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RESUMO

DESENVOLVIMENTO E VALIDACAO DE METODO POR CLUE-EM/EM PARA
MONITORAMENTO PLASMATICO DE LOSARTANA E SEUAMETABOLITO ATIVO EM
PACIENTES COM DOENCA RENAL CRONICA

RESUMO

Introducdo: O monitoramento terapéutico de Losartana e seu metabdlito por métodos
bioanaliticos em pacientes renais crénicos visa promover a individualizacao posolégica e a
otimizacao dos tratamentos farmacologicos, além de prevenir terapias invasivas e garantir
a seguranca do paciente. Objetivo: Assim, o objetivo foi avaliar o perfil farmacoterapeutico
dos pacientes renais amblatorias de um hospital publico no amapa, além de desenvolver e
validar um método por Cromatografia Liquida de Ultra Eficiéncia acoplada a Espectroscopia
de Massas sequencial (CLUE-EM/EM) para quantificacdo simultanea de Losartana e seu
metabdlito ativo para monitoramento plasmatico em pacientes renais crénicos.
Metodologia: No primeiro momento, levantou-se dados de comorbidades e medicamentos
utilizados pelos pacientes, resultando como Hipertensdo a comorbidade principal e
Losartana como medicamento de maior frequéncia de uso, sendo 0 mesmo e seu
metabdlito ativo (Acido Losartana) selecionados para o desenvolvimento de método capaz
de monitorar suas concentracdes em plasma humano. Realizou-se a coleta de sangue de
cinco paciente renais crénicos que faziam uso de Losartana. O método desenvolvido foi
validado analiticamente e bioanaliticamente para a matriz plasma. Resultados e
discussdes: O método apresentou linearidade, precisdo, exatidao, sensibilidade, robustez,
eficiéncia de extracdo e seletividade para os intervalos de concentracdo de 0,005 — 1 uyg/mL
para Losartana e de 0,001 — 6 pg/mL para o Acido Losartana. Na aplicagdo do método nas
amostras dos pacientes, observou-se que dois pacientes apresentaram niveis
subterapéuticos de Losartana e do metabdlito apdés a administracdo da dose de
manutencdo, demonstrando a necessidade de monitorar este anti-hipertensivo
administrado aos pacientes renais, para o controle da pressao arterial, e garantir eficacia e
seguranca no tratamento farmacoldgico. Concluséo: Portanto, se apresentou um método
eficaz e sensivel, possibilitando a implementacdo de protocolos clinicos para o
monitoramento da Losartana

Palavras-Chave: Doenca Renal Cronica; Monitoramento terapéutico de farmécos; CLUE-EM/EM;
Losartana; Acido Losartana.

Agradecimentos: CAPES, FAPEAP (PPSUS), USC-Spain, PPGCF-UNIFAP
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ABSTRACT

DEVELOPMENT AND VALIDATION OF AN UHPLC-MS/MS METHOD FOR THE
PLASMATIC MONITORING OF LOSARTAN AND ITS ACTIVE METABOLITE IN
PATIENTS WITH CHRONIC KIDNEY DISEASE

Introduction: The therapeutic monitoring of Losartan and its metabolite by bioanalytical
methods in chronic renal patients aims to promote the posologic individualization and
optimization of pharmacological treatments, as well as to prevent invasive therapies and to
guarantee patient safety. Objective: The aim of this study was to evaluate the
pharmacotherapeutic profile of ambulatory kidney patients at a public hospital in amap4, in
addition to developing and validating a method by Liquid Chromatography of Ultra Efficiency
coupled to sequential Mass Spectroscopy (UHPLC-MS/MS) for quantification of Losartan
and its active metabolite for plasmatic monitoring in kidney chronic patients. Methodology:
At the first moment, we obtained data on comorbidities and medications used by the
patients, resulting in hypertension as main comorbidity and Losartan as the most frequently
used medication, being the same and its active metabolite (Losartan Acid) selected for the
development of method able to monitor their concentrations in human plasma. Blood was
collected from five chronic renal patients who were taking Losartan. The developed method
was validated analytically and bioanalytically for the plasma matrix. Results and
discussion: The method presented linearity, precision, accuracy, sensitivity, robustness,
extraction efficiency and selectivity for the concentration ranges from 0.005 - 1 ug/mL for
Losartan and 0.001 - 6 uyg/mL for Losartan. In the application of the method in the patient
samples, it was observed that two patients presented subtherapeutic levels of Losartan and
the metabolite after administration of maintenance dose, demonstrating the need to monitor
this antihypertensive administered to renal patients for control of blood pressure, and ensure
efficacy and safety in pharmacological treatment. Conclusion: Therefore, efficient and
sensitive method was presented, enabling the implementation of clinical protocols for the
monitoring of Losartan

Keywords: Chronic Kidney Disease; Therapeutic drug monitoring; UHPLC-MS/MS; Losartan; Losartan
acid.

Acknowledgements: CAPES, FAPEAP (PPSUS), USC-Spain, PPGCF-UNIFAP
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1 INTRODUGAO

1.1. DOENCAS RENAIS

Os rins sdo oOrgdos responsaveis pela regulacao fisioldgica do corpo humano, tais
como pressdo sanguinea, osmolaridade, pH, balanco idnico, excretar residuos e
substancias estranhas, dentre outros (SILVERTHORN, 2010). Quando o rim apresenta
danos severos, comprometendo suas funcdes fisiolégicas, o paciente pode apresentar o
quadro clinico de insuficiéncia renal, sendo classificada como aguda ou crénica
(GAGNEBIN et al., 2018; CANADAS-GARRE et al., 2018).

