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RESUMO

Formas farmacéuticas sélidas representam, de modo geral, a maior
porcao das preparagdes de uso oral fabricadas pela industria farmacéutica, por
apresentarem facilidade de ingestdo, dosagem correta e precisa, boa
estabilidade e reprodutibilidade. Sao constituidas, geralmente, por excipientes
em maior propor¢ao, que auxiliam no processo de produgdo, protecdo e
biodisponibilidade do farmaco, e os Ingredientes Farmacéuticos Ativos (IFAs),
também conhecidos como farmacos, que de fato exercem a funcéo
farmacolégica. Os IFAs, também conhecidos como sodlidos farmacéuticos,
podem se apresentar em diferentes formas cristalinas, sendo classificados como
amorfos ou polimorfos. Tais formas cristalinas ou amorfas podem alterar diversas
caracteristicas como a dissolucao, estabilidade, ponto de fusdo e até mesmo
mecanismo de acdo. Portanto, sdo cruciais para o desenvolvimento racional de
uma nova forma farmacéutica a etapa de caracterizagao fisico-quimica do IFA e
estudos de pré-formulagcdo para uma adequada selecdo de excipientes, que
possam ser utilizados de forma segura e que nado possuam qualquer tipo
interagcdo indesejada com o farmaco na formulacéao final. No presente trabalho
foram utilizadas técnicas instrumentais analiticas como termogravimetria e
calorimetria exploratéria diferencial (TG/DSC), cromatografia a liquido de alta
eficiéncia (HPLC), espectroscopia de infravermelho por reflexdo difusa com
transformada de Fourier (DRIFT), microscopia eletrénica de varredura (MEV) e
difragdo de raios-X de p6 (XRPD) para caracterizar dois diferentes solidos
farmacéuticos: Omeprazol soédico (OMS) e cloridrato de Duloxetina (DLX).
Através da DSC foi verificada a compatibilidade entre o farmaco com diferentes
excipientes comumente utilizados na produgao de comprimidos. As propriedades
do farmaco puro foram comparadas com as de uma mistura binaria farmaco-
excipiente (1:1, p/p). No caso do OMS, por se tratar de um farmaco sem evento
de fusdo, a evidéncia de incompatibilidade solido-sdlido entre o farmaco e Acryl-
Eze®, acido estearico e acido citrico foi observada desde a primeira etapa de
decomposi¢éo na curva DSC e posteriormente confirmada por analises DRIFT e
HPLC. Para a DLX a caracterizacdo do farmaco foi realizada revelando se tratar
de um polimorfo do tipo A. Ja a analise por DSC permitiu a identificagdao do ponto
de fusdo (Tpico = 168,93°C) e determinagdo de pureza de 98,74 £ 0,03%. As
curvas de termogravimetria (TG) revelaram uma perda de massa de
aproximadamente 58% durante a decomposicdo térmica e a cinética néao
isotérmica revelou Energia de Ativagao (Ea) estimada de 62,73 kJ mol-' com uma
ordem de reacado de zero, indicando que a decomposi¢cao térmica de DLX é
constante ao longo do tempo, independentemente de sua concentragéo. Os
resultados de compatibilidade sugerem uma interacéo entre DLX e excipientes
selecionados (amido glicolato de sddio (SSG), croscarmelose sodica (CS),
didoxido de silicio coloidal (CSD), celulose microcristalina (MCC) evidenciados
pelo deslocamento do ponto de fusdo DLX nas curvas DSC. Através desse
estudo foi possivel verificar que as técnicas termo analiticas aliadas a outras
técnicas instrumentais sdo ferramentas eficazes tanto na caracterizacdo de
farmacos quanto nos estudos de compatibilidade entre farmacos e excipientes,
sendo etapas essenciais no desenvolvimento de novas formas farmacéuticas.



Palavras-chave: Caracterizagao no Estado-sélido; Estudo de compatibilidade;
Omeprazol; Analise térmica; Duloxetina; Interagao no estado solido; Farmacos;

Excipientes.



ABSTRACT

Solid oral dosage forms represent the largest portion of preparations
manufactured by the pharmaceutical industry, as they are easy to swallow,
present precise dosage, stability, and reproducibility. They are usually constituted
by excipients in greater proportion in order to help in the process of production,
protection and bioavailability of the drug, and the properly Active Pharmaceutical
Ingredients (APls), which in fact exert a therapeutic function. APls may exist in
different forms, being classified as amorphous or polymorphs. Such forms can
change several characteristics such as dissolution, stability, melting point and
even mechanism of action. Therefore, for the development of a new dosage form,
a correct drug characterization is required, as well as the selection of appropriate
excipients that do not have any undesired interaction with the drug. In the present
work, thermogravimetry and differential scanning calorimetry analysis (TG/DSC),
High Performance Liquid Chromatography (HPLC), diffuse reflectance infrared
Fourier transform spectroscopy (DRIFT), scanning electron microscopy (SEM)
and X-ray powder diffraction (XRPD) techniques were used to characterize two
different drugs: Omeprazole sodium (OMS) and Duloxetine hydrochloride (DLX).
The DSC technique was used to verify the compatibility of API with different
excipients commonly used in tablet production. The pure drug properties were
compared with those binary drug-excipient mixture (1:1, w/w). In the OMS case,
as it is a drug without a melting event, evidence of solid-solid incompatibility
between the drug and Acryl-Eze®, stearic acid and citric acid were observed from
the first decomposition step in the DSC curve and subsequently confirmed by
DRIFT and HPLC analyses. For the DLX, the characterization of the drug was
performed, revealing that it was a polymorph type A. The DSC analysis allowed
the identification of the melting point (Tpeak = 168.93°C) and the purity
determination (98.74 + 0.03%). The TG curves revealed a mass loss about 58%
during thermal decomposition and the non-isothermal kinetics revealed an
estimated Ea of 62.73 kJ mol! with a zero reaction order, indicating that the
thermal decomposition of DLX is constant over time, regardless of its
concentration. Compatibility results suggest interaction between DLX and three
selected excipients sodium starch glycolate (SSG), croscarmelose sodium (CS),
colloidal silicon dioxide (CSD), microcrystalline cellulose (MCC) evidenced by the
shift of the DLX melting point on the DSC curves. Through this study, it was
possible to verify that thermoanalytical techniques combined with other analytical
techniques are effective tools both in the characterization of drugs and in the
compatibility studies between drugs and excipients, being these essential steps
in the development of new pharmaceutical forms.

Keywords: Solid-state characterization; Compatibility study; Omeprazole;
Thermal analysis; Duloxetine; Solid state interaction; Drugs; Excipients.
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1 INTRODUGAO GERAL

Formas farmacéuticas solidas de uso oral incluem, basicamente, pds,
granulos, capsulas e comprimidos, sendo as mais utilizadas na pratica clinica
devido as suas vantagens em relacdo as outras formas farmacéuticas, como a
facilidade da administragao oral, alta estabilidade e reprodutibilidade (AULTON;
TAYLOR, 2016; DEBOTTON; DAHAN, 2016).

Tais formas farmacéuticas sao constituidas por sélidos farmacéuticos que
sdo ingredientes farmacéuticos ativos (IFAs), também conhecidos como
principios ativos, os quais existem em diversas formas soélidas, como polimorfos,
solvatos e hidratos, sais, co-cristais e amorfos. Cada uma dessas formas possui
propriedades fisico-quimicas unicas que impactam na solubilidade, taxa de
dissolucédo, biodisponibilidade, estabilidade entre outras caracteristicas
(KADAM; CHAVAN, 2016).

A caracterizacao de solidos farmacéuticos consiste na determinagao das
propriedades fisico-quimicas dos farmacos ou adjuvantes em seu estado solido,
diferindo da caracterizacédo de farmacos em solucdo, visto que sélidos na forma
de po séo sistemas heterogéneos constituidos de particulas com tamanho e
composicao variadas. Além disso, muitas propriedades exclusivas do estado
solido, como a forma cristalina, ou a interacéo farmaco excipiente, desaparecem
quando o material é solubilizado. No entanto, a quantidade de informacdes
obtidas por técnicas analiticas normalmente € menor quando se trata de um
solido em relacdo a uma solucdo, por esta razdo a combinacdo de diversas
técnicas geralmente é utilizada para a completa caracterizagdo de solidos
(MUNSON, 2009).

A caracterizagdo de solidos farmacéuticos no estado solido abrange tanto
a caracterizagao de componente unico, que pode ser o ingrediente farmacéutico
ativo (IFA), ou excipiente, quanto a caracterizagdo multicomponente ou da
formulagcdo. Para tanto, € necessario compreender os prés e contras das
técnicas analiticas utilizadas na caracterizagao (LAW; ZHOU, 2017). A completa

caracterizacao do IFA, bem como a compreenséao das interagdes fisico-quimicas
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com os excipientes, sdo necessarias para o desenvolvimento racional de formas
farmacéuticas seguras, eficazes e estaveis (CHADHA; BHANDARI, 2014).

Para tanto, estudos de pré-formulagdo sao realizados a partir da
caracterizacao das propriedades do estado sélido, que pode ser realizada por
diversas técnicas analiticas associadas como, por exemplo, através da analise
térmica, utilizando as técnicas de Calorimetria Exploratéria Diferencial (DSC) e
Termogravimetria (TG) conjuntamente as técnicas de espectroscopia, como
Infravermelho (IR) e Difragdo de Raios-X (DRX), e também utilizando-se técnicas
de microscopia como a microscopia eletrbnica de varredura (MEV). Essas
técnicas permitem verificar caracteristicas intrinsecas das substancias e, além
disso, tornam possivel a investigacao de diferentes formas polimérficas e graus
de cristalinidade. Tais alteracbes podem interferir diretamente nas
caracteristicas fisico-quimicas e, consequentemente, na eficacia terapéutica
(biodisponibilidade), qualidade e seguranga do medicamento desenvolvido
(SACHIN; DEODHAR; PRAKYA, 2014; LAW; ZHOU, 2017).

Diante do exposto, para o desenvolvimento racional de novas formas
farmacéuticas, a etapa de caracterizagao dos IFAs, bem como a realizacido de
estudos de pré-formulagao para verificar a compatibilidade entre o farmaco e os
excipientes a serem utilizados, sdo imprescindiveis para o desenvolvimento de
novas formas farmacéuticas. Neste trabalho foram realizados estudos de pré-
formulacdo e caracterizagdo de dois diferentes IFAs (Omeprazol Sdédico e
Cloridrato de Duloxetina), verificando-se a compatibilidade de cada um deles
com excipientes comumente utilizados em formas farmacéuticas solidas,

utilizando-se técnicas termo analiticas (DSC/TG) e outras técnicas analiticas.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Realizar estudos de pré-formulagdo e caracterizagao fisico-quimica de

dois farmacos modelos: omeprazol sodico e cloridrato de duloxetina.

