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RESUMO

A hipercolesterolemia pode causar graves danos cardiovasculares e afeta,
atualmente, pelo menos 10 milhdes de individuos em todo o mundo. No Brasil,
estima-se que entre 250 mil e 300 mil pessoas sejam acometidas pela doenga, sendo
a maioria dos casos relacionada ao polimorfismo genético, associado a fatores
dietéticos e outros elementos do estilo de vida. O tratamento dessa condi¢c&do conta,
principalmente, com o uso de medicamentos da classe das estatinas, como a
sinvastatina e a atorvastatina, que atuam inibindo a biossintese do colesterol. Durante
0 processo terapéutico, podem ocorrer reacdes adversas decorrentes de interagdes
com medicamentos ou alimentos. No entanto, sdo escassos os estudos que avaliam
interagcdes com derivados de frutos da regido amazbdnica, como 0 suco de acai
(Euterpe oleracea Mart.). Para garantir a seguranca e a efetividade do tratamento, séo
necessarios estudos que investiguem tais interacdes. O objetivo deste trabalho foi
avaliar o efeito do suco de Euterpe oleracea na farmacocinética da atorvastatina. O
estudo foi conduzido com 10 voluntarios do sexo masculino, em um desenho aberto,
de dois periodos em crossover, sendo um periodo com coadministracdo da
atorvastatina com polpa de acgai e outro com administragcdo do farmaco com agua.
Amostras de sangue foram coletadas dos voluntarios para obtencdo do plasma e
posterior extragdo da atorvastatina, com analise por CLAE-DAD para construgao da
curva farmacocinética do medicamento. A analise estatistica foi realizada por método
nao compartimental, utilizando o software Phoenix WinNonlin 6.2.1, considerando
significancia estatistica de p < 0,05, por meio de teste bilateral. O estudo foi
previamente aprovado pelo Comité de Etica em Pesquisa da UNIFAP. Os resultados
demonstraram que o acai interfere na farmacocinética da atorvastatina, aumentando a
AUC (4rea sob a curva) em 38,2% e reduzindo o clearance do farmaco em 37,9%.
Isso indica que o consumo de acgai elevou significativamente a concentracao
plasmatica da atorvastatina. Acredita-se que o elevado teor de antocianinas e outros
polifendis presentes no acai tenha contribuido para a modulacéo da enzima CYP3A4,
responsavel pelo metabolismo da atorvastatina. Essa interagdo pode comprometer a
eficacia terapéutica do medicamento ou aumentar o risco de efeitos adversos,
destacando a necessidade de cautela na coadministracdo. Conclui-se que, embora o
acai possua propriedades funcionais benéficas, seu consumo simultdneo com
estatinas deve ser cuidadosamente avaliado, a fim de evitar prejuizos a eficacia do
tratamento. Este estudo contribui para uma pratica clinica mais segura e
personalizada.

Palavras-Chave: Biodisponibilidade; Bioequivaléncia; HPLC-DAD.




ABSTRACT

Hypercholesterolemia is a condition that can cause serious cardiovascular damage,
affecting approximately 10 million individuals worldwide. In Brazil, it is estimated that
between 250,000 and 300,000 people are affected, with most cases linked to genetic
polymorphisms associated with dietary and lifestyle factors. Treatment is primarily
based on the use of statins, such as simvastatin and atorvastatin, which inhibit
cholesterol biosynthesis. During therapy, adverse reactions may occur due to drug or
food interactions, yet studies involving fruits from the Amazon region, such as acai
(Euterpe oleracea Mart.), remain scarce. This study aimed to evaluate the influence of
acai juice on the pharmacokinetics of atorvastatin. An open-label, two-period
crossover clinical study was conducted with 10 healthy male volunteers. One phase
involved coadministration of atorvastatin with acai pulp, while the other involved
administration with water only. Blood samples were collected for plasma isolation,
followed by atorvastatin extraction and analysis using HPLC-DAD to construct the
pharmacokinetic curve. Statistical analysis was performed using a nhon-compartmental
method in Phoenix WinNonlin 6.2.1, with a significance level of p<0.05 using a two-
tailed test. The study was approved by the Research Ethics Committee of UNIFAP.
The results indicated that acai significantly altered the pharmacokinetics of
atorvastatin, increasing the AUC by 38.2% and reducing the drug’s clearance by
37.9%, thereby raising its plasma concentration. This effect may be related to the high
content of anthocyanins and other polyphenols in acai, which are capable of
modulating CYP3A4 enzyme activity, responsible for atorvastatin metabolism. Such
interaction may compromise therapeutic efficacy and increase the risk of adverse
effects, highlighting the need for caution in coadministration. It is concluded that
although acai possesses beneficial functional properties, its concurrent use with
statins should be carefully evaluated to ensure treatment safety and effectiveness,
thus contributing to a safer and more personalized clinical practice.

Keywords: Bioavailability; Bioequivalence; HPLC-DAD.
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1 INTRODUCAO

A hipercolesterolemia € uma grave condicao de risco para o desenvolvimento
da aterosclerose e complicacbes cardiovasculares a nivel precoce. Na maioria dos
casos esse fator & ocasionado por polimorfismo genético no contexto de fatores
dietéticos e outros fatores ligados ao estilo de vida. Estima-se que pelo menos 10
milhdes de individuos sao portadores da doenca no mundo e no Brasil esse numero
pode variar de 250 mil a 300 mil.

Dentre as classes de farmacos utilizados para diminuir a taxa de colesterol no
organismo tem-se as chamadas estatinas, que agem inibindo a enzima 3-hidroxi-3-
metilgluteril-CoA redutase (HMG-CoAredutase), que converte 3-hidroxi-3-metilglutaril
coenzima A (HMG-CoA) em mevalonato. Esta é uma agao relevante que limita a
biossintese do colesterol nos hepatdcitos, aumentando a absorcdo do LDL e
consequentemente diminuindo niveis de colesterol no organismo (EL-ZAILIK, 2019).

Segundo Rattanachotphanit (2019) a Sinvastatina e a Atorvastatina estao entre
as estatinas mais receitadas dessa classe de medicamentos. S3o farmacos
hipolipemiantes e hipolipémicas, muito presentes no cotidiano de pacientes portadores
de doencas cronicas, mostrando, portanto a necessidade de ampliar o estudo sobre a
farmacocinética desses medicamentos.

No processo de tratamento desses pacientes, a polifarmacia, ou seja, a
utilizacdo de mais de um medicamento de forma simultanea é frequentemente
praticada. Porém, esse ato pode desencadear interacdes medicamentosas, que
segundo Couto (2018) trata-se da alteracdo dos efeitos farmacoldgicos de um
determinado farmaco gerado pela administragdo antes ou durante outro farmaco.
Além da interacao farmaco-farmaco, os parametros farmacoldgicos também podem
ser alterados por habitos sociais como consumo de alguns alimentos e bebidas.

As interagdes com alimentos estao comumente associadas a alteragdoes na
farmacocinética do farmaco devido a mudangas no esvaziamento e pH gastrico ou
outras alterag0es fisioldgicas resultando em alteracdo na absorgao.

Além dos efeitos dos alimentos na absorcao de farmacos, estes também podem
influenciar na sua biotransformagdo. No figado existe uma familia de isoenzimas

chamada citocromo P450 (CYP), que metaboliza a maioria dos farmacos, dentre eles a
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1 INTRODUCAO

Sinvastatina e Artovastatina, em especifico pela CYP3A4. Assim, a inibicdo desta
enzima pode ocasionar a alteracdo da concentracdo sérica desses medicamentos.
Hoje, estudos mostram que derivados de frutas sao capazes de inibir essas enzimas,
como por exemplo, o sumo de toranja (SORRENTINO, 2019) e o suco de acai (COSTA
et al., 2016). Portanto, é possivel que o consumo do agai cause alteracdoes na
farmacocinética desses medicamentos que necessitam dessas isoenzimas para
desempenharem suas atividades farmacoldgicas. Contudo, Sprouse e Van Breemen
(2016) relatam em seu estudo que nao existem dados na literatura de ensaios seja de
pré-clinicos ou clinicos da interacdo do acai (Euterpe oleracea) com medicamentos.

O acai (Euterpe oleracea Mart.) é uma palmeira nativa da regiao norte do Brasil
que produz uma drupa globosa de tons roxos escuros, com caracterizagdo quimica
marcada pela presenca de polifendis como antocianinas, flavonoides e acidos graxos
oleico e linoleico. Sempre foi muito consumido pela populacao do norte do pais, e
atualmente ganhou o Brasil e 0 mundo por ser um alimento funcional e possuir
inimeras propriedades terapéuticas como atividades anti-inflamatodria, antioxidante e
auxiliar na prevencao de doencas cardiovasculares (DA SILVEIRA VASCONCELOS,
2019).

A relevancia de se investigar a interacdo farmaco-alimento, como estatinas e o
acai, é fornecer informacdo para toda populacao e comunidade cientifica se existe ou
nao uma interagao. Se houver uma elevagao na biodisponibilidade das estatinas com o
consumo de acai isto pode potencializar seu efeito e oferecer riscos como toxicidade
muscular caracterizada por mialgias, miopatias, dentre outras. Entretanto, se houver
uma reducdo nos seus niveis plasmaticos, pode haver uma inefetividade da
farmacoterapia. Desta forma, o estudo propde avaliar e alertar sobre possiveis
interacdes medicamentosas entre as estatinas e o suco do acai, promovendo maior

seguranca na utilizacao desta classe de medicamentos.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o efeito da polpa de acgai (Euterpe oleracea Mart.) na farmacocinética

da estatina (atorvastatina) metabolizada por CYP3A4.