A insuficiéncia renal aguda apresenta uma reducéo, na fungéo dos rins, acelerada,
mantendo-se por periodos variaveis. Dependendo do acompanhamento e terapia
empregada, este quadro clinico pode ser reversivel. Ja insuficiéncia renal crbnica é
caracterizada pela perda lenta, progressiva e irreversivel das fungdes renais, podendo ser
até certo ponto assintomaticas ou ndo (SILVERTHORN, 2010; GAGNEBIN et al., 2018;
CANADAS-GARRE et al., 2018).

A doenca renal cronica (DRC) se tornou um grave problema de saude publica devido
a sua comorbidade com doencas crénicas como hipertensédo arterial sistémica e diabetes
mellitus. Silva (2017), realizou um estudo com 156 pacientes renais cronicos na Unidade
de Nefrologia do HCAL, onde observou-se que 83,79 % apresente pelo menos uma

comorbidade conforme a Figura 1.
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Others 2.29%(3)

Diabetes Mellitus [ 0.76% (1)

Hypertension + Others - 10.69%(14)
Hypertension = Diabetes Melittus + Others - 10.69%(14)
Hypertension + Diabetes Melittus _ 23.66%(31)
0 10 20 30 40 50 60 70 80

Reproduzido com a permissao de SILVA, 2017. Legenda: Hypertension (Hipertensao),

Others (Outros).

1.2.LOSARTANA POTASSICA

A Losartana € um composto sintético potente, anti-hipertensivo, ativo por via oral,
considerado o primeiro antagonista do receptor da angiotensina Il (ARA II), ndo peptidico.
Mais especificamente, trata-se de um antagonista total, competitivo e especifico dos
receptores da angiotensina Il, metabolizado em acido Losartana (EXP3174), que é uma
molécula quimica similar e com maior potencial terapéutico, sedo 10 a 40 vezes mais

potente do que a Losartana (LO., 1995; AL-MAJED., 2015)

1.2.1. Caracteristicas Farmacocinética
A losartana é um farmaco de rapida absor¢do por via oral, atingindo pico de
concentragdo plasméatica maximo (Cmax = 252,6 + 102,6 ng/ml) de 1 a 2 horas apés a

administracao (Tmax = 1,36 £ 0,71), com tempo de meia-vida de 2 horas (T12= 2,84 £ 1,14).
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O volume de distribuicdo da losartana é de 34 litros, ambas as moléculas tém ligacdo
as proteinas plasméticas maior que 99%, com concentracdes livres para os 6rgdos-alvo
nos locais de seus receptores (LO., 1995; AL-MAJED., 2015).

Aproximadamente 14% de uma dose de losartana é convertida no metabatito
EXP3174, este atingi pico de concentracdo plasmatica (Cmax = 283,2 + 127,1 ng/ml) de 3 a
4 horas (Tmax = 3,80 £ 1,20) e sua meia-vida de 6 a 9 horas (T12= 6,01 + 0,94). A principal
via metabdlica para a losartana € através do citocromo P450 (LO., 1995; AL-MAJED.,
2015).

Em relacdo a &rea abaixo da curva (AUCot), a losartana apresenta 480,8 + 162,6
ng/ml.h e o metabdlito 2148,2 + 853,5 ng/ml.h. A depuracdo plasmatica da losartana e de
seu metabdlito, aproxima-se de 600mL/min e 50mL/min, respectivamente. A depuragéo
renal € de 74mL/min para losartana e de 26mL/min para EXP3174. Quando o farmaco é
administrado por via oral, 4% da dose € excretada na urina e 6% na forma metabolizada

(LO., 1995; AL-MAJED., 2015).

1.3. MONITORAMENTO TERAPEUTICO DE FARMACOS

As técnicas de monitoramento terapéutico de farmacos (MTF) sdo empregadas para
garantir a seguranca e eficacia de um tratamento farmacoldgico e nos estudos de
farmacocinética. A sua implementacdo possibilita a otimizagcdo do custo-beneficio
associado a intervencdo medicamentosa (TOUW et al., 2005).

Justifica-se a sua aplicacdo a farmacos com margem terapéutica estreita, farmacos
com elevada variabilidade farmacocinética e em grupos de pacientes com caracteristicas
farmacocinéticas particulares, como neonatos ou renais. E também relevante o MTF de
farmacos sem especificidade clinica de eficacia ou toxicidade. Isto €, quando o objetivo

clinico é a prevencado ou a auséncia de sintomas, em curto prazo so € possivel garantir que
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esse efeito advém da terapéutica através da certificacdo por MTF da existéncia e
manutencao de concentracdes plasmaticas eficazes. Quando o paciente apresenta sinais
e sintomas de toxicidade inespecificos, por exemplo, distirbios gastrointestinais numa
intoxicagao por digitélicos, o estabelecimento de um nexo de causalidade com a terapéutica
pode ser estabelecido pela verificacdo da existéncia de concentracbes plasmaticas
excessivas (STOTT; HOPE, 2017; RICHARDS et al., 2017).

Ser4 candidato a monitoramento terapéutica, o farmaco em que ndo € seguro
estabelecer uma relagcdo dose-resposta, mas em que exista uma relagdo concentracao
plasmatica-resposta farmacoldgica que permita o ajuste posoldégico (COUCHMAN et al.,
2017; GILS, 2017).

