the CAR
and the products of degradation observed wererdiftedrom those. The obtainedz values in
positive ESI mode were compared to the molecmass of the known degradation products and
to theimpurities listed in drug monograph in the BFhe LC-MSm/z values of two oxidated
forms have molecular mass of 224.3 and 283.3 daltmspectively (Figure 4). Based on the
molecular mass, none of the products have strigtammilar to the impurities studied by

Stojanovic et al, 2007 (5-6).

3.4 Accelerated samples stability

In this study, two methods were employed to evaldé CAR content after accelerated
conditions (40 °G 2 °C/75%z* 5% RH) for 6 months: the proposed LC-MS/MS methadthe
UV method (14). No significant decomposition wasetved for product A and C, while more
than 10% decomposition occurred for product B (&)l According to full scan LC-MS spectra
(Figure 5), additional peaks were not observed &ftposition to temperature and humidity for 6
months. The values obtained from the two method® wempared statistically by the Student’s
t-test showing non-significant difference ¢ 0.05) between the experimental results. As shown
in Table 7, the results of weight variation, disgration, hardness, friability, content uniformity
and dissolution test of product A and C are in ataoce with pharmacopoeial limits and

specifications. However, the disintegration timed drardness value increased with time for
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product C, while the dissolution rate had a sligetrease for this product. For product B,
changes in the disintegration time, hardness valnogormity content and dissolution rate were
observed. According to ICH (2), where significahinges occurs at the accelerated condition the
shelf-life would depend of on the outcome of sigibilesting at the intermediate conditions, as

well as the long-term condition.

4. Conclusion

The stability of the carvedilol was investigateéthgsUV, LC and LC-MS/MS procedures.
These method permits detection and quantitatiocaofedilol in the presence of its degradation
products. The kinetic studies indicate that cateédindergoes fast degradation in 7.5% (v/v)
hydrogen peroxide solution. The rate of oxidativedimm followed was second-order kinetics.
The results of the validation studies show thatlt6eMS/MS method is specific, accurate and
possesses significant linearity and precision datarstics without any interference from the
excipients. Two degradation products at 224.3 a88.2 daltons were observed by LC-MS
analyses of the degraded solution of carvedilolrédeer, the values obtained from the UV and
LC-MS/MS and methods in the study of acceleratadbikty of tablets containing CAR were
compared statistically by the Student'dest showing non-significant difference (P>0.05)

between the experimental results.
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Figure 2. LC chromatograms of carvedilol. A) Chemical refexe substance solution. B) After
degradation in hydrochloric acid 1.0 N by refluxiag90°C for 6 hours. C) After degradation in
water for 6 hours. D) Methanolic solution of carikeldafter exposition to UV light for 7 days. E)
After degradation in sodium hydroxide 1.0 N by ugthg at 90°C for 6 hours. F) After
degradation in hydrogen peroxide 7.5% (v/v) at rdemperature (25 + 2°C), protected of light

for 15 hours. Peak 1 — carvedilol, peak 2 and 8gratated forms.
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Figure 3. Representative LC-MS/MS chromatogram of carvediildaablets (1000 ng/mL).
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Figure 4: The full scan LC-MS spectra of carvedilol. A) Cheslireference substance solution:

peak 1 - carvedilol. B) After degradation in hydeagperoxide 7.5% (v/v) at room temperature

(25 = 2°C), protected from light for 15 hours.
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Figure 5: The full scan LC-MS spectra of product B. A) Befagposition to accelerated

stability (40°C + 2 °C/75%= 5 RH). B) After accelerated stability for 6 months.
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Table 1.Kinetics of degradation of oxidative solutionscafvedilol.

Time Concentration of ) )
log concentration 1/Concentration

(hours) carvedilol (ug/mL)

0 12.50 2.00 0.0100

1 11.74 1.97 0.0106

2 8.93 1.85 0.0140

3 8.32 1.82 0.0150

4 7.28 1.77 0.0172

5 6.37 1.71 0.0196

15 3.03 1.38 0.0413

r 0.8254 0.9611 0.9970

Values of correlation coefficients, for three reaction orders.

48
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Table 2. Inter-day precision data of LC-MS/MS for carvetliin samples of pharmaceutical

formulation.
Sample Day Recovety%)  Meanl RSD (%)
1 98.8
A 99.2 0.48
2 99.5
1 98.6
C 98.9 0.51
2 99.3

#Mean of three replicates
® Mean of two days
°RSD = Relative standard deviation
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Table 3. Between-analysts precision data of LC-MS/MS forrvedilol in samples of

pharmaceutical formulation.

Sample Analyst Recovety)  Mean RSD (%)
1 98.0
A 97.8 0.41
2 97.5
1 98.7
C 98.3 0.51
2 97.9

#Mean of three replicates
® Mean of two analysts
°RSD = Relative standard deviation



Table 4. Accuracy of LC-MS/MS for carvedilol in samplesgdfarmaceutical formulation.

Nominal Mean concentration RSD’ Accuracy
Concentration found?® (%) (%)
(ng/mL) (ng/mL)
800 802.4 1.18 100.3
1000 988.6 0.47 98.9
1200 1188.5 0.94 99.0

& Mean of three replicates
PRSD = Relative standard deviation
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Table 5.Results from of method robustness study.

Tablets
Conditions % RSD
(meant sem§ (%)
Recommeded conditiohs 99.6+ 0.4 0.6
Mobile phase, 75:25 99.1+0.2 0.8
acetonitrile:acetic acid 0.1%  85:15 101.3+ 0.1 0.5
Column temperature (°C) 35 98.8+ 0.3 0.3
45 98.8+ 0.2 0.8
Flow rate (mL/min) 0.8 98.1+ 0.1 0.9
Split 1:5 1.2 97.7+ 05 1.0
Injection volume IL) 10 99.2+ 04 0.4
30 98.8+ 0.7 0.8

@ Sem is the standard error of the mean

® The recommnended chromatographic conditions weegoaitrile:acetic acid 0.1% 80:20 (v/v) as molplease,
Synergi Fusion ¢ column, column temperature of 40 °C, 1 mL/min fleate (split 1:5) and 20 of injection
volume
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Table 6. Stability accelerated of product A, B and C foe thssay, by UV and LC-MS/MS

methods.

Assay (%)
LC-MS/MS uv®
Month A B C A B C
0 99.1 98.1 99.9 98.6 100.5 99.7
1 100.2 99.5 99.3 99.1 98.5 101.0
2 98.9 95.4 98.2 96.8 98.0 98.9
3 98.8 99.5 100.0 97.9 98.7 99.7
4 99.7 99.0 99.5 96.9 96.6 98.9
5 97.7 88.1 100.3 95.7 87.4 99.0
6 99.4 86.3 98.5 95.1 82.9 96.0

2Mean of three determinations



Table 7. Stability accelerated of product A, B and C fdrmparameters, except to the assay.
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0 month 6 months
Parameters
A B C A B C
Weight variatiofi
81.5 98.5 120.4 82.1 99.7 120.6
(mg)
Disintegratiof}
) 2:50 1:00 0:44 3:00 10:0 3:05
(min.:sec)
HardnesS
51.5 80.0 40.4 53.8 117.4 62.2
(N)
Friability® (%) 0.23 0.04 0.14 0.27 0.03 0.18
Content Uniformity
97.9-105.4 94.7-106.2 102.7-107.9 94.9-105.4 83.8-8 95.7-102.6
(%) (n=10§
Dissolution
94.8 91.5 97.0 96.7 81.1 90.8
(%) (n=6]
N = Newton

Specifications®™ean + 7,5%°maximum 30 minutes in watérminimum 30 N maximum 1.5%®variation: 85-115 % and relative standard deviatn6%,
fopdissolved= 85% in 60 minutes in buffer acetate pH 4.5
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Abstract

The aim of the present work was to develop andla#di a dissolution method for vitro
carvedilol evaluation in tablets, as well as toleate the biopharmaceutical quality of some
commercial tablets formulations containing this giiirough physical and physical-chemical
studies. For medium and paddle speed selectionissoldtion media/agitation screen was
performed. The chosen dissolution conditions wacetate buffer pH 4.5 (900 mL) maintained at
37.0 £ 0.5 °C, as medium, using a paddle appagdtasstirring rate of 50 rpm. The drug release
was evaluated by UV spectrophotometric method, 3 8@m. The method was validated
according to ICH and USRnd the parameters such as the specificity, litgaprecision,
accuracy were evaluated, giving results within dbheeptable range. The comparative studies of
tablets obtained from three brands, denominateB And C, showed satisfactory results in the
following tests: weigh variation, disintegratiorarness, friability, assay, content uniformity and
dissolution test. However, the comparison of th&aioled dissolution profiles, realized by DE,

showed that the profiles were not similar for téblef products A, B and C.

