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RESUMO

Dissertacao de Mestrado
Programa de Pds-Graduacédo em Ciéncias Farmacéuticas
Universidade Federal de Santa Maria

DESENVOLVIMENTO E VALIDACAO DE METODOLOGIA
ANALITICA PARA AVALIACAO DE ALISQUIRENO EM
FORMULACAO FARMACEUTICA
AUTORA: MICHELI WRASSESANGOI
ORIENTADORA: CLARICE MADALENA BUENOROLIM
Data e Local da Defesa: Santa Maria, 13 de agesgd#0.

O alisquireno é o primeiro representante de uma ictasse de inibidores da renina, de baixo
peso molecular e ativo por via oral, sendo utilzadinicamente em um novo e eficaz
tratamento para a hipertensao arterial (HA). Nesgmee trabalho, foram desenvolvidos e
validados métodos para avaliagdo de alisquirengretutos farmacéuticos. Submeteram-se
0s produtos aos testes fisico-quimicos, mostrandagmprem as especificacées. As analises
por cromatografia liquida em fase reversa forarizesdas utilizando coluna Waters XBridge
(150 mm x 4,6 mm d. i.), mantida a 25 °C. A fasevehdoi composta de acetonitrila/ agua
(95:5, v/v)/ acido fosférico 25 mM pH 3,0 (40:6Qv) eluida na vazdo de 1 mL/min e
deteccdo no ultravioleta a 229 nm. A separac¢do atagréfica foi obtida no tempo de 3,68
minutos. Paralelamente, desenvolveu-se e validomé®do por espectrofotometria no
ultravioleta (UV) em 279 nm, utilizando agua comibuehte. Os procedimentos foram
validados, avaliando-se os parametros de espeeifie} linearidade, precisdo, exatidao,
robustez e limite de deteccdo e quantificacdo, scugsultados cumpriram 0S requisitos
preconizados. Os métodos propostos foram aplicadaanalise de produtos farmacéuticos,
demonstrando correlacéo significativa dos resutglo> 0,05). Desenvolveu-se método de
dissolucdo do farmaco, utilizando como meio 900dulacido cloridrico 0,1 M mantido a 37
+ 0,5 °C, aparato p4, rotacdo de 50 rpm e quaatdic por espectrofotometria no UV. Desse
modo, estabeleceram-se procedimentos que podeaplgEdos para aprimorar o controle da
qualidade de medicamentos, bem como contribuir garantir a seguranca e eficacia no uso

terapéutico.

Palavras-chave: alisquireno; cromatografia liqueggiectrofotometria; validagéo; dissolucao.



ABSTRACT

Master’'s Degree Dissertation
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Federal University of Santa Maria

DEVELOPMENT AND VALIDATION OF ANALYTICAL
METHODOLOGY FOR THE EVALUATION OF ALISKIREN IN
PHARMACEUTICAL FORMULATION
AUTHOR: MICHELI WRASSESANGOI
ADVISER: CLARICE MADALENA BUENOROLIM
Presentation date: Santa Maria, August 2810.

Aliskiren is the first representative of a new elad drugs, the low molecular weight renin
inhibitors, orally active and clinically used innew effective treatment for hypertension. In
the present study, the methods were developed alithged for assessment of aliskiren in
pharmaceutical products. Aliskiren samples were sigomitted to the physicochemical tests,
meeting the specifications. The analysis by revkm@ese liquid chromatography were
performed using Waters XBridge (150 mm x 4.6 muh.), maintained at 25 °C. The mobile
phase was consisted of acetonitrile/ water (95\9/ 25 mM phosphoric acid pH 3.0 (40:60,
v/v), run at flow rate of 1 mL/min and using UV detion at 229 nm. The chromatographic
separation was obtained within 3.68 minutes. Thectspphotometric method was also
developed and validaded, and the aliskiren can dsntdied at 279 nm, using water as
diluent. The procedures were validated evaluatargupeters such as the specificity, linearity,
precision, accuracy, limits of detection and gquatitn, and robustness, giving results within
the acceptable range. The proposed methods weledpu the analysis of pharmaceutical
products, showing significant correlatioR & 0.05) of the results. The dissolution test was
developed using 900 mL of 0.1 M of chloridric ad@ = 0.5 °C as dissolution medium,
apparatus paddle at a stirring rate of 50 rpm arahtitation by spectrophotometric method.
Therefore, the procedures can be applied to imptbgequality control of pharmaceutical

products and to assure the safety and therapdfitacy of the drug.

Keywords: aliskiren; liquid chromatography; speptiotometry; validation; dissolution.



LISTA DE FIGURAS

FIGURA 1 — Representacdo esquematica do sisteni@arangiotensina e os locais de agéo
do inibidor da renina, alisquireno, e de outros nége anti-hipertensivos. BB,

betabloqueadores; BRA, bloqueadores do receptandmtensina; ECA, enzima conversora
da angiotensina; IECA, inibidores da ECA — AdaptdddChaplin & Sever, 2008.............. 20

FIGURA 2 — Estrutura quimica do @liSQUIrEN0 ..ccceeeevvviiiiiiiiiiiieiieeeeeeee e eeeeeeeee e 25

PUBLICACAO CIENTIFICA 4.1

FIGURE 1 — Chemical structure of aliskiren hemifulai@............ccooeveeiieeiei e 34

FIGURE 2 - RP-LC chromatograms of aliskiren (10@/mL). (a) Aliskiren reference
solution, and after: (b) neutral heated hydrolyi3;basic hydrolysis; (d) acidic hydrolysis;
(e) oxidation; and (f) exposition to UV light. Pedk fumarate; 2: aliskiren; 3: degraded
products. Chromatographic conditions: Waters XBegidgg column (150 x 4.6 mm i.d., 5
um), 25 °C; mobile phase: acetonitrile:water (9%4)/phosphoric acid (25 mM, pH 3.0)
(40:60, v/v); flow rate: 1.0 mL/min; detection: 2B8N..............viiiiiiiiiiieeeeeeee e eeeeenens 41

FIGURE 3 — RP-LC chromatograms of (a) blank; (bJhause mixture of the tablet
excipients; (c) fumaric acid solution; and (d) klien in pharmaceutical formulation solution
(100 pg/mL). Peak 1: fumarate; 2: aliskiren. Chromatograpconditions: Waters XBridge
Cis column (150 x 4.6 mm i.d., im), 25 °C; mobile phase: acetonitrile:water (95:5,
v/v)/phosphoric acid (25 mM, pH 3.0) (40:60, v/ilgw rate: 1.0 mL/min; detection: 229 nm.

PUBLICACAO CIENTIFICA 4.2

FIGURE 1 — Chemical structure of aliskiren (fre@éa...........cccoeeveeiiieeeiiiiiiiieeeiees e 53

FIGURE 2 — UV spectra of aliskiren solutions intdlisd water: (A) reference substance, (B)

tablet dosage form and (C) in house mixture ofek@pIients.............ccoevvviiiiieeeiieinns v 55

FIGURE 3 — Comparison of dissolution profiles oskiren tablets in different dissolution

media with paddles (Apparatus 2) using the propafédanethod...............cccccoevviiiiinnnll 56



LISTA DE TABELAS

PUBLICACAO CIENTIFICA 4.1

TABLE 1 — Inter-day and between-analysts precislata of RP-LC for aliskiren in samples

Of tablet dOSAgE TOIM ... .. 43

TABLE 2 — Accuracy of RP-LC for aliskiren in samgplef tablet dosage form................... 44

TABLE 3 — Chromatographic conditions and range stigated during robustness testing. 45

TABLE 4 — Results of the system suitability teSt............ccccoeviiiiiiiiiiiieeeeees 46

TABLE 5 — Determination of aliskiren in tablet dgeaforms by the RP-LC method ......... 47

PUBLICACAO CIENTIFICA 4.2

TABLE 1 — Intra-day and inter-day precision datald¥ spectrophotometric method for

aliskiren in tablet dOSage fOrM..........ooi i 55

TABLE 2 — Results from accuracy of the UV spectmfoimetric method for aliskiren ...... 56

TABLE 3 — Conditions investigated during robUStNEESE ..............oovvviiiiiiiiinniee e 56

TABLE 4 — Quality control tests of commercial align tablets ............ccooevvviiciciies i, 56

TABLE 5 — Comparative determination of aliskiren tablet dosage forms by UV
spectrophotometric and RP-LC Methods..... ..o i 57



A
ANOVA
ANVISA
ASC
BRA
CL

cm
Cmax
CNPq
Ccv
DAD
DRIFT
DSC
EMEA
ESI

F. Bras.
FDA

LC
LC-MS/MS
LoD

LoQ

M

mg

LISTA DE ABREVIATURAS

Angstron
Andlise de variancia
Agéncia Nacional de Vigilancia Sanitaria

Areas sob a curva da concentracéo plasmatisas/eempo
Bloqueadores do receptor da angiotensina
Cromatografia liquida

Centimetro

Concentragdo plasmatica maxima

Conselho Nacional de Desenvolvimento Cientiéid ecnoldgico
Coeficiente de variacao
Detector de arranjo de diodos

Diffuse reflectance infrared Fourier transform sgrescopy
Differential scanning calorimetry

European Medicines Agency

Electrospray ionization

Farmacopéia Brasileira

Food and Drug Administration

Grama

Forca da gravidade

Hora
Hipertenséo arterial
Acido cloridrico
International Conference on Harmonisation
Concentracao de inibicdo 50%
Internal diameter

Inibidores da enzima conversora da angiotensin
Inibidores da renina
Litro
Liquid chromatography
Liquid chromatography-tandem mass spectrometry
Limit of detection
Limit of quantitation
Molaridade

Miligrama



min
mL
mm
mM
mmHg
mmol
mol
MS
m/z

ng

nm
nmol
NMR
OVAT

PA
PAD
PAS
PDA
pH
pKa

RP-LC
rpm
RSD
SRA
ti2
USP
uv

°C
M9

ML
pHm

Minuto

Mililitro

Milimetro

Milimolar

Milimetro de mercurio
Milimolar

Molar

Mass spectrometry
Massa/carga

NUmero de respostas
Newton

Nanograma

Nandmetro

Nanomolar

Nuclear magnetic resonance
One-variable-at-a-time
Significancia estatistica
Presséo arterial

Presséo arterial diastolica
Presséo arterial sistolica
Photodiode array

Potencial hidrogenidnico
Potencial de dissociacéo
Coeficiente de correlagéo
Coeficiente de determinacgao
Reversed-phase liquid chromatography
Rotagbes por minuto
Relative standard deviation
Sistema renina-angiotensina
Tempo de meia-vida
Farmacopéia Americana
Ultravioleta

Volume

Grau Celsius

Micrograma

Microlitro

Micrometro



SUMARIO

L INTRODUGAD .. ..ottt eneaeae e, 13
2 OBJIETIVOS ..ottt en sttt vn st ansaes 16
3 REVISAO DA LITERATURA ..ottt en s st 18
4 PUBLICACOES CIENTIFICAS ....coviviiitiieeeeete et 30
B DISCUSSAD. ...ttt ettt ettt e et et e et et et te et e te et eseenenee s ereenns 58
B CONCLUSOES. ..ottt ettt ettt ettt enensens 64

T REFERENCIAS . ..o ettt 66



1 INTRODUCAO




14

1 INTRODUCAO

A hipertensao arterial (HA) é um grande desafiosdade publica em todo mundo.
Estima-se que em 2025, mais de 1,56 bilhdes dalggfm adulta mundial tenha presséo
arterial (PA) elevada, caso ndo haja uma réapidaamgad no estilo de vida da populagéo
(KEARNEY et al, 2005). Segundo a SOCIEDADE BRASILEIRA DE HIPERTEAD
(2010), a doenca acomete uma em cada quatro pesdoliéas, sendo responsavel por 40%
dos infartos, 80% dos acidentes vasculares cesebrab% dos casos de insuficiéncia renal
terminal.

Os agentes anti-hipertensivos podem ser classiiicde acordo com seus locais ou
mecanismos de acao: diuréticos, agentes simpétosli bloqueadores dos canais de célcio
(betabloqueadores), inibidores da enzima converstraangiotensina, antagonistas do
receptor de angiotensina Il e vasodilatadores (BRON et al, 2006). O sistema renina-
angiotensina € a chave reguladora da PA e do votlenituido corporal (RAMANet al,
1995).

O primeiro representante da nova classe dos inmdsdda renina € o alisquireno, com
potencial para o tratamento da HA e doencas cadowares relacionadas (WOGQ@D al,
2003). Este farmaco bloqueia a atividade da enhimaana renina, o que impede a conversao
do angiotensinogénio em angiotensina | no organisreduzindo assim 0s niveis de
angiotensina | e angiotensina ll, resultando nadiéstacdo dos vasos sanguineos (EMEA,
2008; DALLA VESTRAEet al, 2009).