2.2 OBJETIVOS ESPECIFICOS

a) Realizar a caracterizagao fisico-quimica do acgai

b) Realizar ensaios clinicos em humanos;

¢) Quantificar a atorvastatina por CLAE-DAD;

d) Determinar se ha influéncia significativa do consumo de acai (E.

oleracea) na absorcdo e biodisponibilidade da atorvastatina.

12



3 CAPITULO 1

3 REFERENCIAL TEORICO

3.1 HIPERCOLESTEROLEMIA

A elevacdo dos niveis de colesterol no sangue, conhecida como
hipercolesterolemia, € um importante fator de risco para doencgas cardiovasculares,
gue por sua vez representam uma das principais causas de doenc¢a e morte no Brasil
e no mundo. A conexao entre hipercolesterolemia e o surgimento de condigdes como
aterosclerose, infartos do miocardio e acidentes vasculares cerebrais tem sido
extensivamente estudada na literatura cientifica (FIDELIX; DE LIMA; DO
NASCIMENTO SILVA, 2024).

A catalisacédo da sintese do mevalonato é responsavel pela enzima 3-hidroxi-3-
metilglutaril coenzima A (HMG-CoA), uma reacédo que da origem aos esterdis como o
colesterol e outros derivados. Esse produto final da tem um importante papel de
conservar a integridade de membranas celulares, além de ser necessario também na
sintese de horménios esteroides. Essa producao de colesterol constante é necessaria
para manter as fungdes celulares, contudo, a acumulagdo deve ser precavida, pois
pode haver formacédo de placas solidas podendo dar origem a aterosclerose, um
importante fator de risco para doenca arterial coronariana (JOHNSON; DEBOSE-
BOYD, 2018).

A lipoproteina de baixa densidade circulante, o LDL-C, é a principal associada
as patologias citadas anteriormente por se apresentar em elevadas concentragcdes

quando individuos sdo diagnosticados com tais comorbidades (SHI et al., 2019).

A classificagdo da hipercolesterolemia € dividida em primaria e secundaria,
sendo a primaria ndo esta ligada a saude e estilo de vida, trata-se de uma deficiéncia
genética em que o gene responsavel pela fungdo dos receptores de LDL sofreu
mutagado, impedindo a remogao deste tipo de colesterol do organismo
(MACPHERSON, 2016). A secundaria sim depende de fatores de escolhas socais e
estilo de vida, como dietas ricas em calorias (MACPHERSON et al., 2016).

13



3 CAPITULO 1

A hipercolesterolemia primaria, também chamada de hipercolesterolemia
familiar € a apresentacdo mais grave da doenca devido as mutacdes do gene
responsavel pelos receptores de LDL, trata-se de um disturbio hereditario
autossOmico dominante comum, podendo ser de duas formas: homozigotos, que
apresentam com dois alelos de receptores de LDL mutado e heterozigoto, que soé
apresentam um alelo mutado (KAWASHIRI; RADDER, 2019).

Na populacao geral, estima-se que a frequéncia da hipercolesterolemia familiar
heterozigotica ocorra em 1 a cada 200-300 individuos, ja a hipercolesterolemia
familiar homozigética é estimada em 1 a cada 160.000 a 360.000, sendo que em
algumas regides como Canada, Franca, Libaneses e certas localidades da Africa do
Sul a forma heterozigotica pode vir a ter um numero mais elevado, devido ao gene
fundador provindo um pequeno numero de individuos desses paises que possuiam
uma mutacao especifica e deram origem a patologia de escala mundial(KAWASHIRI;
RADDER, 2019).

Nos pacientes portadores da forma heterozigotica, em sua farmacoterapia, sao
geralmente iniciados com a dosagem maxima de estatinas associada ou ndo com
outro medicamento chamado ezetimiba, em alguns casos sdo necessarios terapias
adicionais para reduzir os lipidios até se atingir as metas terapéuticas dos niveis de
LDL-C segundo as diretrizes preconizadas para essas patologias (DUFOUR et al.,
2019).

Ha varias opc¢des disponiveis para diagnosticar a hipercolesterolemia, incluindo
abordagens clinicas e genéticas que o profissional da saude pode optar por requisitar
aos pacientes. No entanto, uma parcela significativa de pacientes ndo recebe o
diagnostico adequado, alguns nao realizam testes analiticos quantitativos, enquanto
outros, mesmo apresentando altos niveis de LDL-C em exames, nao atentam a
resultados significantes (CUENCA VALERO, 2024).

Para se obter a confirmacao de um diagnéstico de hipercolesterolemia primaria
sempre é necessario descartar qualquer possibilidade de ser resultado de alguma
causa secundaria, essas, podem englobar varias patologias como doenca renal
cronica, sindrome nefrética e metabdlica, hipotireoidismo, diabetes mellitus tipo 2,

variados tipos de drogas e colestase; para isso empregar-se executar exames simples
14




3 CAPITULO 1

antes de qualquer diagnostico como dosagem dos niveis hormonais da tireoide, de
glicose e enzimas das fungbdes hepaticas e renais (FILIPPAS-NTEKOUAN et al.,
2019).

3.2 ESTATINAS

Conforme Sultan e colaboradores (2019) a identificacdo do primeiro inibidor da
HMG-CoAredutase ocorreu em 1976 por Akira Endo isolando uma droga chamada
compactina de um molde de penicilium. A hipotese de que um inibidor da HMG-CoA
impediria a biossintese do colesterol enddégeno surgiu com Joseph Goldstein e Michel
Brown da universidade do Texas, que testaram em animais a mevinolina, outro
inibidor similar a compactina, comprovando o aumento da captacdo do LDL e

reduzindo seus niveis plasmaticos (SULTAN et al., 2019).

As estatinas atuam como inibidores da enzima HMG-CoA, que desempenha
um papel essencial na sintese hepatica do colesterol, esse mecanismo resulta em um
aumento na regulacédo dos receptores de LDL, levando a reducao dos niveis de LDL
colesterol no sangue, assim todas as estatinas compartilham uma estrutura similar
que interfere na atividade dessa enzima (BORGES, 2023). Entre os eventos adversos
do uso de estatinas 0 mais comum é quadro de mialgia, seguido de miosite, aumento

das enzimas musculares e rabdomidlise (BORGES, 2023)..

Hoje em dia, no Brasil, sdo utilizadas clinicamente seis estatinas: lovastatina,
pravastatina, sinvastatina, fluvastatina, atorvastatina e rosuvastatina. As ultimas duas
sdo consideradas estatinas de acao prolongada e pertencem a nova geragcao de
estatinas sintéticas. Rosuvastatina €& considerada a mais eficaz, seguida por
sinvastatina e atorvastatina, devido a sua melhor relacdo custo/beneficio no
tratamento de dislipidemias e a sua ampla aplicagdo na pratica clinica (DE OLIVEIRA
SILVA et al., 2024).

A administragdo das estatinas € recomendada por via oral, uma vez ao dia,

para as estatinas de meia-vida curta, € preferivel tomar a noite, enquanto aquelas

15



3 CAPITULO 1

com meia-vida mais longa, como a Atorvastatina e a Rosuvastatina, podem ser
tomadas em qualquer momento do dia, sendo essencial manter a consisténcia no
tratamento, tomando as doses diariamente, sem interrup¢cdes ou variagbes na
dosagem (DE OLIVEIRA SILVA et al., 2024).

A atorvastatina (figura 1), como todas as estatinas, reduz o colesterol
sanguineo no organismo inibindo a HMG-CoAredutase, regulando o complexo
lipoproteico-colesterol e a absor¢cao hepatica do LDL, precavendo o risco de doencgas
cardiovasculares, sendo empregada também em doencas cardiacas (YANG, 2019). O
efeito protetor cardiaco € devido a efeitos anti-inflamatorios, supressao de altos niveis
de troponina |, proteina C-reativa, fator de necrose tumoral-1 e inibigcdo do ativador de
plasminogénio-1 (ZAREI et al., 2019.)

Figura 1: Representacao da estrutura quimica da atorvastatina.

Fonte: PubChemDatebase (acesso em 29 de abril de 2024).

3.3 FARMACOCINETICA DA ATORVASTATINA

16



3 CAPITULO 1

A atorvastatina € uma estatina amplamente prescrita para o controle da
dislipidemia e prevencdo de doencgas cardiovasculares. Sua farmacocinética
apresenta grande complexidade, sendo modulada por fatores genéticos, interagdes
medicamentosas e caracteristicas fisiologicas individuais (KOVARIK et al., 2021).
Avancos nos ultimos anos tém contribuido para uma compreensdao mais precisa
desses fatores, com destaque para a farmacogenética e o uso de modelos

farmacocinéticos baseados em fisiologia.

A atorvastatina ndo € um pré-farmaco em forma de lactona, distinguindo-se de
outras estatinas como a simvastatina. Apresenta carater lipofilico com log P de 4,1, o
que contribui para sua capacidade de atravessar membranas celulares e atingir o
figado, seu principal local de acdo. A fracao de absorcao é de aproximadamente 30%,
enquanto a biodisponibilidade sistémica € de apenas 12%, devido ao extenso
metabolismo de primeira passagem hepatica e intestinal (ASKARIZADEH et al.,
2019).

Quando administrada com alimentos, a taxa de absorgdo pode ser reduzida,
embora isso nao afete de forma significativa sua eficacia clinica (BLAHA et al., 2020).
O tempo para atingir a concentracdo maxima (T_max) varia entre 2 e 4 horas, com
concentracdes plasmaticas maximas (C_max) situando-se entre 27 e 66 ng/mL. A
atorvastatina apresenta uma alta taxa de ligacdo a proteinas plasmaticas, com fragao
ligada superior a 98%, o que influencia sua distribuicdo tecidual (ASKARIZADEH et
al., 2019).