A qualidade dos resultados obtidos pelo monitoramento terapéutico depende da
técnica de amostragem, da validacdo das metodologias analiticas e bioanaliticas, do
conhecimento prévio das caracteristicas farmacocinéticas dos farmacos e da definicdo de
janelas terapéuticas, idealmente através de ensaios clinicos controlados e randomizados,
gue permitam conhecer as condicbes ideais de amostragem (LESOSKY; JOSKA,
DECLOEDT, 2017; SCHMITZ et al., 2017).

O desenvolvimento e validacdo de métodos bioanaliticos empregados na
determinacdo quantitativa de farmacos e seus metabdlitos em fluidos biol6gicos
desempenha um papel significativo da avaliacdo e interpretacdo da biodisponibilidade,
bioequivaléncia, farmacocinética e na obtengéo de dados toxicocinéticos do farmaco e seus
metabdlitos. A qualidade destes estudos esta diretamente relacionada a qualidade do

método bioanalitico (DA SILVA, 2014).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Desenvolver e validar um método por Cromatografia Liquida de Ultra Eficiéncia
acoplada a Espectroscopia de Massas sequencial (CLUE-EM/EM) para quantificacao
simultdnea de Losartana e seu metabodlito ativo para monitoramento plasmético de

pacientes renais cronicos.

2.2 OBJETIVOS ESPECIFICOS

e Determinar e avaliar o perfil farmacoterapéutico e clinico dos pacientes renais
entrevistados;

e Validar analiticamente e bioanaliticamente um método por Cromatografia Liquida de
Ultra Eficiéncia acoplada a Espectroscopia de Massas sequencial (CLUE-EM/EM)
para quantificacdo simultdnea de Losartana e seu metabdlito ativo;

e Aplicar o método desenvolvido em amostras reais de pacientes renais cronicos;

Objetivos 5



3 ARTIGO 1

Pretensdo de submisséo no Journal of Brazilian Journal of Nephrology

Brief communication

Perfil farmacoterapéutico de pacientes renais crénicos ambulatoriais de um hospital
publico do Estado do Amapa

Alberto Gomes Tavares Junior!, Ozzy Moreno de Almeida e Silval, Lilian Grace da Silva
Solon?, Francisco Fabio Oliveira de Sousa'’

! Dept. de Ciéncias Biol6gicas e da Salde, Laboratério de Controle de Qualidade,

Bromatologia e Microbiologia, Universidade Federal do Amapa, Macapa, Brasil
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Resumo

Introducéo: Estima-se que o nimero de doentes renais crénicos adultos no Brasil esteja
entre 11 e 22 milhdes. A terapia farmacoldgica para a DRC envolve o uso de diferentes
medicamentos, tornando 0s pacientes passiveis de experimentar eventos adversos.
Determinar o perfil medicamentoso desses pacientes € fundamental para desenvolver
medidas de prevencgdo de reagbes adversas, reduzir as interagdes medicamentosas e
promover o seu uso racional. Objetivo: Avaliar o perfil sociodemografico e medicamentoso
de pacientes renais crénicos no ambulatério em um hospital publico do Estado do Amapa.
Métodos: Neste estudo observacional, descritivo e transversal foram incluidos 43 pacientes
diagnosticados com doenca renal crénica, sem indicacdo de hemodialise. Foram realizadas
entrevistas individuais com aplicagdo de questiondrio para levantar dados
socioecondmicos, comorbidades e perfil de utilizacdo de medicamentos. Resultados: O
sexo feminino foi predominante (69,8%). Os pacientes apresentaram idade média de 53,4
anos. As comorbidades mais prevalentes foram a hipertensao arterial (79,06%) e o diabetes
mellitus (41,86%). Uma meédia de uso de 2,67 farmacos/paciente foi observada. Cerca de
82,15% dos farmacos utilizados apresentavam riscos para a progressao da doenca renal,
sendo os anti-hipertensivos os que apresentaram maior frequéncia de uso. Conclusao: O
uso de farmacos com potencial nefrotéxico foi predominante, demonstrando a importancia
do monitoramento farmacoterapéutico personalizado para estes pacientes, como forma de

reduzir os riscos e a progressao da doenca renal.

Palavras-chave: medicamentos; doenca renal crénica; comorbidades; diabetes mellitus;

hipertenséo arterial
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Introducao

A doenca renal crénica (DRC) se tornou um problema de saude publica preocupante,
uma vez que apresenta uma prevaléncia crescente e esté diretamente correlacionada com
a Diabetes Mellitus e a Hipertenséo Arterial.!

No Brasil, estima-se que entre 11 e 22 milhdes de individuos adultos apresentem
disfuncéo renal em diferentes graus, considerando uma populagcdo com cerca de 200
milhdes de habitantes.?

A disfuncéo dos rins pode gerar danos sistémicos a saude do paciente, o que justifica
a necessidade de seguimento clinico personalizado, associado as precaucdes cotidianas
gue evitem agravos aos quadros clinicos. Quando a fun¢éo renal do paciente se encontra
extremamente comprometida, é necessario que o mesmo se submeta a tratamentos como
a hemodidlise, didlise peritoneal ou transplante renal.?