Keywords: Dissolution test, Carvedilol, Tablet dosage forWalidation
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1. Introduction

Carvedilol (CAR, figure 1) is an anti-hypertensiggent with non-selectivB- andal
adrenergic receptor blocking activities. It is dafle as tablets formulations and has been used
for the treatment of hypertension, ischemic hem#abse and congestive hearth failure (1). CAR
is a racemic compound, and the nonseled®xtocking activity resides mainly in th&¢CAR,
while thea-blocking activity is shared byRj and §)-enantiomers. There is a crescent number of
works describing the determination of CAR in biatay fluids (2-6) and pharmaceutical
formulations (7-10) by several methods. The offioi@thod for the assay of CAR in bulk form is
non-aqueous titration (11). However, no officialmograph is available for CAR pharmaceutical
formulations and there is no dissolution test &nlets reported in the literature.

The importance of the dissolution rate studiesased on the fact that for a drug to be
absorbed and available to the systemic circulaitomust previously be solubilized. Therefore,
the dissolution studies are used not only to ads&s$-to-batch consistency of drug release from
solid dosage forms, but they are also essentiséweral stages of formulation development, for
screening and proper assessment of different fatouls (12-13). Moreover, than vitro
dissolution studies are relevant to the predictbm vivo performance of the products. Studies
on the bioavailability of drugs from a given dosdgem revealed that, in many situations,
various dosage forms with the same content of ttivea compound did not give the same
therapeutic effect. This is ascribed to differendesphysical characteristics of the active
compound, in formulation factors or in technologjipeocesses used by different manufacturers,
therefore, resulting in different bioavailabilityrgliles (13). Recently, the development of
dissolution test has been aim of several worksnipdor drugs that do not possess official

monographs (14-19).
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The aims of the present work were to develop afidate a dissolution method with UV
spectrophotometric analysis for CAR tablets forrmiatg as well as to evaluate the quality of

tablets obtained from three different brands of8bCAR tablets.

2. Experimental

2.1. Chemical and reagents

CAR chemical reference substance (CAR CRS) (pud®y91%) was purchased by DEG
(S&o Paulo, Brazil). The purity of the referencbssance was evaluated by N/MR, NMR'H,
DSC and mass spectrometry (data not shown). CARt&alwere obtained from commercial

sources within their shelf life period and werentiiied as product A, B and C:

Product A (reference product, Coreg®) — labeled to contaim2bof the drug and the following

excipients: lactose, sacarose, magnesium steapieidone, crospovidone and coloidal

anhydrous silica.

Product B (generic product) - labeled to contain 25 mg ofdheg and the following excipients:

lactose, microcrystalline cellulose, crospovidowreloidal silicium dioxide and magnesium

stearate.

Product C - labeled to contain 25 mg of the drug and theofeihg excipients: lactose,

microcrystalline cellulose, crospovidone, coloidéicium dioxide and magnesium stearate.
Acetonitrile, ethanol, hydrochloric and acetic aaidre purchased from Tedia (Fairfield,

USA). Ultra-pure water was obtained from a Labcowater Purification Unit (Missouri, USA).

Sodium hydroxide, potassium dihydrogen phosphatenamasic and sodium acetate were
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obtained from Merck (Darmstadt, Germany). All thhay chemicals used were the analytical

grade.

2.2. Instrumentation

The dissolution test was performed in a Nova Etissolution test system, model 299
multi-bath (n=6), in accordance with the Unitedt&aPharmacopoeia general method (20). The
mediums were vacuum degassed under house vacuumveaadmaintained at 37.0 + 0.5°C by
using a thermostatic bath. The drug release perd®@®R%) was assayed by UV
spectrophotometry, using a double-beam UV-Vis sppbibtometer (Shimadzu, Japan) model
UV — 1601 PC, with a fixed slit width (2 nm) usid® mm quartz cell. The Field-Lab Schott

potenciometer was used to determine the pH obalkisns.

2.3 Dissolution test conditions

CAR sink conditions were determined using an amadirdrug equivalent a three times
of the dose in the pharmaceutical formulation i® 90L of acetate buffer pH 4.5, phosphate
buffer pH 6.8, distilled water and 0.1M HCI. The RAtability in these mediums was evaluated
for 24 hours at room temperature (protected fraght)i and kept at 37.0 £ 0.5°C for 2 hours.
Two different filters (quantitative filter Schleieh & Schuell, Germany and 0.46n cellulose
acetate membrane filter, Phenomenex, USA) weredesi evaluate some interference. The
sample solutions were prepared using a placebodadfiean amount of reference standard
equivalent to 25 mg of CAR in 900 mL of dissolutioredium. The reference substance and
sample solutions were filtered using the aboverfltand the results were compared to those

obtained with centrifuged (two minutes at 5000 rpsamples. Dissolution studies on three
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commercially available products of CAR were conddatising paddle (USP apparatus 2). Drug
release tests were carried out according to cormaitdissolution procedures recommended for
single-entity products (13, 21), in 900 mL of diffat mediums such as acetate buffer pH 4.5 (50
and 75 rpm), phosphate buffer pH 6.8 (50 and 75 rdistilled water (50 and 75 rpm) and 0.1 M
HCI (50 and 75 rpm) for 60 minutes. At each santjpke interval (5, 10, 15, 20, 30, 40 and 60
minutes, for the development of the methodology &nd 0, 15, 30 and 60 minutes, for the
dissolution studies), an exact volume of the sampés withdrawn from each flask and
immediately replaced with an identical volume da#sin medium to maintain a dissolution sink
condition. Samples aliquots were filtered, dilube555 pg/mL with dissolution medium and
analyzed by UV spectrophotometric method. The catiwéd percentage of drug released was
plotted against time, in order to obtain the redgofile and to calculate the vitro dissolution

data (=12).

2.4 Validation of the method
The UV spectrophotometric method used to analyeeGAR samples in acetate buffer
pH 4.5 dissolution medium was validated for spettifj linearity, precision and accuracy,

according to USP (20) and ICH guideline (22). Alsarbances were determined at 235 nm.

2.4.1 Specificity

The evaluation of specificity was performed by smamlg solutions of a placebo
containing the same excipients of the commerciapets in their usual concentration (these
concentrations were determined based in Handbo&thafmaceutical Excipients) (23) dissolved

in 900 mL of the dissolution medium, stirred atrpfh for 30 minutes.
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2.4.2 Linearity

A CAR CRS stock solution containing 50 pg/mL waspgared in dissolution medium.
aliquots of this solution were diluted with dissodin medium to obtain standard solutions at
concentrations of 1, 3, 5, 7, 9 and 11 pg/mL. Takbrations curves were prepared on three
different days. linearity was evaluated by linesadt-square regression analysis and by ANOVA

statistical analysis.

2.4.3 Precision

The precision of the method was determined by tepéday and intermediate precision.
Repeatability was examined by six evaluations efdhme concentration (5.55 pg/mL) sample of
CAR tablets (product A), on the same day (intra-gagcision), under the same experimental
conditions (900 mL of dissolution medium paddletate at 50 rpm, 30 minutes). The
intermediate precision of the method was assesgedrbying out the analysis on three different
days (inter-days precision). The intra and inteysdarecision were expressed as relative standard

deviation (RSD).

2.4.4 Accuracy

The accuracy was evaluated applying the proposédoti¢o the analysis of the in-house
mixture of the tablet excipients with known amounfsthe CAR CRS, corresponding to the
concentrations of 10, 100 and 150%, which were exbgl to dissolution test conditions
described in the specificity test. The accuracy wakkulated as the percentage of the drug

recovered from the formulation matrix.
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2.5 Analysis of pharmaceutical tablet dosage forms

CAR tablets were compared on the basis of weightatran, disintegration, hardness,
friability (24), assay, content uniformity and dsgtion test. The quantitation of CAR in tablet
dosage forms were carried out by the UV spectraphetric method previously validated in our
laboratory (8). The dissolution profiles were comgaathrough the dissolution efficiency (DE).
The DE was calculated from the area under the Wisso curve at time (measured using the
trapezoidal rule) and expressed as a percentafeadrea of the rectangle described by 100%

dissolution in the same time (25).

3. Results and discussion

The most widely usenh vitro test available to determine the release rate ud groducts
is the dissolution test, which is used widely by thharmaceutical industry and regulatory
agencies to assure the quality of drug product3. (A3dissolution test with a good precision
makes it possible to efficiently compare differafternative formulation candidates to select the
dosage form with the most suitable and reproducibley release profile (26). The vitro
studies in this paper were performed using diffedissolution conditions. CAR solubility and
stability data were used as the basis for the seteof a dissolution medium. The drug was
dissolved in acetate buffer pH 4.5, phosphate bydf¢ 6.8, distilled water and 0.1M HCI, and
was stable at least 24 hours at room temperatudetwa hours at 37.0 £ 0.5 °C in these
mediums, indicating that drug can be evaluated wi#rcision during all the analysis time in
these mediums. The filter evaluation is necessaryddtermine if it could be used in the
dissolution test without adsorption of the drug dhdt removes insoluble excipients that may
otherwise cause high background or turbidity (ZIMe quantitative and 0.45 pum cellulose

acetate filters showed recoveries between 98-10%te the values obtained from centrifuged
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sample solution was less than 85 %. Due to low gbguantitative filter when compared to 0.45
um cellulose acetate membrane filter, the first whssen to be used in dissolution test in the
different dissolution mediums.