Seu metabolismo é mediado primariamente pela isoenzima CYP3A4 do
citocromo P450, resultando na formacao de metabdlitos ativos que mantém atividade
hipolipemiante. A meia-vida de eliminagao (t1/2) da atorvastatina varia entre 15 e 30
horas, possibilitando acdo prolongada mesmo apos a ultima dose. A extracao
hepatica € superior a 70%, e apenas cerca de 2% da dose administrada € excretada
inalterada na urina, confirmando o papel do figado como principal via de eliminacao
(ASKARIZADEH et al., 2019; LINS et al., 2020).

A farmacogenética tem papel crucial na variabilidade interindividual observada
na resposta a atorvastatina. Um dos genes mais estudados nesse contexto € o
SLCO1B1, que codifica o transportador OATP1B1. A variante ¢.521T>C (rs4149056)
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tem sido associada a menor captacao hepatica da droga, aumento da concentracao

plasmatica e maior risco de efeitos adversos musculares (JI et al., 2023).

Além disso, polimorfismos no gene CYP3A5, como o alelo *3, influenciam a
taxa de metabolismo da atorvastatina, afetando a biodisponibilidade e a resposta
terapéutica (BAl et al., 2021). Estudos recentes reforcam a necessidade de considerar

essas variantes na personalizacao da terapia com estatinas.

O avangco na compreensdao da farmacocinética da atorvastatina traz
importantes implicagées clinicas. A aplicacdo de testes farmacogenéticos pode
auxiliar na escolha da dose mais segura e eficaz para o paciente, especialmente em
casos de risco de miopatia. Modelos baseados em fisiologia também podem orientar
decisdes em contextos de polimedicagdo ou em populagdes especiais, como idosos e

pacientes com comprometimento hepatico (WU et al., 2021).

3.4 ACAI E INIBICAO ENZIMATICA

A Euterpe oleracea Mart. € uma palmeira conhecida popularmente como agai,
€ nativa e ocorre de forma natural na Amazonia, pertence a familia Arecaceae com
quase 200 géneros e 2600 espécies estimadas espalhadas principalmente nas
regides de clima tropical e subtropical (DE CASTRO et al.,, 2019). Seus frutos
possuem forma esférica, sdo comestiveis, mostrando-se com tons roxos escuros
quando maduros e chegam de 10-12 mm de didmetro, geralmente sendo consumidos
na forma de polpas adquiridos através da maceracdao do pericarpo com agua
(OLIVEIRA et al., 2019).

O interesse atual em investimentos e pesquisas no fruto do acai € justificado
por suas propriedades benéficas a saude por conterem ativos com a¢ao antioxidante
e compostos fenodlicos como a antocianinas, podendo auxiliar na prevencédo do
desenvolvimento de doengas cardiovasculares e degenerativas, outra importante
atribuicdo ao fruto é devido a riqueza de possuir acidos graxos com o oleico e

linoleico e outros saturados, comparando-o assim ao azeite (SILVA et al., 2019).
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Com isso, devido os provaveis beneficios clinicos do acai argumentados,
possivelmente estd associado ao aumento do consumo do acai e seus derivados

como suplementos alimentares (ZHANG et al., 2019).

A CYP3A4 trata-se de uma isoforma da familia de enzimas chamada citocromo
P450 (CYP), tem um papel fundamental como enzima metabolizadora da Fase |,
portanto € envolvida na biotransformacédo de cerca de 60% das drogas usadas para

os tratamentos clinicos no mundo (ZHANG et al., 2019).

Ja se tem relatado no ramo cientifico que o acai € um alimento nutracéutico
com potencial para causar reacdes adversas por interagirem com o citocromo P450,
em especial a CYP3A4, existindo uma preocupacao em especial por esse fruto por
conterem distintos elementos como manganés e o aminoacido D-aspartato podendo

causar, por exemplo, ictericia colestatica (FAHIM et al., 2019).

Outro estudo, esse realizado de modo in vitro por Costa (2016) mostrou a
inativacao de 91,3% da enzima CYP3A4 causados pelo suco de acai, superando o
resultado obtido no teste com o padrdao que é o cetoconazol, que inibiu 84,1% da
atividade enzimatica. No banco de dados do Sistema de Notificacdo de Eventos
Adversos dos Estados Unidos da América 2004-2015 foi realizado um levantamento
de potenciais sinais e risco de sete suplementos dietéticos botanicos quanto ao seu
uso ao mesmo tempo com drogas anticancer, sao eles, o agai, cranberry, fibra, alho,
gengibre, chd verde e maca, em que se ressaltou que o acai foi o unico que
apresentou um sinal potencial que justificava o crescimento dos relatos de eventos

adversos graves associados ao uso de drogas anticancer (ZHANG et al., 2019).

Ainda Zhang e colaboradores (2019) observaram em seu estudo com extrato
de acai que o mesmo possui compostos passivamente dispersos com grande
potencial de causar interacdes entre medicamentos botanicos, como resultado, foi
visto que o extrato obtido através de metanol inibiu 50% da CYP3A4, entretanto o

mesmo extrato mostrou-se com potencial para induzir a produgéo da isoenzima.

Dito isto, esses estudos foram desenvolvidos a partir de notificacdo de banco

de dados de reagdes adversas e ensaios in vitro, assim como a maioria dos estudos
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atuais desenvolvidos, necessitando a realizacdo de estudos in vivo (FAHIM et al.,
2019).

3.5 FORMAS DE CONSUMO DO ACAI

O consumo de acai (Euterpe oleracea Mart.) na Regidao Norte do Brasil esta
profundamente ligado as praticas alimentares tradicionais, especialmente no estado
do Amapa, onde o fruto &€ consumido predominantemente na forma de vinho de acail,
uma bebida espessa preparada a partir da polpa batida do fruto e geralmente
acompanhada por farinha de mandioca (MOCHIUTTI; HOMMA; KOURI, 2001).
Segundo dados do IBGE (2017), o Norte do Brasil concentra mais de 85% da
producdo nacional de acai, refletindo diretamente no consumo per capita, que é

significativamente maior do que em outras regides do pais.

De acordo com Carvalho (2022), no estado do Amapa, o agai possui um papel
fundamental na seguranga alimentar da populagdo, sendo um dos alimentos mais
consumidos, inclusive como refeicao principal. Além disso, o autor ressalta que o
aumento da demanda nos anos 1990 provocou mudangas no manejo da cultura, com
comunidades ribeirinhas adotando praticas sustentaveis para garantir produtividade e
renda continua. Leite et al. (2024) acrescentam que, no Amapa, além da forma
tradicional, o fruto também é amplamente comercializado em versdes industrializadas,

como sorvetes, doces, sucos e energéticos.

A presenga do acgai no cotidiano das populagdes ribeirinhas amazobnicas
ultrapassa a simples fungcao nutricional: ele é elemento de identidade cultural e fonte
de renda em larga escala (MOCHIUTTI; HOMMA; KOURI, 2001). Leite et al. (2024)
enfatizam ainda que o acai no Amapa € consumido de maneira natural e sem adi¢cao
de acgucar, em contraste com outras regides do Brasil, como o Sudeste, onde o fruto é
preparado em forma de polpa congelada e servido adocado, geralmente
acompanhado de frutas, granola e outros complementos.
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No Brasil, especialmente nas regides Sudeste e Sul, o consumo de acgai
ganhou novas formas, adaptadas ao gosto local. Nesses lugares, a popularizagdo do
" acai na tigela|| se espalhou, sendo servido como uma sobremesa ou lanche, com a
polpa de acai batida e congelada, misturada com frutas, granola, mel e outros
ingredientes (PEREIRA et al., 2016). Essa variagdo do consumo transformou o acai
em um simbolo da alimentacdo saudavel, sendo promovido por sua riqueza em

antioxidantes e propriedades nutricionais.

Globalmente, o agai foi reconhecido como um "superalimento" devido ao seu
alto valor nutritivo, 0 que resultou em sua popularizagdo em diversos mercados
internacionais. O acai é consumido em diversas formas, incluindo sucos, smoothies,
barras energéticas e até em suplementos alimentares (PEIXOTO, 2019). Segundo
Leite et al. (2024), empresas brasileiras desempenham papel crucial na exportacéo e
na adaptacdo do produto aos gostos internacionais, com foco no mercado norte-
americano e europeu, onde o acgai € cada vez mais integrado em produtos comerciais

saudaveis.

Para Carvalho (2022), o padrao alimentar tradicional envolvendo o acai € uma
das manifestagcdes mais visiveis da cultura alimentar amapaense, sendo comum
observar o consumo diario nas refeicbes de familias urbanas e rurais. Mesmo com a
globalizacdo do produto e sua crescente exportagdo para mercados internacionais, 0s
habitos regionais permanecem fortes e resilientes. Ainda segundo os dados
apresentados por Leite et al. (2024), a expansao da comercializacdo e do consumo do
acai fora da regidao Norte tem exigido investimentos em tecnologia e logistica, o que

também repercute na organizacao da cadeia produtiva local.

3.6 INTERACAO MEDICAMENTOSA

Existem inumeras doengas no mundo, e em razao disso foram desenvolvidos
0s mais variados medicamentos, a maioria deles utiliza a familia de isoenzimas do
citocromo P450 para realizar sua metabolizacdo, totalizando mais de 70% dos

medicamentos presentes no mercado, quando administrados ao mesmo tempo
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podem modificar a acdo dessas isoenzimas, ocasionando intera¢cdes medicamentosas
que podem proceder em reagcdes adversas graves, principalmente as de estreitas
janelas terapéuticas (SHOWANDE et al., 2019).