A terapia renal substitutiva ndo € a Unica forma de tratamento para os casos de
doenca renal crbénica, conforme a fase da doenca o paciente € submetido a terapias
farmacoldgicas. A terapia farmacologica para a DRC contempla diversos tratamentos, tais
como o hormonal e o uso de farmacos para o tratamento das comorbidades associadas, o
gue quase sempre leva os pacientes a fazerem uso de diferentes medicamentos, sendo
bastante passiveis de experimentar interacdes medicamentosas e eventos adversos.*

O conhecimento do perfil medicamentoso é fundamental para desenvolver medidas
de prevencéao de reacdes adversas e promover o uso racional de medicamentos entre 0s
pacientes renais, reduzindo assim o risco de progressao da lesao renal. Neste sentido, 0
presente estudo objetivou determinar o perfil farmacoterapéutico de pacientes renais

cronicos ambulatoriais atendidos em um hospital publico do Estado do Amapa.
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Métodos

Delimitagdes do estudo

Tratou-se de um estudo observacional, descritivo e transversal. Foram incluidos
todos os pacientes diagnosticados com doenca renal cronica (DRC), maiores de 18 anos,
sem indicacdo de hemodidlise, atendidos no ambulatério do Hospital de Clinicas Dr. Alberto
Lima (HCAL), que aceitaram participar do estudo por meio da assinatura do Termo de

Consentimento Livre e Esclarecido (TCLE).

Coleta de Dados

Para coleta de dados, foram realizadas entrevistas individuais mediante aplicacao
de questionario adaptado a partir do instrumento Brief Medication Questionnaire®, com o
intuito de levantar dados socioeconémicos (sexo, idade, escolaridade, renda, nUmero de
moradores por domicilio), dados relacionados a DRC e comorbidades associadas, assim
como o perfil de utilizacdo de medicamentos. As entrevistas foram realizadas no periodo
de Fevereiro a Maio de 2018.

Todos os dados foram registrados e analisados por meio de estatistica descritiva
univariada no software Microsoft Excel for Windows 2013. Os medicamentos mencionados
nas entrevistas foram agrupados de acordo com a classificacdo da Anatomical Therapeutic

Chemical (ATC) do WHO Collaborating Center for Drug Statistics Methodology.®
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Aspectos éticos

Este estudo foi submetido ao Comité de Etica em Pesquisa da Universidade Federal
do Amapa (UNIFAP), sendo registrado com o Certificado de Apresentacdo de Apreciacao

Etica (CAAE) n° 76695717.0.0000.0003.

Resultados

No total, 43 pacientes foram incluidos no estudo, dos quais 30 foram mulheres e 13
homens, com idade média de 53,4 anos (minimo de 18 e méaximo de 85 anos). A maior
parte dos pacientes apresentava ensino médio completo 30, 2%e renda mensal entre 1 e 3
salarios minimos. As caracteristicas socioeconémicas dos pacientes estdo listadas na

Tabela 1.

Tabela 1 Caracteristicas socioecondémicas dos pacientes renais crénicos no ambulatério

em um hospital publico no Amapé (n=43), 2018

Caracteristicas Numero de Pacientes %
Sexo
Feminino 30 69,8
Masculino 13 30,2
Faixa etaria
< ouigual a 39 7 16,3
40 a 59 22 51,2
> ou igual a 60 14 32,6
Escolaridade
Analfabeto 6 14,0
Fundamental completo 4 9,3
Fundamental incompleto 11 25,6
Médio completo 13 30,2
Médio incompleto 4 9,3
Superior completo 3 7,0
Superior incompleto 2 4,7
Renda
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<1 13 30,2

1-3 20 46,5
3-5 7 16,3
>5 0 0,0
Nao soube informar 3 7,0

Durante a aplicacdo do questionario, foi perguntado aos pacientes sobre o seu nivel
de conhecimento acerca da DRC e 44% respondeu saber pouco sobre a sua condi¢do de
saude.

Todos os pacientes entrevistados afirmaram ter outro diagndstico, além da DRC.
Dentre as doencas relatadas, destacou-se a Hipertensédo arterial e a Diabetes Mellitus,
principais comorbidades associadas a DRC.17"® A distribuicdo das comorbidades

associadas a DRC dos pacientes entrevistados encontra-se na Figura 1.

Hipertensio + Diabetes Mellitus [ NG 20,535 (9)
Hipertensdo + Diabetes Mellitus + Outros |G 20,539 (9)
HipertensiotOutros [ 13,60% (8)
Hipertensio I 13,60% (8)

Diabetes Mellitus 0%

Outros I 20,93% (9)
0 5,0 10,0 150 200 250
Figura 1 Distribuicdo das comorbidades associadas a doenca renal nos pacientes renais

cronicos ambulatoriais (n=43).

Uma média de 2,67 farmacos eram utilizados por paciente. Do total, 28 (65,1%)
individuos estavam utilizando 2 ou mais medicamentos, dos quais 5 (11,6%) faziam uso de
cinco ou mais medicamentos. A distribuicdo dos medicamentos utilizados pelos pacientes
entrevistados encontra-se na Tabela 2, apresentando anti-hipertensivos em sua maioria,

seguido pelos antidiabéticos.
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Tabela 2 Medicamentos utilizados pelos pacientes renais cronicos ambulatoriais

entrevistados.
Farmaco ATC Frequéncia (%) n
Losartana* C09CA01 15,79 18
Prednisona* AO7EAO03 5,26 6
Furosemida* CO3CA01 4,39 5
Hidroclorotiazida* CO3AA03 4,39 5
Ramipril* CO09AA05 4,39 5
Valsartana* CO09CA03 4,39 5
Acido Acetilsalicilico* BO1ACO06 3,51 4
Anlodipina CO09AA05 3,51 4
Atenolol* CO7ABO3 3,51 4
Insulina A10A 3,51 4
Metformina* A10BAO02 3,51 4
Nifedipino* CO08CA05 3,51 4
Propatilnitrato CO1DAO07 2,63 3
Sinvastatina* C10AA01 2,63 3
Citrato de Potassio A12BA02 1,75 2
Enalapril* C09AA02 1,75 2
Glibenclamida* CO09AA02 1,75 2
Omeprazol* A02BCO1 1,75 2
Sitagliptina A10BHO1 1,75 2
Outros 26,32 30
Total 100 84