O alisquireno foi aprovado pelo FDAdod and Drug Administrationrem 6 de marcgo
de 2007 e pelo EMEA Huropean Medicines Agencyem 22 de agosto de 2007.
Comercialmente, o alisquireno (Rasilez) esta disgdmo Brasil na forma de comprimidos
revestidos. O alisquireno é produzido pelo labsi@tfovartis e indicado para o tratamento
da HA leve a moderada, podendo ser utilizado coronoterapia ou associado com outros
farmacos.

Os avancos recentes na area farmacéutica viahitizarproducéo de novos farmacos
de interesse terapéutico, que necessitam de méwmmmlifticos para sua identificacdo e
determinacdo quantitativa em produtos farmacéutsesdo importantes para o controle da
qualidade. De acordo com a legislacdo vigente rasiBros medicamentos comercializados

devem cumprir com especificagbes que garantam aegmiao consumidor. Assim, torna-se
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imprescindivel o desenvolvimento e validacdo deodud, para que se possa avaliar a
qualidade dos produtos farmacéuticos desde a mgiéma até o produto acabado.

Por sua vez, o teste de dissolucao constitui-s@rcedimento importante na area
farmacéutica, pois, para que o farmaco seja altkoatingindo a circulacdo sistémica, deve
estar solubilizado. Nesse sentido, os estudosseldigdo sdo empregados ndo somente para
garantir a qualidade lote a lote da forma farmacéwolida, mas também para avaliar etapas
de producéo e de desenvolvimento de novas formesga(flDA, 1997, DRESSMAN al,
1998).

A validacdo de métodos analiticos, utilizados paraliar a qualidade do farmaco
alisquireno, garante que os mesmos atendam asneigédas aplicacbes analiticas e
assegure a confiabilidade dos resultados (BRASNQ32 ICH, 2005; USP 32, 2009),
demonstrando a importancia do desenvolvimento diedialho.

Por tratar-se de um farmaco novo, recentemente eeccatio, ndo existe em
compéndios oficiais monografia para avaliagdo @Eareno em comprimidos. A literatura
cientifica relata estudos na area clinica, nacseptando métodos para avaliar a qualidade do
alisquireno em formulacéo farmacéutica.

Neste contexto, o presente trabalho contemplouserd®lvimento e a validacéo de
métodos analiticos para a quantificacdo de alisgairem comprimidos e a avaliagdo da
liberacdoin vitro deste farmaco, possibilitando a aplicacdo destesotina do controle de

qualidade da formulacéo.
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2 OBJETIVOS

2.1 Objetivos gerais

Desenvolver e validar metodologia analitica paraliagdo de alisquireno em
formulacdo farmacéutica, estabelecendo procedimmentspecificacbes que contribuam para

o controle integral da qualidade, garantindo a sse@a e eficacia terapéutica.

2.2 Objetivos especificos

» Auvaliar as caracteristicas fisico-quimicas dos aimmidos de alisquireno;

» Desenvolver e validar método por cromatografiaitigyCL) para determinacdo
quantitativa de alisquireno em formulagao farmacéut

» Desenvolver e validar método por espectrofotometdaultravioleta (UV) para
determinagao quantitativa de alisquireno em forgadgarmacéutica,;

* Realizar estudo comparativo entre 0s métodos ptogos

» Desenvolver método de dissolucdo para comprimidadidquireno.
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3 REVISAO DA LITERATURA

3.1 Consideracdes gerais

A HA é a doenca cardiovascular mais comum. A pénah de HA aumenta com o
avancar da idade e aproximadamente 50% das pesstast0 e 69 anos sdo hipertensas,
sendo a prevaléncia ainda maior depois dos 70(&HOBANIAN et al, 2003).

A HA é definida como elevacdo sustentada da PAémish. Ela é geralmente
diagnosticada por trés diferentes leituras elevagapresséao arterial sistélica (PAS) maior
que 120 mmHg e presséao arterial diastolica (PADpmgue 80 mmHg. A HA pode ser do
tipo primaria ou secundaria. A HA primaria é a masnum, também conhecida como
essencial ou idiopatica porque nao existe caushecia, mas os fatores de risco incluem
obesidade, uso de tabaco, uso de bebidas alcqahatisidade fisica, dislipidemia, diabetes
mellitus, idade, microalbuminuria e historico faarlde doenca cardiovascular prematura. Na
HA secundéaria, a hemodinamica do organismo € dhierpor causas primarias e
identificaveis, tais como doenca renal crbnica,ngaerenovascular, doenca da tiredide ou
paratiredide e também pode ser causada por medit@sneomo contraceptivos orais, anti-
inflamatorios ndo esterdides e descongestionam@tezisn(HOUSTON, 2009; CRANWELL-
BRUCE, 2008).

Em alguns pacientes, o bloqueio incompleto do reigteenina-angiotensina (SRA)
ocasiona o controle inadequado da HA. Nesses cagidggueio em um ponto no inicio desta
cascata pode melhorar este controle. Os inibiddeesenina (IR), uma nova classe de
farmacos anti-hipertensivos, bloqueiam o SRA not@ate ativacdo. A inibicdo da renina
impede a producdo do potente vasoconstritor angiota II, que € o responsavel pelo
aumento da PA (RAM, 2007; DOCKERY & BISOGNANO, 2008

Especificamente, a angiotensina Il € o agente ipahda vasoconstricdo, crescimento
celular, retencdo de sodio e agua, e ativacao sicapaA relacdo entre o SRA e a HA
conduziu a indicagfes para bloquear a formacéo atividade da angiotensina Il através de
uso de inibidores da enzima conversora da angioge(&ECA) e bloqueadores do receptor da
angiotensina (BRA) (CHOBANIANet al 2003; MANCIA et al, 2007; GRADMAN &
KAD, 2008). Os IR, quando usados em combinacédo a®iCA ou BRA, podem fornecer
bloqueio mais completo do SRA, maior controle da € /elhor protecdo de 6rgdos-alvo
(Figura 1) (FISHERet al, 2008; FERRARIO, 2010).
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Figura 1 — Representacdo esquematica do sistenma+a@mgiotensina e os locais de acdo do inibidor
da renina, alisquireno, e de outros agentes gmirtgeinsivos. BB, betablogueadores; BRA,
bloqueadores do receptor da angiotensina; ECApenzonversora da angiotensina; IECA,
inibidores da ECA — Adaptado de Chaplin & Sevef&0

Na década de 1950 surgiram os primeiros IR sim®tite alto peso molecular de uso
parenteral. A partir de 1980, foram desenvolvidespameiros IR para uso oral. Destes,
porém, o enalquireno, o zanquireno e 0 remiquirgm@sentaram baixa biodisponibilidade
oral (< 1%), meia-vida curta, além de serem hipwsuees de baixa eficacia, e foram
abandonados antes da fase Il de estudos clini¢dd BERS-HEERSPINKet al, 2009).

Em virtude da sua posi¢cao na cascata enzimaticduzordo a liberagdo de peptideos
vasoconstritores, a enzima renina tem sido coresldeum alvo estratégico para evitar a HA
(HERSHEY et al, 2005; SHAFIQet al, 2008). Dessa forma, varios estudos tém sido
realizados baseados em projetos de modelagem iseanébtalografica estrutural visando
obter uma acéo farmacolégica prolongada. Dos faymam desenvolvimento, o alisquireno

apresentou os melhores efeitos anti-hipertensinotestesn vitro ein vivo (RAHUEL et al,
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2000; WOODet al, 2003; LINDSAY & SKRYDSTRUP, 2006; COHEN, 2007; NBAUM
et al, 2007; HANESSIANet al, 2010).

Alisquireno, o primeiro farmaco da nova classe liRysé indicado para o tratamento
da HA essencial e inibe seletivamente a reninaineepa enzima do SRA. Na cascata, inibe a
formagdo da angiotensina | do angiotensinogéniediz a producdo do vasoconstritor
angiotensina Il e aldosterona mineralocorticéigsuitando em vasodilatagédo, diminuicdo da
atividade simpatica e aumento da excrecao de iod® Pelos rins, com consequente
diminuicdo na pressdo sanguinea (SIRAE&Yal, 2007; MULLER et al, 2008). Outros
farmacos anti-hipertensivos como os IECA e BRA eswmr suas a¢fes em fases posteriores
do sistema, porém, o alisquireno é especial poringjpe o SRA em sua origem, além de
diminuir a atividade da renina no plasma, apesaauinento compensatério na concentracao
de renina (LUFT & WEINBERGER, 2008; DUBOIS & COHERDQ09).

Segundo SCHMIEDER (2006), um novo agente anti-kgpsivo, como o alisquireno,
além de reduzir a PA deve atender alguns critéserseficaz tanto sozinho como combinado
a outros farmacos; ter alta proporcdo de paciepiesrespondam ao tratamento; controlar a
PA durante 24 horas; ter eficacia constante emstam pacientes (inclusive com co-
morbidades); seguranca e tolerabilidade; eficAciearde o0 uso em longo prazo; baixos
indices de efeitos colaterais; minima interacdo ootnos farmacos; além de efeito protetor
de 6rgaos-alvo.

Ensaios clinicos em pacientes hipertensos demaastrajue o0s beneficios do
alisquireno na reducdo da PA sao similares ou meshdo que as doses terapéuticas de
enalapril, losartana, ibersatana e hidroclorotezieste farmaco € bem tolerado, com poucos
efeitos adversos relatados, mesmo em altas dadadds (SEPEHRDABL al, 2007).

O novo farmaco € bem tolerado quando administraminiso ou mesmo em
combinagcdo com anlodipino, valsartana, hidroclamitia e ramipril (VAIDYANATHAN et
al.,, 2006a; BROWN, 2008). Quando administrado com uJogueador do receptor de
angiotensina, o alisquireno bloqueia compensat@mena ativagdo do SRA e produz uma
significativa reducdo da PA (GRADMABL al, 2008).

Através de resultados da farmacocinética e farmaéodca, CHENG e colaboradores
(2008) sugerem que o alisquireno € mais eficamiticéo do SRA do que os IECA e os
BRA. Em comparagdo com os primeiros IR avaliadoajsmuireno tem propriedades fisico-
quimicas favoraveis, € pouco lipofilico e altamesu&ivel em agua, sendo mais resistente a
degradacéo intestinal (GRADMA®L al, 2005).
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Apéds a administragcdo oral, o pico de concentra{@npitica de alisquireno é atingido
apos 1-3 horas e a biodisponibilidade absoluta 2-8%. O volume médio de distribuicédo é
de aproximadamente 135 litros, indicando que serilalis extensamente pelo espaco
extravascular. O alisquireno liga-se moderadamasiteroteinas plasmaticas (47-51%), com
concentracdo de inibicdo da renina 50%dl@e 0.6 nmol/L (WOO-Let al, 2003). A meia-
vida do farmaco é de 40 horas (34-41 horas), obtaerikis plasmaticos estaveis apos 7-8
dias de administracdo diaria. Uma vez absorviddisguireno é metabolisado principalmente
através da via hepatobiliar e também, em menoe pairavés do metabolismo oxidativo pelo
citocromo P450 (CYP) 3A4, sendo que apenas 1,4%oda oral total € metabolizada. Apds
administracdo oral, aproximadamente 80% do farn@aatetectado no plasma, indicando
baixa presenca de metabolitos. Mais de 90% doualestp é eliminado como composto
inalterado nas fezes, menos de 2% € eliminado coaetabdlitos oxidados e menos de 1% é
eliminado na urina (KALUS, 2006; VAIDYANATHANet al, 2006b; VAIDYANATHAN et
al., 2007a; WALDMEIERet al, 2007; VAIDYANATHAN et al, 2008; WUERZENER &
AZIZI, 2008).

A eficacia clinica do alisquireno no tratamentoHi& foi estudada em um grande
namero de testes clinicos, incluindo avaliagbediflerentes dosagens, comparagfes com
placebo e com outros anti-hipertensivos. Reviséesntes citam indmeras publicagdes dentro
desse contexto, destacando o amplo espectro deadvdo alisquireno e confirmando sua
eficacia e tolerancia clinica no tratamento dessanch (STANTONet al, 2003;
FRAMPTON & CURRAN, 2007; JORDANt al, 2007; RAM, 2007; VAIDYANATHAN et
al., 2007b; VAN TASSELL & MUNGER, 2007; BROWN, 200ENSENet al, 2008).

SADAYOSHI e colaboradores (2010) estudaram a dfcd& a seguranca do
alisquireno em pacientes hipertensos com disfungémal durante 12 semanas. A
administracao diaria de alisquireno em 40 pacigafsneses entre 20 e 80 anos demonstrou
seguranca e eficacia terapéutica, com niveis plasysdestaveis apds 2-4 semanas de
tratamento.