As interagdes farmacocinéticas podem ocorrer quando um ou mais
medicamentos interferem na absorgdo, distribuicdo, metabolismo ou excrecdo de
outros farmacos. No que se refere a absorc¢ao, alguns medicamentos podem modificar
a absorcdo de outro na corrente sanguinea. A distribuicdo € influenciada pela
competicdo de dois ou mais farmacos por sitios de ligacdo limitados nas proteinas
plasmaticas. Quanto ao metabolismo das drogas, € comum que seja afetado por
enzimas hepaticas, responsaveis pela metabolizacdo e eliminagdo do corpo. No
entanto, os niveis dessas enzimas podem variar e influenciar a degradacdo dos
medicamentos. A excrecao dos farmacos pode ser afetada pela fungcéo renal ou pela
eliminacdo de um ou outro medicamento (SOARES e OKUNO, 2024).

A fase mais comum afetada € a absor¢cdo ou as atividades das enzimas do
citocromo P450, a ndo ser que a administragdo seja por via intravenosa, ja que por
essa via a concentracao do medicamento € de 100% no organismo (ROGALA et al.,
2019). Esse fator se da devido o intestino delgado humano, especificamente as
células epiteliais (enterdcitos), é frequentemente o primeiro local de metabolismo dos
medicamentos administrados por via oral, que pode contribuir significativamente para
a metabolizacdo de primeira passagem de muitos farmacos e os efeitos podem ser

amplificados por indutores dessas enzimas medicamento (SOARES e OKUNO, 2024).

Ja a interacdao farmacodinamica é resultado alterado do mecanismo de acéao
em nivel de toxicidade e eficacia, ou seja, quando ocorre a administragao de dois ou
mais medicamentos que tem como alvo molecular sitios de a¢do semelhantes, os
resultados da ligagao podem ser efeitos de ac¢do aditiva, agdo antagbnica sobre o
outro medicamento ou acado de forma sinérgica, ou seja, potencializando o efeito
desejado (HUSSAARTS et al., 2019).

Assim, é possivel que 0 acai possa causar algum desses tipos de interacao
com a atorvastatina, comprometendo o tratamento dos pacientes que realizam
coadministragbes de medicamento-alimento, podendo trazer riscos na seguranga e

eficacia da farmacoterapia.
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3.7 FARMACOCINETICA E A PRATICA CLINICA

O estudo da farmacocinética, que envolve a absorcdo, distribuicao,
metabolismo e excre¢cdo de substancias no organismo, € essencial tanto para
medicamentos quanto para alimentos, pois fornece informagdes cruciais para otimizar
os tratamentos médicos e entender melhor os efeitos do consumo alimentar no
processo terapéutico. A farmacocinética de medicamentos e alimentos ndao so6
influencia a eficacia e a seguranca de terapias, mas também desempenha um papel
importante na personalizagdo do tratamento, garantindo que os pacientes recebam o
melhor cuidado possivel.

A farmacocinética dos medicamentos é fundamental para prever sua eficacia
terapéutica e minimizar os efeitos adversos. O entendimento dos parametros
farmacocinéticos de um medicamento, como a biodisponibilidade, meia-vida de
eliminacao, volume de distribuicdo e interagdes com outras substancias, permite uma
escolha mais informada de dose e regime terapéutico (ANDERSON, 2020). Além
disso, o estudo da farmacocinética ajuda na previsao de interagdes medicamentosas,
0 que € essencial para evitar reagées adversas que possam surgir quando um
medicamento é combinado com outros farmacos ou alimentos (GARCIA et al., 2018).
Por exemplo, a absor¢ao de medicamentos pode ser significativamente alterada pela
presenca de alimentos no trato gastrointestinal. Certos alimentos podem retardar ou
até mesmo reduzir a absorcdo de medicamentos, enquanto outros podem aumentar a
taxa de absorcéo, modificando assim o perfil terapéutico do medicamento (SIMOES et
al., 2020). Esses efeitos sdo particularmente relevantes em medicamentos com uma
janela terapéutica estreita, onde uma pequena variagdo na concentracao plasmatica
pode resultar em perda de eficacia ou toxicidade (JONES et al., 2021).

Embora o foco tradicional dos estudos farmacocinéticos tenha sido em
medicamentos, cada vez mais se reconhece a importancia de estudar a interagcao
entre alimentos e a farmacocinética dos farmacos. Muitos alimentos e nutrientes tém
efeitos significativos na farmacocinética de medicamentos. Por exemplo, alimentos
ricos em gordura podem aumentar a absorcao de medicamentos lipofilicos, como
alguns anti-inflamatérios nédo esteroides (AINEs) e medicamentos antifungicos,
enquanto alimentos ricos em fibras podem reduzir a absorcdo de medicamentos

(HOFFMANN et al., 2021). Além disso, o metabolismo hepatico de medicamentos
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pode ser afetado por substancias presentes nos alimentos. Certos alimentos podem
induzir ou inibir enzimas do citocromo P450, como a CYP3A4, que é responsavel pela
metabolizacdo de muitos medicamentos (FENG et al., 2019). A toranja, por exemplo,
€ um alimento amplamente conhecido por sua capacidade de inibir a CYP3A4,
afetando a metabolizacdo de medicamentos como estatinas, com possivel aumento
da toxicidade (RODRIGUES et al., 2018). Essa interacao € relevante para os clinicos,
pois pode exigir ajustes na dosagem do medicamento ou a escolha de alternativas
terapéuticas.

Estudar a farmacocinética de medicamentos e alimentos tem implicacées
diretas na pratica clinica, especialmente na area de terapias personalizadas. A
farmacogenética, que estuda as variacbes genéticas individuais na resposta a
medicamentos, junto com o conhecimento sobre a farmacocinética de alimentos, pode
levar a uma abordagem mais precisa no tratamento de doencgas. Por exemplo, uma
compreensao aprofundada da farmacocinética de um medicamento em diferentes
tipos de alimentos pode ajudar os profissionais de saude a ajustar as orientacoes
dietéticas de seus pacientes, a fim de maximizar a eficacia do tratamento e minimizar
os efeitos adversos (WANG et al., 2020). O impacto na pratica clinica também se
reflete em como o conhecimento dessas interagbes pode ajudar a evitar eventos
adversos e melhorar a adesao ao tratamento, particularmente em pacientes com
comorbidades, como doengas hepaticas ou renais. Pacientes com essas condi¢des
podem ter alteragcdes no metabolismo e na excrecdo de medicamentos, o que pode
demandar ajustes na dosagem, levando em consideracdo tanto o medicamento
qguanto os alimentos ingeridos (WANG et al., 2019).

Além disso, o estudo das interagdes entre alimentos e medicamentos é crucial
para otimizar a seguranga dos pacientes. A compreensao dos efeitos dos alimentos
sobre a farmacocinética dos medicamentos permite que os médicos orientem melhor
seus pacientes em relacdo ao momento da ingestdao dos farmacos e suas possiveis
interacbes com a dieta. Isso €& particularmente importante no contexto de
medicamentos com uma janela terapéutica estreita, onde pequenas variagcdes na
concentragao plasmatica podem ter impactos clinicos significativos (JONES et al.,
2021). Ao incorporar esses conhecimentos no processo de prescricdo e
acompanhamento, o médico pode evitar problemas como a toxicidade

medicamentosa e melhorar a eficacia terapéutica.
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Portanto, o estudo da farmacocinética de medicamentos e alimentos nao so6 é
relevante para garantir a eficacia terapéutica, mas também é fundamental para evitar
interacOes prejudiciais entre medicamentos e alimentos. Ao compreender os efeitos
das substancias alimenticias sobre a farmacocinética dos medicamentos, os
profissionais de saude podem oferecer tratamentos mais seguros e personalizados.
Esse aprofundamento no campo da farmacocinética € essencial para aprimorar 0s
cuidados médicos, reduzir eventos adversos e garantir a saude e o bem-estar dos

pacientes.
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INTERACAO FARMACO-ALIMENTO: EFEITOS DO ACAI (Euterpe oleracea Mart.)
NA FARMACOCINETICA DA ESTATINA (ATORVASTATINA) METABOLIZADA POR
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Artigo submetido para publicacéo ao Journal of the Japanese Society for Xenobiotics Study and the
International Society for Xenobiotics Study*:

*A formatacg&o deste capitulo segue as normas da revista submetida.

26



4 CAPITULO 2

Drug Metabolism and Pharmacokinetics

DRUG-FOOD INTERACTION: EFFECTS OF ACAI (Euterpe oleracea Mart.) ON THE
PHARMACOKINETICS OF ATORVASTATIN IN HUMANS
--Manuscript Draft--

Manuscript Number: DMPK-D-25-00014

Article Type: Regular paper

Keywords: Drug-food interaction; atorvastatin; hypercholesterolemia; acai
Corresponding Author: Rodrigo Pinto da Costa, Mestrando

Universidade Federal do Amapa
Macapa, AP BRAZIL

First Author: Rodrigo Pinto da Costa, Mestrando
Order of Authors: Rodrigo Pinto da Costa, Mestrando
Breno Nunes Aguillar, Mestrando
Lilian Grace da Silva Solon, Doutora
Valéria de Paula Veras
José Perez Urizar
Franklin Teixeira Regis
Daniel Ricardo Dias Alves
Elenilze Figueiredo Batista Ferreira
Fabio Rodrigues de Oliveira
Patricia Aguirre Banuelos
Taysa Ribeiro Schalcher

Gabriel Arautjo da Silva.