Legenda: (*) potencial elevado de reagdes adversas e/ou controle mais rigoroso na dose

prescrita para pacientes diagnosticados com doenca renal cronica.

Discussao

No que se refere ao género, observou-se que a maioria dos pacientes deste grupo

foi do sexo feminino, ao contrario do estudo de Silva (2017) realizado com pacientes renais
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cronicos dialiticos no Servico de Nefrologia do mesmo hospital, no qual o predominio foi do
sexo masculino, podendo indicar um maior autocuidado ou ainda a melhor aderéncia
terapéutica por parte do publico feminino, evitando assim a progresséao da lesédo renal a
ponto de chegar a terapia renal substitutiva.t#

Em relacdo as comorbidades associadas a DRC, a hipertenséo arterial e a diabetes
mellitus foram as mais prevalentes, consideradas de risco elevado para progressédo da DRC
se nao tratadas adequadamente. O estudo de Marquito et al (2014), constatou que dentre
0s 558 pacientes entrevistados, 178 eram diabéticos e 382 hipertensos, confirmando que
estas doencas sdo fatores de risco fortemente associados a DRC.8

Dentre os 19 farmacos mais utilizados (Tabela 2), 14 deles requeriam monitoramento
clinico devido ao potencial elevado de reacdes adversas e/ou controle mais rigoroso na
dose prescrita para pacientes diagnosticados com doenca renal cronica em fungao do risco
de nefrotoxicidade, o que representa 82.15% (69) dos farmacos amostrados. Neste grupo
estao presentes medicamentos como a losartana (18), furosemida (5), hidroclorotiazida (5),
ramipril (5), valsartana (5) e acido acetilsalicilico (4), notoriamente farmacos utilizados no
tratamento anti-hipertensivo, uma das principais doencas de base e também consequéncia
da DRC. Podemos comparar este perfil farmacoterapéutico com os achados de Silva
(2017), que dentre os 61 diferentes farmacos utilizados pelos pacientes renais dialiticos, 29
deles apresentavam potencial elevado de reagOes adversas e nefrotoxicidade, o que
representa 27.79% (132) dos farmacos amostrados. Farmacos como losartana (61),
valsartana (20), acido acetilsalicilico (12), propranolol (6) e captopril (3) foram os mais
utilizados, demonstrando mais uma vez o predominio no tratamento com anti-
hipertensivos.!

Locatelli et al (2015) apresentou dados semelhantes ao do presente estudo, sendo
gue do total de 663 pacientes renais crénicos, 36,5% utilizavam farmacos voltados ao

aparelho cardiovascular (incluindo os anti-hipertensivos), corroborando assim com os
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achados apresentados na Figura 1, no que se observa que 79,08% dos pacientes foram

diagnosticados com hipertenséo arterial.*

Conclusao

Os resultados obtidos revelaram o perfil sociodemogréfico e farmacoterapéutico dos
pacientes renais crénicos ambulatoriais atendidos pelo sistema publico de satde do Estado
do Amapa, observando que as maiores quantidades dos medicamentos utilizados eram
decorrentes das comorbidades associadas. Os pacientes entrevistados necessitam de um
monitoramento farmacoldgico diferenciado, visto que o uso de farmacos com potencial
nefrotoxico € predominante e que se for conduzido de forma irracional pode ocasionar a
progressdo da doenca, necessitando inevitavelmente submeter o paciente a terapia renal
substitutiva. A partir dos achados, destaca-se a necessidade de aprofundar os estudos
visando identificar e sugerir alternativas farmacoldgicas e contornar as eventuais interacées
medicamentosas existentes a partir do seguimento farmacoterapéutico, reduzindo assim os
riscos relacionados aos medicamentos utilizados pelos pacientes com doenca renal

cronica.
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Abstract

This study aimed to validate a method for monitoring Losartan and its active metabolite by
ultra-high performance liquid chromatography-tandem mass spectrometry in patients with
chronic kidney disease (CKD). Five patients diagnosed with CKD under losartan
antihypertensive treatment attending consultations were consensually selected and invited
to take part on the study. The spectroscopic method was analytic and bioanalytically
validated for plasma matrix, presenting linearity, precision, accuracy, sensitivity, robustness,
extraction efficiency and selectivity for concentrations ranging from 0.005 — 1.000 and 0.001
— 6.000 pg / ml for Losartan and Losartan Acid (EXP3174), respectively. The plasma
guantification evidenced that 40% of the patients presented subtherapeutic levels of
Losartan and its metabolite before and/or after their usual intake, reinforcing the need of
monitoring in order to ensure efficacy and safety in their treatments. Thus, the method was
validated and could be used to implement safer clinical protocols for kidney disease patients
under losartan treatment.