O efeito anti-hipertensivo do alisquireno na HA ftambém avaliado por
NUSSBERGER e colaboradores (2007). A pressdo saeguia atividade de renina
plasmatica e a concentracdo de renina plasméatiaenfavaliadas em 569 pacientes com HA
leve a moderada antes e ap0s oito semanas de sttagiao. O tratamento foi realizado com
doses orais uma vez ao dia de alisquireno 150,d80800 mg, irbesartana 150 mg ou

placebo. O alisquireno reduziu a PAS e a PAD, eemtiou a concentracdo de renina
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plasmatica dose-dependente. O estudo também confique o alisquireno € um potente
farmaco anti-hipertensivo.

A seguranca e a eficacia do alisquireno em padeitesos hipertensos foram
avaliadas por VERDECCHIA e colaboradores (2007)abDte oito semanas, pacientes com
HA essencial, com idade acima de 65 anos, foramstidos a um estudo randomizado com
administracdo oral uma vez ao dia de alisquirenm@gn = 91), 150 mgr{ = 84), 300 mgr{
= 94), ou lisinopril 10 mg( = 86) como farmaco controle. Todas as apresergacoe
administradas apresentaram reducdo da PAS e PAssalferma, o alisquireno apresenta
eficiente reducdo da PA, sem evidéncias de qudesedca de doses possa interferir na
incidéncia de efeitos adversos em pacientes idupestensos.

Estudos em mais de 12.000 pacientes com HA tem m&naodo que o uso do
alisquireno reduziu a PA de forma efetiva, alénseledose-dependente, com boa seguranca e
tolerancia clinica (VAIDYANATHAN et al, 2008). A analise conjunta de ensaios
controlados por placebo mostrou que os tratameedos alisquireno 150 mg e 300 mg
promoveram reducdes na média da PAS e também daRéducdes de PA com alisquireno
75 mg nao foram consistentemente maiores do quelesjeom placebo nesses estudos,
enquanto a dose de 600 mg n&o proporcionou redagii@snais da PA sobre a dose de 300
mg (WEIRet al, 2007).

O SRA além de possuir uma importante funcdo nal@geda da PA, € considerado o
fator mais importante na patogénese de muitas dsergnais, especialmente a nefropatia
diabética. Os tratamentos atuais diminuem a pregeesia doenca, mas nao a detém
completamente. Estudogn vivo avaliaram a eficacia do alisquireno em modelos
experimentais da doenga renal. No entanto, novhgi@s para determinar a eficacia do
alisquireno em doencas renais humanas estdo emmantta(FELDMAN, 2010).

O efeito da inibicdo da renina no diabetes tipairida € incerto. O estudo elaborado
por DONG e colaboradores (2010) foi realizado gs@minar a eficacia do alisquireno sobre
as lesdes cardiovasculares, intolerancia a gliedsedes pancreaticas em um modelo animal
do diabetes tipo II. Os resultados forneceram mgira prova de que inibicao direta da renina
com alisquireno protege contra complicacdes caediowares e lesdo pancreatica, através da
atenuacao do estresse oxidativo. Dessa formasquakeno pode ser um promissor agente
terapéutico para o diabetes tipo Il.

Vérios estudos de interacdo medicamentosa em dudigi saudaveis e hipertensos
foram realizados. A administracdo de farmacos cawmipril, valsartana, anlodipino,

hidroclorotiazida, atenolol, metformina, pioglitaeg lovastatina, fenofibrato, isossorbida,
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celecoxibe, digoxina, furosemida, ou alopurinoltgmente com o alisquireno ndo apresentou
alteracao clinicamente significativa nas concelgaglasmaticas maximas{£) e nas areas
sob a curva da concentracdo plasmatica versus téipG) (DIETERLE et al, 2005;
VAIDYANATHAN et al, 2006a; DIETRICHet al, 2007; REYNOLDSet al, 2007; ZHAO

et al, 2007; AYALASOMAYAJULA et al, 2008; MESSERLI & BANGALORE, 2009).
Uma diminuicdo significativa do (zx € ASC do alisquireno foi observada quando este foi
coadministrado com irbesartana (VAIDYANATHA®L al, 2007c). Por outro lado, quando
administrado juntamente com atorvastatina, cetammrau ciclosporina, ocorreram aumentos
significativos tanto nas ASC como nasn.. do alisquireno (ACHIRAet al, 1999;
SAKAEDA et al, 2006; VAIDYANATHAN et al, 2007d).

O alisquireno encontra-se comercialmente na foremifamarato de alisquireno,
comprimidos revestidos para administracdo oralteswo 150 e 300 mg, sendo indicado para
o tratamento da HA essencial. A dose usual recoatené 150 mg uma vez ao dia, mas
pacientes em que a PA nao esteja controlada admmeate, esta dose pode ser aumentada
para 300 mg (RASILEZ, 2008). Estudos clinicos tamtsemonstraram o uso de 600 mg
como dose diaria. O indice de efeitos adversosanesacentracdo foi bem superior ao
apresentado nas doses menores do farmaco. Dorbégacadiarréia, tontura, cansaco e
fraqueza foram os principais efeitos adversos daites (KALUS, 2006). Além disso, o
alisquireno deve ser administrado preferencialmeate o estdmago vazio, ja que refeicdes
ricas em gordura reduzem sug.fem até 85% (LAM & CHOY, 2007; TEKTURNA, 2008).

Em janeiro de 2009 a Comissdo Européia autorizotraducéo do Rasilez HEo
mercado europeu, medicamento este que contém iedisque hidroclorotiazida (EMEA,
2009). Em 2008, NICKENIG e colaboradores avaliaeasgficicia de alisquireno combinado
com a hidroclorotiazida em um grupo de 880 pacgeritipertensos e verificaram uma
significativa reducdo da PA se comparada a mormtereom alisquireno, assim como
confirmado por SURESHKUMAR (2008).

Em termos de custo, o alisquireahmais caro que 0s outros agentes anti-hipertegsivo
assim nao sendo o medicamento de primeira esatbatoquandooutrosfarmacosnaosao
bem tolerados (CHENGt al, 2008).

3.2 Caracteristicas fisico-quimicas
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O alisquireno € um potente inibidor da renina, mnpiro de uma nova classe de
farmacos que atuam na primeira etapa do sistent@arangiotensina, quimicamente descrito
como (2(S),4(S),5(S),7(S)-N-(2-carbamoil-2-metilpit 5-amino-4-hidroxi-2,7-diisopropil-
8-[4-metoxi-3-(3-metoxi-propoxi)fenil]-octanamiddrigura 2). Apresenta-se como um po
branco, cristalino, solivel em tampéao fosfato, msblivel em agua e acetonitrila. Sua
férmula molecular é &Hs3N30s, com massa molecular de 551,8 g/mol, e pi€a9,49
(WOODet al, 2003;TEKTURNA, 2008; VAIDYANATHAN et al, 2008)

Figura 2 — Estrutura quimica do hemifumarato degaireno.

3.3 Métodos de analise

O alisquireno por ser um medicamento de lancameettente no mercado
farmacéutico dispde de poucos métodos na literaferdifica que relatam sua determinagéo
em fluidos bioldgicos. Além disso, ndo ha na litera método para determinacdo de
alisquireno em formulagdes farmacéuticas.

LEFEVRE et al. (2000) desenvolveram um método por radioimunoernsiagto para
determinacdo de CGP 60536 (alisquireno) em plasingrocedimento de extragdo do
farmaco € simples e foi desenvolvido sem a utiivage solventes organicos, utilizando
apenas 25 pL de plasma para cada amostra. O m&poesentou boa reprodutibilidade em
baixas concentracfes plasmaticas, apresentande himiquantificacdo de 0,15 ng/mL, e foi
aplicado para estudos farmacocinéticos em animaisnanos.

LEFEVRE & GAURON (2000) desenvolveram e validararétodo para andlise de

CGP 60536 por CL em urina e plasma animal e hum@método descrito foi desenvolvido
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utilizando coluna @ (25 cm) e detecgao por fluorescéncia com comptiosede onda de
excitacdo e emissao de 280 e 330 nm, respectivamAntase movel foi constituida por
acetonitrila e fosfato de potassio monobasico ®(065:35, v/v) na vazdo de 0,8 mL/min. O
meétodo apresentou limite de quantificacdo de 4/Bbhgm plasma e 9 ng/mL em urina e foi
aplicado para investigacdo da farmacocinética idquatreno.

VAIDYANATHAN et al (2007b) compararam a farmacocinética e segurdoca
alisquireno em adultos e idosos apos simples adtragéio de 300 mg de alisquireno. O
farmaco foi quantificado em plasma utilizando eximaem fase sodlida em cartuchog €
cromatografia liquida acoplada a espectrometria ntEssas com ionizacdo no modo
electrospray positivo. A deteccao foi realizadéiasthdo a transicdo do ion precursornd&
552 para o ion produto ae/z436. O método apresentou limite de quantificagi6,8 ng/mL
em plasma e 5 ng/mL quando aplicado em urinazatilo como fase movel um gradiente
composto por acetato de amonio 0,01 M e aceta(frb:25 a 40:60, v/v). O padréao interno
utilizado foi o [gem dimetil-g] alisquireno, um derivado do alisquireno.

3.4 Validacdo de métodos analiticos

Segundo o ICH (2005) validar procedimentos analtidem como objetivo
demonstrar que estes sejam adequados para aeamdtisgquestdo. O processo de validacao
deve garantir, através de estudos experimentais, agumetodologia proposta atenda as
exigéncias de suas aplicacoes, assegurando alibdéide e reprodutibilidade dos resultados
obtidos.

A validacédo de métodos analiticos € um processandoo e constante que inicia nas
fases de selecdo, desenvolvimento e otimizacdo rdetdologias, qualificacdo dos
instrumentos, materiais e pessoal (RIBAHNIal, 2004; SHABIRet al, 2007). Um processo
de validacdo bem definido e documentado fornecdéecias objetivas de que o método
atende as exigéncias das aplicacdes analiticadp ssfequado para o uso pretendido. Os
parametros fundamentais avaliados na validacdo me método séo: especificidade,
linearidade, precisao, exatidado, robustez, testeadkquabilidade do sistema, limite de
deteccédo e limite de quantificagdo (BRASIL, 200BRMER & MILLER, 2005; ICH, 2005;
ROZETet al, 2007). A capacidade de um método analitico garse, detectar e quantificar
impurezas ou produtos de degradacdo também € pgavégue devera ser avaliado durante a
validacdo (RAO & NAGARAJU, 2003; ICH, 2006).
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Métodos indicadores de estabilidade sao requepdms monitorar possiveis produtos
de degradacdo que possam surgir devido a intera@gbsgbstancia ativa com 0s excipientes,
processo de producdo, embalagens e/ou armazenanmamtequado. Eventualmente, o
método indicador de estabilidade necessita sedaddi e ser incluido na investigacdo e
aplicacdo de novos farmacos. Estes métodos deverolaestos e reunir todos os parametros
de validacdo requeridos em cada estagio do desemesito do farmaco e na analise do
produto final (ICH, 2003; ICH, 2006; KAZAKEVICH & OBRUTTO, 2007).

Quanto a definicdo e execucdo dos parametros iaoalide validacdo, tanto o ICH
(2005) como a Farmacopéia Americana (USP 32, 2@®nhecem que ndo h& necessidade
de serem avaliados todos os parametros. Sendo, d&siraob a responsabilidade do analista
definir quais os parametros que seréo avaliade®) gue, o tipo de método e 0 seu proposito
€ que irdo determinar o desenvolvimento do proc€¥ARTZ & KRULL, 1998; ERMER,
2001; ERMER & MILLER, 2005).

A escolha de um método depende de fatores comotumema do farmaco, da
complexidade da amostra e também do propésito dodmeAlém disso, a disponibilidade de
equipamentos e reagentes também deve ser considtfBdHA, 1997).

Dentre os métodos analiticos, a CL constitui-se wm procedimento bastante
utilizado em razdo da sua versatilidade. A posddie de variagdo dos mecanismos de
separacdo pela adequada escolha da coluna, fasel endwétodo de deteccdo, permite a
utilizacdo desta técnica nas mais diversas fase®stigdo de produtos farmacéuticos
(COLLINS et al, 2006; SHABIRet al, 2007). Atualmente, apesar da analise de condiale
gualidade de medicamentos ser realizada predoremante utilizando a CL, a
espectrofotometria no UV encontra-se bem estaliele@mo técnica analitica, ndo so6 por ser
considerada uma alternativa a CL, mas também peseptar vantagens como simplicidade
operacional, baixo consumo de amostras e solveatés) do tempo de analise reduzido
(FRIEDRICHet al, 2009).