Abstract: This study examined the effects of acai (Euterpe oleracea Mart.) consumption on
atorvastatin pharmacokinetics, a drug used for hypercholesterolemia and
cardiovascular disease prevention. A clinical study with six healthy male volunteers
was conducted in two phases: atorvastatin (80 mg) alone and after consuming acai
pulp (200 g, twice daily for five days). Atorvastatin’s pharmacokinetics were analyzed
using HPLC-DAD, following ANVISA guidelines. Key parameters, including area under
the curve (AUC), maximum plasma concentration (Cmax), and time to peak (tmax),
were assessed. Results showed that agai significantly reduced atorvastatin plasma
concentration, likely due to anthocyanins and polyphenols affecting the CYP3A4
enzyme, which metabolizes the drug. This interaction may impair atorvastatin’s
therapeutic efficacy, emphasizing caution in its co-administration with acai. While acai
has health benefits, its concurrent use with statins should be carefully considered to
prevent adverse effects or reduced treatment efficacy. This study contributes to safer,
personalized clinical practice.
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DRUG-FOOD INTERACTION: EFFECTS OF ACAI (Euterpe oleracea Mart.) ON
THE PHARMACOKINETICS OF ATORVASTATIN IN HUMANS

Rodrigo Pinto da Costa; Breno Nunes Aguillar; Lilian Grace da Silva Solon; Valéria de Paula
Veras; Joseé Perez Urizar; Franklin Teixeira Regis; Cecilia Silva Gomes; Daniel Ricardo Dias

Alves; Elenilze Figueiredo Batista Ferreira; Fabio Rodrigues de Oliveira; Patricia Aguirre

Banuelos; Taysa Ribeiro Schalcher; Uriel Silva; Gabriel Aradjo da Silva.

ABSTRACT

This study examined the effects of acai (Euterpe oleracea Mart.) consumption on the
pharmacokinetics of atorvastatin, a drug used for hypercholesterolemia and prevention
of cardiovascular diseases. A clinical study with six healthy male volunteers was
conducted in two phases: atorvastatin (80 mg) alone and after consumption of acai pulp
(200 g, twice daily for five days). The pharmacokinetics of atorvastatin were analyzed
using HPLC-DAD, following the ANVISA guidelines. Key parameters, including area
under the curve (AUC), maximum plasma concentration (Cmax), and time to peak
(tmax), were evaluated. The results showed that acai significantly increased the plasma
concentration of atorvastatin, probably due to anthocyanins and polyphenols that affect
the CYP3A4 enzyme, which metabolizes the drug. This interaction may impair the
therapeutic efficacy of atorvastatin, emphasizing caution in its coadministration with
acai. Although acai has health benefits, its concomitant use with statins should be
carefully considered to avoid adverse effects or reduced treatment efficacy. This study
contributes to a safer and more personalized clinical practice.

Keywords: Drug-food interaction; atorvastatin; hypercholesterolemia; acai.
INTRODUCTION

Hypercholesterolemia is a serious condition that significantly contributes to the
early development of atherosclerosis, cardiovascular complications, and strokes. This
condition is recognized as one of the main public health problems, both in Brazil and
worldwide, and is mainly attributed to modifiable risk factors, such as smoking,
sedentary lifestyle, excessive alcohol consumption, and inadequate eating habits
(FIDELIX; LIMA; SILVA, 2024; GONCALVES et al., 2024). It is estimated that
cardiovascular diseases resulting from hypercholesterolemia are the main cause of death
in Brazil and worldwide (SANTOS et al., 2024).

Among the available therapeutic approaches, statins stand out for their
effectiveness in reducing cholesterol levels in the body. These substances act by
inhibiting the enzyme HMG-CoA reductase, a rate-limiting step in the biosynthesis of

hepatic cholesterol, promoting greater uptake of LDL by hepatocytes and significantly
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reducing serum cholesterol levels (EL-ZAILIK, 2019). Atorvastatin, for example, is one
of the most prescribed and plays a crucial role in the management of patients with
dyslipidemia and other related chronic conditions (RATTANACHOTPHANIT, 2019).

However, in the clinical context, polypharmacy—the simultaneous use of
multiple medications—is a common practice, especially in patients with chronic
diseases. This increases the risk of drug interactions, which can occur both between
drugs and between drugs and foods. These interactions can alter therapeutic effects,
compromising the efficacy or safety of the treatment. Individual factors, such as weight,
gender, and lifestyle, also play a significant role in the variability of these interactions
(COUTO, 2018; ANTUNES, 2023).

Furthermore, drug-food interactions are widely studied, as they can impact
pharmacokinetic processes, such as absorption, metabolism, and excretion, altering both
the efficacy and safety of drugs (NARASAPPA et al., 2024). In clinical practice, these
interactions represent a serious challenge, as they directly interfere with therapeutic
results and can cause adverse effects or reduce the efficacy of drugs. Natural products,
such as fruits, often contain bioactive compounds capable of inhibiting or inducing
metabolic enzymes, including CYP3A4, which plays an essential role in the metabolism
of drugs such as atorvastatin (IFTIKHAR et al., 2024). Known examples include
grapefruit juice, which inhibits CYP3A4, and agai juice, whose interaction is still being
explored (SORRENTINO, 2019; COSTA et al., 2016; SPROUSE; VAN BREEMEN,
2016).

Acai (Euterpe oleracea Mart.) is a fruit native to the northern region of Brazil,
widely consumed for its functional and therapeutic properties, such as antioxidant, anti-
inflammatory and cardioprotective activities (VASCONCELOS, 2019). Rich in
polyphenols, such as anthocyanins and flavonoids, as well as omega-9 and omega-6
fatty acids, acai has gained prominence both nationally and internationally as a

functional food.

With the growing popularity of agai, there is also growing interest in its potential
effects on drug-food interactions. Despite the proven benefits, consumption of acai
together with medications such as statins can interfere with the plasma levels of these

drugs, potentiating adverse effects such as myalgias and myopathies or reducing their
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therapeutic efficacy. This highlights the importance of studying the interaction between
acai juice and statins, promoting the safe use of this class of medications. This study
seeks to fill this gap, providing relevant data for the scientific community and health

professionals, contributing to safer clinical practice.
MATERIAL AND METHODS
OBTAINING MATERIALS

The drug atorvastatin (SANDOZ®) used was obtained by the Unified Health
System (SUS) in solid form for oral administration. The acai pulp was obtained in
natura from an acai producing company, located in the city of Macap4, State of Amapa,
Brazil. The analytical standards of atorvastatin and simvastatin (internal standard) were

purchased from Sigma Aldrich (purity >97%).

PHYSICOCHEMICAL COMPOSITION AND QUANTIFICATION OF TOTAL
ANTHOCYANINS IN ACAI PULP

The acai pulp was analyzed for the following parameters: moisture content,
quantity of proteins, lipids, fibers and moisture according to methodologies described
by AOAC (2006) and Zenebon and Pascuet (2005).

The total anthocyanin content was determined by the spectrophotometric method
(AOAC, 2006). A hydrochloric acid/water/ethanol (29/1/70) solution was used to
extract anthocyanins from a 10 mL aliquot of the pulp. The extract was centrifuged for
10 min at 10,000 g and analyzed in a Shimadzu UV 1800 spectrophotometer at
wavelengths of 520 nm and 700 nm.

The total anthocyanin content was expressed as cyanidin-3-O-glucoside, which

was previously identified as the main anthocyanin present in agai.

RESEARCH SUBJECTS (HUMANS)

Six (6) healthy male volunteers, aged between 20 and 29 years with a body mass
index (BMI) ranging from 19 to 23 kg/m?, were enrolled following clinical screening.
Health status was determined through a directed medical history, physical examination,
vital signs assessment, and laboratory testing (hematology, blood chemistry, and

urinalysis). Exclusion criteria included prior participation in clinical trials within the last
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known hypersensitivity to atorvastatin; active allergic diseases; or reactive serologies for
hepatitis B, hepatitis C, or HIV.

The exclusive inclusion of male participants was chosen to minimize
pharmacokinetic variability associated with female hormonal fluctuations, particularly
those related to the menstrual cycle, which may affect drug absorption, metabolism, and
elimination. This methodological approach is widely accepted in early-phase studies
and is supported by scientific literature, as demonstrated in studies conducted by
Koytchev et al. (2004) and Mohammad et al. (2015), both of which included only
healthy male subjects. The homogeneity of the study population contributes to more
precise estimates of pharmacokinetic parameters and aligns with international

guidelines on good clinical practice.

EXPERIMENTAL DESIGN IN HUMANS

This was an open-label, two-period, parallel study, with all subjects receiving
two interventions in the same order; 6 subjects received atorvastatin 80 mg (n = 6
subjects). On day 1, a single dose of 80 mg atorvastatin was administered orally after an
overnight fast of at least 10 hours. On days 2 to 5, 200 g (UDANI et al., 2011; PALA et
al., 2018) of acai pulp orally were administered twice daily. On day 6, at steady state in
terms of acai consumption, a single dose of 80 mg atorvastatin was co-administered
orally with acai pulp (200 g) after at least 10 hours of overnight fasting. All doses of
atorvastatin were administered with 240 mL of water. In addition to the water given
with the drugs, subjects were not allowed to consume water within 2 hours after each
drug administration (KIM, 2019). Subjects were confined to the UNIFAP Basic Health
Unit, starting with atorvastatin administration until the collection of the last 12-hour
blood sample, with scheduled returns at 24h and 48h. All subjects provided written

informed consent prior to enrollment.
SAMPLE COLLECTION IN HUMANS

Serial venous blood samples (5 mL) for pharmacokinetics were obtained in
EDTA tubes through a 22-mm catheter in a forearm vein prior to dosing, i.e., time 0,
and 0.17; 0.34; 0.5; 0.75; 1; 1.5; 2; 4; 6; 8; 12; 24, and 48 hours after atorvastatin
administration at each time point. Within 30 minutes of collection, samples were

centrifuged at 1,800 g for 10 minutes at 4°C. Separated plasma was collected in tubes

and stored at —80°C until assay. Plasma concentrations of atorvastatin were measured 32
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using high-performance liquid chromatography (HPLC) with an automatic injector and
diode array detector (DAD).