Keywords: chronic kidney disease; therapeutic drug monitoring; UHPLC-MS/MS, losartan,

exp3174
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1. Introduction

Chronic kidney disease (CKD) has become a major public health concern due to the
increasing prevalence and their correlation with Diabetes Mellitus and Hypertension [1].
CKD present a slow, progressive and irreversible kidney function and structural damaging
lasting for three or more months, at times asymptomatic. Approximately 17% of the adult
population worldwide presents CKD, from whose more than 20% are over 65 years old [2,3].

Kidney dysfunction can cause systemic damage to the patient's health, which justifies
its individual monitoring in order to improve the clinical outcomes [4].

Hypertension can be a cause and is often a consequence of CKD. In clinical practice,
there are case of patients who cannot reduce blood pressure, explained by factors such as
polypharmacy, non-adherence and pharmacokinetic disorders, specially in the metabolism
and excretion [5,6]. Drugs pharmacokinetic in CKD patients is commonly altered, which can
further worsened with the use of nephrotoxic drugs [7].

Among the different antihypertensives, Losartan (angiotensin Il receptor antagonist)
is notorious for its rapid absorption when administered orally, with peak plasma
concentrations from one to two hours after administration. Its active metabolite, Acid
Losartan, is up to 40 times more active [8]. Although this drug is effective and provides a
safe option to patients due to the low prevalence of adverse reactions, there are
controversies regarding its use in individuals with kidney disease due to the risk of
nephrotoxicity [9,10].

Therapeutic drug monitoring (TDM) has become an important tool to determine
effectively the plasma levels of therapeutic agents such as: antimicrobials, anticonvulsants,
immunosuppressants, antihypertensives, among others [11-15] and thus optimize the

pharmacological treatments, preventing invasive therapies, such as hemodialysis.
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Over the years, several analytical techniques have been developed and applied in
TDM, such as HPLC (High performance liquid chromatography) [11,13,16,17], mass
spectrometry [18-20] and mass spectrometry in tandem mode with liquid chromatography
system [6,8,13,15,21-27]. To reach higher sensitivity, selectivity and promptness, new
studies are investing in Ultra-high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS/MS) allowing the identification and quantification of analytes in
very low concentrations and reduced volumes [6,28-31].

Van der Nagel et al. described an UPLC-MS/MS method for quantifying 8
antihypertensives (including Losartan) and its active metabolites in human plasma, using
triple quadrupole detector in multiple reaction monitoring mode, applying positive and
negative electrospray ionization [6]. In this study, we used real samples from chronic kidney
patients and the mass spectrometer timsTOF (Bruker) with Electrospray Source (ESI) in
positive mode and a Q-TOF analyzer (Ultra-High Resolution Qg-Time-Of-Flight), promoting
greater sensitivity, speed, high resolution and reliability for analysis [32,33].

The present paper aimed to develop and validate a UHPLC-MS/MS method for
simultaneous quantification of the antihypertensive Losartan and Losartan Acid (EXP3174)

in plasma samples from CKD patients.

2. Material and methods

2.1. Sample collection

CKD patients from Alberto Lima Hospital in the city of Macapa, Brazil were selected

according to the following inclusion criteria: hypertension and chronic use of Losartan. The

plasma collection was set according to the pharmacokinetic profile of Losartan [34-36]. Two

blood samples of 5 ml each were collected, one before the maintenance dose and another
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after 1 hour and 15 minutes after administration. The samples were immediately centrifuged
(at 3000 rpm for 10 min) to separate the plasma fraction, which was stored in a freezer at -
40° C until the analysis. The experimental protocol was in accordance with the ethical
standards of the Research ethics committees of the Federal University of Amapa (CAAE n°

76695717.0.0000.0003).

2.2. Chemicals and reagentes

The analytical standards of Losartan, Losartan Carboxylic Acid (EXP3174) and
Irbesartan (Internal Standard) were purchased from Synfine Research, Inc. (Canada).
Acetonitrile HPLC gradient (299.9%) grade and Methanol were obtained from Labbox
Labware S.L (Spain) and Acetonitrile HPLC supra gradient grade and Formic acid were

obtained from Scharlab S.L (Spain).

2.3. Equipment and analytic conditions

An Ultra-high performance liquid chromatography systems (Elute LC series from
Bruker®) coupled to a high-resolution mass spectrometer (timsTOF from Bruker®) has been
used for the method validation, using an Electrospray Source (ESI) in positive mode and a
Q-TOF analyzer (Ultra-High Resolution Qg-Time-Of-Flight), according to the conditions

listed in Table 1. The method was developed based on previous studies [23].
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Table 1.

Gradient elution timetable and mass spectrometer parameters

Time (min) %A %B
0.0 95.0 5.0
0.40 95.0 5.0
0.50 65.0 35.0
7.00 0.0 100.0
12.00 0.0 100.0
12.10 95.0 5.0
15.00 95.0 5.0
Column Oven (°C) 35°C

Injection Volume 2 pl

Column: Intensity
Solo

C18, 100 x 2.1 mm; 2um

Parameters Value
lonization source ESI

lon Polarity Positive
Scans 50-1000 m/z
Nebulizer 2.5Bar

Dry gas 6.0 I/min
Dry Heater 200 °C
Capillary voltage 4500 V

A: Ultrapure water containing 0.1% (v/v) formic acid;

B: Methanol containing 0.1% (v/v) formic acid

The validation was divided in two complementary stages, the first referring to the

analytical profile of the analytes in organic solvent, while the second stage, bioanalytical

validation, focused on the analytes responses in different biological matrixes.