3.5 Ensaio de dissolucéo

A absorcdo de farmacos apds administracdo orafriér ple formas farmacéuticas
sélidas, depende da liberacdo do mesmo da sua fiammecéutica, da sua dissolu¢do ou
solubilizacdo sob condicdes fisiologicas e de swampabilidade através do trato

gastrointestinal (ANSARet al, 2004). Fatores relacionados ao paciente, tai® dmiologia



28

da membrana, fluxo sanguineo e pH do trato gas#siinal, bem como fatores relacionados
ao farmaco e formulacdo, como solubilidade e naturpiimica do farmaco, polimorfismo,
coeficiente de particdo, quiralidade, tamanho ddquéas, entre outros, tornam o processo de
absorcédo complexo e variavel. Qualquer fator qeeead desagregacéo ou a dissolucdo pode
afetar a biodisponibilidade do farmaco (STORPIRTI®99; LAGACE et al, 2004,
SHARGELet al, 2005).

O ensaio de dissolucdo € importante para avalidvesacdo do farmaco da forma
farmacéutica solida, tornando-se disponivel paralssorvido pelo organismo. Atualmente, o
teste de dissolucdo para formas farmacéuticasasoldais constitui-se em procedimento
importante para a pesquisa, desenvolvimento, pémjugpntrole e garantia da qualidade de
formulacdes. Além disso, diferentes dosagens deneemo produto que apresentam perfis de
dissolucédo semelhante, se existir estudo de biealgnicia que comprove a relagaovitro/in
vivo de uma das dosagens, geralmente a mais alta, cmiat@ de referéncia; as demais
podem ser registradas sem a necessidade de nawvoksEs vivo, apresentando assim,
vantagens do ponto de vista ético, econémico ece@d®HAH et al, 1995; QURESHI &
MCGILVERAY, 1999; FURLANETTOet al, 2003; MARCOLONGO, 2003).

O método de dissolucdo € requisito fundamental nuisiria farmacéutica para
assegurar a qualidade lote a lote do produto feduoimo, desenvolvimento de novas
formulacfes e garantir a qualidade apés mudancéemalacéo e no processo de producdao,
avaliar a qualidade da formulacdo em funcdo do tempcondicbes de armazenamento
durante o periodo de validade do produto (FDA, 199ARQUES & BROWN, 2002).
Devido a isso, o0 método de dissolucdo é exigidm geDA para todos os produtos
apresentados como formas farmacéuticas sélidasaderal (SHARGELet al, 2005).

O teste de dissolucao avalia a quantidade de farmigsolvido, em um determinado
volume de meio, mantido a temperatura de 37#°Q5 °C, apds determinado periodo de
tempo, utilizando-se equipamento com dispositivaa ggomover agitacdo do meio, a uma
dada velocidade de agitagcédo (F. Brasil., 1988; B&EP2009). Para formulac¢des de liberagéo
imediata a porcentagem dissolvida de farmaco érdetada, normalmente, apés um unico
tempo de coleta. A avaliacdo da porcentagem distsobm varios tempos de coleta (perfil de
dissolucéo) é, no entanto, mais conclusiva em &elaccoleta em um unico ponto (ADAMS
et al, 2001).

Muitos farmacos ndo possuem monografia oficiald@ ainda escassos na literatura
estudos de desenvolvimento de métodos de dissollRd@a esses farmacos, existe a

necessidade de desenvolver ensaios de dissolugipapsam prever o comportameimo
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vivo dos mesmos (MANADASet al, 2002). A avaliagdo do perfil de dissolucéo, eés t
diferentes meios, na faixa de pH fisiolégico (pHlg a 7,5) é recomendada como suporte no
desenvolvimento e otimizacdo do método de dissolugém como no estabelecimento de
correlagbesn vivo/in vitro(MOORE& FLANNER, 1996; FDA, 1997; ADAMSet al, 2001).

Os meios de escolha mais usuais para o desenvoivirde método de dissolugéo sao &cido
cloridrico diluido, solu¢des tampdes na faixa defipldldgico, fluido gastrico simulado, agua

e tensoativos (FDA, 1997; USP 32, 2009).

A selecao criteriosa das condi¢cdes de ensaio daverigntada no sentido de obter o
méximo poder discriminativo, resultar na capacidddedetec¢do de eventuais desvios dos
padrbes de qualidade inicialmente propostos e ndisti mudancas significativas na
composicao ou no processo de producdo (MANALRRASI, 2002; USP 32, 2009). Um perfil
de dissolucdo adequado apresenta 100% de libedac&maco entre 45 e 60 minutos, ou
seja, perfis com liberagdo do farmaco muito rpida demonstram poder discriminativo
(FORTUNATO, 2005). Além disso, o conhecimento dagppedades fisico-quimicas do
farmaco, como pKa, solubilidade, funcdo da relggétensoativo e estabilidade em funcéo
do pH séo de suma importancia (SKOel, 1997).

Estudos de dissolucao vitro para comprimidos de alisquireno ndo foram encdosa
na literatura, o que justifica um dos objetivogdesente trabalho.
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Abstract

A reversed-phase liquid chromatography (RP-LC) metis validated for the determination
of aliskiren in tablet dosage form. The LC metheccarried out on a Waters XBridgasC
column (150 x 4.6 mm i.d.), maintained at 25 °C.eTimobile phase consisted of
acetonitrile:water (95:5, v/v)/phosphoric acid (@M, pH 3.0) (40:60, v/v), run at a flow rate
of 1.0 mL/min, with photodiode array detector 229 nm. The chromatographic separation
is obtained with aliskiren retention time of 3.68mand it is linear in the range of 10-300
pg/mL (r = 0.9999). The limits of detection and quantitatiare 2.38 and 7.93g/mL,
respectively. The specificity and stability-indicet capability of the method are proven
through degradation studies, which also showed thate is no interference of the
formulation excipients, showing that peak is freenf any coeluting peak. The method
showed adequate precision, with a relative standiation (RSD) values lower than
0.92%. Good values of accuracy were also obtaimdth a mean value of 99.55%.
Experimental design is used during validation tlwuate method robustness. The proposed
method is applied for the analysis of the tabletad® forms, contributing to improve the

quality control and to assure the therapeutic affjc

Keywords: Aliskiren, Experimental design, Reversed-phase idigichromatography,
Pharmaceutical formulation, Stability-indicating tmed, Validation.
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Introduction

Hypertension is one of the most common and poweisilfactors for cardiovascular
diseases. The control of the hypertension and s#som cholesterol and smoking has been
widely promoted in order to reduce the risk of eavescular diseases and their complications
(1,2). Overall, heart failure in either form is ajor global health problem contributing to a
significant morbidity and mortality and requiringsgnificant portion of health care spending
(3).

The renin angiotensin system plays an importane rol the regulation of
cardiovascular and renal function and in maintajrtime electrolyte balance of the body and
has long been recognized as a desirable targanfdrypertensive therapy (4-9). More recent
research has lead to the discovery of severalegasisnonpeptidic renin inhibitors. Aliskiren
(2(9,4(9,5(9,7(9-N- (2-carbamoyl-2-methylpropyl)-5-amino-4-hydroxy?ajiisopropyl-8-
[4-methoxy-3-(3-methoxypropoxy)phenyl]-octanamidentifumarate) (Fig. 1), is the first
representative of a new class of nonpeptide, lovieocutar weight, orally active transition-
state renin inhibitors (10-13). Its high potencyaiagt human renin compensates for its
relatively low absolute bioavailability (2-3%). lisng half-life 1> 30-40 h) makes it suitable
for once daily administration and the plasma stestdte levels are achieved after 5-8 days of
treatment (14-16). Therefore, aliskiren is used awew effective treatment for hypertension
(8,17).

Figure 1. Chemical structure of aliskiren hemifuatar

An automated reversed-phase liquid chromatograpRP-1(C) method with
fluorescence detection for the determination of rédm@n inhibitor CGP 60536 (aliskiren) in

animal and human plasma and urine has been dedekme validated (18). A validated
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liquid chromatography-tandem mass spectrometry M&MS) method employing positive
ion electrospray ionization (ESI+) was applied the evaluation of the pharmacokinetic
profile of aliskiren in healthy volunteers and patis with hepatic impairment (16,19).

The aliskiren pharmaceutical product is commergialailable, but at the moment,
there is no published method validated for the ¢tadive analysis of the drug in
pharmaceutical formulations. Therefore, the aintha present article was to develop and
validate a RP-LC method for the quantitative analyd aliskiren in tablet dosage forms,

contributing to improve the quality control and @a#sg the therapeutic efficacy.

Experimental

Extraction Procedure of Aliskiren Reference Substaoce

Due to the lack of aliskiren reference substane,active pharmaceutical ingredient
was extracted from commercial tablets (Ra$il820 mg). Twenty tablets were reduced to a
fine powder and the aliskiren was extracted witiaplurified water (pH 7), filtered and then
submitted to a SpeedVac concentrator (Model SPDO,10hermo Electron Corporation,
Milford, MA, USA) until dryness. The obtained powdwas analyzed for purity by the
proposed RP-LCGnethod, mass spectrometry (MS), differential scagm@alorimetry (DSC),
and by melting point. To confirm the identity, atiohal techniques such as diffuse
reflectance infrared Fourier transform spectroso@iyIFT) and nuclear magnetic resonance
(NMR) were carried out (data not shown). Nonaquetiwation of weak bases was also

performed to determine the degree of purity ofdhey (20).

Chemical and Reagents

A total of six batches of Rasil@¢Novartis, Sdo Paulo, SP, Brazil) tablets, contajni

150 and 300 mg of aliskiren base were obtained rommercial sources, and were identified
by arabic numbers from 1 to 6. LC-grade acetonitahd phosphoric acid were purchased
from Tedia (Fairfield, OH, USA). For all of the dyses, ultrapure water was used
(Labconco, Kansas City, MO, USA). Aliskiren dosafgem was labeled to contain the
following excipients: magnesiun stearate, macrogaspovidone, povidone, microcrystalline
cellulose, talc, hypromellose, anhydrous colloglata, E171 titanium dioxide, E172 red iron
oxide, E172 black iron oxide.
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Apparatus and Analytical Conditions

The RP-LC method was performed on a Shimadzu L@esygShimadzu, Kyoto,
Japan) equipped with an SCL-10AVP system controfldrC-10 ADVP pump, a DGU-14A
degasser, a SIL-10ADVP autosampler and an SPD-MB)Ahotodiode array (PDA)
detector. The peak areas were integrated autoratijacomputer using a Shimadzu Class
VP (V 6.14) software program. The experiments werdormed on a reversed phase Waters
(Milford, MA, USA) XBridge C18 column (150 x 4.6 mird., with a particle size of pm,
135 A). A guard column was used to protect theyaital column. The Shimadzu LC system
was operated isocratically at ambient controlledgerature (25 °C) using a mobile phase of
acetonitrile:water (95:5, v/v)/phosphoric acid (@M, pH 3.0) (40:60, v/v), run at a flow rate
of 1.0 mL/min, and using PDA detection at 229 nrhe Tnjection volume was 30L. Other
columns tested: Waters (Dublin, Ireland) XTerra @83 (150 mm X 3.9 mm i.d.,jm, 132
A); Phenomenex (Torrance, USA) Synergi Fusion CBD(mm x 4.6 mm i.d., 4m, 80 A);
Phenomenex Luna C18 (150 x 4.6 mm i.dun% 100 A); Phenomenex Gemini C18 (250 x
4.6 mm i.d., 5um, 110 A); Phenomenex Synergi Max-RP C12 (150 xmwn6i.d., 4um, 80
A):; Shimadzu (Kyoto, Japan) Shim-pack CLC-ODS CIB)(x 4.6 mm i.d., 4m, 100 A).

Preparation of Aliskiren Reference Solution

The stock reference solution was prepared by wegglaccurately, 11.23 mg of
aliskiren hemifumarate (purity: 98.32%), transfdrte 10 mL volumetric flask and diluted to
volume with methanol, obtaining a concentrationloig/mL of aliskiren base. The stock
solution was stored at 2-8 °C, protected from ligimd daily diluted to an appropriate

concentration in water.

Preparation of Sample Solutions

To prepare the sample solutions, tabletstaming 150 and 300 mg of aliskiren were
accurately weighed and crushed to a fine powderagpropriated amount was transferred
into an individual 50 mL volumetric flask. After dition of 30 mL water, the flasks were
vortex mixed for 1 min. Then the samples were mgaé volume with water, transferred to
appropriate tubes and centrifuged at 2000 for 10 min. Aliquots of the clear supernatant
liquid at final concentration of 100 pug/mL of théiskiren base were stored at 2-8 °C,

protected from light, and daily filtered througld.@5um membrane filter (Millipore).
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Validation of the RP-LC Method

Analytical method development and validation playnajor role in the discovery,
development, and manufacture of pharmaceuticaly. (lie International Conference on
Harmonization (ICH) (22) requires the stress tgstmbe carried out to elucidate the inherent
stability characteristics of the active substamestability-indicating method is the one that
guantifies the drug and also resolves its degradgtroducts (23-26). The present method
was validated using samples of tablet dosage fomitis the label claim of 300 mg by
determination of the following parameters: spetificlinearity, precision, accuracy, limit of

detection (LoD), limit of quantitation (LoQ), robmess, and system suitability test.