2.2 OBJETIVOS ESPECIFICOS

v' Realizar as misturas fisicas entre o farmaco e cada um dos excipientes

para investigar possiveis interagdes no estado sélido;

v Utilizar técnicas termo analiticas para investigar a compatibilidade entre o

farmaco e os excipientes;

v' Realizar a caracterizagao fisico-quimica do farmaco e das misturas

farmaco-excipientes por diferentes técnicas analiticas;

v' Analisar e comparar os resultados obtidos pelas diferentes técnicas

utilizadas com os resultados obtidos por analise térmica;

v" Publicar os resultados obtidos;
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3 REVISAO DE LITERATURA

3.1 FORMAS FARMACEUTICAS SOLIDAS

As formas farmacéuticas solidas sao as mais comumente utilizadas para
administracao de farmacos por via oral, sendo os comprimidos em geral a forma
sélida mais utilizada. Sua popularidade decorre de diversas vantagens, como:
administracdo de farmacos por via conveniente e segura (oral); estabilidade
quimica, fisica e microbiologica; dosagem precisa do farmaco; facil manuseio;
producdo massiva relativamente barata, com procedimentos robustos e com
controle de qualidade; preparagcao elegante e de qualidade consistente
(AULTON; TAYLOR, 2016).

No entanto, apesar das inumeras vantagens, os comprimidos também
podem proporcionar desvantagens, como a baixa biodisponibilidade de farmacos
que apresentam baixa solubilidade e/ou propriedades ruins de absorgao e
instabilidade no trato gastrintestinal. Além disso, alguns farmacos podem causar
efeitos irritantes locais ou, ainda, danificar a mucosa gastrintestinal. Na tentativa
de mitigar tais desvantagens, possivel utilizar adjuvantes, também chamados de
excipientes, os quais podem auxiliar na solubilizagao e na liberagao prolongada
do farmaco evitando efeitos irritantes ao sistema digestorio, na formacéao de filme
de protecdo gastrica (revestimento entérico) e diversas outras fungdes
(AULTON; TAYLOR, 2016).

Os excipientes sao usualmente os constituintes majoritarios das formas
de dosagem sodlidas e desempenham diversas fungdes na formulagéo, desde a
produgao e conservagao, até a liberacado do IFA ap6s sua ingestdo. No entanto,
os excipientes também sao reconhecidos como potenciais causadores de
variabilidade no produto final. A criticidade esta relacionada a funcionalidade dos
excipientes, que pode ser alterada pela interagcdo com os demais componentes
da formulagdo, e também de acordo com as condicdes fisioldgicas apos
ingestdo. Apesar de crescente a preocupagao sobre a variabilidade dos
excipientes, ainda € pouco reportado seu papel na dissolu¢gao de medicamentos
(ZARMPI et al., 2017).
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Os excipientes mais frequentemente utilizados em formulagdes soélidas
sdo: lactose (diluente), celulose microcristalina (aglutinante/diluente),
hidroxipropilmetilcelulose (aglutinante), estearato de magnésio (lubrificante),
amido glicolato de soédio, croscarmelose sodica e crospovidona
(superdesintegrantes) (ZARMPI et al., 2017).

3.2 POLIMORFISMO EM SOLIDOS FARMACEUTICOS

Sdlidos farmacéuticos sado ingredientes farmacéuticos ativos (IFAs),
também conhecidos como principios ativos, e existem em diversas formas
soélidas, como polimorfos, solvatos e hidratos, sais, co-cristais e amorfos. Cada
uma dessas formas possui propriedades fisico-quimicas Unicas que impactam
na solubilidade, taxa de dissolugéo, biodisponibilidade, higroscopicidade, ponto

de fusao, estabilidade, compressibilidade, entre outras caracteristicas.

O que define a forma solida de cada IFA é a ultima etapa de sintese,
chamada de cristalizacdo. Nesta etapa, podem ser definidos determinados
procedimentos que direcionam e controlam o tipo de forma sdlida a ser formada.
Portanto, para o preparo dos polimorfos mais adequados e estaveis de um IFA
a ser utilizado em uma formulagéo, € necessario compreender a relagao entre a
forma sdlida especifica do IFA e seu processo de cristalizagdo (KADAM;
CHAVAN, 2016).

Polimorfismo tem origem grega (polis = muitos e morf = formas), definindo-
se como a habilidade de uma substancia existir em duas ou mais formas solidas
(cristalinas) que possuem diferentes arranjos (polimorfismo de empacotamento)
ou conformagdes (polimorfismo conformacional) das moléculas na rede
cristalina. Apesar da identidade quimica permanecer inalterada entre polimorfos,
sua estrutura pode alterar sua atividade e, portanto, pode-se estabelecer uma
relacdo entre estrutura e atividade. Como resultado do polimorfismo, as
moléculas apresentam diferentes arranjos na célula unitaria de seu cristal e, em
decorréncia disso, exibem diferentes propriedades fisicas que podem alterar
fundamentalmente o seu uso final na industria farmacéutica (PUROHIT;
VENUGOPALAN, 2009).
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Formas cristalinas polimérficas podem exibir um ponto de transigao
comum em que uma forma admite se transformar reversivelmente em outra. Para
tanto, a temperatura desse ponto de transicdo deve ser menor que o ponto de
fusdo do polimorfo, caso contrario, ao passar para o estado liquido, nenhuma

transicao cristalina poderia ser detectada (BRITTAIN, 2009).

Os polimorfos podem ser classificados em monotropicos e
enantiotrépicos, dependendo da sua estabilidade em diferentes faixas de
temperatura e pressao. Se um dos polimorfos é estavel em uma certa faixa de
temperatura e pressao enquanto outro polimorfo é estavel em outra faixa de
temperatura e pressao, entdo os dois polimorfos sdo enantiotrépicos. Por outro
lado, se somente um polimorfo é estavel em todas as temperaturas abaixo do
ponto de fusdo, sendo os demais polimorfos instaveis, esses polimorfos sao
chamados de monotrépicos (PUROHIT; VENUGOPALAN, 2009).

Cristais polimorfos podem exibir um ponto de transi¢cao no qual uma forma
€ capaz de se transformar reversivelmente em outra. Tais sistemas
caracterizam-se por um polimorfo considerado mais estavel em determinadas
condicbes pré-definidas e outro mais estavel em diferentes condicdes. Estes
sistemas polimorficos exibem enantiotropia e os dois polimorfos sé&o
considerados enantiotropos um do outro (BRITTAIN, 2009).

Para distinguir polimorfos enantiotropicos de monotropicos pode-se
verificar os eventos de fusdo. Enquanto a transi¢cdo polimorfica endotérmica
indica a presenca de polimorfos enantiotrépicos, a transicdo exotérmica indica
monotrépicos. Além da analise Calorimétrica Exploratoria Diferencial (DSC),
existem outras maneiras eficientes de caracterizar polimorfos como, por
exemplo, difragdo de raios-x de monocristal e de pd, e técnicas de microscopia
(PUROHIT; VENUGOPALAN, 2009).

3.3 ESTUDOS DE PRE-FORMULACAO

O descobrimento e ou desenvolvimento de novos medicamentos € um
processo longo, complexo, caro, e com altissima taxa de insucesso. No intuito

de minimizar o desgaste durante este processo é essencial entender as
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caracteristicas fisico-quimicas dos compostos candidatos ao desenvolvimento
do novo produto (TOVEY, 2018).

O estudo de pré-formulagcdo € a primeira etapa no desenvolvimento
racional de formas farmacéuticas e consiste na investigacéo das propriedades
fisicas e quimicas de um farmaco, tanto isoladamente como quando combinado
com excipientes. O principal objetivo & fornecer informagdes uteis para o
desenvolvimento de formas farmacéuticas estaveis e biodisponiveis passiveis
de producdo em grande escala. Os ensaios realizados e, portanto, o tipo de
informacdo gerada, depende do farmaco e da forma farmacéutica a ser
desenvolvida (GOLHAR et al., 2020).

Em varios estagios durante o desenvolvimento do produto, o candidato a
farmaco deve ser incorporado a formas farmacéuticas apropriadas para cada
fase do estudo. Por exemplo, testes pré-clinicos in vitro e in vivo, e estudos
clinicos em humanos. A natureza e a composicdo das formulagdes serao
diferentes em cada estagio do desenvolvimento, sendo necessarios estudos de
pré-formulacdo nas diversas etapas, conforme apresenta-se na Figura 1. E
importante que a formulacao escolhida para estudos clinicos em grande escala
seja, na medida do possivel, igual ao produto que se destina a comercializagao.
Pois, caso a formulagdo seja alterada para viabilizar a produ¢do em grande
escala, sdo necessarios extensos ensaios clinicos comparativos para
demonstrar a similaridade entre as formulag¢des utilizadas (TOVEY, 2018;
GOLHAR et al., 2020).
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FIGURA 1 - ESTUDOS DE PRE-FORMULACAO NOS VARIOS ESTAGIOS DE
DESENVOLVIMENTO DE MEDICAMENTOS

Estudo com
voluntarios

Estudos
clinicos de
Fase IlI

Estudos
clinicos de
Fase ll

Ensaios Pré-
clinicos
(animais)

Escalar para
o langamento

Fase |

Formulagdo final

Estudos de pré-formulacao

FONTE: Adaptado de TOVEY (2018).

Para assegurar que as formulagcbes sejam otimizadas para o uso
pretendido, estudos de pré-formulacdo devem ser realizados para avaliar as
caracteristicas dos farmacos e dos excipientes que serao utilizados, verificando-
se possiveis interacdes destes com o farmaco, a fim de selecionar os
ingredientes apropriados. Além disso, os estudos de pré-formulagdo devem
avaliar os possiveis efeitos das condicdbes de preparo, fabricagdo e
armazenamento, na estabilidade do medicamento, visando uma avaliacido
confiavel durante o desenvolvimento, o transporte, e no uso regular pos

comercializagao do candidato a medicamento (TOVEY, 2018).

Os dados adquiridos nos estudos de pré-formulagao também constituem
uma base importante para a compreensado da potencial farmacocinética do
medicamento em animais e humanos, e também de futuras oportunidades e/ou
limitagbes para a ampliacdo da produgéo, utilizando-se novos equipamentos ou
tecnologias. Para tanto, sédo realizados estudos laboratoriais para determinagéo
das caracteristicas da substancia ativa e dos excipientes, as quais podem
influenciar na formulacdo, nos processos e no desempenho final do
medicamento. Tais como, ensaios de avaliacdo de: solubilidade, difusao,
coeficiente de particdo, permeabilidade, umidade (higroscopicidade),
polimorfismo e cristalinidade, estabilidade, propriedades fisico-técnicas do
estado sélido, entre outras (SHAIKH et al., 2018; TOVEY, 2018).
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3.4 CARACTERIZAGAO NO ESTADO SOLIDO

O conhecimento das propriedades do estado sélido em um estagio inicial
do desenvolvimento de medicamentos ajuda a evitar problemas de fabricacao,
melhora o desempenho dos medicamentos e oferece espago para inovagdes
(PUROHIT; VENUGOPALAN, 2009).

A caracterizagao de solidos farmacéuticos consiste na determinagéo das
propriedades fisico-quimicas dos farmacos ou adjuvantes em seu estado sélido
e difere da caracterizacao de farmacos em solugao, visto que soélidos na forma
de pd sao sistemas heterogéneos constituidos de particulas com tamanho e
composicao variadas. Além disso, muitas propriedades exclusivas do estado
solido, como a forma cristalina, ou a interacédo farmaco excipiente, desaparecem
quando o material é solubilizado. No entanto, a quantidade de informacdes
obtida por técnicas analiticas normalmente € menor quando se trata de um sadlido
em relagdo a uma solugdo, por esta razao a combinagao de diversas técnicas
geralmente é utilizada para a completa caracterizagdo de sélidos (MUNSON,
2009).