The dissolutions test conditions were selected asea screening study performed with
product A (reference product), using USP apparatjmaddle) at the stirring speeds of 50 (Figure
2) and 75 rpm (Figure 3). The dissolution of CARswapid and essentially complete within 30
minutes in acetate buffer pH 4.5 medium stirreBatpm, and this condition was chosen to carry
out the dissolution tests for CAR products (A, Bl &) containing 25 mg. The comparison of the
dissolution profiles for these products allowed dbserver the difference between the
formulations (Figure 4). Based in the above rediésselected dissolution test conditions were
considered satisfactory and discriminative. It \wB® observed that a percent release was > 80%
in 30 minutes for all products.

The percent CAR release in the dissolution seleatedium was evaluated by the UV
spectrophotometric method, which was validated. $pecificity analysis revealed the UV
spectrophotometric method did not suffer interfeeeby the formulation excipients, once the
components did not have significative absorban@3atnm (Figure 5).

The linearity of CAR response was evaluated frofil 1tg/mL range that showed good
correlation coefficient (0.999), with a slope 00®4 and a y-intercept of 0.003Phe analysis of
variance (ANOVA) showed significative linear reg®Es and no significative linearity deviation
(P > 0.05), indicating that the method is linear @AR.

The precision was evaluated through repeatabiptgdision intra-day) and intermediate
precision (precision inter-day). The repeatabitigmonstrated small RSD for the determinations
of CAR analyzed in the same day (1.31%). The RSDirftermediate precision was 1.69%.

These results can demonstrate the good precisiaimeoimethod for dissolution test. In the
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dissolution profile the RSD obtained at the eartisre points, up to 15 minutes, were within
6.9% (acceptable < 20%) and the other time poiittsin2.3% (acceptable < 10%) (n=12) (28).

Samples at 10, 100 and 150 % of the nominal assagentration were prepared for
accuracy test, and the percent found recoverieg,wespectively, 95.97, 97.43 and 101.30%,
with a mean value of 98.23% and RSD of 2.8%. Adogrdo Marques (2002), the recovery must
to be in the range of 95-105% of the referencedstahweight (17), so it is evident that the
method is accurate within the desired range.

Comparative evaluations of pharmaceutical formofeti are routinely used in Quality
Control (QC). The focus in QC is batch to batchsistency and detection of manufacturing
deviations. For QC purposes, the test should bigmes to demonstrate that the dosage forms
were manufactured according to specifications dharaical manufacturing steps result in a
consistent product (29). The analysis of pharmaca&utablets dosage formsf CAR were
compared on the basis of physical parameters (Wweighiation, disintegration, hardness,
friability) and physical-chemical parameters (assaytent uniformity and dissolution test).

The results of weight variation, disintegration,rdreess and friability tests are in
accordance with pharmacopoeial limits for all méekleproducts (Table 1). Moreover, the results
obtained in the assay, content uniformity and diggm studies (Table 2) were satisfactory for
assuring the QC and safety and therapeutic effiohtlye batches. The comparison of dissolution
profiles was performed using the dissolution ey (DE) and was calculated for all products
(Table 3). The analysis of variance of the DE vslsieows that the profiles were not similgga(
= 12.33 >F¢; = 3.33,P>0.05). The Tukey test showed that products A amade significantly
different from product B, but product A was notrsfggantly different from product C. The
difference between the evaluated products couldgdnaheir bioavailability, and it is necessary

to carry ouin vivo studies to guarantee their bioequivalence.
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4. Conclusion

A dissolution test with UV spectrophotometric arsidywas developed and validated for
CAR tablets. Satisfactory results were obtainedh \aitetate buffer pH 4.5 (900 mL) maintained
at 37.0 £ 0.5 °C, as medium, using a paddle appaiat a stirring rate of 50 rpm. The % drug
delivery was higher than 80% in 30 minutes foreathluated products. The analysis of variance
of values showed that the dissolution profiles aghtive products A, B and C were not similar
(P<0.05). The validated UV spectrophotometric métihvas successfully applied for dissolution
studies, demonstrating the advantages of very rapiel of analysis and the relatively low cost
for the routine quality control. The analysis ofdé brands of CAR tablets were performed and
the results of weight variation, disintegrationrdreess, friability, assay, content uniformity and

dissolution test of all products comply with phaoopoeial limits.
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Figure 1. Chemical structure of carvedilol.
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Figure 2. Dissolution profiles of carvedilol tablets in #ate buffer pH 4.5, phosphate buffer pH
6.8, distilled water and 0.1M HCI, using paddlgigiag rate of 50 rpm.
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Figure 3. Dissolution profiles of carvedilol tablets in sate buffer pH 4.5, phosphate buffer pH
6.8, distilled water and 0.1M HCI, using paddlgigiag rate of 75 rpm.
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Figure 4. Dissolution profile of products A, B and C in aatet buffer pH 4.5 using paddle a
stirring rate of 50 rpm.
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Figure 5. Absorption spectrum of carvedilol reference sulbsta(A) and placebo of brazilian
reference product (B).



Table 1.Results of physical evaluation of carvedilol tablet
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Weight variatiofi R
o _ HardnesS  Friability
Product (mg) Disintegratiof}
(N) (%)
(Mean = SD)

A 81.5+1.25 2 min 50 sec 51.45 0.23
B 120.4 £1.50 44 sec 40.37 0.14

C 98.5+1.93 1 min 80.03 0.04

SD = Standard deviation

N = Newton

Brazilian Pharmacopeial Specificatiorfddean + 7,5% °maximum 30 minutes in watef, minimum 30 N,

dmaximum 1.5%
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Table 2.Results of assay, content uniformity and dissotusitudies of thee brands of carvedilol tablets.

Assay Content Uniformity Dissolution
n=3 n=10 n=6
Product (n=3) (n=10) (n=6)
%  RSD% %> RSDY% % RSD%

A 98.64 0.60 97.90 - 105.4 2.30 94.78 2.26
B 99.70 0.15 102.70-107.9 1.61 97.03 1.59
C 1055 0.56 94.72 - 106.2 3.43 91.47 1.19

RSD% = Relative standard deviation
Specifications® 85-115 %" < 6%
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Table 3.Comparison of tablets dissolution profiles throdlg dissolution efficiency (DE).

Product
A B C
DE% 85.13 80.06 85.87
SD 1.09 5.18 1.04
RSD% 1.28 6.47 1.22

SD = Standard deviation
RSD% = Relative standard deviation
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5 DISCUSSAO

Os avancos na area farmacéutica viabilizaram dugém de novos farmacos de interesse
terapéutico, que necessitam de métodos analitarasspia avaliagdo.

Atualmente, existe grande variedade de métodostianal que podem ser utilizados no
controle de qualidade de rotina. No entanto, acsealha deve ser feita de maneira criteriosa,
levando-se em conta os objetivos da andlise afekrada. A identidade e pureza da amostra a
ser analisada, o grau de precisdo e exatiddo ens#rgdos, a disponibilidade de reagentes e
equipamento, e o custo total da andlise séo fatpresambém devem ser considerados.

A espectrofotometria € um dos métodos instrumgrai maior simplicidade em termos
de execucdo e custo, jA que 0s solventes e equip@sn@ecessarios possuem um custo
relativamente baixo, além da rapidez de execucads daalises. Porém, métodos
espectrofotométricos possuem a desvantagem deen@m €specificos, no caso de substancias
com estruturas quimicas semelhantes. J& os métanloatograficos possuem a desvantagem de
serem mais onerosos, uma vez que requerem equifzmreneagentes de maior custo, além de
necessitarem de um tempo maior para a realizagiar@dises e analistas devidamente treinados.
No entanto, tais métodos permitem que seja reaiaaa/aliacdo de possiveis interferentes, como
impurezas e produtos de degradacéao.

A cromatografia liquida, especialmente com deteagdoUV, tem sido amplamente
empregada em analises farmacéuticas, devido augdsolprecisdo e exatidao significativas. A
CL acoplada a espectrometria de massas (CL-EM/Edfstitui-se em técnica de identificagéo e
caracterizacdo de componentes em misturas compliexamostras, sendo amplamente adotada
na pesquisa clinica, na determinagdo de farmacosmatnizes bioldgicas e estudos de
estabilidade. Atualmente estd sendo usada de mmedoente para analise de matéria-prima e
produtos farmacéuticos, pois oferece eficiéncia quantificacdo, alta especificidade e
sensibilidade, diminuindo o tempo de ensaio (NIE$SSI03; KORFMACHER, 2005).

Os meétodos analiticos sao, assim, fundamentais aidentificacdo, quantificacao,
avaliacdo da estabilidade e estudos de dissolug@oodutos farmacéuticos.