SAMPLE PREPARATION AND VALIDATION

For validation of the analytical methodthe following parameters were tested according
to the Resolution of the Collegiate Board - RDC No. 166, of July 24, 2017 of the
National Health Surveillance Agency (ANVISA): accuracy was verified from at least 9
determinations, contemplating the linear range of the analytical method, in low, medium
and high concentrations, with 3 replicates at each level; Repeatability and intermediate
precision was demonstrated by the dispersion of the results, calculating the relative
standard deviation (RSD) of the measurement series according to the formula
"RSD=(SD/CMD)X100", where SD is the standard deviation and CMD, the determined

average concentration.

Calibration standard solutions for blank plasma sampleswere prepared by
spiking 270 uL of drug-free plasma provided by healthy volunteers with 30 pL of
appropriate stock solutions of selected drugs. The linearity in solution and linearity in
plasma of atorvastatin were measured at eight concentrations between 5-5000 ng/mL,
with low (15 ng/mL), medium (2000 ng/mL) and high (4000 ng/mL) quality control

points.

For recovery, selectivity was determined by chromatographic methods, proving
the chromatographic purity of the analyte signal; Detection limit was demonstrated by
obtaining the smallest amount of analyte present in the sample that can be detected, but
not necessarily quantified, under the established experimental conditions; Quantification
limit was the smallest amount of analyte in the sample that can be determined with
acceptable precision and accuracy under the established experimental conditions;
Linearity was used at least 5 different concentrations of the reference substance for the
solutions prepared in at least triplicate, evaluating whether there is a linear relationship;

and a range was established for a high, medium and low concentration of the analyte.

In order to determine the extraction of drugs from expected binding to plasma
proteinssome solvents for protein precipitation and/or liquid-liquid extraction were
evaluated, such as: methanol (AL-HASHIMI et al., 2019); acetonitrile (ALTISSIMO et
al., 2015); ethyl acetate and butanol. 900 puL of each solvent was added to 300 pL of

plasma enriched with drugs at the high control sample concentration (4000 ng/mL). To
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monitor the extraction procedures, simvastatin (2000 ng/mL) was used as an internal

standard.

INSTRUMENTATION

The high performance liquid chromatography (HPLC-DAD) system used for the
determination of statinswas Shimadzu Prominence (Kyoto, Japan) consisting of
quaternary pump (LC-20AT), degasser (DGU-20A5), automatic sampler (SIL-20A),
diode array detector (SPD-M20A), communicator module (CBM-20A) and LC Solution

Software (Sinc do Brasil, Sdo Paulo, Brazil).

For chromatographic separationPhenomenex Luna C18 reversed phase column
(150 x 4.6 mm x 5 um) and Phenomenex C18 pre-column (4 x 3.0 mm) were used.
Chromatographic separationwas isocratic, using a mixture of acetonitrile and
ammonium buffer as mobile phase. Before the first injection, the chromatographic
column was equilibrated with the mobile phase for 10 min. The injection volume was
20 pL. The chromatographic conditions were adjusted aiming at a run with fewer
interferents and better resolution of analyte peaks. The wavelength for atorvastatin was
254 nm (ALTISSIMO et al., 2015).

STATISTICAL ANALYSIS

Pharmacokinetic parameters for atorvastatin were determined by a
noncompartmental method using Phoenix WinNonlin 6.2.1 (Certara, Princeton, NJ,
USA): area under the plasma concentration-time curve from time zero to infinity
(AUCINT); area under the plasma concentration-time curve from time zero to the time of
the last quantifiable concentration (AUClast); Cmax; time to reach Cmax (tmax); and
terminal elimination half-life (t1/2). Log-transformed AUCinf, AUClast, and Cmax of
atorvastatin were compared between interventions using a mixed-effects model, and
results were presented as geometric least squares mean ratio (GMR) and 90%
confidence interval (CI). All statistical analyses were performed using R, and statistical

significance was set at p<0.05 using a two-sided test.
ETHICAL CONSIDERATIONS

The study met the ethical considerations set out in resolution 466 of December
12, 2012, of the National Health Council, and was approved by the Research Ethics
Committee (CEP) of the Federal University of Amapa (UNIFAP) after registration on
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the Plataforma Brasil and received opinion number 3,644,080.

RESULT AND DISCUSSION

Physicochemical evaluation of acai pulp
The results of the physical-chemical analyses are presented in Table 1.

Table 1. Physicochemical evaluation of acai pulp

Mean Standard
deviation
Humidity (%) 84.12 0.25
Lipids (%0) 8.9 0.61
Proteins (%) 3.39 0.28
Fibers (%) 9:32 AM 0.22
Total anthocyanins mg/100g | 62.5 3.1

The moisture content of the acai pulp analyzed in this study was 84.12%, a result
that is close to the values reported by Almico et al. (2018), which varied between
89.09% and 90.82%. Ferreira (2021) found a content of 87.60% in his research. These
data show that water is the predominant component of the pulps, making them highly
vulnerable to deterioration. The pulp is extracted through a softening process that
involves the addition of water, which justifies the high humidity associated with this

method.

Regarding anthocyanins, the pulp analyzed has a content of 62.5 mg/100g,
classified as high. This quantity is significant, especially considering that these fruits are
notoriously rich in anthocyanins, especially cyanidin 3-O glycoside, which is one of the
main compounds responsible for their health benefits.

Da Silva and collaborators (2022) conducted a detailed study on the anthocyanin
content in acai pulp, finding a significant variation between 70.17 and 75.90 mg/100g.
This analysis was carried out with samples collected in six different municipalities in
Acre, which provides a comprehensive view of the composition of this fruit in the
region. In addition, Alves (2020) conducted a study analyzing the acai peel and pulp
fractions, in which he found a content of 48.53 mg/100g. This study was carried out
with fruits from the Legal Amazon, thus contributing to a better understanding of the

nutritional composition of acai and its regional variations.
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It is important to note that the acgai pulp extraction procedures, such as the
amount of water used, significantly affect the phytochemical content. Factors such as
climatic conditions, plant variety, harvest time, and ripening stage — including light
and nutrient availability — also play a crucial role in the composition of phytochemicals
and phenolic compounds (FERREIRA, 2021). These elements help to explain the
discrepancies between the results of this study and data found in the literature, in
addition to considering the specific type of pulp demonstrated. This understanding is
essential to interpret the variations in phytochemical contents and their implications for
the quality of acai.

Effect of acai intake on the pharmacokinetics of atorvastatin

In the present study, we developed, adapted, and validated an analytical method
based on high-performance liquid chromatography with a diode array detector (HPLC-
DAD), based on the protocol by Altissimo et al. (2015), for the determination of
atorvastatin in human plasma. The method was validated according to the guidelines of
RDC No. 166/2017 of ANVISA, evaluating the parameters of linearity, accuracy,
precision, selectivity, detection limits, and quantification. Linearity was confirmed in
the range of 5 to 5000 ng/mL (R>0.99), while precision and accuracy met the regulatory
criteria at low, medium, and high concentrations (RSD <5%). The method was also
optimized to ensure high chromatographic purity and efficiency in the separation of
analytes using a C18 column and isocratic mobile phase of acetonitrile and ammonium
buffer. Additionally, the protein precipitation and liquid-liquid extraction technique
with acetonitrile was validated, demonstrating excellent recovery of the analyte
(ARAUJO-SILVA et al., 2024). The method proved to be suitable for the
pharmacokinetic study of atorvastatin, presenting robustness and reliability in the

analysis of plasma concentrations over time.

Atorvastatin calcium is a drug used primarily to lower high cholesterol levels
and prevent cardiovascular disease. This type of statin works by inhibiting the enzyme
HMG-CoA reductase, which is essential for the production of cholesterol in the
liver.(BELHOCINE, 2024). It has low solubility but high permeability, in addition to
reducing cholesterol and triglyceride levels, atorvastatin calcium is especially effective
in reducing the risk of heart attack, stroke and other cardiovascular complications in
patients at risk.(BELHOCINE, 2024).
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Differences in statin structure result in marked variations in their
pharmacokinetic properties. Lipophilic statins, for example, are largely metabolized by
the cytochrome P450 system, especially by the CYP3A4 enzyme, which may lead to
interactions with other drugs and increase the risk of muscle toxicity. In contrast,
hydrophilic statins rely less on this metabolic pathway, resulting in a more favorable

side effect profile (ZEINA et al., 2019).