A caracterizagao de solidos farmacéuticos abrange tanto a caracterizagéo
de componente unico, que pode ser o ingrediente farmacéutico ativo (IFA), ou o
excipiente, quanto a caracterizacdo multicomponente ou formulacéo. Para tanto,
€ necessario compreender os pros e contras das técnicas analiticas utilizadas
na caracterizagao (LAW; ZHOU, 2017).

A caracterizagao fisico-quimica e os estudos de compatibilidade dos
farmacos e excipientes presentes em uma formulacdo sdo uma importante etapa

no desenvolvimento de formulacdes farmacéuticas (MEIRA et al., 2019).

3.4.1 Analise Térmica

A andlise térmica é definida como “um grupo de técnicas nas quais uma
propriedade fisica de uma substancia e ou seus produtos de reacao € medida
como fungao da temperatura, enquanto a substancia € submetida a um programa
controlado de temperatura”. Tal definicdo € aceita pela Confederacéo
Internacional de Analise Térmica e Calorimetria (IONASHIRO, 2004).
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As técnicas termoanaliticas mais amplamente difundidas e utilizadas sao:
Termogravimetria (TG), Termogravimetria Derivada (DTG), Analise Térmica
Diferencial (DTA), Calorimetria Exploratéria Diferencial (DSC), Analise
termomecanica (TMA) e Detecgao de gas desprendido (EGA). Essas técnicas
permitem a obtencao de dados sobre: a variacdo de massa, estabilidade térmica;
agua livre e agua ligada; pureza, ponto de fusao, ponto de ebuli¢do, calores de
transicao, calores especificos, diagrama de fase, cinética da reacao, estudos de
catalisadores, transicdes vitreas e diversas outras, podendo ser utilizadas com
uma abordagem multidisciplinar e com aplicagdes em varios setores cientificos
e tecnolégicos (IONASHIRO, 2004).

A termogravimetria (TG) fornece informacdes relativas as variagdes de
massa em funcdo do tempo e/ou temperatura sob determinadas condicbes
atmosféricas. E apropriada para obter pardmetros cinéticos quimicos,
oferecendo informagdes sobre as propriedades térmicas do material, e também
relacionadas a fenbmenos quimicos, como: quimiosorgcdo, dessolvatacio,
decomposicéo, degradacdo oxidativa, degradagéao redutiva, reacbes em estado
soélido (IONASHIRO, 2004; SILVA; PAOLA; MATOS, 2007; DE LA FUENTE et
al., 2011; DING et al., 2016).

A calorimetria exploratoria diferencial (DSC) analisa a diferenca de
energia fornecida a substancia e a um material referéncia (termicamente estavel)
em funcido da temperatura, enquanto a substancia e o material referéncia sao
submetidos a uma programacao controlada de temperatura. A DSC permite
determinagdes quantitativas, estando a area dos picos relacionada com a
energia envolvida no processo, sendo utilizados padrbes para calibragdo do
equipamento (BERNAL et al., 2002; IONASHIRO, 2004; SILVA; PAOLA;
MATOS, 2007).

Desta forma, através da DSC é possivel identificar fenébmenos fisicos ou
quimicos, como: transi¢des cristalinas, fusdo evaporagao e sublimagdo, ou
qualquer outra modificagdo na variagéo de entalpia, além de avaliar a pureza e
compatibilidade entre farmaco e excipientes (BRITTAIN; BRUCE, 2006; MEIRA
et al., 2019).
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A técnica de DSC tem sido amplamente utilizada para a avaliagdo da
interagdo entre farmacos e excipientes. Tais estudos utilizam usualmente
alteracgdes no evento de ponto de fusédo para verificar a compatibilidade entre o
farmaco e os excipientes (PATEL et al., 2015; TELEGINSKI et al., 2015; ATTIA;
ABDEL-MOETY; ABDEL-HAMID, 2017; DING et al., 2017; LEDETI et al., 2017,
MEIRA et al., 2019).

3.4.2 Espectroscopia de Infravermelho com Transformada de Fourier e
reflexdo difusa (DRIFT)

A espectroscopia de infravermelho com transformada de Fourier (FTIR) é
uma ferramenta semiquantitativa, que utiliza radiagao infravermelho, registrando
a fracdo de luz incidente que é absorvida em determinado comprimento de onda.
O espectro resultante caracteriza as vibragdes das ligagdes intramoleculares,
permitindo a analise da estrutura de varios materiais, fornecendo, assim, uma
impressao digital quimica que pode ser utilizada para obter informagdes
exclusivas sobre a estrutura. Avangos na instrumentagcdo geraram técnicas
alternativas de preparo das amostras para espectroscopia vibracional que sao
menos caras e trabalhosas. Tais técnicas, como ATR e DRIFT, fornecem os
mesmos espectros, mas mostram menos variacdo quando comparadas ao
método que envolve o preparo manual de pastilhas para FTIR de transmissao
(BEASLEY et al., 2014; CHEN et al., 2015).

Os fétons da radiacédo IR sao transmitidos através de uma amostra e
excitam as moléculas para estados rotacionais ou vibracionais superiores. Isso
resulta na absorgdo de alguns comprimentos de onda da luz, enquanto outros
passam sem serem afetados. A estrutura molecular determina os comprimentos
de onda que sao transmitidos ou absorvidos, e os comprimentos de onda
absorvidos promovem ligagdes atdbmicas para entrar em estados vibracionais
excitados que podem ser interpretados na saida de espectro coletada por um
detector. O FTIR utiliza um algoritmo matematico, transformada de Fourier (FT),
para converter os dados brutos de comprimento de onda coletados em
espectros. Portanto, um espectro € o produto das vibragbes das ligagdes

intramoleculares produzidas pela radiagdo de um feixe de infravermelho ao
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passar por uma amostra e coletar os comprimentos de onda resultantes. As
bandas de absorcéo observadas podem ser atribuidas as vibragdes internas de
grupos moleculares especificos, como carbonato (COs) e fosfato (POa)
(BEASLEY et al., 2014).

Tradicionalmente, as amostras em pdé sao misturadas com KBr e uma
pastilha é feita com uma prensa hidraulica. O KBr é usado para o preparo de
amostras porque tem uma ampla faixa espectral, ndo possuindo comprimentos
de onda significativos na regido do IR médio (MIR) e produzindo um disco liso e
transparente quando misturado com um solido em p6é (CHEN et al.,, 2015).
Mudangas na estrutura molecular de compostos sao detectadas pelo FTIR
porque os diferentes raios ibnicos dos substituintes causam mudancas nos
ambientes dos grupos moleculares, resultando em alteragdes nos modos de
vibracao caracteristicos que sao refletidos em seus espectros de absor¢céo no
infravermelho (STUART, 2004; CHEN et al., 2015).

A técnica de preparo para analises de DRIFT € comumente usada em
quimica para amostras solidas e em pd. Quando as amostras sdo penetradas
com um feixe de infravermelho, existem dois tipos de energia refletida geradas:
refletancia especular e difusa. A refletdncia especular ocorre na superficie da
amostra e ndo tem interagdo absortiva com a amostra, enquanto a refleténcia
difusa resulta da penetragdo na amostra interagindo com as particulas da
amostra. A refletancia difusa contém a informacgao espectral da absorcao de IR.
O acessorio DRIFT otimiza a captacao da energia difusa refletida, ao mesmo
tempo em que minimiza a energia especular refletida (STUART, 2004; BEASLEY
et al., 2014).

A técnica de preparo DRIFT ainda exige que as amostras sejam
misturadas ao KBr, mas evita a peletizacido com prensa hidraulica. Os resultados
do DRIFT podem ser afetados adversamente por problemas decorrentes de
diferencas de tamanho de particula e comprimentos de onda de infravermelho
incidentes. Para compensar tais problemas, as amostras sdo misturadas com
KBr a fim de obter espectros DRIFT precisos na regido de 1200 e 400 cm-! da
regido do infravermelho médio (MIR). A técnica DRIFT pode resultar no aumento
da resolugao dos espectros e reducdo da interferéncia das bandas de agua em

comparagao com as técnicas de transmisséo (BEASLEY et al., 2014).
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3.4.3 Difragédo de raios-x de p6 (XRPD)

Os raios-x ocupam a parte do espectro eletromagnético com
comprimentos de onda entre 107 e 10-"" m. Na cristalografia em geral utiliza-se
a medida em A onde 1 A =109 m, entdo essa faixa é normalmente expressa de
1000 — 0,1 A. A extremidade superior dessa faixa, raios-x “moles” ou suaves,
nao é util no contexto cristalografico, sendo utilizada somente a regido de raios-
x “duros” ou fortes e de alta energia, situada entre 0,5 — 2,0 A (STOREY; YMEN,
2011).

Em laboratdrio, usualmente, os raios-x sdo gerados utilizando-se um tubo
selado contendo um filamento aquecido (o catodo) como fonte de elétrons, que
sdo entao acelerados através de uma tensao de 40-50 kV e atingem um alvo (o
anodo) que é geralmente Cu, Mo, Cr ou Ag. Cada um desses alvos produz um
espectro de raios-x caracteristico (STOREY; YMEN, 2011).

A difracao ocorre quando a luz é espalhada por uma matriz periédica com
ordem de longo alcance, produzindo interferéncia construtiva em &angulos
especificos. Os atomos em um cristal sdo periodicamente dispostos e, portanto,
difratam a luz. O comprimento de onda dos raios-x é semelhante a distancia
entre os atomos, e esses principios sdo aplicados nas técnicas de XRPD para

elucidar a natureza cristalina dos materiais (CHAUHAN, 2014).

Desta forma, quando um feixe de raios-x incide na amostra, uma fragéo
sera dispersa em todas as direcdes pelos elétrons, que estdo relacionados a
cada atomo ou ion presente na trajetéria do feixe, determinando, assim, a
estrutura intrinseca do cristal de acordo com o angulo que foi desviado na
analise. Quando a dispersao do feixe tem o mesmo comprimento de onda do
feixe incidente, a interferéncia é construtiva e satisfaz a Lei de Bragg, a qual
expressa uma relagdo matematica em relagao a este desvio (SKOOG; HOLLER;
CROUCH, 2017).

Os feixes difratados geram difratogramas, os quais fornecem informagdes

quanto as propriedades fundamentais dos materiais no estado cristalino, bem
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como das caracteristicas da unidade celular do cristal e sua simetria (SKOOG;
HOLLER; CROUCH, 2017).

Em ciéncias farmacéuticas, a difragdo de p6 é tdo importante quanto a
difragao de cristal unico para a caracterizag&o no estado solido. Em linhas gerais,
os pos farmacéuticos podem ser classificados como pds microcristalinos,
compostos por micro cristais com dimensdes maximas de cerca de 1 um, e pos
amorfos, nos quais as particulas ndo possuem ordem de longo alcance e,
portanto, ndo fornecem picos de difracdo de Bragg no feixe de raios-x. E, sabe-
se que existem muitas situagdes intermediarias entre os pos cristalinos e
amorfos (STOREY; YMEN, 2011). No caso de materiais amorfos, como o vidro,
que ndo possuem matriz periddica com ordem de longo alcance, ndo produzem

nenhum pico significativo no padrao de difracdo (CHAUHAN, 2014).