Em relacdo ao carvedilol verificou-se que existeigurass estudos referentes a
desenvolvimento de métodos para analise quantitagymn como para avaliacdo de impurezas e

nao ha, até o momento, referéncias para estudasselutdo para comprimidos contendo este
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farmaco, justificando a realizacdo do presenteatrmb Os resultados obtidos permitiram a
elaboracdo de artigos cientificos, sendo que aisiSo apresentada a seguir baseia-se nos dois

artigos elaborados, referenciados adequadamentextwocorrespondente.

5.1 Estudo de Estabilidade

De acordo com 0s conceitos internacionais, um raetkato deve ser eficaz, seguro e ter
as caracteristicas de qualidade conforme definidiegistro. Por isso, os estudos de estabilidade
sdo considerados necessarios para avaliar a cagadig um produto farmacéutico manter suas
propriedades fisicas, quimicas, microbiologicazsr@péuticas até o término de seu prazo de
validade, em uma determinada formulacdo em umalagdra especifica (KOMMANABOYNA
& RHODES, 1999).

Diversos fatores podem alterar a estabilidade déanmaco. Essas alteracdes podem ser
de natureza extrinseca — quando dependem de fadesos as substancias — ou intrinseca —
devido a natureza quimica da substancia (CARSTENZHBOD).

Avaliando-se a estrutura quimica de uma substandiaica, pode-se ter um indicativo
das possiveis alteracbes que a mesma pode sadirenaéos que contenham na sua molécula
grupos funcionais como ésteres, amidas, imidagresdo suscetiveis de sofrerem hidrolise em
meio aquoso ou por acdo da umidade. Moléculas presentam na sua estrutura grupamentos
alcodlicos, fendlicos, ligacdes duplas e triplagiggo sofrer oxidagdo. Compostos contendo
grupos cromoforos como nitro, nitroso, cetona, aadf duplas e triplas ligacdes sdo mais
sensiveis a radiacdes luminosas. Neste caso ditidagie sera tanto maior quanto maior for o
namero destes cromoforos na molécula, especialmsengstes estiverem conjugados, permitindo
a interacdo dos elétrons livres. Isomerizacdo,maagdes, rearranjos, oxidacdes e rupturas de
ligacdes estao entre as mais importantes catatigsda luz (NUDELMAN, 1975; CONNORS et
al., AMIDON & STELLA, 1986; HACKAMNN, 1991; CARSTESEN, 2000).

Uma das finalidades de um estudo de estabilidadeté&minar se o principio ativo
permanece intacto em relacdo a dosagem inicial. &odo a ser utilizado deve, assim,
diferenciar entre o principio ativo intacto e sewrgual produto ou produtos de degradacgéo
(SINGH & BAKSHI, 2002).
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No presente trabalho, amostras da matéria-prin@adedilol foram submetidas a testes
de degradacdo forcada, sob condi¢des hidroliticaglativas e fotoliticas, utilizando os
esquemas propostos por Singh & Bakshi (2000), cordacondi¢cdes apresentadas no ARTIGO
4.1. Nesta etapa foram utilizados os métodos parptéviamente desenvolvidos e validados
pelo grupo (IEGGLI, 2005; IEGGLI et al., 2005), benmo o método CL-EM/EM desenvolvido
e validado, conforme apresentado no ARTIGO 4.1.rédmatografia liquida possibilitou a
separacdo e quantificacdo de carvedilol e seusedifes produtos de degradacdo através da
escolha adequada dos parametros do sistema comnmacdase mével e método de deteccéo
(detector de arranjo de diodos — DAD). Conforme alestrado na figura 2 do ARTIGO 4.1,
verificou-se que apoés a hidrdélise acida e neusisiracomo na fotolise, ndo houve degradacéo do
carvedilol. A concentracdo do farmaco nestas cdegigpermaneceu praticamente inalterada
(diminuicdo méaxima de 5% da concentracao inicilyante todas as determinacdes nos tempos
estabelecidos, ndo tendo sido detectados picogmadis. No entanto, conforme a figura 2 do
ARTIGO 4.1, tanto na hidrdlise basica quanto nadagfio oxidativa, houve decréscimo da
concentracdo do carvedilol em relacdo a concemtragéial e também se verificou a formacao
de picos adicionais. Estes picos encontraram-serégoividos em relagdo ao pico do carvedilol.
Além disso, utilizando o DAD, verificou-se que asqgs cromatograficos dos possiveis produtos

de degradacdo permaneceram com elevada purezaasra® determinacdes (Figura 2).
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Figura 2. A) Cromatograma do carvedilol ap0s hidrolise t&@stom o respectivo gréfico da
pureza do pico do produto 1. B) Cromatograma dacé&ol de carvedilol ap6s degradacédo

oxidativa com os respectivos graficos da purezgpiass dos produtos 1 e 2.

Os resultados da concentracdo obtidos nas condigdestresse oxidativo e hidrolitico
em meio basico, foram plotados em graficos de auregho versus tempo, log de C versus
tempo e 1/C versus tempo, com o objetivo de detenma cinética da degradacéo, obtendo-se
assim, a ordem da reacdo e o valor da constanteldeidade de decomposi¢cdo (k). Como
apresentado na tabela 1 do ARTIGO 4.1 e na tabelbaixo, as cinéticas de degradacdo de
carvedilol para os meios oxidativo e basico resatteem reacdes de segunda e primeira-ordem e

a constante de velocidade de decompodidabde 0.0021 mitt e 0,221 mift, respectivamente.
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Tabela 1.Cinética da degradacéo de carvedilol em meio basic

Tempo Concentracéo de Log da concentracéo 1/Concentracao
(horas) carvedilol (ug/ml)

0 12,50 2,00 0,0100

1 10,44 1,92 0,0120

2 9,39 1,88 0,0133

3 8,87 1,85 0,0141

4 7,97 1,80 0,0157

5 7,09 1,75 0,0176

6 6,05 1,68 0,0207

r* 0,9684 0,9838 0,9688

* Valores do coeficiente de correlacao.

As amostras degradadas sob condicdo oxidativage sedverificou maior degradacéao,
foram submetidas a analise por espectrometria dsasa Conforme pode ser observado na
Figura 4 do ARTIGO 4.1. houve o aparecimento desdomassas moleculares adicionais,
correspondentes a 224,3 e 283,6 Daltons. Tendoigia que as quantidades formadas destes
produtos foram relativamente baixas, ndo foi pa&dsiealizar o isolamento para posterior
elucidagéo estrutural destes produtos.

Outra proposta do presente trabalho foi avaliarseabdidade de comprimidos de
carvedilol, de diferentes fabricantes, sob condicde estabilidade acelerada, avaliando a
influéncia da temperatura e umidade tanto em relacdegradacédo quimica quanto em relagcéo
aos parametros fisicos.

De acordo com o ICH (2003) e a ANVISA, RE n° 1,28de julho de 2005, o estudo de
estabilidade acelerada (sob temperatura de 40 2CC e umidade relativa de 752%%) deve
ser executado com o produto farmacéutico em sualegdm priméria e a freqiéncia dos testes,
para formas solidas de uso oral, € de 0, 3 e 69ygs@ doseamento, quantificacdo de produtos
de degradacdo (quando aplicavel) e dissolucdo. dzademais testes deve-se apresentar estudo
aos 6 meses comparativo ao momento zero. Baseaelkposto, foram realizadas as analises de

peso medio, dureza, friabilidade, desintegracaseamento, uniformidade de conteldo e teste de
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dissolucdo nos tempos 0 e 6 meses e um acompantioancetioseamento nos tempos 1, 2, 3,4 e
5 meses.

Os métodos por CL-EM/EM e por UV foram aplicados determinacéo do teor de
amostras comerciais de carvedilol (produtos A,@ apds submetidas as condi¢des indicadas na
resolucéo referida anteriormente.

Inicialmente, as andlises de teor seriam realizpdbs método por espectrofotometria no
UV apresentado por Imram (2006), descrito pelo®ragt como indicativo de estabilidade.
Verificou-se, no entanto, que os teores das anmsirdes de serem submetidas a temperatura e
umidade elevadas, foram em torno de 75%, sendddrds aos valores obtidos com o método
por CL/IEM-EM. Devido a isto, as analises foramizsalas pelo método por CL/EM-EM, que foi
entdo validado para fins de quantificacdo, e por WtMzando o método desenvolvido por leggli
et al., 2005.

Para otimizacdo do método por CL/EM-EM, selecioseua ionizacdo por eletrospray
(ES) no modo positivo, que apresentou melhor efté na ionizacdo de carvedilol. Apés a
selecdo dos parametros do equipamento, determeouespectro de massas, observando-se o
ion molecular do carvedilol em 406,7 Daltons. Argieede colisdo no quadrupolo 2, aplicada ao
ion molecular de carvedilol, produziu fragmentagmsgicantes de 100,3; 193,9 e 221,8 Daltons.
O ion produto de 100,3 Daltons foi selecionado per@presentou maior abundancia e
estabilidade para as finalidades analiticas. Astcaio utilizada na quantificacdo das amostras no
modo de reacdes multiplas (MRM) foi de 406,7>10@3nétodo cromatografico foi executado
utilizando fase mével com vazao de 1,0 mL/min epwrtotal de corrida de 2 minutos, o que
resultou em menor consumo de solvente organico,coorsequente melhor custo-beneficio.