Specificity and Forced Degradation Studies

In order to determine the specificity of the methadplacebo solution (in-house
mixture of all the tablet excipients) was prepairedccording to prescribed in the Handbook
of Pharmaceutical Excipients (27) and was analypeelvaluate the absence of interference
from the formulation excipients on the aliskirenake Moreover, the stability-indicating
capability of the method was determined by subjpect reference sample solution (200
pg/mL) to accelerated degradation by acidic, basieutral, oxidative, and photolytic
conditions to evaluate the interference in the tjtaion of aliskiren. A sample solution
prepared in 2 M hydrochloric acid was used forabiglic hydrolysis, and a sample solution in
2 M sodium hydroxide for the basic hydrolysis ewion. Both solutions were maintained at
ambient temperature for 5 h and neutralized witld @ base, as necessary. For study in
neutral condition, drug dissolved in water was &daat 50 °C for 96 h. The oxidative
degradation was induced by storing the samplestisotiin 10% hydrogen peroxide, at
ambient temperature for 30 h, protected from ligAhotodegradation was induced by
exposing the sample in quartz cuvette to 200 waitsisquare meter of near ultraviolet light
(UV-C) at 25 cm of distance for 1 h. After the pedares, the samples were diluted in water
to a final concentration of 10Qg/mL. Then, the specificity and the stability-inaling
capability of the method were established by deit@ng the peak purity of the samples using
a PDA detector (22).

Linearity and Range
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The linearity was determined by constructing thnelependent analytical curves, each
one with six concentrations of reference solutiarthe range of 10-30(g/mL (10; 30; 50;
100; 200; 30Qug/mL), prepared in water. Before injection of tl@usions, the column was
equilibrated for at least 20 min with the mobileapé flowing through the system. Three
replicate of 3QuL injections of the reference solutions were maxeerify the repeatability of
the detector response. The peak areas of the ctograms were plotted against the

respective concentrations of aliskiren to obtamdhalytical curve.

Precision and Accuracy

The precision of the method was determined by ¢peatability and the intermediate
precision. Repeatability was examined by nine eatadas of the same concentration sample
of aliskiren, on the same day, and under the satperinental conditions. The intermediate
precision of the method was assessed by carryinghauanalysis on three different days
(inter-days), and also by other analysts performing analysis in the same laboratory
(between-analysts). The accuracy was evaluatedpblyiag the proposed method to the
analysis of an in-house mixture of the excipienih wnown amounts of the drug, to obtain
solutions at concentrations of 80, 100 and g0nL, equivalent to 80, 100 and 120% of the
nominal analytical concentration, respectively. Heeuracy was calculated as the percentage

of the drug recovered from the formulation matrix.

LoD and LoQ

The LoQ was taken as the lowest concentration afyéa in a sample that can be
determined with acceptable precision and accurang, the LoD was taken as the lowest
absolute concentration of analyte in a sample tisat be detected but not necessarily
quantified. The LoD and LoQ were calculated frora #iope and the standard deviation of
the intercept of the mean of three calibration esndetermined by a linear regression model,
as defined by ICH guideline (22).

Robustness

The robustness was determined by analyzing the samgples under a variety of
conditions of the method parameters, such as: fite, column temperature, changing the

mobile phase composition, and pH. The responseacirmethod design was applied to
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evaluate the relationships between one or more umedsresponses using Design-Expert
software v. 7.1 (Stat-Ease Inc., Minneapolis, MNBA). Besides, the D-optimal criteria was
used to select design points to minimize the vagaassociated to the estimates of specified
model coefficients, with a low number of experingenoreover, the stability of sample
solutions in mobile phase was assessed after dhagst of the samples for 48 h at 2-8 °C, and
also placed into the autosampler, at room temperdbu 15 h.

System Suitability Test

The system suitability test was also carried outet@luate the resolution and
reproducibility of the system for the analysis ®gerformed, using five replicates injections
of a reference solution containing 1Q@/mL of aliskiren. The parameters measured were
peak area, retention time, theoretical plates,taiidg factor (peak symmetry).

Analysis of Aliskiren in Pharmaceutical Formulations

For the quantitation of aliskiren in the tablet ags forms, the respective stock
solutions were diluted to appropriate concentraf®0 pg/mL) with water, filtered, injected
in triplicate and the percentage recoveries of dineg calculated against the reference

substance.

Results and Discussion

Optimization of the Chromatographic Conditions

To obtain the best chromatographic conditions, rttebile phase was optimized to
provide sufficient selectivity and sensitivity irshort separation time of aliskiren basKgp=
9.49). The retention factor observed in all analysias higher than 1, in accordance to
Thompson and LoBrutto (2007) (28). Phosphoric aaishmonium acetate and phosphate
solutions were evaluated using the pH range of 8 AnThe suitable mobile-phase should
control the selectivity and to achieve reproducibbparations with acceptable peak shape.
Thus, the precise pH control is essential as welthee high buffer capacity. The buffer
capacity of the mobile-phase was suitable andliekir@n molecule was fully protonated and

properly eluted in the column. Phosphoric acid daka of 2.1 and its buffer rangeKp + 1
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unit) is 1.1 and 3.1. Therefore, the pH value & ®as chosen due to better peak symmetry
and high sensitivity, and phosphoric acid solutiad adequate buffering capacity to maintain
the chosen pH. The use of acetonitrile resultedetter sensitivity, short analysis time,
improving the peak symmetry (about 1.15). Colunmosnf different sources were evaluated,
and the Waters XBridge€;g analytical column was selected as it provides testb
chromatographic performance and acceptable peakatkastics, including tailing factor and
number of theoretical plates. Moreover, the besbroatographic separation of degradation
products was achieved on the column used. The @atthtonditions of the RP-LC method
were validated for the analysis of aliskiren inléalolosage forms, and a typical chromatogram
obtained by the proposed method, demonstratingreBelution of the symmetrical peak
corresponding to aliskiren, is shown in Fig. 2ae Tétention time observed (3.68 min) allows

a fast determination of the drug, which is suitdblethe quality control laboratories.

Method Validation

Specificity and Forced Degradation Studies

A stability-indicating method is defined as an atiahl method that accurately
quantifies the active ingredients without interfeze from degradation products, process
impurities, excipients, or other potential impwe#i(23,29). Forced degradation studies should
be the first step in method development. The p@sesf degradants and impurities in
pharmaceutical formulations can result in changesheir chemical, pharmacological and
toxicological properties affecting their efficacynch safety. Therefore, the adoption of
stability-indicating methods is always required dontrol the quality of pharmaceuticals
during and after the production. This greatly cimittes to the possibility of improving drug
safety (24,30,31).

During the forced degradations, the neutral heatgitolysis resulted in significant
decrease of the area without any additional peadicating that the probable degradation
products were not detected by UV. Under the adigdrolysis, aliskiren content exhibited a
decrease of the area (7.94%) at 5 h in 2 M hydorhhcid solution and one additional peak
detected at 8.21 min. Just one additional peakalssdetected in the oxidative condition at
5.05 min with significant decrease of aliskiren kpednder the basic hydrolysis, nearly 69%
of the aliskiren was degraded in 2 M sodium hydilexsolution for 5 h, and three additional
peakswereidentifiedat 5.05,6.15and 7.87 min. For the photolytic condition,59.76%o0f the
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Figure 2. RP-LC chromatograms of aliskiren (1@0mL). (a) Aliskiren reference solution, and after:
(b) neutral heated hydrolysis; (c) basic hydroly&i acidic hydrolysis; (e) oxidation; and (f)
exposition to UV light. Peak 1: fumarate; 2: aligki; 3: degraded products. Chromatographic
conditions: Waters XBridge ;g column (150 x 4.6 mm i.d., pm), 25 °C; mobile phase:
acetonitrile:water (95:5, v/v)/phosphoric acid (@®/1, pH 3.0) (40:60, v/v); flow rate: 1.0
mL/min; detection: 229 nm.
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aliskiren was degraded at 1 h, and five additigpedks were detected between 2.5 and 3.5
min, but these peaks did not interfere in the akskpeak purity. The chromatograms of the
forced degradation studies are shown in Fig. 2iMtierference from formulation excipients
and fumaric acid solution was found, as showing tha peak was free from any coeluting
peak. Typical chromatograms of the blank, excigieantd fumaric acid solution obtained by
the proposed RP-LC method are shown in Fig. 3. siheies with the PDA detector showed
that the aliskiren peak was free from any coelupegk, with values of peak purity index
higher than 0.9999, thus demonstrating that thpgeed method is specific for the analysis of

aliskiren.

\ (d)
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w
.
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Figure 3. RP-LC chromatograms of (a) blank; (bhduse mixture of the tablet excipients; (c) fumaric
acid solution; and (d) aliskiren in pharmaceuti@amulation solution (10Qug/mL). Peak 1:
fumarate; 2: aliskiren. Chromatographic conditiovtaters XBridge & column (150 x 4.6
mm i.d., 5um), 25 °C; mobile phase: acetonitrile:water (9%/%)/phosphoric acid (25 mM,
pH 3.0) (40:60, v/v); flow rate: 1.0 mL/min; detect: 229 nm.

Linearity

The analytical curves constructed for aliskiren eviyund to be linear in the 10-300
ug/mL range. The value of the correlation coeffitiealculated (= 0.9999y = (21312.18 +
222.20)x - (47960.33 + 16906.58), wherejs concentration angis the peak absolute area)
indicated the linearity of the analytical curve tbe method. The validity of the assay was
also verified by means of ANOVA, which demonstratgnificant linear regression and

nonsignificant linearity deviatiorP(< 0.05).

Precision
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The precision evaluated as the repeatability resulted in a relative standard deviation
(RSD) value of 0.92% (n = 9). The intermediate precision was assessed by analyzing two
samples of the pharmaceutical formulation on three different days (inter-day); the mean
values obtained were 100.29 and 101.36% with RSD 0.47 and 0.37%, respectively. The
between analysts precision was determined by calculating the mean values and the RSD for
the analysis of two samples of the pharmaceutical formulation by three analysts; the values
were found to be 100.92 and 100.53% with RSD 0.27 and 0.39%, respectively. The results are

shown in Table 1.

Table 1. Inter-day and between-analysts precision data of RP-LC for aliskiren in samples of

tablet dosage form

Inter-day Between-analysts

Sample Day Percentage’ (%) RSD (%) Analysts Percentage’ (%) RSD' (%)

1 100.03 A 101.02

1 2 100.01 0.47 B 100.61 0.27
3 100.84 C 101.13
1 101.80 A 100.89

2 2 101.18 0.37 B 100.11 0.39
3 101.12 C 100.60

* Mean of three replicates.
TRSD = Relative standard deviation.

Accuracy

The accuracy was assessed from three replicate determinations of three different
solutions containing 80, 100 and 120 pg/mL. The absolute means obtained for aliskiren are
shown in Table 2 with a mean value of 99.55% and RSDs lower than 1.21%, demonstrating

that the method is accurate within the desired range.
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Table 2. Accuracy of RP-LC for aliskiren in samples of tablet dosage form

Nominal concentration Mean concentration found* RSD' Accuracy
(ng/mL) (ng/mL) (%) (%)
80 79.05 0.24 98.81
100 98.72 0.17 98.72
120 121.34 1.21 101.11

* Mean of three replicates.
"RSD = Relative standard deviation.

LoD and LoQ

For calculating of the LoD and LoQ, a calibration equation, y = 21312.18x — 47960.33,
was generated by using the mean values of the three independent analytical curves. The LoD
and LoQ were obtained by using the mean of the slope, 21312.18 + 222.20, and the standard
deviation of the intercept of the independent curves, determined by a linear regression line as

16906.58. The LoD and LoQ calculated were 2.38 and 7.93 pg/mL, respectively.

Robustness

Two approaches are possible to evaluate robustness, either an one-variable-at-a-time
(OVAT) procedure or an experimental design procedure. The OVAT procedure varies the
levels of one factor while keeping the other factors at nominal levels, to evaluate the effect of
this former factor on the method response(s). When applying an experimental design, the
effect of a given factor is calculated at several level combinations of the other factors. Thus,
in an experimental design, a reported factor effect is an average value for the whole domain,
and it represents more globally what is happening around the nominal situation (32-34).

To evaluate the robustness of an analytical method usually the OVAT approach is
applied, however it is not recommended. The most important reason is that when the factors
are examined in given intervals, the effects are estimated for a smaller domain around the
nominal levels with the OVAT than with the experimental design approach. Moreover, the
OVAT approach requires more (too many) experiments, especially when the number of
examined factors becomes larger, and secondly, the importance of factor interactions cannot

be taken into account (23,34). The experimental ranges of the selected variables evaluated are
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given in Table 3. The analysis of variance ANOVA was performed and the model terms
(variables) were not significant (P < 0.05). Moreover, the sample solutions were stable during
15 h into the autosampler and during 48 h when maintained at 2-8 °C, showing nonsignificant

change (< 2.0%) relative to freshly prepared samples, as suggested (35).