3.4.4 Microscopia Eletrénica de Varredura (MEV)

A microscopia oOptica € mais limitada em sua faixa de magnificagédo
(2.000 x), enquanto a microscopia eletronica de varredura pode ser empregada
a niveis elevados de magnificagéo (250.000 x). Apesar desta diferenca, as duas
técnicas se apresentam eficazes na caracterizagdo de materiais polimérficos e
solvatos (BRITTAIN, 2009; STOREY; YMEN, 2011).

A imagem eletrbnica da microscopia eletrénica de varredura (MEV) é
formada pela incidéncia de um feixe de elétrons sobre a amostra, transmitindo o
sinal do detector para uma tela catédica onde a varredura esta sincronizada com
aquele feixe incidente. A imagem gerada a partir do sinal captado na varredura
eletrénica de uma superficie pode apresentar diferentes caracteristicas, uma vez
que a imagem resulta da amplificacdo de um sinal obtido de uma interagao entre
o feixe eletrénico e o material da amostra. Este sinal pode apresentar niveis
elevados de magnificagao auxiliando na caracterizagdo de materiais polimérficos
e solvatos (DUARTE et al., 2003; BRITTAIN, 2011).

A MEV é uma técnica utilizada em varias areas do conhecimento. Além
de permitir a identificagdo morfoldgica a partir da obtengdo de informacgdes

acerca das formas dos cristais, ou seja, os habitos das estruturas cristalinas,
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também possibilita uma avaliagao qualitativa e quantitativa de cristais através da
observagdo da homogeneidade e determinagcdo do tamanho e forma das
particulas (MURAKAMI et al., 2009).

3.5 ESTUDOS DE COMPATIBILIDADE ENTRE FARMACOS E EXCIPIENTES

O desenvolvimento de novas formulagdes deve levar em consideragao a
variabilidade nas propriedades dos insumos utilizados. Especificamente, a
variabilidade entre os fabricantes deve ser considerada, tanto para os IFAs
quanto para os excipientes. Portanto, a caracterizacédo no estado sdlido de IFAs
e a avaliacao da compatibilidade entre o farmaco e os excipientes sao essenciais
(ZARMPI et al., 2017).

Os estudos de compatibilidade farmaco-excipiente tratam das interacdes
fisicas e quimicas entre o farmaco e os excipientes e sao essenciais para 0s
estudos de pré-formulagcao (SHAIKH et al., 2018). Tais estudos de
caracterizagao e compatibilidade sao realizados utilizando-se diversas técnicas
para avaliagao das caracteristicas fisico-quimicas das formulag¢des. As técnicas
mais comumente utilizadas sdo calorimetria exploratéria diferencial (DSC),
termogravimetria (TG), difracdo de raios-x de pd (XRPD), espectroscopia de
infravermelho com transformada de Fourier (FTIR), e microscopia eletrénica de
varredura (MEV) (MONAJJEMZADEH et al., 2009; TELEGINSKI et al., 2015;
LEDETI et al., 2017; MEIRA et al., 2019).

Interacbes entre farmacos e excipientes nem sempre sdo consideradas
incompatibilidades. Para tanto, sdo necessarias analises com diferentes técnicas
a fim de confirmar a incompatibilidade ou estabilidade do farmaco na formulagao
(MEIRA et al., 2019).
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Abstract In preliminary pre-formulation studies, the
evaluation of solid-state interactions between an active
pharmaceutical ingredient and different excipients is
essential to guarantee the quality of the final product.
Studies of drug-excipient compatibility represent an
important phase in the development of all dosage forms. In
this study, to evaluate the possible solid-state interaction
from thermal events other than the usual melting point,
physical mixtures (1:1, w/w) of a model drug without
melting point (omeprazole sodium) and a number of
pharmaceutical excipients were investigated. Differential
scanning calorimetry (DSC), differential diffuse reflectance
infrared Fourier transform (DRIFT) and high-performance
liquid chromatography (HPLC) methods were used. The
properties of the pure drug were compared with those of a
binary drug—excipient mixture (1:1; w/w). Evidence of
solid—solid incompatibility of omeprazole sodium and
Acryl-Eze®, stearic acid and citric acid was observed from
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the first decomposition step in the DSC curve and subse-
quently confirmed by DRIFT and HPLC analyses.

Keywords Drug without melting point - Omeprazole
sodium - Pharmaceutical excipients - Solid-state
interactions - Compatibility studies

Introduction

Characterization of solid-state properties at an early stage,
using appropriate analytical methodologies, is a prerequi-
site in the development of solid dosage forms from both
scientific and regulatory points of view. Variations in the
physicochemical properties of the active pharmaceutical
ingredient (API) may have an impact at the therapeutic,
manufacturing, commercial and legal levels [1, 2]. In the
pre-formulation studies of new solid dosage forms, it is
essential to have readily available knowledge of the
physicochemical properties of the active component and
excipients. The excipients are pharmacologically inert, but
they can interact with drugs in the dosage form (solid-state
incompatibilities) and may affect product stability in
physical aspects such as organoleptic properties, dissolu-
tion slow down or chemically by causing drug degradation
[3]. The inadequate use of pharmaceutical excipients in
solid oral dosage forms can cause serious biopharmaceu-
tical implications, modifying the release mechanism and
absorption characteristics as well as the bioavailability
[2, 4-6]. Differential scanning calorimetry (DSC) has been
increasingly used for quick evaluation of possible incom-
patibility through comparison of the melting point of pure
substances with those obtained from a 1:1 (w/w) binary
mixture [7-9]. The novelty of this work is to evaluate the
possible solid-state interaction using differential scanning
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calorimetry measurements with a model drug without
melting point, in this case omeprazole sodium.

In addition, Fourier transform infrared spectroscopy
(FTIR) is a valuable tool in verifying the existence of the
solid—solid interactions [10-16]. High-performance liquid
chromatography (HPLC) is commonly used to identify
chemical interaction (incompatibility) which is evidenced
through a loss of drug content and increasing amounts of
degradation products [3, 12, 17, 18].

Omeprazole sodium monohydrate (OMS, C;;H;gNs.
Na0;S-H>0), 5-methoxy-2-[(RS)-[(4-methoxy-3,5-dime-
thyl-2-pyridinyl)  methyl]  sulfinyl]-1H-benzimidazole
sodium monohydrate, is a potent non-reversible inhibitor of
the gastric proton pump enzyme H +/K + —ATPase. It is
widely used for the prophylaxis and treatment of gastro-
duodenal ulcers and for the treatment of symptomatic
gastroesophageal reflux. OMS is lipophilic and a weak base
with a pKal of 7.07 and pKa2 of 14.73, and it is degraded
when not protected against gastric acid conditions [19, 20],
and does not have a melting point [20]. Studies have shown
that moisture, temperature, organic solvents, metal ions and
some degree of light decrease the stability of omeprazole
and should be avoided in pharmaceutical formulations
[21-23].

Thus, the aim of this study was to investigate possible
solid-solid incompatibilities of a drug without melting
point, OMS, with a range of commonly used pharmaceu-
tical excipients by means of DSC, DRIFT and HPLC.

Materials and methods
Materials

The omeprazole sodium monohydrate (bulk material) was
kindly donated by Eurofarma (Sao Paulo—Brazil). The
pharmaceutical excipients tested in the compatibility
studies were: microcrystalline cellulose (Microcel® 200)
and croscarmellose sodium (Solutab®) obtained from
Blanver (Sio Paulo—Brazil); stearic acid from Mallin
Ckrodt (St. Luis—U.S.A); colloidal silicon dioxide
(Aerosil®) from Galena (Campinas—Brazil); magnesium
stearate from Valdequimica (Sao Paulo—DBrazil); sodium
carbonate from Lafan (Virzea Paulista—Brazil); citric acid
from Nuclear (Diadema—Brazil); sodium starch glycolate
from J. Rettenmaier & S6hne (Holzmiihle—Germany); and
methacrylic acid copolymer of type C (Acryl-Eze®) and
starch 1500® kindly donated by Colorcon (Cotia—Brazil).

Preparation of physical mixtures

The compatibility study was performed using a physical
mixture of OMS and excipients in equal amounts (1:1;
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w/w). The physical mixtures were prepared by gently
mixing the components in an agate mortar with a spatula at
room temperature. The binary mixture was kept in amber
glass vials and submitted to thermal, spectroscopic and
chromatographic analysis.

Thermogravimetric and differential scanning
calorimetry analysis

The TG/DTG curves of OMS were obtained on a Shimadzu
thermobalance TGA-60 (Kyoto, Japan), under synthetic air
atmosphere with the flow rate of 50 mL min~'. Approxi-
mately 5 mg of sample was placed in platinum crucibles
and heated from 30 to 800 °C at a heating rate of
10 °C min~'. The equipment was previously calibrated
with a calcium oxalate calibration standard.

The DSC measurements of OMS, each excipient and all
binary mixtures were taken using a Shimadzu DSC-60 cell
(Kyoto, Japan). Approximately 3 mg of the samples was
weighed out and placed in a sealed aluminum pan. The
curves were obtained from 30 to 300 °C at a heating rate of
10 °C min~" under synthetic air atmosphere with the flow
rate of 50 mL min~'. The DSC cell was previously cali-
brated with an indium calibration standard (mp 158.1 °C;
AHpsion = 2854 T g7,

Diffuse reflectance infrared Fourier transform
spectroscopy analysis

The DRIFT spectra were recorded using a Shimadzu
spectrometer, model FTIR Prestige (Kyoto, Japan), over
the wavenumber range of 4000—400 cm ™", using a nominal
resolution of 4 cm ™" and averaging of 32 scans. The pure
omeprazole sodium and all binary mixture were diluted
with approximately 2% spectroscopic grade potassium
bromide (KBr) (w/w). A background spectrum was
obtained for each experimental condition. In order to
evaluate band shift on the spectrum of the physical mix-
ture, a factored subtraction of each pure component spec-
trum was performed. Before performing the subtraction, all
spectra were normalized by Kubelka—Munk model. The
data processing was performed by using GRAMS/32 ver-
sion 4.04 software (Galactic Industries Corporation, Salem,
NH, USA).

High-performance liquid chromatography analysis

The HPLC analysis was performed on a Shimadzu LC-10A
system (Kyoto, Japan). The method was based on the lit-
erature and validated in the laboratory [17]. Briefly, the
experiments were carried out in a reversed-phase C;gA
Merck column (150 mm x 4 mm i.d., 5-pm particle size)
with a mobile phase comprised of phosphate buffer (pH
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7.4; 50 mM)—acetonitrile (70:30; v/v) eluted isocratically
at a flow rate of 1.5 mL min ' with UV detection at
280 nm. The HPLC system was operated at 40 £ 1 °C,
and the injection volume was 20 pL for all standards and
samples. Data acquisition was performed using CLASS-VP
software by measurement of detected peak areas.