O método por CL-EM/EM apresentou-se linear na faiea 0-1500 ng/mL fr= 0,9955).
Conforme demonstrado no ARTIGO 4.1, os dados obtiara a repetibilidade e precisao
intermediaria apresentaram coeficientes de variag@oores a 0,51% (tabelas 2 e 3). O valor
médio experimental do teste de exatidao foi de%@9gbnforme tabela 4, demonstrando exatidao
significativa. Na avaliagcdo da robustez, obsen®ugse as variagcdes quanto a proporgcdo de
acetonitrila, na vazao da fase mével, volume de;ap e na temperatura da coluna néo alteraram
os resultados finais. Dessa maneira, os resultddosstudo de validacdo, conforme tabela 5,
demonstraram que a metodologia otimizada apresesjoecificidade, sensibilidade, linearidade,

precisédo e exatiddao, cumprindo os requisitos desgoiara métodos analiticos (ICH, 2005).
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Os resultados obtidos através dos dois métodazagtiils (CL/EM-EM e UV) para avaliar
a estabilidade acelerada dos comprimidos ndo apezaen diferencas significativas quando
avaliados o testé de Student. O método por espectrofotometria no rl\itas vezes néo é
sensivel o bastante para detectar a degradacam dado farmaco. O método por UV utilizado
neste trabalho mostrou-se, no entanto, sensivel geatectar as alteracbes de concentracao,
apresentando-se equivalente ao método por CL/EM-gM, possui maior especificidade e
sensibilidade.

Em relacdo ao teor e uniformidade de conteudbzarido o método por CL/IEM-EM, os
produtos A, B e C apresentaram decaimento de 0,33%83% e 0,31%, respectivamente e
utilizando o método por UV o decaimento foi de 3164.7,05% e 3,69%, respectivamente.

Quanto as caracteristicas fisicas, verificou-a&e @ temperatura e a umidade
influenciaram algumas caracteristicas fisico-quamidos produtos analisados. Os produtos A e
C, conforme se observa nas tabelas 6 e 7 do ARBIGQOcumpriram com as especificacdes para
as analises de peso médio, dureza, desintegraiatujidade e dissolugdo. O produto B, no
entanto, apdés o sexto més de estabilidade aceleapdesentou alteracdes significativas em
alguns parametros, como dureza e desintegracaofivgram um aumento significativo em
relacdo aos valores obtidos no tempo zero bem ecomeklacdo a dissolucdo, onde se verificou
uma diminuicdo na taxa de liberacdo quando compaaas resultados obtidos no tempo zero.

Em comprimidos, o aumento da temperatura podevopew alteracdes como: a)
intumescéncia e rachadura, ou amolecimento da tcwhedlo comprimido, uma condi¢cdo que
nunca pode ser verificada a temperatura ambiehteetola de umidade dos comprimidos e por
isso uma diminuicdo relativa a velocidade de deagad; c) aumento na dureza ou aumento na
fragilidade (HACKMANN, 1991), justificando os resadlos obtidos. Mediante estes resultados,
verificou-se que caracteristicas importantes pamads solidas de uso oral foram alteradas sob
condi¢cOes de temperatura e umidade elevadas dearuhst assim, a importancia de se avaliar
tanto as caracteristicas quimicas quanto fisicas plmdutos submetidos a estudos de
estabilidade.
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5.2 Perfil de Dissolucéo

Com o desenvolvimento da tecnologia e das pesqusaslvendo a liberacdo de
farmacos, o teste de dissolucdo surgiu como ind@g@ara avaliacdo da qualidade das formas
farmacéuticas solidas de uso oral, nas quais éséte que ocorra a absor¢cdo dos farmacos,
para que, desse modo, os mesmos exercam seus edeepéuticos (MARQUES & BROWN,
2002).

O processo de absorcédo pode ser modulado pelddadecde dissolucédo do farmaco nos
liquidos do trato gastrintestinal (SHARGEL & YU,99). Entre os fatores que podem alterar a
desagregacdo da forma farmacéutica e a dissolugd@rchaco destacam-se (STORPIRTIS,
2004):

» Processo de obtencdo do farmaco e suas propriedddien-quimicas como
polimorfismo, comportamento estereoquimico das oubdés, tamanho das particulas,
higroscopicidade e solubilidade;

* Natureza dos excipientes que compdem as formulap@és alguns componentes das
mesmas — agentes desintegrantes — tendem a favarecssolucdo, j4 outros — agentes
deslizantes e lubrificantes — dificultam a dissahyc

» Tecnologia de fabricagdo, a qual, por exemplo, comgos obtidos por compresséo
direta, granulacdo via seca ou via Umida podemsaptar comportamenta@s vitro e in
vivo diferentes.

O carvedilol, embora disponivel comercialmente, dainndo possui monografia
farmacopéica ou método de dissolucdo descrito teeatiira e com base neste contexto, foi
desenvolvido e validado o método de dissolucdo odeterminacdo quantitativa por
espectrofotometria no ultravioleta (ARTIGO 4.2).

No desenvolvimento de um teste de dissolucdo deveessiderar a solubilidade e
permabilidade do farmaco, bem como sua estabilidedeneio de dissolugdo. O carvedilol
encontra-se na forma de base livre, na dose m&kn?b mg, € praticamente insolivel em agua
(0,583 mg/L) e apresenta valor de pKa de 7,8. Agulisinistracdo oral, € rapidamente absorvido
pelo organismo, atingindo concentragéo sérica mdveim aproximadamente 1hora (YUE, 1999).
Segundo Wu & Bennet, (2005) o carvedilol esta diaaslo como um farmaco da Classe I

(baixa solubilidade e alta permeabilidade), poddmaleer correlacam vitro — in vivo
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Com base nessas propriedades, realizou-se perfdisgolucdo utilizando diferentes
meios e rotac6es com o intuito de definir uma ogmiicom melhor poder discriminatério na
liberacdo de carvedilol. O meio e o dispositivoolsdos devem resultar em um teste que seja
discriminativo, exato, robusto e facil de ser tfando a outros laboratérios. O teste de
dissolucdo mais adequado € aquele que reflete masldaitas na formulacdo, no processo de
fabricacdo, ou nas caracteristicas fisico-quimidasfarmaco (tamanho de particula, area
superficial, polimorfos ou estados de hidratacagllando essas mudancas influenciam
significativamente a solubilidade ou atividaotevivo do produto (MARQUES & BROWN,
2002).

Os perfis de dissolugcéo de carvedilol obtidos copnomluto A (medicamento referéncia),
nas diferentes condi¢cdes avaliadas, estdo aprdssmtas Figuras 2 e 3, onde verifica-se que a %
liberada de carvedilol nos meios agua e tampaatimgiH 6,8 foi em torno de 60% e 50%,
respectivamente, em 60 minutos, tanto na rotac&® dgianto de 75 rpm. Em meios acidos (HCI
0,1N e tampéo acetato pH 4,5), a liberacdo em 6Qutos foi em torno de 90%, em ambas
rotacdes avaliadas. A variabilidade entre os valot#idos foi, no entanto, maior em HCI 0,1N e
na rotacdo de 75 rpm. O meio tampéo acetato de f#dli4,5 na velocidade de 50 rpm foi,
assim, o que melhor demonstrou a liberacdo de didolatravés do tempo, com precisdo. Estas
condi¢des foram aplicadas aos produtos B e C. @mefalemonstrado na Figura 4, verifica-se
gue as diferentes formulacdes produziram perfigreificiados, sugerindo que as condi¢cOes
utilizadas foram discriminativas.

A influéncia do processo de filtracdo e a estaad& do farmaco no meio de dissolucao
devem também ser avaliadas. Desta forma, dois tesentes de filtros (filtro quantitativo e
membrana de acetato de celulose de Q) foram avaliados com o intuito de verificar uma
possivel interferéncia na liberacdo de materiah @& solu¢des ou alteragBes significativas na
concentracdo do farmaco. A possibilidade de cegaif as solucdes também foi avaliada e os
resultados foram insatisfatérios, conforme descnito ARTIGO 4.2. Considerando que nao
houve alteracao significativa na concentracdo dodéo quando se utilizou o filtro quantitativo,
ou membrana, e devido ao menor custo de aquismdtou-se por trabalhar com o filtro
guantitativo durante o desenvolvimento e validat@dissolucao.

Os valores experimentais obtidos na determinacéestidbilidade de solucdes da SQR e

amostras simuladas de excipientes por um period@s deras a temperatura ambiente e por um
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periodo de 2 horas a 37,0 £ 0,5 °C, em tampdao taca¢asodio pH 4,5, ficaram dentro da faixa
de 98 — 102%, indicando que o farmaco foi estdgeahrio de dissolucdo e dentro do periodo de
andlise otimizado (MARQUES & BROWN, 2002).