Table 3. Chromatographic conditions and range investigated during robustness testing

Experimental Factors Responses™
Phosphoric Aqueous  Flow Temp RSD' Assay Peak
acid (mM) (%) (mL/min) pH °C) (%) (%) Symmetry

1 23 59 0.9 29 27 0.56 102.86 1.15

2 27 61 1.1 3.1 27 0.49 102.26 1.15

3 27 59 1.1 29 27 0.19 103.84 1.15

4 23 61 0.9 29 22 0.31 103.94 1.17

5 23 59 1.1 29 23 0.06 103.72 1.16

6 27 61 0.9 29 27 0.17 102.30 1.16

7 27 61 0.9 3.1 23 0.06 103.65 1.15

8 23 61 1.1 31 23 0.63 103.19 1.15

9 23 59 1.1 3.1 27 0.10 103.93 1.16

10 27 61 1.1 29 23 0.06 103.10 1.14

11 27 59 1.1 31 23 0.05 103.36 1.14

12 23 61 1.1 29 27 0.78 102.34 1.18

13 23 61 0.9 3.1 27 0.18 102.86 1.15

14 25 60 1 3 25 049 103.14 1.16

15 27 59 0.9 3.1 27 0.57 102.04 1.17

16 27 59 0.9 29 23 0.06 103.43 1.17

17 23 59 0.9 31 23 0.03 103.33 1.16

* Mean of three replicates.
"RSD = Relative standard deviation.

System Suitability Test

The RSD values calculated in the system suitability test for the parameters were tested
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within the acceptable range (RSD < 2.0%), as shown in Table 4, indicating that the system is

suitable for the analysis intended.

Table 4. Results of the system suitability test

Aliskiren*
Parameter Minimum Maximum RSD' (%) Status
Theoretical plates 4775 4932 1.14 Passed
Retention time 3.65 3.66 0.10 Passed
Peak area 2072495 2109455 0.68 Passed
Tailing factor 1.15 1.17 0.19 Passed

* Mean of five replicates.
"RSD = Relative standard deviation.

Method Application

The proposed RP-LC method was applied for the determination of aliskiren in tablet
dosage forms, as shown in Table 5. The results demonstrated the quality of the

pharmaceutical samples and the applicability of the method for quality control analysis.

Conclusion

The results of the validation studies show that the RP-LC method is specific, stability-
indicating, sensitive, accurate, and possesses significant linearity and precision characteristics
without any interference from the excipients and degradation products. The advantages of the
chromatographic technique are very well established for the quality control of most of the
pharmaceuticals due to its efficiency, high resolution, significant precision and accuracy.
Therefore, the proposed method was successfully applied and suggested for the quantitative
analysis of aliskiren in tablet dosage forms, contributing to improve the quality control and to

assure the therapeutic efficacy.



Table 5. Determination of aliskiren in tablet dosage forms by the RP-LC method

Theoretical amount Experimental amount*

Sample mg per tablet mg Recovery (%) RSD' (%)
1 150 153.02 102.01 0.26

2 150 153.36 102.24 0.22

3 150 153.75 102.50 0.05

4 300 304.08 101.36 0.14

5 300 297.48 99.16 0.15

6 300 307.74 102.58 0.44

* Mean of three replicates.
TRSD = Relative standard deviation.
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For determination of aliskiren in commercial samples, an analytical UV spectrophotometric method was developed and validate
according to ICH guideline. The method was linear in the range between 40 and 100 ug mL™! (> = 0.9997, n = 7) and exhibited
suitable specificity, accuracy, precision, and robustness. It is simple, it has low cost, and it has low use polluting reagents. Therefore,
the proposed method was successfully applied for the assay and dissolution studies of aliskiren in tablet dosage forms, and the results

were compared to a validated RP-LC method, showing non-significant difference (P > 0.05).

Keywords: aliskiren; pharmaceutical formulation; UV spectrophotometry.

INTRODUCTION

Hypertension is a common chronic disease that leads to significant
cardiovascular morbidity and mortality worldwide. Blood pressure
control is important for the management or prevention of cardio-
vascular diseases and their complications.! New antihypertensive
agents with a different mechanism of action may play an important
role in the optimal management of hypertension. The key factor in
the development of any new antihypertensive agent is its potential
to effectively control blood pressure.>

Aliskiren, (2(5),4(5),5(S),7(S)-N- (2-carbamoyl-2-methylpropyl)-
5-amino-4-hydroxy-2,7-diisopropyl-8-[4-methoxy-3-(3-methoxypro-
poxy)phenyl]-octanamide hemifumarate) (Figure 1), the first oral
direct renin inhibitor approved for clinical use, exhibits a novel and
advantageous pharmacokinetic and pharmacodynamic profile for
the long-term treatment of hypertension. Aliskiren blocks the renin
system at its rate-limiting step by directly inhibiting the catalytic
activity of renin, thereby reducing generation of angiotensin I and
angiotensin I1.3*

Figure 1. Chemical structure of aliskiren (free base)

The UV-Vis method is very useful in quality control of phar-
maceutical products due to the potential of the great majority of the
drugs to absorb energy in these wavelengths. The absorption of UV-
visible radiation occurs through the excitation of electrons within the
molecular structure to a higher energy state. Although the selectivity
depends on the chromophore of the drug, the method presents a series
of applications: quantification of drugs in formulations where there is

*e-mail: micheliw @yahoo.com.br

no interference from excipients, pKa determination, release of drugs
from formulations with time in dissolution testing, monitoring of
the reaction kinetics of drug degradation, and identification of drugs
starting from UV spectrum.>®

Recently, a stability-indicating reversed-phase liquid chromato-
graphic method (RP-LC) method was developed and validated for the
determination of aliskiren in tablet dosage forms, using acetonitrile
and phosphoric acid solution as mobile phase.” In order to obtain a
simpler, cheaper, faster, and less environmental toxic method for the
determination of aliskiren in tablet dosage forms, an UV spectropho-
tometric method was fully validated in this study, employing mainly
distilled water, as solvent. The validation procedure was carried out
according to the International Conference on Harmonization (ICH)
guideline by determination of the following parameters: specificity,
linearity, range, precision, accuracy, and robustness.® The validated
UV method was applied to quantitative analysis of aliskiren in tablets
and in vitro dissolution studies, comparing the results with the RP-
LC method;” moreover contribute to establish new alternatives with
advantages for the quality control of the pharmaceutical formulations
and assuring the therapeutic efficacy.

EXPERIMENTAL
Chemicals and reagents

Aliskiren was extracted from commercial tablets (Rasilez™ 300
mg) with ultrapurified water (pH 7.0), filtered and then submitted to a
SpeedVac concentrator (Model SPD 1010, Thermo Electron Corpo-
ration, Milford, MA, USA) until dryness. The obtained powder was
analyzed for purity by the proposed method, RP-LC and by liquid
chromatography-mass spectrometry (LC-MS) methods. To confirm
the identity, additional techniques such as diffuse reflectance infra-
red Fourier transform spectroscopy (DRIFT) and nuclear magnetic
resonance (NMR) were carried out (data not shown). Nonaqueous
titration of weak bases was also performed to determine the degree of
purity of the drug according to US Pharmacopeia (USP 32).° A total
of six batches of Rasilez™ (Novartis, Sao Paulo, SP, Brazil) tablets,
containing 150 and 300 mg of aliskiren were obtained from com-
mercial sources within their shelf-life period. For all of the analyses,
the reagents and solvents used were analytical grade. Ultrapure water
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was used (Labconco, Kansas City, MO, USA). Aliskiren dosage form
was labeled to contain the following excipients: magnesiun stearate,
macrogol, crospovidone, povidone, microcrystalline cellulose, talc,
hypromellose, anhydrous colloidal silica, E171 titanium dioxide,
E172 red iron oxide, E172 black iron oxide.

Preparation of aliskiren reference solutions

UV method

The stock solution of aliskiren reference substance was prepa-
red by weighing accurately, 11.23 mg of aliskiren hemifumarate
(98.32%), transferred to 10 mL volumetric flask and diluted to volume
with methanol, obtaining a concentration of 1 mg mL"! of aliskiren
base. Three hundred and fifty microliters of stock solution was trans-
ferred to 5 mL volumetric flask and diluted to volume with water
in order to obtain the work solution at concentration of 70 ug mL™".

RP-LC method

The stock solution of aliskiren reference substance at concentra-
tion of 1 mg mL"! (in methanol) of aliskiren base was prepared. The
stock solution was stored at 2-8 °C, protected from light and daily
diluted to an appropriate concentration in water.

Preparation of sample solutions

UV method

To prepare the sample solutions, twenty tablets containing 150
and 300 mg of aliskiren were accurately weighed and crushed to a
fine powder to obtain the average weight, respectively. Amounts of
powdered tablets equivalent to 100 mg of aliskiren was transferred to
a 100 mL volumetric flask. After addition of 70 mL water, the flasks
were shaken ultrasonically (5 min). The samples were made up to
volume with water and centrifuged (10 min). Aliquots (equivalent
to 350 pg) of the clear supernatant liquid were transferred to 5 mL
volumetric flasks and diluted with water to give a final concentration
of 70 ug mL".

RP-LC method

An appropriated amount of powdered tablets was transferred
into an individual 50 mL volumetric flask and diluted to volume with
water. Then the mixture was vortex mixed for 1 min and centrifuged
for 10 min. The final concentration of 100 ug mL"' of the aliskiren
was stored at 2-8 °C, protected from light, daily filtered through a
0.45 um membrane filter (Millipore, Bedford, MA, USA), injected
and the amount of the drug calculated against the reference solution.

Methods

UV spectrophotometry analysis

A double-beam Shimadzu UV-Vis spectrophotometer (Kyoto,
Japan) model UV 1601 PC, with a fixed slit width (2 nm) using
1.0 cm quartz cells was used for all absorbance measurements. The
absorbance was measured at 279 nm.

RP-LC analysis

The RP-LC method was performed on a LC system (Shimadzu)
equipped with an SCL-10A, , system controller, aLC-10 AD,, pump, a
DGU-14A degasser, a SIL-10AD, , autosampler, and an SPD-M10A, ,
photodiode array (PDA) detector.” The peak areas were integrated
automatically by computer using a Shimadzu Class VP (v 6.14)
software program. The experiments were performed on a reversed
phase Waters (Milford, MA, USA) XBridge C , column (150 x 4.6
mm i.d., with a particle size of 5 um). A security guard holder was
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used to protect the analytical column. The Shimadzu LC system was
operated isocratically at ambient controlled temperature (25 °C) using
a mobile phase of acetonitrile:water (95:5, v/v)/phosphoric acid (25
mmol L', pH 3) (40:60, v/v), run at a flow rate of 1.0 mL min™', and
using PDA detection at 229 nm. The injection volume was 30 pL.

UV spectrophotometric method validation

Analytical method development and validation play a major role
in the discovery, development, and manufacture of pharmaceuticals.'
The UV spectrophotometric method was validated using samples of
tablet dosage forms with the label claim of 300 mg by determination
of the following parameters: specificity, linearity, precision, accuracy,
limit of detection (LoD), limit of quantitation (LoQ), and robustness
following the ICH guideline.?

Specificity

Specificity was evaluated by analyzing solutions containing all
the components of the aliskiren tablets, excepting the drug. In house
mixture of the excipients was prepared in according to the Handbook of
Pharmaceutical Excipients."" The system response was examined for the
presence of interference or overlaps with aliskiren responses at 279 nm.

Linearity

The analytical curves were obtained with 7 concentrations of
reference solution in the range of 40-100 pg mL"! (40, 50, 60, 70,
80, 90, and 100 pg mL"). Each solution was prepared in triplicate.
The linearity was evaluated by linear regression analysis by the least-
square regression method, which was used to calculate the correlation
coefficient, y-intercept and slope of the regression line. The curves
were validated by means of the analysis of variance (ANOVA).

Precision

The precision was determined by repeatability (intra-day) and in-
termediate precision (inter-day). Repeatability was evaluated assaying
6 determinations at the same concentration (70 pg mL™), during the
same day, under the same experimental conditions. Intermediate
precision was analyzed comparing the assays in 3 determinations at
the same concentration (70 ug mL™") during 3 different days. Precision
(repeatability and intermediate precision) was expressed as relative
standard deviation (RSD).

Accuracy

The accuracy was evaluated applying the proposed method to
the analysis of the in house mixture of the excipients with known
amounts of the drug, to obtain solutions at concentrations of 56, 70,
and 84 pg mL", equivalent to 80, 100, and 120% of the nominal
analytical concentration, respectively. The accuracy was calculated
as the percentage of the drug recovered from the formulation matrix.