Another study by Ahmad and Lutvi (2023) highlights that both induction and
inhibition of CYP3A4 can significantly impact the efficacy and safety of the drug.
Induction can result in inadequate therapeutic effects, while inhibition and inactivation
can cause toxicity due to increased drug concentrations in the bloodstream. Some
substances present in acai pulp are capable of inhibiting some enzymes of the CYP
group. A study conducted by Nanjappan, Somabattini and Ravichandiran (2022)
revealed that co-administration of acai significantly affected the pharmacokinetics of
atorvastatin, resulting in a decrease in maximum concentration (Cmax), which fell from
41.78 ng/ml to 34.65 ng/ml. In addition, the area under the curve (AUC) also showed a
reduction, going from 227.66 to 136.31 (ug/ml) *h. These data indicate a decrease in
the absorption or bioavailability of atorvastatin when administered together with acai. In
the present study, it was observed that individuals after ingesting acai presented
significant changes in the pharmacokinetic profile of atorvastatin, such as significant
changes in clearance (ClI).

Table 2. Pharmacokinetic parameters of atorvastatin before and after acai

ingestion.

PK parameter Atorvastatin Atorvastatin + acai

Ke (A 1/h) 0.23+0.10 0.15+0.08
t1/2 (h) 3.52+1.72 6.45+4.75
Tmax (h) 0.66+0.20 1.29+0.64
Cmax (ng/mL) 29.11+8.39 34.7518.72
AUC 0-t 127.52+40.48 176.26+61.05
(ng/mL*h)
AUC 0-inf 142.30+32.80 239.18+68.01*
Vd (mg)/(ng/mL) 3.19+2.09 3.12+1.82
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CI (mg)/(ng/ml)/h 0.58+0.12 0.3620.13*

The results showed that the pharmacokinetic profile of atorvastatin was:
maximum concentration (Cmax), area under the curve (AUC), volume of distribution
(Vd); clearance (CI); half-life (t1/2); mean residence time (MRT). Atorvastatin: t1/2
()3.52+1.72; Tmax  (h)0.66+£0.20; Cmax  (ng/mL)29.11+£8.39;  AUCO-t
(ng/mL*n)127.52+40.48; AUC 0-inf 142.30+32.80; Vd (mg)/(ng/mL)3.19+2.09; CI
(mg)/(ng/ml)/h0.58+0.12. Atorvastatin+acai: t1/2 (h)6.45+4.75; Tmax (h)1.29+0.64;
Cmax (ng/mL)34.75+8.72;AUC 0-t (ng/mL*h)176.26£61.05; AUC O0-inf
239.18+68.01*;Vd(mg)/(ng/mL)3.12+1.82;Cl (mg)/(ng/ml)/h0.36+0.13.

Interactions between phytochemicals, present in foods and herbs, and drugs are a
field of increasing relevance in contemporary pharmacology. The CYP3A4 enzyme, one
of the most significant isoforms of the drug metabolizing system, plays a crucial role in
this context. This enzyme is responsible for metabolizing approximately 50% of the
drugs used in clinical practice, including statins, such as atorvastatin, and many other
commonly prescribed drugs. Induction or inhibition of CYP3A4 can have profound
consequences on the efficacy and safety of treatments. Enzyme induction may result in
insufficient therapeutic effect, while inhibition may cause toxicity due to drug
accumulation in the bloodstream (AHMAD and LUTVI, 2023).

Studies have shown that, specifically in the case of atorvastatin, its metabolism
occurs predominantly through CYP3A4. It has been observed that at high
concentrations, atorvastatin can inhibit its own metabolism, leading to a decrease in the
rate of metabolism (PARK et al., 2008). This interaction between the drug itself and the
enzyme illustrates the complexity of enzymatic dynamics and the importance of

carefully monitoring pharmacotherapy.

Furthermore, recent research indicates that the metabolism of statins such as
atorvastatin is more active in the intestine than in the liver. This information is crucial,
as it suggests that the absorption and bioavailability of the drug may be altered by
dietary factors, such as the consumption of fruit juices. The impact of food on the
pharmacokinetics of drugs is an area that requires further attention, as it can result in

significant variations in therapeutic efficacy (FILPPULA et al., 2021). The presence of
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phytochemicals in fruit juices can induce or inhibit CYP3A4 activity, leading to

differences in response to treatment between individuals depending on their diets.

Research on acai, for example, illustrates how phytochemicals can affect the
pharmacokinetics of drugs. Studies in animal models have shown that coadministration
of acai and atorvastatin resulted in a significant decrease in the maximum concentration
and area under the curve of atorvastatin, indicating that acai may interfere with drug
absorption (NANJAPPAN et al., 2022). This finding is especially important because it
suggests that including acai in the diet may reduce the efficacy of atorvastatin, raising

the need to consider diet when prescribing medications.

Although an in vitro study did not find significant inhibition of CYP3A4 by
crude acai fractions (BRADLEY and HOLLERS, 2013), data obtained from in vivo
assays suggest a more complex interaction. This raises questions about the form of
consumption and the amount of acai ingested, as well as the potential variation in acai

composition among different products available on the market.

Furthermore, research shows that certain agai extracts can substantially inhibit
CYP3A4, showing a dose-response relationship. Compounds such as diosmetin, when
administered in higher concentrations, resulted in greater inhibition of the enzyme
(ABBASI, 2017). This information is essential for clinical practice, as it indicates that
increased acai consumption may pose risks for individuals who use medications
metabolized by this pathway, reinforcing the importance of more rigorous dietary

guidance for these patients.

The importance of phytochemical-drug interactions goes beyond acai. The work
of PETRIC et al. (2020) highlights that fruit juices may contain a variety of
phytochemicals that affect the activity of cytochrome P450 enzymes. These changes in
enzyme activity may result in altered systemic exposures to drugs, potentially leading to
undesirable therapeutic effects or increased toxicity. This is particularly concerning in
populations that regularly consume phytochemical-rich fruit juices, where the

interaction may be cumulative over time, impacting treatment efficacy.

For example, grapefruit juice is widely recognized for its ability to inhibit
CYP3A4, resulting in significant drug interactions. The clinical implications of

grapefruit consumption can be severe, leading to unexpected increases in plasma drug
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concentrations, which may result in toxicity. This dynamic highlights the importance of

considering food interactions in clinical practice.

Research also suggests that other dietary substances, such as curcumin and
resveratrol, can inhibit cytochrome P450 enzymes, causing relevant drug interactions
(SHEILA et al., 2020). This scenario makes it clear that not only what we eat, but how
we consume it, can influence the effectiveness of treatments. The way food is prepared
and the presence of other nutritional components can alter drug interactions, an aspect

that is often overlooked in current clinical guidelines.

Additionally, food processing can modify the properties of phytochemicals, as
demonstrated in a study of grapefruit juice processed with cyclodextrins, which resulted
in significant inhibition of CYP3A4 activity (KEISHI et al., 2020). This finding
suggests that preparation methods may alter the potential for certain foods to interact
with drugs, indicating the need for additional research to explore how different forms of

food consumption may affect pharmacotherapy.

Finally, recognizing the importance of interactions between phytochemicals and
drugs demands a more holistic approach in clinical practice. Healthcare professionals
should be proactive in considering patients’ individual diets, providing clear guidance
on foods that may affect drug efficacy. This not only optimizes therapy but also helps to

avoid potential adverse effects that may arise from unexpected interactions.

In summary, the complexity of interactions between phytochemicals and drugs,
especially regarding CYP enzymes, highlights the importance of a careful and informed
approach to drug prescribing. Integrating knowledge about diet and metabolism can lead
to safer and more effective practices, promoting treatment that is not only based on
pharmacological evidence, but also aligned with patients’ dietary needs and habits. This
integrated perspective is essential to advance treatment personalization and promote

positive clinical outcomes.

Bezerra, Freitas-Silva and Damasceno (2015) discuss aspects related to the
production, market and consumption of agai, which plays an essential role in the
Amazon region, standing out for its pulp consumed fresh or frozen and for its natural
anthocyanin colorant, widely used in the pharmaceutical, cosmetic and food industries.
In the last five years, the main global products derived from acai were juices (22%),
energy drinks (12%), snacks (9%), desserts (7%), dairy products (5%) and sweets (3%).
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The United States, Brazil and Canada led the launches, representing 30%, 19% and 8%,

respectively.

Mei, Beadle and Niemeyer (2019) analyzed acai supplements in various forms,
such as capsules, powders, frozen pulp and liquids, verifying variations in the
concentrations of anthocyanins, flavonoids and antioxidant properties. The study
revealed that the amount of acai in the products may be low and that factors such as
water content, composition and substances present affect the physicochemical

properties.

The results of this study demonstrate that acai consumption significantly alters
the pharmacokinetics of atorvastatin. An increase in the area under the curve (AUC) and
a reduction in clearance (Cl) were observed, suggesting that the phytochemicals present
in acai interfere with the metabolism of the drug (Figure 1 and Table 2). This interaction
can be attributed, in part, to the inhibition of the CYP3A4 enzyme, one of the main
enzymes responsible for the metabolism of atorvastatin.

CYP3A4 metabolizes approximately 50% of clinically used drugs, including
statins. Changes in the activity of this enzyme, by inhibition or induction, can result in
significant variations in the therapeutic efficacy and safety profile of treatments
(AHMAD & LUTVI, 2023). Although previous studies in animal models have indicated
that acai can decrease the plasma concentration of atorvastatin (NANJAPPAN et al.,
2022), our data indicate the opposite, with an increase in the bioavailability of the drug.
This divergence may be related to the form of consumption, concentration of
phytochemicals, and variations in the processing of acai, as discussed by Bradley and
Hollers (2013).

The increase in AUC observed in our study is consistent with the impact of other
phytochemical-rich foods, such as grapefruit juice, widely known to inhibit CYP3A4
and increase plasma concentrations of drugs metabolized by this pathway (PETRIC et
al., 2020). Similarly, compounds present in acai, such as flavonoids and anthocyanins,
may exert inhibitory effects on CYP3A4, as demonstrated in in vitro and in vivo studies
(ABBASI, 2017).