2.4. Stock Solutions and Quality Control Samples

The stock solutions of Losartan (500 ug/mL), Losartan Acid (370 ug/mL) and the

internal standard Irbesartan (500 ug/mL) were prepared in acetonitrile (Labbox®).
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Working solutions were obtained by diluting the stock solutions to reach the
concentrations required for validation, providing a concentration range of 0.002 — 0.5 pg/mL
for Losartan and 0.005 — 1.5 pg/mL for Losartan Acid.

Six quality control samples were prepared from the working solutions at concentrations of

1.5, 0.5 and 0.025 pg/mL for Losartan and 2.775, 0.925 and 0.288 ug/mL for Losartan Acid.

2.5. Preparation of spiked samples

To assess the real scenario, an amount of blank human plasma (300 yL) was spiked
with the working solutions containing Losartan, Losartan Acid and Irbesartan, to reach a
concentration range of 0.005 - 1 pg/mL for Losartan and 0.001 - 6 ug/mL for Losartan Acid
for calibration curve and quality controls at the concentrations listed in 2.4. After that, 300uL
of acetonitrile HPLC gradient grade was added to each aliquot, vortex stirred and
immediately centrifuged (at 3000 rpm for 10 min). The supernatant was filtered on a syringe

filter (GHP 0.2 ym Acrodisc®) and injected into the chromatographic system.

2.6. Plasma samples of kidney patients

A plasma aliquot of 300uL from each CKD patient was spiked solely with the internal
standard working solution. After that, acetonitrile HPLC gradient grade was added to reach
an equal volume, vortex stirred and subsequently centrifuged (at 3000 rpm for 10 min) and
the supernatant filtered on a syringe filter (GHP 0.2 ym Acrodisc®) and injected into the

chromatographic system.
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2.7. Method validation

The method developed was validated in accordance with the ICH Q2(R1) guidelines
[37] for analytical and bioanalytical applications. The parameters Linearity, Precision
(Repeatability), Accuracy, Limits of Quantification and Detection, Robustness, Selectivity
and Recovery were evaluated for both analytes in acetonitrile (analytical validation) and
spiked human plasma (bioanalytical validation) to fully validate the proposed method for

TDM of losartan and losartan acid.

2.7.1. Linearity, Precision (Repeatability) and Accuracy

Linearity was determined based on the analyte concentration versus peak area ratio,
according to the calibration concentration range established for Losartan and Acid Losartan
in acetonitrile (analytical validation) and human plasma (bioanalytical validation). The quality
control samples prepared with the working solutions were used for the precision and
accuracy assay, expressed as mean * coefficient of variation (% CV) and percentage *

standard deviation (SD), respectively.

2.7.2. Limits of Quantification and Detection

The limits of quantification and detection were determined from the standard deviation
of the response and the slope of the analytical curve, as established in the guideline. The
estimation of the limit of detection (LoD) and limit of quantification (LoQ) can be made based
on the calculation from the signal-to-noise ratio (LoD and LoQ correspond to 3 and 10 times

the noise level, respectively).
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2.7.3. Robustness

The method robustness was evaluated by altering two different parameters:
extractive solvent (using Acetronitrile HPLC supra gradient grade) and lack of stirring during

the sample preparation. The results were expressed as percent change (%).

2.7.4. Selectivity

The method selectivity was assessed by assuring that the endogenous substances
present in human plasma do not interfere in the analytes quantification. Samples of normal,
lipemic and hemolysate plasma from six healthy volunteers were used to verify the
selectivity of the bioanalytical method. The results were also expressed in terms of percent

change (%).

2.7.5. Recovery

Quality control samples and their respective concentrations measured in analytical
and bioanalytical validation were used to quantify the recovery for both analytes. Quality
control samples prepared in acetonitrile HPLC gradient grade (non-extracted samples)
accounted for 100% recovery, while plasma quality control samples (extracted samples) had

their respective recovery percentages calculated.
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3. Results and discussion

3.1. Method validation

The analytical validation of the UHPLC-MS/MS method prepared the technique to
receive the plasma samples, whose calibration curves, within the established concentration
ranges (item 2.4), were linear for both analytes, with a determination coefficient higher than
0.99. According to the data presented in Table 2 and Table 3, the method was precise, with
CV values ranging between 0.50 and 4.89%, accurate as these values varied between 88.85
— 102.69%. The low detection and quantification limits of Losartan (LoD 0.002 ug/mL, LoQ
0.005 pg/mL) and Losartan Acid (LoD 0.004 ug/mL, LoQ 0.01 pg/mL) confirmed the high
sensitivity of the method developed. Additionally, the method was robust with the change on
the acetonitrile purity and lack of stirring (2.7.3), presenting low variations in the analytical
measurement