LoD and LoQ

LoD/LoQ parameters are not a requirement for drug assay; ho-
wever, it is always useful to demonstrate that the analyses are being
conducted in a region which is above the LoQ value. The LoD and
LoQ were calculated based on the standard deviation of the response
(y-intercepts of regression lines) and the slope using three independent
analytical curves, as defined by ICH. LoD and LoQ were calculated
as 3.3 and 100/S, respectively, where G is the standard deviation of
the response and S is the slope of the calibration curve.

Robustness and stability
Robustness of the proposed method was determined by the analysis
of samples and standard solutions (70 pg mL™") at different waveleng-
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ths (£ 5 nm), at different solution temperatures (4 and 25 °C), and at
different solution compositions (water; methanol; 0.1 mol L' HCI).

To assess the stability of aliskiren, the stability study was perfor-
med maintaining the aliskiren working solution in water for 48 h at
2-8 °C, protected from light, looking for the decrease of absorbance
compared with those of freshly prepared solutions.

Tablet properties

The average weight, friability, hardness, disintegration time,
and content uniformity tests of the coated tablets used in the study
(Rasilez™ 150 and 300 mg) were carried out according to Brazilian
Pharmacopoeia.'? Sample sizes of 20 and 10 tablets were used for
determination of weight and hardness, respectively. Friability was
determined by using a Pharma Test friabilator (Hainburg, Germany)
using 20 tablets for 5 min (100 revolutions). The disintegration time
was determined using 6 tablets in a disintegration apparatus (Nova
Etica, Sdo Paulo, Brazil) without discs at 37 °C, in water.

In vitro dissolution studies

The dissolution rate studies of aliskiren from tablets were perfor-
med on a paddle-stirrer type of apparatus by a Nova Etica dissolution
test system (Sdo Paulo, Brazil). Drug release tests were carried out
according to conventional dissolution procedures recommended for
single-entity products in 900 mL of different media of 0.1 mol L
HCI (50 and 75 rpm), phosphate solution pH 4.5 (50 and 75 rpm),
phosphate solution pH 6.8 (50 and 75 rpm), and distilled water (50
and 75 rpm), for 45 min."*!* The temperature of the cell was main-
tained at 37 + 0.5 °C by using a thermostatic bath. At each sample
time interval, an exact volume of the sample was withdrawn from
each flask and immediately replaced with an identical volume of
fresh medium to maintain a dissolution sink condition. A correction
factor was included in the calculations to account for the drug lost
in the sampling. At predetermined time intervals (0, 5, 10, 15, 20,
30, and 45 min) for the development of the methodology and for the
dissolution studies, the concentrations of aliskiren in the dissolution
medium were determined by the proposed UV spectrophotometric
method, that were diluted in according to the linearity of analytical
method. The cumulative percentage of drug released was plotted
against time, in order to obtain the release profile and to calculate the
in vitro dissolution data (n = 12) by the linear regression equation.'?

Analysis of aliskiren in pharmaceutical formulations

For the quantitation of aliskiren in the tablet dosage forms, the
respective stock solutions were diluted to appropriate concentration,
filtered, analyzed in triplicate and the percentage recoveries of the
drug calculated against the reference substance for UV spectropho-
tometric and RP-LC methods, respectively.

RESULTS AND DISCUSSION
UV spectrophotometric method validation

Due to the high solubility of the drug in water, this was chosen as
diluting solution. Initially, an UV spectroscopic scanning run allowed
selecting the wavelength of 279 nm as the best for the detection of aliski-
ren in the reference solution as well as in sample solutions (Figure 2).

Specificity
In order to verify the absence of interferences of the excipients
on the analysis of aliskiren in tablets, we carried out the analysis of

55

Quim. Nova
T T
20 B
o [\ ]
| +—B _
5 [ a—\: ]
8 10+ s _
< YL 4
L c J
N ]
00 , |
200 250 300 350

Wavelength (nm)

Figure 2. UV spectra of aliskiren solutions in distilled water: (A) reference
substance, (B) tablet dosage form and (C) in house mixture of the excipients

a sample prepared with all the excipients present in the tablets, but
without the drug (in house mixture of the excipients). Absorption
spectra did not show any potential interference of the tablet excipients
at 279 nm, also shown in Figure 2.

Linearity

A linear relationship was found between the absorbance and
the concentration of aliskiren in the range of 40 to 100 pg mL".
The correlation coefficient was 0.9997 indicating excellent linearity
(”* > 0.999). The representative linear equation was y = 0.0045x +
0.0163, calculated by the least squares method. The analytical data
were validate by means of ANOVA that demonstrated significant
linear regression (f calculated = 1172.64 > f critical = 4.6; P = 5%)
and no significant deviation from linearity (f calculated = 0.63 < f'
critical = 2.96; P = 5%).

Precision and accuracy

The intra-day and inter-day relative standard deviation (RSD) values
obtained by the proposed method were found to be lower than 2.0%.
The accuracy of the method expressed as recovery (%) was between
101.55 and 101.88%. Results are given in Tables 1 and 2, respectively.

Table 1. Intra-day and inter-day precision data of UV spectrophotometric
method for aliskiren in tablet dosage form

Experimental concentration ~ Recovery RSD®

Precision

(ug mL") (%) (%)
Intra-day (n = 6) 72.49 103.56 091
Inter-day
Day 1 (n=3) 73.90 105.57 0.74
Day 2 (n=3) 74.11 105.87 0.90
Day 3 (n=3) 72.52 103.60 0.81
Mean (n =9) 73.51 105.01 1.23

aRSD = Relative standard deviation.

LoD and LoQ
The values calculated for LoD and LoQ were 2.55 and 8.49 ug
mL!, respectively.

Robustness and stability
The reliability of the proposed method was also evaluated by
means of the robustness test. The selected variables evaluated in



Vol. 33, No. 6

Table 2. Results from accuracy of the UV spectrophotometric method for aliskiren

Nominal concentration Mean concentration found* RSD"  Accuracy
(g mL") (ngmL™") (%) (%)
56 56.87 0.21 101.55
70 71.26 0.88 101.80
84 85.58 0.99 101.88
Mean recovery (%) 101.74

“Mean of three replicates. "RSD = Relative standard deviation.

the robustness testing are given in Table 3. No significant diffe-
rence could be observed in the results found out, thus demons-
trating that the method was robust. Moreover, the stability of the
analytical solution was analyzed and it was found to be stable up
to 48 h, showing non-significant change (< 2%) relative to freshly
prepared samples.

Table 3. Conditions investigated during robustness test

Absorbance
Variable .Cond?tions Reference solution* Sample solution® c]o)nrtlg ¢
investigated (70 pg mL") (70 pg mL") (%)
Wavelength 274 0.351 0.358 101.99
(nm) 279 0.307 0.312 101.63
284 0.312 0.314 100.64
Solution 4 0.310 0.311 100.32
temperature 25 0.311 0.313 100.64
4O
Solution water 0.314 0.311 99.04
composition  methanol 0.336 0.333 99.11
0.1 mol L' HCI 0.309 0.312 100.97
Solution 24 h 0.312° 0.315 100.96
stability 48 h 0.311° 0.315 101.29

“Mean of 3 replicates. *Freshly prepared solutions.

Tablet properties

According to the pharmacopeial requirements, the physicoche-
mical characteristics of the tablets were evaluated. Table 4 shows
the data from average weight, hardness, friability, disintegration
time, and content uniformity. A good degree of content unifor-
mity was achieved for the tablet formulations prepared, and the
percent deviation did not exceed 5%, indicating excellent content
uniformity. Hardness and friability tests evaluate the resistance of
tablets to crushing and to friction, respectively. According to the
Brazilian Pharmacopeia,'? tablets should have a minimal hardness
of 30 N and maximum friability of 1.5%. The tablet formulations
fulfilled the compendial requirement for disintegration time for
coated tablets (< 30 min). Therefore, the results presented showed
that the tablet dosage forms evaluated were in accordance to the
official specifications, and these can be suitable for application
in dissolution studies.

Table 4. Quality control tests of commercial aliskiren tablets
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In vitro dissolution studies

Dissolution testing is one of the tests most used in the characte-
rization of drugs and in the quality control of dosage forms." It was
introduced in the 1960s and has evolved into a test that pharmaceutical
manufacturers hope will better predict the in vivo performance of
drug products. Dissolution testing is also a requirement for regulatory
approval for product marketing and is a vital component of the overall
quality control program.!®

The in vitro studies were performed using 8 different dissolution
conditions. According to USP 32.° dissolution medium may be water,
an aqueous solution (typically pH 4.0 to 8.0) or a dilute acid solution
(0.001 to 0.1 mol L HCI). Due to the drug is a hydrophilic molecule
with high aqueous solubility,'” surfactants and electrolytes were not
added. As shown in Figure 3 the best dissolution rate profile was
achieved with 0.1 mol L' HCI as the medium with a paddle rotating
at 50 rpm. This medium showed better discrimination and is similar
to the physiological conditions, and was chosen to carry out the
dissolution tests of the batches of aliskiren containing 150 and 300
mg. The concentrations of aliskiren in the dissolution medium were
evaluated using the proposed UV spectrophotometric and RP-LC
methods giving non-significant difference (data not shown), and the
coefficients of variation at the earlier time points, up to 15 min, were
within 7.93-9.29% (acceptable < 20%) and the other time points
within 0.99-6.12% (acceptable < 10%) (n = 12).14

100
80 -
R 60 - isti
3 Distilled water (50 rpm)
§ —a— 0.1 MHCI (50 rpm)
A —+— Solution pH 4.5 (50 rpm)
40 1 —+— Solution pH 6.8 (50 rpm)
—e— Distilled water (75 rpm)
—e— 0.1 MHCI (75 rpm)
20 A —— Solution pH 4.5 (75 rpm)
—=— Solution pH 6.8 (75 rpm)
0 T T T T T T T T ,

0 5 10 15 20 25 30 35 40 45

Time (min)

Figure 3. Comparison of dissolution profiles of aliskiren tablets in different
dissolution media with paddles (Apparatus 2) using the proposed UV method

Average weight (mg)

Tablet dosage form Friability (%)

Hardness (N)

Disintegration time Content uniformity (%)

n=20 min (n=10)
(mg) (Wei;ht varizltion) (n =20) @=10) (51 = 6)) Lower Higher RSD (%)
150 355.86 (346.5 - 362.4) 0.08 121.16 13.3 96.62 97.47 0.27
300 710.10 (695.0 - 720.1) 0.08 208.31 20.0 91.94 101.14 3.33
Limits? Average weight + 5% Max. 1.5% Min. 30 N Max. 30 min 85-115% <6.00

“Ref. 12. "RSD = Relative standard deviation.
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Comparative determination of aliskiren in commercial samples
by the methods

The validated UV spectrophotometric method was applied for
the determination of aliskiren in tablet dosage forms and the results
compared to those obtained using the validated RP-LC method giving
mean values 0.28% higher, as shown in Table 5. The experimental
values of the two methods were compared statistically by ANOVA
showing non-significant difference (P > 0.05). The proposed method
can be useful for the determination of aliskiren without prior separa-
tion of the excipients of the formulation, with the advantage of low
use of polluting reagents and very short analysis time. This simpler
analytical technique was employed without losing performance,
compared to RP-LC method, which leads to an affordable method and
represents an improvement for the quality control of pharmaceuticals.

Table 5. Comparative determination of aliskiren in tablet dosage forms by
UV spectrophotometric and RP-LC methods

Theoretical amount Experimental amount*

Sample Dosage form UV method RP-LC method
RSD®? RSD®
(mg) (mg) % (%) (mg) % (%)

1 150 154.32 102.88 0.26

2 150 153.09 102.06 0.27

3 300 304.53 101.51  0.27 304.05 101.35 0.24

4 300 306.72 102.24 0.41 305.34 101.78 0.29
*Mean of 3 replicates. "RSD = Relative standard deviation.

153.31 102.21 0.15
153.26 102.17 0.21

CONCLUSIONS

The UV spectrophotometric method validated has non-significant
difference to RP-LC method and was adequately applied to the quan-
titative analysis of aliskiren in tablets and in vitro dissolution studies
without any interference from the excipients, widely used in routine
of quality control laboratories. The UV method is cheap, fast, and
produces very low levels of dangerous residues promoting benefits
to the public health and the environment.
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5 DISCUSSAO

Os métodos analiticos séo fundamentais para afidagéo, quantificacéo, estudos de
dissolucéo e analises de farmacos, produtos fautiecg, e amostras em matrizes bioldgicas.
Nesse contexto, observa-se que o alisquireno é natufp farmacéutico de lancamento
recente no mercado mundial, com estudos realizgdioEipalmente na area clinica e
farmacoldgica. Nesse sentido, o estudo de metodslognaliticas para determinar a
qualidade das formulag@es farmacéuticas torna<ssséria.

Diversos parametros devem ser avaliados durantesengiolvimento, otimizagéao e
validacdo de um método analitico de quantificacBorém, também deve-se avaliar
caracteristicas do método como simplicidade deusée; tempo necessario para realizar as
analises, geracdo de residuos e custos de materiatgiipamentos necessarios para seu
desenvolvimento.