A CL e os métodos espectrofotométricos tém sidizatios em estudos de dissolucao.
Considerando que o carvedilol possui cromoforoevedd a simplicidade, rapidez e baixo custo,
0 método por espectrofotometria no ultravioletagiolhido. (FORTUNATO, 2005; WANG, et
al., 2006).

O método utilizado para avaliar a % dissolvida dewe entanto, ser adequadamente
validado, e a validacdo de métodos analiticoszatilbs para determinagcdo de caracteristicas de
desempenho, como é o caso dos testes de dissotlg@® jncluir, no minimo, a avaliacdo da
especificidade, linearidade, precisdo e exatidd®P(129, 2006; MARQUES e BROWN, 2003;
ICH, 2005, BRASIL, 2004).

Em relacéo a especificidade, avaliou-se a possitegferéncia dos excipientes, através de
amostra simulada de excipientes (ASE) e verifio®grge ndo houve interferéncia no maximo de
absorcdo de CAR SQR para o método espectrofotmmétdnforme ilustrado na Figura 5 do
item 4.2.

Na avaliagdo dos resultados obtidos através daasude calibragdo, realizada atraves de
ANOVA, pbdde-se observar que a regressao lineasifpiificativa e que ndo houve desvio da
linearidade para as curvas preparadas em difereidesP < 0,05). A faixa de concentracéo
linear foi de 1 a 1Lg/mL e a equacao da reta para o método proposty f00.094 x + 0.0032,
com coeficiente de correlacdo de 0,999 (USP 2%;2BBASIL, 2004).

A precisdo do método foi demonstrada pela repetdne (intra-dia) e precisao
intermediaria (entre-dias), através da avaliacadiskolucao de 6 unidades de comprimidos em
cada dia. Os coeficientes de variacdo obtidos far@8h% e 1,69%, respectivamente, ou seja,
inferiores a 5%, indicando boa precisdo do metedttARMACOPEIAL FORUM, 2004).

A exatiddo do método de dissolucao foi determirgtdavés do teste de recuperacdo de
CAR SQR adicionada as ASE, diluidas no meio deotlis8o. A percentagem de recuperacéo
média obtida foi de 98,23%. Este resultado cordeggatiddo do método, ja que valores na faixa
de 95 — 105% séo considerados aceitaveis (PHARMAEZAIPFORUM, 2004).

O método por espectrofotometria no UV mostrou seeeifico, linear, preciso e exato,

podendo ser utilizado para fins de dissolucéo deeddol em comprimidos.
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Os resultados obtidos permitiram, também, compasaperfis de dissolucdo dos trés
produtos testados (A, B e C). Verifica-se na Figurgue os valores de percentagem de farmaco
dissolvidos, para os trés produtos testados, eramed85% em 15 minutos, e a comparacao dos
perfis pelo método modelo independente simples, aquprega fator de diferencay)(fe de
semelhancga £, ndo podde ser aplicada. Foi possivel, no entacdttular a eficiéncia de
dissolugédo (ED) (Tabela 3), para os diferentes yias] as quais foram avaliadas através de
ANOVA para indicar a semelhanca ou ndo entre ofispge dissolucdo obtidos. A analise por
ANOVA indicou haver diferencas significativaB<0,05) entre os perfis de dissoluc&Qag =
12.33 >F¢it = 3.33,P<0.05). Empregando o teste de Tukey demonstraransguente o produto
B possui perfil de dissolucéo diferente dos proglit@ C, que ndo apresentaram diferencas entre
si, indicando similaridade.

As especificagBes do teste de dissolucdo variarfosoe o farmaco, meio, dispositivo,
classificacdo farmacéutica, entre outras. O FDAmenmda que para farmacos de liberagéo
imediata a especificacdo de um anico ponto, com 88%principio ativo dissolvido em 60
minutos ou menos, € considerada suficiente patastss de controle de qualidade lote a lote e,
nesses casos, 0s critérios de aceitacdo dos fasmactuindo o tempo de teste, podem ser
estabelecidos com base na avaliacdo do perfil soldicdo. (PHARMACOPEIAL FORUM,
2004; FARMACOPEIA BRASILEIRA, 1988; USP 29, 2006yluitas monografias oficiais
estabelecem que ndo menos que 75% do farmaco astandissolvidos em 45 minutos de teste
(MARCOLONGO, 2003). Segundo a Farmacopéia Brita(2€®7) este é o critério adotado para
guase todas as monografias.

Com base nos resultados obtidos nos estudos adudi&s realizados pode-se sugerir que
a especificacdo para a dissolucédo de carvedilolcemprimidos, quando se utiliza tampao
acetato de sodio pH 4,5 como meio de dissolucada a p0 rpm, seja de no minimo 80% de

farmaco dissolvido em 30 minutos.

5.3 Equivaléncia Farmacéutica

As formas sdlidas administradas por via oral passampla prescri¢cdo clinica devido a
praticidade e maior seguranca proporcionada pedagdmn unitéaria (STORPIRTIS, 1999). Na
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avaliagdo de comprimidos devem ser realizadosstegte incluam determinagfes quantitativas e
gualitativas através de processos fisicos, fisidaigos, quimicos ou bioldgicos.

No presente trabalho foram avaliados trés produdgagendo carvedilol provenientes de trés
laboratdrios industriais diferentes disponiveis earialmente (produto A, B e C). As analises
foram realizadas no sentido de verificar a quakdasl contribuir para um estudo de
intercambialidade das mesmas, ja que os produssupm diferencas consideraveis quanto aos
seus custos.

Os comprimidos foram submetidos aos testes figdésico-quimicos preconizados para o
controle de qualidade lote-a-lote de acordo conMémdos Gerais da Farmacopéia Brasileira,
1988. Os resultados mostraram que os produtossadal cumpriram com os limites de peso
médio especificados com variacdes inferiores a5%o7para os comprimidos com peso médio
acima de 80 e até 250 mg. Do mesmo modo, a desagéegem particulas menores ou granulos
ocorreu em tempo inferior a 30 minutos, para asfodnulacdes analisadas. No teste de dureza,
os comprimidos apresentaram valores acima do mirestabelecido de 30 N e, quando
submetidos ao teste de friabilidade, fornecerarorgalde 0,04% a 0,23%, inferiores ao limite
preconizado de 1,5%, demonstrando que os prodwalsados cumprem o0s parametros de
gualidade (Tabela 1).

Na determinacédo do teor do farmaco nos produtosestdo foi verificado que todos
estavam dentro de uma faixa de 90 a 110% da qaadetidleclarada nas amostras de
comprimidos.

A uniformidade de conteudo permite verificar a etardistribuicdo do farmaco em cada
unidade dos produtos. Constitui-se, assim, em sndliuito importante, principalmente para
farmacos com janela terapéutica estreita. SegunBarmacopéia Brasileira IV ed. (1988) os
valores individuais podem variar de 85 a 115%, €&@W% maximo de 6%. Todos os produtos
cumpriram com as especificacdes para o teste fleronidade de conteudo.

O teste de dissolugdo, segundo a Farmacopéia &@rasV/ edicdo (1988), determina a
porcentagem da quantidade de principio ativo, daatano rotulo do produto, liberado no meio
de dissolucdo, dentro do periodo de tempo espaddic sob aparelhagem e condicbes

experimentais descritas.
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Para analisar a % de carvedilol dissolvida nasftmésulacdes de comprimidos, utilizou-
se 0 método desenvolvido e validado de acordo cooodicdes apresentadas no ARTIGO 4.2.
Todos os produtos apresentaram % dissolvida su@efb% em 60 minutos.

Os resultados obtidos para analise de doseamentormidade de contetudo e dissolucao
de carvedilol encontram-se na Tabela 2 do item 4.2.

Em funcdo dos resultados obtidos, pode-se verificer os produtos A, B e C foram
equivalentes farmacéuticos, pois apresentaramtaessl adequados em todos os testes a que
foram submetidos.
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6 CONCLUSOES

v O estudo de degradacao forcada, realizado sobg@msdde hidrolise (acida, basica e neutra),

oxidativa e fotolitica, demonstrou que o carvedibdlsensivel a hidrélise alcalina e oxidacéo;

v' Nas condicfes avaliadas, verificou-se o aparecindatpicos adicionais, apés degradacao

sob condi¢des de hidrdlise alcalina e oxidativa,

v' O processo de degradacao seguiu cinética de pameaiegunda ordem, respectivamente para

a hidrélise alcalina e oxidativa;

v/ Para a condicdo oxidativa foram identificadas, vésado método por CL/EM-EM, duas

massas adicionais, sugerindo a formacao de doisifm® de degradacao;

v O método por CL/EM-EM desenvolvido e validado paueantificacdo de carvedilol em
comprimidos, cumpriu com os parametros de linedagdgrecisdo, exatiddo e robustez,

preconizados para métodos analiticos;

v" O estudo de estabilidade dos comprimidos, realizadocondicdes de degradacéo forcada,
demonstrou que, utilizando o método por CL/EM-EM, pvodutos A, B e C apresentaram
decaimento de 0,33%, 11,83% e 0,31%, respectivamenitilizando o método por UV o
decaimento foi de 3,54%, 17,05% e 3,69%, respeutwie;

v' Os comprimidos do produto B, ap6s 6 meses de esitelerado, apresentaram alteracées nos

parametros de dureza, desintegracéo, teor, undadeide contetdo e teste de dissolugéo;

v As condicdes definidas para o teste de dissoluedcadredilol em comprimidos foram: 900

mL de tampdao acetato de sodio pH 4,5 como mei@aeatppa a 50 rpm;

v’ Considerando os resultados obtidos, sugere-se gapegificacdo seja de no minimo 80% de

carvedilol dissolvido em 30 minutos;
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v' O estudo comparativo realizado entre comprimidosvgnientes de trés diferentes
laboratdrios indicou que todos apresentaram raRgtaatisfatorios em todos os testes a que

foram submetidos, podendo ser considerados eqotealéarmacéuticos.