The sample solutions were prepared by accurately
weighing about 200 mg of the binary mixture (equivalent
to 100 mg of OMS), transferred to individual 250-mL
amber volumetric flasks, dissolved with 150 mL of phos-
phate buffer (pH 11.0; 50 mM), sonicated for 10 min and
diluted to volume with the same buffer. A 5 mL aliquot of
this solution was diluted with mobile phase in a 100-mL
volumetric flask, to obtain a final concentration of
20 pg mL~" of OMS. All solutions were stored protected
from light.

Results and discussion
Thermal analysis

The TG/DTG and DSC curves of pure omeprazole sodium are
given in Fig. 1. The DSC curve shows an endothermic peak
corresponding to the dehydration process of OMS (7,
st = 127.26 £ 050 °C; T = 147.07 £ 0.50 °C  and
AH = 115.09 + 0.27 ] g~ "). The additional exothermic peak
(Tonser = 19842 £ 042 °C; T = 212.87 £ 1.93 °C and
AH = —24731 4+ 190 J g~ ") corresponds to the decompo-
sition process. The first mass loss observed in the TG/DTG
curve refers to the release of crystallization water
{Am ~ 6.6%) in a distinct way between 120 and 165 °C. The
additional mass loss events are related to the decomposition
from 194 °Cto 800 °C. Ignition (Am ~ 50%) occurs between
500 and 600 °C with DTGy = 569.60 °C. Although

omeprazole sodium is a typical pure crystalline substance, this
drug does not exhibit a melting point [20].

The selection of adequate pharmaceutical excipients in
the pre-formulation studies was based on the drug
physicochemical characteristics and the compatibility with
other components. Nowadays, a large number of excipients
are available on the market and it is known that the same
active substance when produced with different excipients
can cause serious biopharmaceutical implications, such as
modifying the dissolution mechanism, absorption charac-
teristics and bioavailability [5].

Differential scanning calorimetry has been exhaustively
used in pharmaceutical applications, particularly in relation
to the evaluation of drug-excipient interactions
[7, 14, 24, 25].

Through this technique, it is assumed that the thermal
properties (melting point) of blends are the sum of the
individual components if the components are compatible
with each other. An absence, a significant shift in the
melting of the components or appearance of a new exo-/
endothermic peak and/or variation in the corresponding
enthalpies of reaction in the physical mixture indicates
incompatibility [3, 8, 9].

The DSC curves of OMS and all binary mixtures (1:1;
w/w) are demonstrated in Fig. 2. The thermoanalytical
curves of the mixtures can be considered as a superposition
of the curves of the drug and each excipient. The data
obtained are given in Table 1.

Usually many studies reported DSC compatibility
investigations through changes in the melting event of the
active pharmaceutical ingredient; however, a compatibility
study using a drug a without melting point has not yet been
described [7-9, 14, 16, 24, 25].

In this case, since omeprazole sodium has no melting
event [20], the possible solid—solid interactions was

Fig. 1 DSC and TG/DTG DITGA/  DSC/ TGA/%
curves of OMS obtained under mg min~! mW mg-1
synthetic air atmosphere 1.00 ]
(50 mL lnilfl) at a heating rate L 4
of 10 °C min ™' 3 410000
0.50 1
I -180.00
L . DTG ]
0.00f ; 1
- : -60.00
_os0f s 440,00
L § 1.00 mW mg~— 52 |
L %
rov o G 1
------- 420.00
-1.00F 2 < : i &
—0.00 200.00 400.00 600.00 800.00
Temp/C
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Fig. 2 DSC curves of pure OMS (A) and binary mixture of OMS
with microcrystalline cellulose (B); croscarmellose sodium (C);
colloidal silicon dioxide (D); starch 1500% (E); sodium starch

evaluated using the exothermal degradation event, by
searching appearance, shift, disappearance or variations in
the relevant enthalpy values.

The DSC curves labeled B, C, D, E, F, G and H cor-
respond to the mixtures of OMS and microcrystalline cel-
lulose, croscarmellose sodium, colloidal silicon dioxide,
starch 1500®, sodium starch glycolate, magnesium stearate
and sodium carbonate, respectively. In these mixtures, it
was observed that the thermal profile of the drug did not
undergo significant changes. Some broadening of the peaks
leading to changes in the onset and peak temperatures
occurs simply due to the physical mixing of the compo-
nents and does not indicate interactions with these
excipients.

Moreover, the DSC curves I, ] and K correspond to the
binary mixtures with Acryl-Eze®, stearic acid and citric
acid, respectively. The DSC curves showed differences in
the thermal behavior of OMS, more specifically, in the
exothermic event characteristic of the decomposition pro-
cess. The degradation temperatures of the drug in these
binary mixtures were significantly shifted to a lower range,
showing a probable solid-solid interaction.

In the OMS-stearic acid mixture (Fig. 2J), it was
observed that the exothermic event (decomposition) have
greatly shifted the onset and peak temperature as follows:
Tonset = 19842 °C  and  Tpeu = 212.87°C  to Ty
set = 14430 °C and Ty = 168.37 °C, indicative of
solid—solid interaction. In fact, incompatibility was also
observed for binary mixtures of Acryl-Eze® (T,
set = 117.00 £ 1.20 °C; Tpea = 127.09 £ 0.25 °C) and
citric acid (Tynser = 120.54 £ 1.36 °C;
Toeax = 147.44 = 0.52 °C (Table 1).

By comparison, the DSC curves of physical mixture
using magnesium stearate, the differences in the enthalpies
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glycolate (F); magnesium stearate (G); sodium carbonate (H);
Acry]—Eze@J (I); stearic acid (J); and citric acid (K)

of the dehydration peak and the decomposition peak were
visible lower. In fact, it must consider that magnesium
stearate is useful raw material for lubricating properties in
capsules and tablets in pharmaceutical industry, and nor-
mally is a mixture of magnesium salts of different fatty
acids (mainly stearic acid and palmitic acid). Both stearic
and palmitic acids give endothermic melting event in
temperature approximately 60-70 °C and thus may be
effect the 7., and the enthalpy’s values of the drug on
this binary mixtures [26].

Several works have been described compatibility studies
using magnesium stearate, and a similar behavior was
noted by Bertol et al. and Peres-Filho et al. [27, 28].

It was carefully observed if changes on the endothermic
(dehydration) event could be used as an indicative solid—
solid interaction. However, Fig. 2 and Table 1 show that
the endothermic Ty,ee and Tieqy for citric acid were very
close to the OMS and, for stearic acid, it was dislocated in
about only = 6 °C, making difficult the prediction of an
interaction or incompatibility. Only for Acryl-Eze® the
interaction was evident. Thus, for OMS, only the decom-
position exothermic event should be used for compatibility
studies; however, for other drugs, other events could be
useful.

DRIFT analysis

Diffuse reflectance infrared Fourier transform spectroscopy
(DRIFT) was used as a supplementary technique to
investigate the drug—excipient interaction and to confirm
the results obtained from the thermal analysis. DRIFT was
applied in this study because it is the most suitable tech-
nique of the nondestructive spectroscopic methods and has
become an attractive method in the analysis of
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pharmaceutical solids, since the materials are not subject to
thermal or mechanical energy during sample preparation,
thereby preventing solid-state transformations [3, 29].

For the binary mixtures, which present compatibility
according the DSC results, the FTIR spectra is a superpo-
sition of the individual ones without absence, shift or
broadening in the vibration bands of OMS. Therefore, it
confirms the absence of physical or chemical interactions
between omeprazole sodium and the corresponding
excipients.

The spectra of the drug and all excipients used in this
study were collected for pure compounds as well for binary
mixtures (1:1; w/w). An additional so-called differential
method was carried out using the scaled subtraction func-
tion of the GRAMS software. In differential treatment, the
spectra of the pure substances (drug or excipient) were
subtracted from that of the corresponding binary mixture,
and the resulting spectrum was analyzed to verify the
existence of a residual band that would be assigned as
evidence of an interaction. Differential analysis offers a
greater potential in this experiment since in the absence of
interaction all bands are suppressed in the resultant spec-
trum [3, 16, 30].

The DRIFT spectra of OMS, individual excipients and
all binary mixtures were obtained. Evidence of interactions
was investigated using the most important functional
groups of OMS. Characteristic bands (Fig. 3) of benzimi-
dazole and pyridyl rings at 1643-1600 cm™', correspond-
ing to the stretching vibrations of C=C-N and S-C=N,
along with benzimidazole —-O-CH; stretching between
1214 and 1191 cm™" and sulfoxide group vibration (S=0)
at 1155 cm™',

A differential DRIFT procedure is demonstrated in
Fig. 3 for OMS with sodium carbonate. No significant
residual band was found in the differential spectrum

Mm carbonate

(H)—Physical mixture

Absorbance

Differential spectrum

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm—1

Fig. 3 Differential DRIFT procedure for the physical mixture (H).

The differential spectrum was obtained by subtraction of the pure
component spectrum from that of the binary mixture

@ Springer

obtained by scaled subtraction of the pure OMS spectrum
from that obtained for the physical mixture.

All of the differential spectra obtained for the binary
mixtures are shown in Fig. 4. It can be observed that the
spectra B, C, D, E, F and G represent the results obtained
for the mixtures which had no drug—excipient interaction.
There is no evidence of residual bands; smooth differential
spectra were obtained.

On the other hand, an incompatibility was found for the
systems with Acryl-Eze® (1), stearic acid (J) and citric acid
(K) (Fig. 4). There are clear residual bands found on the
spectra between 3400 and 3100 cm™' (OH acid group), and
the more intense ones in the region 1700-1200 cm™" relate
to the involvement of the acid groups present in these
excipients.

The vibrational bands are in agreement with the com-
pound structures given in Fig. 5, evidencing the acid
characteristic of these excipients. The infrared region
1750-1650 cm ™" arises from stretching of the C=0 bond
of the carboxylic acids. The residual peaks in the differ-
ential spectra (J) between 2900 and 2700 cm ™' are related
to the stronger absorption of the aliphatic chain C-H in the
stearic acid. The results obtained from the DSC were
confirmed by infrared spectroscopy evidencing interaction
with the acid excipients. Neither method appears to have
sufficient sensitivity to detect the impurities. Thus, HPLC
investigations were carried out.

HPLC analysis
Proton pump inhibitors are unstable at low pH. OMS

degradation is acid catalyzed, and the degradation rate
decreases as the pH is increased [18]. In aqueous media,

Absorbance

T

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm—1

Fig. 4 Differential DRIFT spectrum of each binary mixture
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Fig. 5 Chemical structures of
pharmaceutical excipients
which showed interaction with
omeprazole sodium

HO

HO

OH

Citric acid

the degradation rate proceeds with a half-life of less than
10 min at pH < 4.3. At pH 6.5, omeprazole has a half-life
of approximately 18 h, and at a pH = 11, it is around
300 days [31]. Therefore, the physicochemical properties
must be considered when carrying out the chromatographic
analysis. To assure the stability of OMS during the anal-
ysis, the mobile phase was composed of phosphate buffer
at pH 7.4 and the flow rate was 1.5 mL/min. OMS was
considered compatible with the evaluated excipient if no
additional peak was detected and no significant decrease in
the OMS content was calculated. The binary mixtures (1:1;
w/w) were analyzed immediately after preparation (0 h)
and after 72 h of storage. The chromatograms obtained
(after 72 h) and assay results are shown in Fig. 6 and
Table 1, respectively.