Observa-se que a discusséo apresentada a segi@-basos dois artigos aceitos para
publicacéo, referenciados adequadamente, no tertespondente.

A CL possibilita a separacdo e quantificacdo dereiftes componentes de uma
formulacdo farmacéutica através da escolha adegdadaparametros do sistema como
colunas, fase movel e método de deteccdo. Desenwsly e validou-se procedimento para a
determinacdo de alisquireno em formulacdes farmmedy conforme demonstrado na
PUBLICAGAO CIENTIFICA 4.1 .

Durante o desenvolvimento do método, diferentesnad foram testadas. O método
proposto empregou coluna cromatografigg, @e amplo uso em laboratérios de controle de
qualidade de medicamentos, que obteve melhor des#gropcromatografico, além de
proporcionar melhor separacdo dos produtos de dizgia. Também, foram realizados varios
testes utilizando diferentes fases-moveis, como bawgdes dos solventes orgéanicos,
acetonitrila e metanol, com solu¢gfes tamponantexe&to de amonio, fosfato de potéssio e
acido fosférico em diferentes proporcdes, na fabeapH entre 3 a 7. A fase moével
constituida por solucdo aquosa de acetonitrila §98%cido fosforico 25 mM pH 3,0 na
propor¢cdo de 40:60 (v/v), eluida na vazdo de 1 nr,/mMmostrou-se a mais adequada,
proporcionando tempo de retencdo reprodutivel gepxanadamente, 3,68 minutos, boa
eficiéncia (pratos tedricos > 6000) e simetria ) 2Para avaliar a especificidade do método,
a substancia quimica de referéncia de alisquirensiubmetida a degradacdo forcada em

meio acido, alcalino, neutro, oxidativo, e fotaliti Os cromatogramas obtidos mostram que
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0S picos dos produtos de degradagdo encontrarabese resolvidos em relacdo ao
alisquireno (Figura 2). Além disso, utilizando otettor de arranjo de diodos (DAD),
verificou-se que a substancia quimica de refer§mmimaneceu com elevada pureza em todas
as determinacfes, demonstrando a especificidadee eo gprocedimento também pode ser
usado para avaliagdo da estabilidade. A ausénciantdeferéncia dos excipientes da
formulagdo e do acido fumarico foram também avabBada especificidade do método. O
meétodo apresentou regressao linear significatizad, 9999, na faixa de concentracao de 10-
300 pg/mL. Os dados obtidos para a repetibilidageegisdo intermediaria apresentaram
coeficientes de variagdo inferiores a 0,92% (Tali¢lao que mostra a precisdo do método
proposto, destacando-se que a literatura precaueéciente de variagdo (CV) menor ou
igual a 2,0%. O valor médio experimental do testeesatiddo foi de 99,55%, conforme
Tabela 2, demonstrando exatiddo significativa, poislor percentual sugerido € de 100 *
2% em relacdo ao declarado (SHABIR, 2003; SHABIRI., 2007). O método proposto foi
avaliado, ainda, quanto a sua sensibilidade. Fomalizados os célculos de limite de
deteccdo (LoD) e limite de quantificacdo (LoQ). wdores obtidos foram: LoD de 2,38
pg/mL e LoQ de 7,93 pg/mL. Os baixos valores de oD indicam a boa sensibilidade
do método. A robustez do método analitico foi @i através de uma metodologia de
superficie de resposta, experimento que permitdéizaeaa variagdo de um numero
relativamente elevado de fatores em um numeroivataénte pequeno de experimentos
(Tabela 3). Os fatores selecionados representarelesqunais susceptiveis a mudancas
quando o método é transferido para outros labadoatdéranalistas ou instrumentos e que,
potencialmente, podem influenciar a resposta (HEMZEal., 2001). A andlise estatistica
dos dados experimentais foi realizada por anaéseadancia (ANOVA) que demonstrou que
os fatores selecionados ndo foram significantes<(0,05). Os resultados obtidos na
verificacdo da performance do sistema cromatografimostraram que o equipamento e
condi¢cbes da metodologia sédo adequados para assegtonfiabilidade, exatidao e precisédo
dos dados analiticos (CV < 2,0%). Demonstrandopsetanto, que o meétodo proposto
cumpre 0s requisitos preconizados pela literaturarelacdo a validacdo, podendo ser
empregado para andlise de alisquireno em formuta¢demacéuticas. A determinacgao
guantitativa dos comprimidos selecionados para esselo forneceu resultados médios entre
99,16 e 102,58%, conforme a Tabela 5, estando emd@com os parametros de qualidade
preconizados entre 95 e 105% (USP 32, 2009; ICH52@HABIR, 2003).0 método

proposto mostrou-se adequado para determinacdo titatisa de alisquireno em
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comprimidos, apresentando boa sensibilidade, dgpédade, linearidade, preciséo e exatidao,
podendo ser empregado para o controle de qualdadésquireno.

A espectrofotometria na regido do UV/visivel é unétodo muito utilizado no
controle de qualidade de produtos farmacéuticos petencial da grande maioria dos
farmacos de absorver energia nessas regides. Mgameentando seletividade dependente do
grupamento cromoforo presente, 0 método apresemdssarie de aplicagdes na quantificacdo
de farmacos em produtos farmacéuticos onde nadeeaisgnterferéncia dos excipientes,
determinacdo de pKa, liberacdo do farmaco em emsigodissolucdo, monitoramento da
cinética de degradacédo e identificacdo de farmat@vés do comprimento de absor¢céo
méxima em determinado solvente (CIURCZAK, 1998; V&N, 2005). Para determinacdo
do alisquireno em comprimidos e estudos de dis&olutesenvolveu-se e validou-se método
espectrofotométrico, de acordo com as normas piraes pelo ICH (2005), conforme
demonstrado NRUBLICACAO CIENTIFICA 4.2 .

A espectrofotometria € um dos métodos de maiorlgiidade em termos de execucao
e custo, jA que os solventes e equipamentos neosspa@ssuem um custo relativamente
baixo, além da rapidez de execucdo das analiseaemPanétodos espectrofotomeétricos
possuem desvantagens, como nao serem especificaasa de substancias com estruturas
guimicas semelhantes. Devido aos altos niveis deade de residuos téxicos ao meio
ambiente emitidos pelos métodos cromatograficomuege entdo pelo desenvolvimento de
uma metodologia mais simples, onde o preparo dastamdosse de facil execucédo e o0s
solventes utilizados apresentassem toxicidade bai®, e que pudesse ainda ser utilizada
para a determinagcdo do alisquireno em testes d®ldisio. A metodologia foi validada
através da avaliacdo dos parametros de especifeidiaearidade, precisdo, exatidao, limite
de deteccdo e quantificacdo, e robustez. A espigleitie do método foi avaliada através da
pesquisa da possivel interferéncia dos excipiekes comprimidos na determinagao
quantitativa de alisquireno, na qual, ndo foi deid® no maximo de absorcdo de 279 nm. A
linearidade foi determinada pela construgdo de ¢r@sas analiticas na faixa de 40-100
ug/mL (> = 0,9997). O LoD e o LoQ foram calculados baseadsscurvas de calibragéo
produzidas nos diferentes dias. Os valores enawdrgpara os limites de deteccdo e
quantificacao foram de 2,55 e 8,49 ug/mL, respaniente, com sensibilidade semelhante ao
método por CL. Os dados obtidos durante a avaliaziprecisdo apresentaram CV%
inferiores a 1,23% (tabela 1), estando de acordoaditeratura, que preconiza coeficiente de
variacdo menor ou igual a 2% (SHABIR, 2003). A &é@i média foi de 101,74% com

coeficiente de variagdo menor que 0,99%, demortkiraratidao significativa (Tabela 3.
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robustez do método foi avaliada quanto aos segupagimetros: diferentes comprimentos de
ondas (£ 5 nm), diferentes solucbes diluentes (dmetanol, acido cloridrico 0,1 M), e
diferentes temperaturas das solucdes (4 e 25 °@je(d@ 3). Os resultados obtidos néo
demonstraram diferenca significativa na quantifiwagda amostra com as alteracbes
realizadas, demonstrando assim, ser robusto paas @equenas variacoes. Dessa forma, o
método foi aplicado no doseamento de alisquiren@@mprimidos e os resultados avaliados
foram comparados com aqueles obtidos na validagamétodo por CL, com valor médio
0,28% maior (Tabela 5). Os valores experimentais dois métodos foram comparados
estatisticamente por ANOVA observando-se que naodiférencas significativas dos
resultadosR® > 0,05). Demonstrou-se, desse modo, que amboftlaos desenvolvidos sao
adequados e podem ser aplicados para analise @ b controle de qualidade de
comprimidos de alisquireno, pois sdo métodos ré&pide facil execugcédo, e cumprem com 0s
requisitos de validagé&o.

As formas sélidas administradas por via oral passampla prescri¢cdo clinica devido
a praticidade e maior seguranca proporcionada gedagem unitaria. Os comprimidos de
alisquireno foram submetidos aos testes fisico-gpaisne especificacdes preconizadas para o
controle lote a lote (F. Bras., 1988). Os resukadmstram que os produtos analisados
cumprem os limites de peso médio especificados eanacdes inferiores a 7,5% para 0s
comprimidos na concentracéo de 150 mg, e de 5%qsade 300 mg. Do mesmo modo, a
desagregacao em particulas menores ou granuloeeoocem tempo inferior a 30 minutos,
sendo adequada para dissolucdo e absorcédo do tar@ateste de friabilidade forneceu
valores de 0,08%, inferiores ao Ilimite de 1,5%. Alicabilidade do método
espectrofotométrico ao teste de uniformidade detecmlo permitiu-nos verificar a
distribuicdo do farmaco em cada unidade do prodO®.valores individuais encontrados
variaram de 91,94% a 101,14%, com coeficiente diegao inferior a 3,33%. Os resultados
demonstram que o produto analisado esta dentraixia de 85 a 115%, com coeficiente de
variacdo inferior a 6%, conforme preconizado pedarfacopéia Brasileira (1988). Por sua
vez, submetidos ao teste de dureza, os comprinaipieesentaram valores acima do minimo
estabelecido de 30 N (Tabela 4), demonstrando gu@rodutos acabados cumprem os
parametros de qualidade.

O teste de dissolugdo foi desenvolvido e otimizpdoa estudar a liberagdo do
alisquireno da forma farmacéutica comprimido, obmedo-se nesse sentido que nao foram
encontrados métodos na literatura. Assim, deseauede procedimento com base na alta

solubilidade em &gua, testando diferentes condigdesos e velocidades de rotacdo, até
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atingir a condicdo selecionada com melhor perfil liberacdo do farmaco, conforme
observado na Figura 3. Os perfis de dissolucdo rarast percentagens de farmaco
dissolvidas superiores a 85% em 30 minutos, valomsiderados adequados conforme
descrito na literatura (SHAIet al., 1995; FDA, 1997). Os dados experimentais obtitms

determinagdo da estabilidade das solu¢cdes da nualastde referéncia e da amostra de
comprimidos no meio de dissolucdo encontram-se aiga festabelecida (98-102%),

demonstrando que o alisquireno é estavel sob abgdms estudadas.
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6 CONCLUSOES

v' O método cromatografico em fase reversa com deiengdJV desenvolvido e validado
mostrou-se especifico, linear, preciso, exato,igehs robusto para analise quantitativa de

alisquireno em comprimidos.

v O método espectrofotométrico no UV desenvolvidoaéidado mostrou-se adequado,
apresentando simplicidade, linearidade, precis&atidfio e robustez, além de produzir
baixos niveis de residuos toxicos promovendo bepsfia salude publica e ao meio
ambiente, podendo ser empregado tanto para o des&aleomo para a determinacdo de

alisquireno em estudos de dissolugcao nesta formeatutica.

v' A andlise comparativa entre os métodos propostos padeterminacdo quantitativa de
alisquireno em comprimidos demonstrou ndo haverelica significativa entre eleB ¢

0,05), sugerindo sua aplicacéo para a area deot®uit qualidade de medicamentos.

v" O método validado por espectrofotometria no UVadotado para avaliar a percentagem
dissolvida dos comprimidos de alisquireno. O us®@@ mL de acido cloridrico 0,1 M a
37 + 0,5 °C, aparato pa, com velocidade de 50 gemonstraram resultados satisfatorios

para a andlise da dissolugdo de comprimidos cootaligtjuireno.

v' Os testes fisico-quimicos demonstraram a qualididelotes de comprimidos adotados

para o estudo, que cumpriram com especificacopmfaopéicas.

v Os métodos desenvolvidos e validados no preserdballio constituem-se em
procedimentos importantes para o controle da cagdidde formulacbes farmacéuticas
contendo alisquireno, contribuindo para garantseguranca e eficacia terapéutica dos

produtos farmacéuticos disponiveis no Pais.
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