92

7 REFERENCIAS BIBLIOGRAFICAS

BEHN, F. et al. Separation of carvedilol enantiosnervery small volumes of human plasma by
capillary electrophoresis with laser-induced flemence.Journal of Chromatography B:
Biomedical Sciences and Applications;. 755, n. 1-2, p. 111-117, 2001.

BEHN F.; LAER S.; SCHOLZ E.H.; Determination of eadilol in human cardiac tissue by
high-performance liquid chromatograpiypurnal of Chromatography Sciencev. 39, p. 121-
124, 2001a.

BEHN F. et al. Quantification of HPLC of Carvediliol Small Volumes of Plasma of Children.
Chromatography. v. 53, p. 11-12, 2001b.

BORGES, N. C. C. et al. Quantification of carvelilo human plasma by high-performance
liquid chromatography coupled to electrospray tamdeass spectrometry: Application to
bioequivalence studyJournal of Chromatography B,v. 822, n. 1-2, p. 253-262, 2005.

BRASIL. Agéncia Nacional de Vigilancia SanitariaD& n° 310, de 01 de setembro de 2004.
Guia para realizacado do estudo e elaboracao ddnielae equivaléncia farmacéutica e perfil de
dissolucaoDiario Oficial da Unido, Brasilia, 03 set. 2004.

. Agéncia Nacional de Vigilancia Sanitari& ®® 1, de 29 de julho de 2005. Guia para a
Realizacdo de Estudos de Estabilidd2iério Oficial da Unido, Brasilia, 2005.

. Agéncia Nacional de Vigilancia Sanitarid@® n° 16, de 02 de marco de 2007.
Regulamento Técnico para medicamentos genéiiaso Oficial da Unido, Brasilia, 05 mar.
2007.

BRISTOW, M. R. et al. Effects of carvedilol on adeegic receptor pharmacology in human
ventricular myocardium and lymphocyt&inical Investigation, v. 70, n. 1, p. 105-113, 1992.

BRISTOW, M. R. et al. Selective versus Nonselecfrlockade for Heart Failure Therapy: Are
there lessons to be learned from the COMET Tdalrnal of Cardiac Failure, v. 9, n. 6, p.
444-453, 2003.

BRITISH PHARMACOPOEIA (BP)Her Majesty’s Stationary Office, London, 2007. v.1



93

CARSTENSEN, J. T.; RHODES, C. T. Drug stability #iniples and practices, 3rd ed. New
York: Marcel-Dekker, 2000.

CLOHS, L.; MCERLANE, K. M. Development of a capiljaelectrophoresis assay for the
determination of carvedilol enantiomers in serum ingis cyclodextrins.
Journal of Pharmaceutical and Biomedical Analysisy. 24, n. 4, p. 545-554, 2001.

Comparison between capillary electrophsresind high-performance liquid
chromatography  for the  stereoselective analysis dafarvedilol in  serum.
Journal of Pharmaceutical and Biomedical Analysisy. 31, n. 3, p. 407-412, 2003.

CONSIGLIERE, V. 0O.; STORPIRTIS, S.; FERRAZ, H. G.spectos farmacotécnicos
relacionados a biodisponibilidade e bioequivalérdgamedicamentosRevista Brasileira de
Ciéncias Farmacéuticasv. 21, n. 1, p. 23-41, 2000.

CONNORS, K. A.; AMIDON, G.; STELLA, V. J. Chemic&tability of pharmaceuticalsA
handbook for pharmacist, 2nd ed. New York: John Wiley & Sons, 1986.

CUBEDDU L. X.; FUENMAYOR N.; VARIN F. Mechanism othe vasodilatory effect of
carvedilol in normal volunteers: a comparison witbetalol. Journal Cardiovascular
Pharmacology, v. 10, s. 11, p. 81-84, 1987.

DAHLOF, B. Prevention of Stroke in Patients with pgéytension.American Journal of
Cardiology, v. 100, p. 17-24, 2007.

DRESSMAN, J. B. et al. Dissolution testing as agmastic tool for oral drug absorption:
immediate release dosage formBharmaceutical Researchv. 15, n. 1, p. 11-22, 1998.

DUNN, C. J.; LEA A. P.; WAGSTAFF, A. J. Carvedilak reappraisal of its pharmacological
properties and therapeutic use in cardiovascutardersDrugs, v. 54, p. 161-185, 1997.

EISENBERG, E. J. PATTERSON, W. R.; KAHN, G. C. Higarformance liquid
chromatographic method for the simultaneous detetian of the enantiomers of carvedilol and
its O-desmethyl metabolite in human plasma after irath derivatization
Journal of Chromatography B: Biomedical Sciences amh Applications, v. 493, p.105-115,
1989.



94

FARMACOPEIA BRASILEIRA. 4. ed. S&o Paulo: Athend988.

FDA - Food and Drug Administration, Center for DrEgaluation and Research, Guidance for
Industry: Dissolution Testing of Imnmediate Rele&sdéid Oral Dosage Forms, August 1997.
FLORENCE, A. T.; ATTWOOD, D. Principios de Fisicahica. Sdo Paulo, Editora Séo
Paulo, 2003.

FORTUNATO, D. Dissolution Method Development forrmadiate Release Solid Oral Dosage
Forms.Dissolution Technologiesp. 12-14, 2005.

HACKMANN, E. R. M. Metodologia Analitica no Cont®lde Qualidade de Medicamentos.
Anexo 19. Sdo Paulo: USP. Texto apresentado a drmteilde Ciéncias Farmacéuticas da
Universidade de Sao Paulo, para concurso de Intcérttia, 1991.

HOKAMA, N. et al. Rapid and simple micro-determiioat of carvedilol in rat plasma by high-
performance liquid chromatographlournal of Chromatography B: Biomedical Sciences ash
Applications, v. 732, n. 1, p. 233-238, 1999.

ICH — International Conference on HarmonizatiorTe€hnical Requirements for Registration of
Pharmaceuticals for Human Us@uidance for Industry Q1A (R2) Stability Testing of New
Drug Substances and Products2003.

ICH — International Conference on Harmonizatiorme€hnical Requirements for Registration of
Pharmaceuticals for Human Ugguideline on Validation of Analytical Procedure Q2 (R1):
Text and Methodology, 2005.

IEGGLI, C. V. Carvedilol: Desenvolvimento e validacdo de métodos de anali905. 96 f.
Dissertagcdo (Mestrado em Ciéncias Farmacéuticasyetsidade Federal de Santa Maria. Santa
Maria.

IEGGLI, C. V.; CARDOSO, S. G.; BELLE, L. Validatioof spectrophotometric and non-
aqueous titration methods for the determinatiorCafvedilol in pharmaceutical formulations.
The Journal of AOAC International, v. 88, n. 5, p. 1299-1303, 2005.

IEGGLI, C. V.; CARDOSO, S. G.; PLOMBUM, S. C. G. &pgrophotometric determination of
carvedilol in pharmaceutical formulations throudghage-transfer and ion-pair complexation
reactionsPharmazie, v. 62, n. 1, p. 34-37, 2007.



95

IMRAN, M.; SINGH, R. S.; CHANDRAN, S. Stability indating ultraviolet spectroscopic
method for the estimation of ezetimibe and caredditharmazie v. 61, p. 766-769, 2006.

IV Consenso Brasileiro de Hipertensao Arterfaiquivo Brasileiro de Cardiologia, v. 82, p. 1-
14, 2004.

JEONG, D. W. et al. Analysis of carvedilol in humalasma using hydrophilic interaction liquid
chromatography with tandem mass spectromdwoyrnal of Pharmaceutical and Biomedical
Analysis, v. 44, n. 2, p. 547-552, 2007.

KLICK, S. et al. Toward a generic approach for sdréesting of drug substances and drug
productsPharmaceutical Technology February, p. 48-66, 2005.

KOMMANABOYINA, B.; RHODES, C. T. Trends in stabiit testing, whith emphasis on
stability during distribuition and storagbrug Development and Industrial Pharmacy v. 25,
p. 857-868, 1999.

KORFMACHER, W. A. Principles and applications of IMS in new drug discoveryDrug
Discovery Today,v. 10, n. 20, p. 1357-1367, 2005.