Omeprazole sodium was found to be compatible with
microcrystalline cellulose, croscarmellose sodium, col-
loidal silicon dioxide, starch 1500, sodium starch glyco-
late, magnesium stearate and sodium carbonate, since no

Omeprazole sodium

(0]
0 OH
HsC—f CH ) c/
OH \\O
Stearic acid
ot ot
L=, ({;zo
b :
CH,
L,

Methacrylic acid copolymer (Acryl-Eze®)

significant difference in its assay and no additional peaks
were observed. The assay of OMS showed values of
around 72, 82 and 91% for the binary mixtures with citric
acid, stearic acid and Acry]—Eze®, respectively.

Moreover, it was observed in these mixtures that the
OMS powder has an off-white discoloration subsequently
turning yellow, purple, brown and then very dark. The
results are in agreement with those obtained using DSC and
DRIFT techniques. However, these methods appeared not
to have sufficient sensitivity to evaluate quantitatively the
degree of incompatibility or the amount of decomposition
products generated. With HPLC analysis, a sufficient
quantification of the OMS content was possible. Citric acid
caused the highest degree of OMS degradation (around
28%), followed by stearic acid (18%) and Acryl~Eze®
(9%).

It can be assumed that this degradation (incompatibility)
was originated from the acidic characteristic of the excip-
ients and that the rate of OMS degradation was related to
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Fig. 6 HPLC chromatogram of OMS (A) and OMS-excipient
mixtures; microcrystalline cellulose (B); croscarmellose sodium (C);
colloidal silicon dioxide (D); starch 1500® (E); sodium starch

the amount of free acidic H™ groups present in the mole-
cule (Fig. 5). Citric acid and stearic acid have three and
one free acidic H', respectively, from the OH group in the
carboxylic acid of the molecule. For Acryl-Eze®, since it is
a copolymer of methacrylic acid and ethyl acrylate, the
amount of H" depends on the degree of substitution in the
molecule radicals. This result is in agreement with
Stroyer et al. [18], who reported solid-state interactions of
omeprazole with acid enteric coating polymers. Although
the enteric coating is necessary to protect the drug from the
stomach acids, another (inner) layer of coating seems to be
necessary to improve the stability of solid OMS
formulations.

Conclusions
Solid-state interactions of omeprazole sodium and various
pharmaceutical excipients were investigated. The DSC and

differential DRIFT technique proved to be valuable
screening tools for the selection of appropriate excipients

@ Springer

glycolate (F); magnesium stearate (G); sodium carbonate (H);
A(.'ryl-E;:e® (I); stearic acid (J); and citric acid (K)

in the early stages of pre-formulation design. Only HPLC
allowed a quantification of the instability of OMS in the
binary mixtures, since additional peaks were observed in
the chromatograms and decreasing drug content. It was
observed that OMS degradation is pronounced in excipi-
ents with an acid character and that the stability is
dependent on the amount of free acidic groups present in
the excipients used. Among all pharmaceutical excipients
used, Acryl-Eze®, stearic acid and citric acid presented
solid—solid incompatibility with omeprazole sodium.

Studies on drug-excipient compatibility represent an
important step in the formulation stage for the development
of all dosage forms. The DSC stands to benefit over other
conventional techniques in requirement of short time of
analysis and low sample consumption and commonly uses
changes in the melting point of the drug. However, in some
circumstances, the selection of other thermal event is
necessary. In this case, since omeprazole sodium has no
melting event the solid—solid interactions were evaluated
using the exothermal degradation event.
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Duloxetine hydrochloride (DLX) is a serotonin and noradrenalin reuptake inhibitor mostly used for the treat-
ment of major depressive and anxiety disorders. Physicochemical characterization of this drug and compati-
bility studies with excipients are particularly important during pharmaceutical technology development in or-
der to guarantee the quality, safe and effective dosage form. Duloxetine is acid labile, thus the final product
must be formulated with enteric coating to prevent degradation in the stomach for proper drug delivery. The
major purpose of this work was to characterize this drug in solid-state form through thermal analytical tech-
niques (TG/DTG, DSC), diffuse reflectance infrared Fourier transform (DRIFT) spectrophotometry, morpho-
logical analysis by scanning electron microscopy (SEM) and x-ray diffraction (XRD) analysis. The compati-
bility studies with excipients (1:1 w/w) was carried out using sodium starch glycolate (SSG), lactose (LAC),
magnesium stearate (MS), croscarmellose sodium (CS), colloidal silicon dioxide (CSD) and microcrystalline
cellulose (MCC). For DLX, the DSC analysis showed a sharp endothermic peak corresponding to the melting
process (7}, = 168.93°C) and purity determination of 98.74 + 0.03%. Thermogravimetry (TG) curves re-
vealed a mass loss of approximately 58% during thermal decomposition and the non-isothermal kinetics re-
vealed estimated Ea of 62.73 kJ mol! with a reaction order of zero, indicating that DLX thermal decomposi-
tion is constant over time, regardless of its concentration. The compatibility results suggest an interaction be-
tween DLX and selected excipients (SSG, CS, CSD, MCC) evidenced by the DLX melting point dislocation

on the DSC curves.

Keywords: duloxetine; depression; compatibility assay; thermal analysis.

1. INTRODUCTION

According to World Health Organization (WHO), over
300 million people in the world suffer from depression,
which is considered the prevalent cause to functional disabil-
ity worldwide. There are several characteristic symptoms of
this disease including sadness, lack of joy and pleasure, low
self-esteem, sleeping and eating disorders, fatigue and inabil-
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(5]
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ity to concentrate. In addition, advanced stages of depression
may lead to suicide. Although depression may affect people at
different life stages, it is often prevalent for the elder ones [1].

Antidepressant drugs are widely used for treatment of
depressive disorders. Since the 1950s, two types were more
recurrent, the tricyclic antidepressants (TADs) and mono-
amine oxidase inhibitors (MAOIs). Despite high efficacy, the
low pharmacological specificity, in addition to overdosage,
may lead to adverse reactions when using these drugs. In
turn, the search for alternative medications is necessary to
overcome these drawbacks [2]. Nowadays the most used an-
tidepressants are the selective serotonin reuptake inhibitors
(SSRIs) and serotonin-norepinephrine reuptake inhibitors
(SNRIs) [3].

Duloxetine hydrochloride (DLX), chemically (S)-N-
methyl-3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)propan-1-

0091-150X/20/5406-0659 © 2020 Springer Science+Business Media, LLC
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Fig. 1. Chemical structure of DLX.

amine hydrochloride (Fig. 1), is an SNRI indicated for treat-
ment of major depressive disorder, generalized anxiety disor-
der, diabetic neuropathic pain, urinary incontinence, irritable
bowel syndrome, night sedation and fibromyalgia [4 - 6].
Duloxetine is in the 10 leading most used psychiatric drugs,
being the sixth among antidepressants [7].

DLX exhibits fast absorption in the organism, reaching
maximum plasmatic concentration approximately 6 h after
dosing, and the metabolized drug is eliminated mainly
through urine along with its metabolites in about 12 h. This
unstable pharmaceutical is readily degraded when exposed to
acid conditions [8, 9]. Therefore, pharmaceutical technology
development requires a proper enteric coating to preserve ac-
tive compound transport, to promote chemical stability and
ensure its release and dissolution in alkaline conditions,
which is necessary for drug absorption through the enteric
mucosa. In turn, this drug must be evaluated in respect of its
physicochemical properties, polymorphism, stability and,
particularly, compatibility of excipients [10, 11]. Several an-
alytical techniques are used for solid-state characterization of
drugs, which include thermal analysis such as differential
scanning calorimetry (DSC) and thermogravimetry (TG)
[12]. The DSC has been increasingly used for quick evalua-
tion of possible incompatibility through comparison of the
melting point of pure substances with those obtained for a
1:1 (w/w) binary mixture [13 — 16].

In this context, the purpose of this study was to charac-
terize the physicochemical properties of DLX in a solid-state
form and to define the proper conditions for designing tab-
lets, in accordance to quality control so as to meet the devel-
opment requirements for solid-state drugs. This task was ac-
complished through the physicochemical study of DLX in
solid state, evaluating purity and drug-excipient compatibil-
ity by DSC, non-isothermal kinetic analysis, spectroscopy
techniques, and SEM examination.

2. MATERIALS AND METHODS

2.1. Materials

The bulk DLX was obtained from Infinity Pharma (lot:
DULIBJAO1A). Sodium starch glycolate (SSG, Blanver),
lactose (LAC, DFE Pharma), magnesium stearate (MS,
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Pharmachemical), croscarmellose sodium (CS, Blanver),
colloidal silicon dioxide (CSD, Evonik), and microcrystal-
line cellulose (MCC, Blanver) were used as excipients for
the interaction studies. All other reagents used in this study
were of reagent grade.

2.2. Methods

Solubility. The solubility of DLX was investigated using
water in a drug/solvent (w/v) proportion of 1:10, 1:30 or
1:100, at 25 and 100°C according to USP/NF general meth-
ods [17]. The solubility was expressed in terms of the vol-
ume of solvent required to dissolve 1 g of the drug at a speci-
fied temperature.

Scanning electron microscopy. SEM measurements
were carried out with TESCAN VEGA3 LMU instrument
using samples precoated with gold and analyzed in low-vac-
uum regime at an acceleration voltage of 15 kV and magnifi-
cations of 1Kx and 4Kx.

Melting range. The melting point of DLX was measured
in duplicate on Mettler Toledo MP 70 melting point appara-
tus. The heating rate was 10 C min™! in a temperature range
from 155 to 170°C.

Thermal analysis. The TG curves were obtained in
TGA-60 (Shimadzu, Japan) thermobalance using samples
weighing about 4.0 mg in platinum crucibles, under synthetic
air flow of 100 mL min™" at a heating rate of 10 C min” in a
temperature range from 30 to 600°C. All mass loss percent-
ages were determined using TA-60 WS data analysis soft-
ware. The DSC curves were obtained in DSC-60 (Shimadzu,
Japan) instrument using sealed aluminum crucibles with
about 2 mg sample each, under synthetic air flow of 100 mL
min' at a heating rate of 10 K min™' in ad temperature range
from 30 to 600°C.

Thermogravimetric kinetics. The Kinetics of DLX
degradation was assessed in non-isothermal decomposition
regime using the Flynn-Wall-Ozawa (FWQO) method
[18 —20]. Briefly, TG-DTG curves were recorded in
TGA-60 (Shimadzu, Japan) instrument with samples weigh-
ing about 4.0 mg in platinum crucibles, under synthetic air
flow of 100 mL min™' at variable heating rate (5, 10, 15, 20
or 25 C min™") in a temperature range from 30 to 500°C. The
activation energy was estimated from the following relation:

k = Ae (ERD ()

where k is the rate constant, 4 is the Arrhenius constant, Ea
is the activation energy for the reaction; R is the universal gas
constant (8.3143 J K™ mol™"), and 7 is the absolute tempera-
ture (K). In turn, the activation energy, reaction order, and
pre-exponential factor were determined from the relation

logB = Ig[AE/R g(a)] —2.315-0.4567 ERT  (2)

where [ is the heating rate, 4 is the pre-exponential factor, £
is the activation energy, R is the universal gas constant, o is
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Fig. 2. SEM micrographs of DLX at (A) 1000x and (B) 4000x magnification.

the decomposition fraction, and 7'is the absolute temperature
(K)[18, 19].