Additionally, the prolongation of the half-life (t1/2) of atorvastatin in the
presence of acai reinforces the hypothesis of a reduction in the metabolism rate,

probably due to the decrease in the activity of intestinal CYP3A4, where atorvastatin
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metabolism is more active (FILPPULA et al., 2021). This interaction may have
important clinical implications, increasing the risk of toxicity, especially in patients who
concomitantly use other drugs metabolized by this route.

The reduction in CI also highlights the need for reassessments in atorvastatin
dosage in patients who regularly consume acai. Although our study was conducted
under controlled conditions, the observed effects emphasize the importance of a
personalized approach in medication prescription, considering regional dietary habits. In
the study developed by Neves, Silva and Nogueira (2024) highlight the socioeconomic
and cultural relevance of acai in the North region, with its consumption being strongly
linked to its ancestral appeal, in addition to being considered a ritualistic and cultural

practice as a main or complementary source of food.

Finally, our findings highlight the relevance of additional studies to characterize
the chemical composition of consumed acai and determine the impact of different
processing methods on its pharmacological effects. This understanding will be crucial
for the development of clinical guidelines that consider food-drug interactions in

populations that regularly consume acai-based products.

CONCLUSION

This study shows that acai interferes with the pharmacokinetics of atorvastatin,
increasing AUC by 38.2% and decreasing clearance by 37.9%. These results highlight
the importance of considering food-drug interactions in clinical practice, especially in
populations that consume foods rich in phytochemicals. Including detailed dietary
assessments in clinical routine can optimize drug therapy and prevent adverse effects

associated with unexpected interactions.
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Figure 1. Atorvastatin concentration curve before and after acai ingestion.

47



Plasma concentration (ng/mL)

Figure 1
30

25

--Alorvastatina + Acali

-e-Atorvastatina

Time (h)

4 CAPITULO 2

48



*Copyright Transfer Form

JAPANESE SOCIETY FOR THE STUDY OF XENOBIOTICS (JSSX)
CONSENT TO PUBLISH AND TRANSFER OF COPYRIGHT

TITLE OF CONTRIBUTION: (please fill in)
DRUG-EOCO INTERAGTION. EFFECTS OF AGAl (Eutarpe clersces Mant ) ON THE PHARMACOXINETICS OF ATGRVASTATO! IN HUMANS

AUTHOR(S): (please 6ill in)
Padgo Pinto os Corta: Brang Nures Aguilar; Ll Grace du St Solon; Valira de Puut Verse. Jovk Peres Uraar, Frankin Tecrsirs fagie; Daniel Ricardo Dias Alvos, Eleniee Figuevsds Batista Fereru. Fatio

Roxtriguns (e Ometre-PamerAgrTe Sermroe Ty Rt ORI T St
NAME OF JOURNAL: Drug Metabolism and Pharmacokinctics

COPYRIGHT TRANSFER FORM AND WARRANTIES

1. The undersigned asuthoe or authons (Author) of the above article (Article) transfers and assigns exclusively w JSSX
(Publisher) all Author's right, title, and interest in the Article, including, without limitation, the copyright therein.
These rights inchude without limitation mechanical, clectronie, and visual reproduction; electromic storuge and
retricval; and all other forms of electronic publication or any other types of publication including all subsidiary rights.

12

I retumn for said nghts, Publisher grants to Author the following rights:
a. Al proprictary rights relating to the Article, other than copyright, such as patent nights.
b, The right 10 use, after publication, part or all of the Article in subsequent works of Author, provided that written
permission is granted by Publisher and that proper acknowledgment is made to the source and to the Publisher,
. The right to make oral presentation of the material in any form.

R

Any other use or reproduction of the work requires a fee and/or permission from Publisher,
4 Intheevent that the Articles is neither accepted nor published by Publisher, this agreement becomes null and void.

5. Author warrants that the Article s ongimal work und has not been published before in any form and that it does not
infringe upon any copyright, contains no libelous or otherwise unlawful statements, and does not otherwise infringe
on the rights of others, and that any necessary permission to quote from another source has been obtained. (In some

Journals, articles that have appeared in conference proceedings are acocplable; therefors, if this is the case, Author
should annotate (s agreement by including the dare and name of the conference at the bottom.)

6. The responsible guthor declares that any person named as co-author of the Contribution s sware of the fact and has
agreed to being so named.

MANUSCRIPT HANDLING FEE WAIVER REQUEST

Submissions will only be considered after payment of a manuseript handling fee (the amount equivalent to the annusl membership
fee of JSSX, JPYR,000 ax of December 1, 2017). Members of ISSX and ISSX are eligible for a manuscript handling fee waiver
Please tick the appropriate box below.

D I request o waiver. Membership: JSSX / ISSX (delete as appropriate.) _Name: Membership number:
I am not eligible for u waiver. I agree to pay the manuscript handling fee.

o Vonte da (ot Fabwony 6, 2025

RESPONSIBLE AUTHOR (1n print) Duste (month, day, yoar )

“WmE

Signatare

For Publisher s use anly: Ms. Reference No.




CONSIDERACOES FINAIS E PESPECTIVAS

Este estudo possui grande relevancia no contexto social, especialmente
considerando o elevado consumo de acai na regido analisada.

As dislipidemias estao entre as principais causas de mortalidade e
hospitalizagdes no Brasil e no mundo. Compreender o impacto dos alimentos
no controle dos niveis lipidicos é fundamental para aumentar a sobrevida
dos pacientes.

Todas as amostras foram coletadas de maneira adequada e armazenadas
conforme as recomendacOes da literatura, assegurando a precisao e
confiabilidade dos resultados.

Foi possivel identificar um aumento na biodisponibilidade da atorvastatina
apdés o consumo de acai, evidenciado pela elevacao da concentragao
plasmatica do farmaco. Esse achado sugere a existéncia de uma interagao
entre 0 medicamento e o alimento, o que pode elevar o risco de toxicidade.
As antocianidinas, ao induzirem a enzima CYP3A4, normalmente aceleram o
metabolismo de diversos farmacos. No entanto, no caso da atorvastatina,
observou-se uma reducao na metabolizacao do seu composto ativo, o que
pode comprometer sua eficacia e seguranca.

Para pesquisas futuras, pretende-se ampliar o estudo para outras estatinas,
como a rosuvastatina, além de aumentar o nUimero de participantes,
incluindo tanto individuos saudaveis quanto pacientes com dislipidemia.
Outro objetivo é realizar a identificacdo qualitativa e quantitativa de outros
compostos resultantes do metabolismo mediado pela CYP3A4, contribuindo
para um entendimento mais aprofundado das interacdes entre alimentos e

medicamentos.
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ANEXO 2 — Comprovante de submissao do artigo

0" Outlook

Submission to Drug Metabolism and Pharmacokinetics - manuscript number

De Drug Metabolism and Pharmacokinetics <em@editorialmanager.com>
Data Qui, 06/03/2025 03:11

Para Rodrigo Pinto da Costa <rodrigo_cost95@hotmail.com>

*This is an automated
message.* Manuscript Number:

DMPK-D-25-00014
DRUG-FOOD INTERACTION: EFFECTS OF ACAI (Euterpe oleracea Mart.) ON THE
PHARMACOKINETICS OF ATORVASTATIN IN HUMANS

Dear Sr Costa,

Your above referenced submission has been assigned a manuscript number: DMPK-
D-25-00014.

To track the status of your manuscript, please log in as an author at
https://www.editorialmanager.com/dmpk/, and navigate to the "Submissions Being

Processed" folder. Thank you for submitting your work to this journal.

Kind regards,
Drug Metabolism and

Pharmacokinetics More
information and support

You will find information relevant for you as an author on Elsevier's Author Hub:
https://www.elsevier.com/authors

FAQ: How can | reset a forgotten password?
https://service.elsevier.com/app/answers/detail/a id/28452/supporthub/
publishing/ For further assistance, please visit our customer service
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site: https://service.elsevier.com/app/home/supporthub/publishing/

Here you can search for solutions on a range of topics, find answers to frequently
asked questions, and learn more about Editorial Manager via interactive tutorials.
You can also talk 24/7 to our customer support team by phone and 24/7 by live chat
and email

#AU_DMPK#

To ensure this email reaches the intended recipient, please do not delete the above
code

In compliance with data protection regulations, you may request that we remove your
personal registration details at any time. (Use the following URL:
https://www.editorialmanager.com/dmpk/login.asp?a=r). Please contact the publicatio
office if you have any questions.

n
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ANEXO 3 - Status de submisséao

02/04/25, 17:47 Elsevier - track your submission

SR Track your submission
RISEVIER

This is a2 new submission-tracking service. Thank you, could you tell us more?

Peer review status

DRUG-FOOD INTERACTION: EFFECTS OF AGA[ (Euterpe oleracea

Mart.) ON THE PHARMACOKINETICS OF ATORVASTATIN IN
HUMANS

* Reviews completed: 2
* Review invitations accepted: 2

* Review invitations sent: 2

Watch to learn what we're doing behind the scenes 71

Journal:
Drug Metabolism and Pharmacokinetics

Corresponding author:
Rodrigo Costa

First author:
Rodrigo Costa

Date of submission:

hitps:/track.authorhub. elsevier.com/?uuid=2b8cicec-Bce8-44ef-Bale-f40326c34230 "2
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02/04/25, 17:47 Elsevier - track your submission
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Manuscript number:
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Please visit our Journal Article Publishing Support Center
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