LAGACE, M. et al. Developing a discriminating didstion procedure for a dual active
pharmaceutical product with unique solubility claeaistics.Dissolution Technologiesv. 11.
n. 1, p. 13-17, 2004.

LI, S. et al. Simultaneous determination of teniartythic drugs and a metabolite in human
plasma by liquid chromatography—tandem mass speetiry. Journal of Chromatography
B, v. 847, n. 2, p. 174-181, 2007.

MACHIDA M. et al. Measurement of carvedilol in ptaa by high-performance liquid
chromatography with eletrochemical detectidaurnal of Chromatography B. v. 798, p. 187-
191, 2003.

MANADAS, R.; PINA, M.; VEIGA, F. A. A dissolucadn vitro na previsédo da absor¢cao oral de
farmacos em formas farmacéuticas de liberacdo madd. Revista Brasileira de Ciéncias
Farmacéuticas v. 38, p. 375-99, 2002.



96

MARCOLONGO, R. Dissolucdo de medicamentos: fundamentos, aplicacfeaspectos
regulatorios e perspectivas na area farmacéutica2003. 117 f. Dissertacdo (Mestrado em
Farmaco e Medicamentos) - Universidade de Sao PaatwPaulo.

MARQUES, M. R. C.; BROWN, W. Desenvolvimento e daltdo de métodos de dissolucéo
para formas farmacéuticas solidas orArsalytica, v. 1, p. 48-51, 2002.

MCINTOSH, M. P. et al. Single quadrupole mass spewttry for pre-clinical pharmacokinetic
analysis: Quantitation of carvedilol in dog plasiaurnal of Chromatography B, v. 852, n. 1-
2, p. 665-668, 2007.

MEDVEDOVICI, A. et al. Achiral—chiral LC/LC—-FLD caquling for determination of carvedilol
in plasma samples for bioequivalence purpodearnal of Chromatography B, v. 850, n. 1-
2, p. 327-335, 2007.

MYUNG, S. W.; JO, C. H. Gas chromatograph—masstspmetric method for the determination
of carvedilol and its metabolites in human urideurnal of Chromatography B, v. 822, n. 1-
2, p. 70-77, 2005.

NIESSEN, W. M. A. Progress in liquid chromatographgiss spectrometry instrumentation and
its impact on high-throughput screenidgurnal of Chromatography A, v. 1000, p. 413-436,
2003.

NOORY, C. et al. Steps for development of a digsmutest for sparingly water-soluble drug
productsDissolution Technologiesv. 7, n. 1, p. 16-18, 2000.

NUDELMAN, N. E. S.Estabilidad de MedicamentosBuenos Aires: El Ateneo, 1975.

PEREZ-TRUJILLO, M.; VIRGILI, A. Efficient and rapidietermination of the enantiomeric
excess of drugs with chiral solvating agents: aditok fluoxetine and a precursor of diarylether
lactams.Tetrahedron: Asymmetry, v. 17, n. 20, p. 2842-2846, 2006.

PHARMACOPOEIAL FORUM.Pharmacopoeial Previews30, 2004.

PIRES, C. K. et al. Chemiluminometric determinatmincarvedilol in a multi-pumping flow
systemTalanta, v. 68, n. 2, p. 239-244, 2005.



97

POKHARKAR, V. et al. Development, characterizateomd stabilization of amorphous form of a
low Tg drug.Powder Technologyy. 167, p. 20-25, 2006.

PTACEK, P.; MACEK, J.; KLIMA, J. Liquid chromatogphic determination of carvedilol in
human plasmalournal of Chromatography B, v. 789, n. 2, p. 405-410, 2003.

RADI, A.; ELMOGY, T. Differential pulse voltammetr determination of carvedilol in tablets
dosage form using glassy carbon electrddearmaco, v. 60, n. 1, p. 43-46, 2005.

RAJESHWARI, R. et al. Estimation of carvedilol inrhan plasma by using HPLC-fluorescence
detector and its application to pharmacokineticgtdournal of Chromatography B, v. 857, n.
2, p. 219-223, 2007.

RATHOD, R. et al. Estimation of carvedilol in humg@hasma by using HPLC-fluorescence
detector and its application to pharmacokineticdgtdournal of Chromatography B, v. 857, n.
2, p.219-223, 2007.

REIFF, K. High-performance liquid chromatograpicthwel for the determination of carvedilol
and its desmethyl metabolite in body fluiddournal of Chromatography: Biomedical
Applications, v. 413, p.355-362, 1987.

ROHRS, B. R. Dissolution method development for rjogoluble compoundsDissolution
Technologiesv. 8, n. 3, p. 1-5, 2001.

RUFFOLO R. R.; FEUERSTEIN G. Z.; OHLSTEIN E. HRecent observations with beta-
adrenoreceptor blockade: beneficial effects in hgmsion and heart failurdmerican Journal
of Hypertension,v. 11, p. 9-14, 1998.

SAITO, M. Enantioselective and highly sensitiveatatination of carvedilol in human plasma
and whole blood after administration of the racemasing normal-phase high-performance
liquid chromatographylournal of Chromatography B, v. 843, n. 1, p. 73-77, 2006.

SHARGEL, L. & YU, A.B.C. —Applied biopharmaceutics and pharmacokinetics 4a. ed.
Stamford: Appleton & Lange, 1999. 768p.

SINGH, S.; BAKSHI, M. Guidance on Conduct of Str@gsts to Determine Inherent Stability of
Drugs.Pharmaceutical Technology On-Line p. 1-14, 2000.



98

. Development of validated stability-indiogtiassay methods—critical reviedournal
of Pharmaceutical and Biomedical Analysis.v. 28, p. 1011-1040, 2002.

STORPIRTIS, S. et al. A equivaléncia farmacéutica contexto da intercambialidade entre
medicamentos genéricos e de referéncia: Basesaécai cientificasinfarma, v. 16, n 9-10,
2004.

STROE, A. F.; GHEORGHIADE, M. Carvedilolp-Blockade and BeyondReviews in
Cardiovascular Medicine,v. 5, n. 1, p. 18-27, 2004.

THE UNITED STATES PHARMACORPEIA, (USP) 29 ed. Rockei United States Convention,
2006.

VADAS, E. B. Stability of pharmaceutical producta: GENARO, A. R.Remington’s. The
science and practice of pharmacy. 20 ed. Eastongy®mania: Mack Publishing Company, 2000.
p. 986-994.

VARIN F.; CUBEDDU L.X.; POWELL J.R.; Liquid chromagraphic assay and disposition of
carvedilol in healthy volunteerdournal of Pharmaceutical Sciencev. 75, p. 1195-1197, 1986.

WAAGSTEIN F. et al. Long-term beta-blockade in thi cardiomyopathy. Effects of short and
long-term metoprolol treatment followed by withd@wand readministration metoprolol.
Circulation, v. 80, p. 551-563, 1989.

WANG, S.; CYRONAK, M.; YANG, E. Does a stable isptoally labeled internal standard
always correct analyte response. A matrix effectdpgton a LC/MS/MS method for the
determination of carvedilol enantiomers in humaaspia.Journal of Pharmaceutical and
Biomedical Analysis,v. 43, n. 2, p. 701-707, 2007.

WANG, Q.; MA, D.; HIGGINS, J. P. Analytical Methd8election for Drug Product Dissolution
Testing.Dissolution Technologiesv. 13, n 3, p. 6-13, 2006.

WU, C-Y.; BENET, L. Z. Predicting Drug Dispositiorvia Application of BCS:

Transport/Absorption/ Elimination Interplay and Répment of a Biopharmaceutics Drug
Disposition Classification SystemJournal Pharmaceutical Researchv. 22, n. 1, p. 11-23,
2005.



99

XIAO, Y.; WANG, H. Y.; HAN, J.. Simultaneous detemrmation of carvedilol and ampicillin
sodium by synchronous fluorimetrySpectrochimica Acta Part A: Molecular an
Biomolecular Spectroscopyy. 61, n. 4, p. 567-573, 2005.

XU, L. X. et al. Study on fluorescence propertycafvedilol and determination of carvedilol by
fluorimetry. Spectrochimica Acta Part A: Molecular and Biomoleclar Spectroscopy,v. 61,
n. 5, p. 855-859, 2005.

YANG, E. et al. Stereoselective analysis of carldn human plasma using HPLC/MS/MS
after chiral derivatizationJournal of Pharmaceutical and Biomedical Analysisy. 36, n. 3, p.
609-615, 2004.

YUE, T. L.; RUFFOLO R. R.; FEUERSTEIN G. Antioxidaaction of carvedilol: A potencial
role in treatment of heart failureleart Failure Reviews v. 4, p. 39-51, 1999.

ZARGHI, A. et al. Quantification of carvedilol inruman plasma by liquid chromatography using
fluorescence detection: Application in pharmacokmstudies.Journal of Pharmaceutical and
Biomedical Analysis,v. 44, n. 1, p. 250-253, 2007.