Drug — excipient compatibility analysis. DLX interac-
tion with various excipients used in formulations was studied
by DSC. Different classes of excipients were assessed, as fol-
lows: disintegrating agent (SSG and CS), diluent (LAC and
MCC), glidant (MS), and sorbent (CSD). First, DLX and
each excipient were ground (mortar and pestle) and mixed at
a 1:1 (w/w) ratio that is most recommended for compatibility
assays [12, 21 —27]. DSC curves were obtained in DSC-60
instrument in sealed aluminum crucibles with about 2 mg
sample under synthetic air flow of 100 mL min™ at a heating
rate of 10 K min™' in a temperature range from 30 to 400°C.

Determination of purity. DLX purity was estimated
through DSC. The curves were obtained in DSC-60 instru-
ment in sealed aluminum crucibles with about 2 mg sample
each, under synthetic air flow of 100 mL min™ at a heating
rate of 2 K min™ in a temperature range from 30 to 400°C.
The Van’t Hoff equation was used to estimate DLX purity
[17] using data determined from DSC curves and the follow-
ing relation:

(Ty -T,)AH

X, = 5
RT;

(3)

where X, is the impurity content, 7 is the compound melt-
ing temperature, 7, is the onset temperature (K), R is the uni-
versal gas constant (8.3143 J K mol™), and AHfis the heat
of melting (J mol™).

Powder x-ray diffraction. The XRD patterns were ob-
tained using XRD-7000 (Shimadzu) diffractometer under the
following conditions: monochromatic x-ray radiation, x-ray
tube with Cu anode, voltage 40.0kV, current 20.0 mA,
0 — 20 continuous scan, scan range 2.0 —40.0°, scan speed
2.0000 (deg min™"), sampling pitch 0.0200°, preset scan time
0.60 sec, software XRD 6100/7000 Version 7.00. The sample
was packed into 20 mm diameter stainless steel holder.

Diffuse reflectance infrared Fourier transform spect-
rophotometry. DRIFT measurements were performed on
FTIR-8400 (Shimadzu, Japan) spectrophotometer in the dif-
fuse reflectance mode in a wavelength range 3500 —
800 cm'at a resolution of 4 cm™ for a total of 32 scans. The
ground sample for analysis was mixed with KBr at a 2%
(w/w) consistency.

3. RESULTS AND DISCUSSION

3.1. Solubility

The solubility of a solid active pharmaceutical ingredient
is one of the most important physical parameters to achieve
an optimum concentration of the drug in systemic circulation
for desired pharmacological response. Different crystalline
forms or polymorphs of the same drug were reported to have
different aqueous solubilities [28]. To be absorbed, any drug
must be in solution form at the site of absorption. The DLX
solubility was classified according to United States Pharma-
copoeia [17] and the criteria defined as sparingly soluble in
water at 25°C and freely soluble in boiling water (~100°C).

3.2. Scanning Electron Microscopy

According to literature, the crystallographic structure de-
termination of DLX revealed a monoclinic form that could
be a stable form used for pharmaceutical formulations
[29, 30]. The SEM micrographs showed a major crystalline
arrangement with irregular crystals of varying size (Fig. 2)
and a monoclinic form in agreement with the literature
[29, 30].

3.3. Melting Point

The melting point was determined using a digital MP
70 melting point system (Mettler Toledo). The melting pro-
cess of DLX can be visualized at captured images The initial
and final steps of fusion process are shown at Fig. 3A and
3B, respectively. The average melting point was determined
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Fig. 3. Melting point analysis of DLX: (A) initial stage; (B) final
melting stage.

at 166.88 °C (£1.72) and the melting range was between 164
and 167°C.

3.4. Thermal Analysis

The DSC and TG/DTG curves of pure DLX are shown in
Fig. 4. The thermal decomposition was observed in the TG
curve ranging from 170 to 330°C, with a mass loss corre-
sponding to 58%.The derivative thermogravimetric (DTG)
curve showed three consecutive endothermic peaks, where
the first occurred in a wider temperature range between from
174 to 263°C, followed by the second (263 to 299°C with
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Fig. 4. TG, DTG and DSC curves of DLX measured u_nldcr synthetic
air flow (100 mL min ") at a heating rate of 10 K min .

DT Gpeak =293.27°C) and the third (299 to 327°C with
DTGpmk= 309.71°C). The mass loss was higher in the last

temperature range, probably related to the thermal degrada-
tion of DLX.

Furthermore, DSC curves revealed two well-defined
thermal events: first, an endothermic peak around 170°C,
and the second approximately at 300°C, representing two
consecutive exothermic peaks (Fig. 4). The endothermic

peak is characteristic of pharmaceutical melting (T =
peak

TG
Mass/ %
— 5°C min' (a)
— — - 10°Cmin' (b)
------ 15°C min?' (c)
100.00- ""-.\ 20°C min' (d)
N = 25°C min' (e)
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Fig. 5. TG kinetics curves of pure DLX measured at different heating rates. The inset shows the linear tendency and correlation of the Ozawa

plots for the TG curves.



46

Thermal Analytical Approaches To Characterization And Compatibility Studies 663

168.93°C; AH =-109.18 J/g). This was further confirmed by
comparing DSC T' i (168.93°C) to the melting range esti-
mated using MP 70 melting point system (164 — 167°C).
This melting point variation between two methods is at mini-
mum, considering that these are different techniques and
DSC is a much more accurate and precise method, particu-
larly for this application.

3.5. Thermogravimetric Kinetics

The non-isothermal kinetics studied at increasing heating
rates (5, 10, 15, 20 and 25 K min™) and plots of log4 vs. 1/T,
where A refers to the heating rate and T to the temperature,
are presented in Fig. 5.

The decomposition activation energy Fa, reaction order,
and pre-exponential factor were determined using the model
proposed by Ozawa [18] and data obtained from TG kinetics
curves. Variation of the heating rate resulted in TG curves
with temperature dislocations within the thermal events
without, however, modifying their patterns. It may be con-
cluded that the thermal degradation of DLX takes place up to
500°C, with higher mass loss in a range from 180 to 340°C.
In turn, Ea decreased with increasing heating rate, thus re-
ducing DLX thermal stability in higher heating rates. The es-
timated Ea calculated was 62.73 KJ mol ™. The reaction or-
der was equal to zero, indicating that DLX thermal decompo-
sition is constant over time, regardless of its concentration.
Finally, the pre-exponential factor (1.607 10° min™") revealed
the required number of collisions with kinetic energy avail-
able to react.

3.6. Drug — Excipient Compatibility Analysis

The DSC compatibility studies is a rapid method for
evaluating physicochemical interactions between compo-
nents of a drug formulation through the comparison of ther-
mal curves of pure substances with the curve obtained for a
1:1 (w/w) binary mixture and thus selecting adequate excipi-
ents with suitable compatibility. The DSC curves of binary
mixtures are shown in Fig. 6 and the collected data obtained
from these thermal curves are presented in Table 1.

The binary mixtures of DLX and excipients showed no
relevant modifications in melting point in LAC and MS mix-
tures (Fig. 6). Therefore, the association between DLX and
diluent and glidant did not interfere on the pharmaceutical
physical properties. However, melting point of DLX changed
when combined with SSG, CS, CSD and MCC (particularly
for the last), as melting point increased by more than 30 K.

In DSC analysis, interactions between the pharmaceuti-
cal and excipient may be indicated by dislocation in the melt-
ing point, change in the design or area of peaks, rising of a
transition or the addition/exclusion of a peak after mixing
these components [13, 14]. Modifications in the peak shape,
T . 0r Tpﬁlk temperatures may indicate a solid-state interac-
tion, but not necessarily an incompatibility. Chemical incom-
patibility may be further investigated using more robust ana-
lytical characterization, such as High Efficiency Liquid

Dsc/
mW mg™!

DLX

20 mW

ENDO

Temperature/ °C

Fig. 6. DSC curves of pure DLX and combined (1:1 w/w) with ex-
cipients CS, CSD, LAC, MCC, MS or SSG.

Chromatography (HPLC), as DSC is limited to detect a pos-
sible interaction between pharmaceutical and excipient, but
not incompatibility [31, 32].

3.7 Determination of Purity

DLX purity was also determined through DSC curves
(Fig. 7). Application of the Van’t Hoff equation showed a pu-
rity level of 98.74% (£0.03) with a calculated correction fac-
tor of 9.45%. This method is mainly used for the detection of
impurities in pharmaceuticals, as the presence of impurities
reduces their melting point and increases the thermal event
temperature range [17], which can be detected through the
Van’t Hoff equation.

3.8. X-ray Powder Diffraction Analysis

According to Stimac, et al. [33] DLX can exist in two
distinct polymorphs (A and T) that can be detected by XRD,

TABLE 1. DSC Results for DLX/Excipient (1:1 w/w) Interaction
Analysis

Sample Tpear (°C) Tiser COYESD) T (CE) ESD
DLX 168.93 166.80 £0.11 171.49 £ 0.17
DLX-CS 192.59 190.98 + 0.07 196.31 £ 0.07
DLX-CSD 153.23 14733 £0.70 156,12+ 0.17
DLX-LAC 172.41 165.24 + 0.60 186.16 + 0.42
DLX-MCC 207.24 206.21 £0.07  209.27 £ 0.09
DLX-MS 168.59 165.77+0.11  171.13£0.03
DLX-SSG 179.09 177.57+0.14  183.93+0.43

SD = Standard Deviation
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Fig. 7. DSC curve of DLX measured under synthetic air flow at 100 mL min-] and a heating rate of 2 K min_1 indicating the melting event.

showing peaks (20) at 9.6, 13.9, 18.0, 18.8, 19.2, 20.8, 27.4, 3.9 Diffuse Reflectance Infrared Fourier Transform
27.9 (DLX-A) and 12.0, 14.8, 19.8, 21.3, 21.6, 22.1, 22.4, Spectrophotometry

23.1, 24.1 (DLX-T). The XRD pattern presented in Fig. 8 in- The DRIFT spectroscopy has become an attractive
dicates that the DLX sample used in this study represents method for the characterization of solid-state drugs, since the
polymorph A, since the main observed peaks corresponded sample materials are not subject to thermal or mechanical en-
to the A-type XRD pattern [33]. ergy action during sample preparation, therefore preventing
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Fig. 8. XRD pattern of DLX.
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Fig. 9. DRIFT spectrum of DLX.
solid-state transformations. The spectrum analysis enabled REFERENCES

the identification of DLX functional groups (Fig. 9). The
peak at 3050 cm™ indicates the presence of secondary amine.
In addition, this peak may also suggest the presence of aro-
matic ring hydrogens within the compound structure. Fur-
thermore, the peaks at 1600 and 1500 cm™ are probably at-
tributed to the C=C of DLX aromatic rings. The two peaks
around 1600 cm™ indicate the presence of additional double
bonds, which refers to the heterocycle containing S (sulfur).
This is further confirmed by the broad peak at 2800 cm™,
which is characteristic of C-S bonds, and the peak at
1380 cm™ indicative of the presence of methyl groups. The
C-0O X (sigma) bond is evidenced by the broad peaks at 1270
and 1100 cm™. The lack of broad peaks at 3650 cm™ and
3200 cm™ indicates the absence of alcohol groups, thus con-
firming the presence of aryl-alkyl ether within the DLX
structure. In addition, the lack of peaks at 1700 cm‘l, which
suggests 7 (pi) C=0 bonds, also evidences the presence of
ether.

The physicochemical characterization carried out in this
study represents an important step for pharmaceutical indus-
try, since we reported important information for the quality
control and pre-formulation development to guide
gastroresistant dosage forms formulations and for further
studies of this antidepressant drug.
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4 DISCUSSAO GERAL

A caracterizagao de IFAs, bem como a investigacao e identificagcdo de
possiveis incompatibilidades entre o farmaco e os excipientes sao etapas
imprescindiveis no desenvolvimento de novas formas farmacéuticas. No
Capitulo |, apresentou-se o estudo de compatibilidade do omeprazol sédico
(OMS) com dez excipientes (CMC, CS, CSD, starch 1500®, SSG, MS, carbonato
de sodio, Acryl-Eze®, acido estearico e acido citrico) comumente utilizados na
producao de comprimidos. Foram realizadas analises do farmaco puro e de
misturas fisicas farmaco-excipiente (1:1; p/p), utilizando-se as técnicas de DSC,
DRIFT e HPLC.

Estudos de compatibilidade usando DSC comumente utilizam o ponto de
fusao do farmaco como referéncia, sendo que alteragdes no evento de ponto de
fusdo indicam alguma interagdo entre o farmaco e o excipiente (PATEL et al.,
2015; TELEGINSKI et al., 2015; ATTIA; ABDEL-MOETY; ABDEL-HAMID, 2017;
DING et al., 2017; LEDETI et al.,, 2017; MEIRA et al.,, 2019). No entanto,
conforme demonstrado no Capitulo I, 0 OMS n&o apresenta ponto de fuséo,

sofrendo degradacao antes de alterar seu estado fisico.

Em decorréncia disso, a investigagao das interagdes foi realizada através
da avaliagao de alteracdes no evento exotérmico de decomposicao do farmaco.
A analise diferencial por DRIFT foi utilizada como ferramenta complementar, na
verificacao das possiveis interagdes solido-soélido nas distintas misturas binarias.
Os resultados obtidos por DSC e DRIFT demonstraram interagées do farmaco

com acido estearico, Acryl-Eze® e acido citrico.

A técnica de cromatografia a liquido de alta eficiéncia (HPLC) também foi
utilizada como ferramenta complementar, e apesar de ndo ser uma técnica de
caracterizagao no estado-solido, pois a amostra precisa estar em solucao para
ser analisada, trata-se de uma técnica quantitativa e amplamente utilizada na

industria farmacéutica.

Através das analises por HPLC, as incompatibilidades foram detectadas

através da verificacao da formagao de produtos de degradagédo da substancia
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ativa, considerando o conteudo de omeprazol (%) nas misturas binarias no
tempo zero e apdés 72 horas de contato fisico. Os cromatogramas obtidos
demonstraram o aparecimento de novos picos referentes a degradacédo do
farmaco, nas misturas binarias com acido citrico, acido estearico e Acryl-Eze®,
sendo que, nestes sistemas, o conteudo de omeprazol decresceu para 72 %,

82 % e 91 %, respectivamente.

Apds minuciosa andlise e confrontagdo dos resultados obtidos com as
técnicas de DSC, DRIFT e HPLC, foi possivel concluir que, de fato, ha
incompatibilidade entre 0 OMS e excipientes com caracteristicas acidas, como o
Acryl-Eze®, o acido estearico e o acido citrico. E que quanto maior o nimero de
grupamentos acidos na molécula, maior a degradagéao. Tal resultado condiz com

os dados da literatura que ja afirmam se tratar de um farmaco acido-labil.

No Capitulo Il foi apresentado o estudo de caracterizagao do cloridrato
de duloxetina (DLX), que demonstrou ligeira solubilidade em agua a 25 °C, e por
meio de microscopia eletronica de varredura (MEV) verificou-se presenca de
arranjo preferencialmente cristalino com sistema monoclinico. O estudo termo
analitico permitiu a determinacdo do ponto de fusdo (168,93 °C) e da pureza
98,74% (+0,03) utilizando-se a técnica de calorimetria exploratoria diferencial
(DSC). Ja por meio da termogravimetria (TG) foi possivel verificar que a
decomposicao térmica ocorre entre 170 e 330 °C, em trés eventos endotérmicos

consecutivos, com perda de massa de 58%.

Através da analise de cinética termogravimétrica com diferentes razdes
de aquecimento (5 °C, 10 °C, 15 °C, 20 °C e 25 °C min-") foi possivel determinar
os valores de energia de ativagdo para decomposic¢éo (Ea= 62,73 kJ mol'), além
da ordem da reacéo igual a zero, indicando que a decomposic¢éo térmica da DLX
independe da concentragdo do reagente, sendo constante com relagdo ao
tempo. E o fator de frequéncia de 1.607,10° min' revela o valor da fragdo de

colisdes que tem energia cinética suficiente para reagir.

A técnica de difracédo de raios-x de pé (XRPD) é amplamente utilizada na
analise de farmacos tendo em vista ser capaz de detectar e identificar diferentes
polimorfos. No caso da DLX existem dados na literatura de dois diferentes tipos
de formas cristalinas (A e T), sendo os picos 9.6, 13.9, 18.0, 18.8, 19.2, 20.8,
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27.4 e 27.9 correspondentes ao polimorfo “A”, e os picos (26/°) 12.0, 14.8, 19.8,
21.3, 21.6, 22.1, 22.4, 23.1, 24.1 correspondentes ao polimorfo “T”. A amostra
utilizada no presente estudo apresenta a forma do tipo “A”, apresentando picos
em 9.5, 13.8, 18.0, 18.8, 20.8, 27.4, e 27.9 conforme apresenta-se na Figura 8

(p.45).

A regido do infravermelho (IR) médio (4000 — 400 cm™') é comumente
utilizada para a confirmacgao estrutural de farmacos, tendo ampla aplicacéo na
identificacao e controle de qualidade de produtos farmacéuticos. Os compéndios
oficiais (United States Pharmacopeia (USP) e Farmacopeia Brasileira),
preconizam a espectroscopia no IR como um dos principais métodos para
identificacdo de farmacos. Considerando o espectro obtido na regido do
infravermelho, representado na Figura 9 (p.46), foi possivel confirmar a
identidade do cloridrato de duloxetina através da presenga dos grupamentos

conhecidos em sua férmula estrutural.

Apos a completa caracterizagao da DLX foram realizados os estudos de
compatibilidade por DSC. Para tanto, foram utilizadas misturas binarias (1:1; p/p)
de DLX e excipientes. Os resultados apresentam-se na Tabela 1 do Capitulo |l
(p.44) e demonstraram que ndo houve alteracdes relevantes no ponto de fuséo,
do farmaco associado a lactose (diluente) e ao estearato de magnésio

(deslizante), indicando a auséncia de alteragdes fisico-quimicas da DLX.

No entanto, a associagao com didxido de silicio coloidal (CSD), amido
glicolato de sodio (SSG), celulose microcristalina (MCC) e croscarmelose sédica
(CS), provocaram mudancgas na temperatura de fusado do farmaco, sendo que a
alteracao térmica mais intensa foi provocada pela associacdo com celulose
microcristalina, gerando uma variagao na temperatura de fusao do farmaco de,

aproximadamente, 30 °C.

Na avaliacdo de compatibilidade por DSC, uma interacdo pode ser
visualizada como uma mudanca no ponto de fusdo, na forma, na area de picos,
no aparecimento de uma transicdo, e no aparecimento ou desaparecimento de
picos apos mistura de componentes (DING et al., 2017; LEDETI et al., 2017). No
entanto, na analise de uma mistura binaria de dois componentes, ha

invariavelmente alguma alteragao na temperatura de transigao, na forma e area
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dos picos, 0 que pode nao ser uma interagdo danosa, devendo ser interpretado
com cautela. Quando ha suspeita de uma reacdo quimica e/ou interacdo, mas
as mudancas térmicas forem pequenas, a incompatibilidade deve ser confirmada
por outras técnicas analiticas, como, por exemplo, a CLAE (cromatografia a
liquido de alta eficiéncia). Tais alteracdes indicam, portanto, que ha algum tipo
de interacdo entre o farmaco e os excipientes, porém nao se pode afirmar que
ha incompatibilidade (OLIVEIRA, 2011; MATOS et al., 2017).

No estudo de compatibilidade do OMS apresentado no Capitulo | foi
possivel afirmar a presenca de incompatibilidade por meio da CLAE. Ja no caso
da DLX sao necessarias maiores informagdes que podem ser adquiridas por
meio de CLAE e outras técnicas a fim de comprovar a real incompatibilidade
entre o farmaco e os excipientes CSD, SSG, MCC e CS (VEIGA et al., 2018,
2020).
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5 CONCLUSAO

A caracterizagao de farmacos no estado sdlido, bem como o estudo de
compatibilidade entre farmaco e excipientes, sao etapas indispensaveis para o
desenvolvimento de novos medicamentos e/ou novas formas farmacéuticas
seguras e eficazes. Através do uso de diferentes técnicas analiticas, como DRX,
FTIR, TG/DSC e MEV, foi possivel realizar a caracterizagdo de farmacos no
estado sdlido.

A técnica de DSC se demonstrou eficaz na verificagdo da interacéo entre
farmacos e excipientes até mesmo para um farmaco sem evento de fusdo, como
0 omeprazol sédico. Para tanto, foram avaliados os eventos de degradacao do
OMS e se confirmou, com técnicas de DRIFT e HPLC (que necessita de
dissolugdo do farmaco), a incompatibilidade com os excipientes Acryl-Eze®,

acido estearico e acido citrico.

O cloridrato de duloxetina foi caracterizado por meio das técnicas de
TG/DSC, DRIFT, MEV, e DRX, sendo o polimorfo A encontrado na amostra. Dos
seis excipientes testados no estudo de compatibilidade por DSC, quatro
apresentaram interagdo com o farmaco (amido glicolato de sédio, croscarmelose
sédica, diéxido de silicio coloidal e celulose microcristalina). No entanto, para
confirmar a incompatibilidade entre eles e a DLX, sdo necessarias outras
analises de caracterizacdo, para verificar a degradacdo do farmaco e/ou

formagao de impurezas na presenca dos excipientes.

Portanto, para o desenvolvimento de formas farmacéuticas seguras e
eficazes, a completa caracterizacdo de farmacos bem como o estudo de
compatibilidade entre IFAs e excipientes sdo etapas fundamentais no processo
de pré-formulagdo, sendo necessaria uma abordagem integrada com a
associacao de diferentes técnicas analiticas, como SEM, XRPD, DSC/TG, FTIR
e HPLC.
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