The bioanalytical validation confirmed the effectiveness of the analytical
performance. The calibration curves developed in the bioanalytical phase presented a
strong linear relationship, with the R? value higher than 0.99. The method also reached the
minimum parameters of precision and accuracy, with CV values ranging between 0.52 and
9.20% and accuracy with values ranging from 85.07 — 113.51% thus demonstrating the
agreement between the plasma spiked concentrations and the value measured by the
developed method. The limits of detection and quantification of Losartan (LoD 0.0005ug/mL,
LoQ 0.005 pg/mL) and Losartan Acid (LoD 0.002 pg/mL, LoQ 0.005 pg/mL) remained very
low, confirming the high sensitivity of the method in human plasma. Robustness in the
bioanalytical stage, also presented low variations in the analytical measurements,
confirming that even in plasma matrix, the method was able to withstand the proposed

changes. The data in Table 2 and Table 3 show the selectivity of the method for the
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guantification of analytes in different human plasma (since the measurements in the different

matrices varied from -6.95 to 11.348). The extent of method selectivity will imply laboratory

routine, preventing lipid or hemolysate samples become analytical interferers, since such

variations don’t preclude precise and accurate quantification of the analyte for this validated

method. The obtained recovery (98.06 — 111.02%), comparing between non-extracted and

extracted samples has shown the extraction method effectiveness. Despite Losartan and its

metabolite have a plasma protein binding rate = 99% [34-36,38], the method was able to

efficiently extract both analytes.

Table 2.

Validation results of UHPLC-MS/MS method for determination of Losartan in Acetonitrile

HPLC gradient grade and human plasma.

Losartan

Analytical method validation

Bioanalytical method validation

Validation parameters

Linearity (n = 3) Rz 1 Rz 1
y = 2*107x — 9021.5 y = 2*107x + 3836.3
Sensitivity, pg/mL LoQ: 0.005 LoQ: 0.005
LoD: 0.002 LoD: 0.0005
% + SD % + SD
Accuracy (n =9), pg/mL [1.51] 92.8 £ 0.05 [1.51] 101.67+£0.14
[0.75] 102.69 + 0.03 [0.75] 113.51+0.01
[0.025] 99.4 £ 0.0007 [0.025] 110.37 +0.002
Mean + %CV Mean + %CV
Precision (n =9), ug/mL [1.51] 1.39+4.22 [1.51] 1.52 +9.20
[0.75] 0.770 £ 4.89 [0.75] 0.85+1.43
[0.025] 0.025+3.08 [0.025] 0.027 +7.37
%Change %Change
Robustness (n = 3), ug/mL [0.75]2 -5.26 [0.754 10.53
[0.75]°  -14.57 [0.75Y  12.30
Mean = SD % Change
Selectivity unvalued [0.751] 0.77 £0.03 2.74
[0.757] 0.79+0.94 5.99
[0.75%] 0.83+0.04 11.348
%
Recovery unvalued [1.51] 109.55
[0.75] 110.53
[0.025] 111.02

tNormal plasma, 2Lipemic plasma, 3Hemolysate plasma; 2Acetronitrila HPLC supra gradient

grade, Pnon-agitated.
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Table 3.

Validation results of UHPLC-MS/MS method for determination of EXP3174 in Acetonitrile

HPLC gradient grade and human plasma.

EXP3174

Analytical method validation

Bioanalytical method validation

Validation parameters

Linearity (n = 3) R2: 0.9966 R2:0.9974
y =1*107x - 257159 y = 7*108x - 88956
Sensitivity, pg/mL LoQ: 0.01 LoQ: 0.005
LoD: 0.004 LoD: 0.002
% + SD % + SD
Accuracy (n =9), ug/mL [2.775] 91.58 £0.04 [2.775] 90.20+£0.16
[0.925] 89.42+0.02 [0.925] 87.69 £ 0.004
[0.278] 88.85+0.001 [0.278]  85.07 £ 0.005
Mean + %CV Mean + %CV
Precision (n =9), pg/mL [2.775] 2.541 +1.59 [2.775] 2.503 + 6.60
[0.925] 0.827 £3.29 [0.925] 0.811+0.52
[0.278] 0.247 £0.50 [0.278] 0.236+2.29
%Change %Change
Robustness (n = 3), ug/mL [0.9253  -6,80 [0.9254 -5,18
[0.925°  -10,8 [0.9259 13
Mean = SD % Change
Selectivity unvalued [0.759] 0.860 + 0.09 -6.95
[0.757] 0.941 £0.23 1.74
[0.75%] 0.908 + 0.02 -1.77
%
Recovery unvalued [2.775] 98.49
[0.925] 98.06
[0.278] 95.74

INormal plasma, 2Lipemic plasma, 3Hemolysate plasma; 2Acetronitrila HPLC supra gradient

grade, Pnon-agitated.

3.2. Patient samples quantification

Five volunteers attended for blood collection. Losartan (50 or 100mg) was

administered orally prior to blood sampling. Figure 1 shows Losartan and its metabolite

plasmatic levels found before and after administration to patients. Forty percent of the

patients presented subtherapeutic levels of Losartan and Losartan acid after administration.

This circumstance may result in poor blood pressure control since the drug and the

metabolite did not reach the desired therapeutic levels. The data also suggest problems in

the metabolism of Losartan, we can observe that patient 3 (P3a), after administration of

Losartan, has plasma concentrations very close to the minimum toxic concentration,
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however when the metabolite is analyzed, it is noted that the concentrations are below the
minimum effective concentration, suggesting that losartan is not being completely
metabolized (Fig. 1). Therefore, the need to monitor this antihypertensive drug administered
to renal patients is reinforced either by the inadequate blood pressure control as well as to

the risk of kidney disease progression.
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Fig. 1. Mean concentrations of Losartan and Carboxylic Acid Losartan (EXP3174)
determined by UHPLC-MS/MS method in plasma samples of five volunteers (n =5). Patients
P1, P2, P3 have taken Losartan 50 mg, while patients P4 and P5 have administered
Losartan 100 mg. No analytes detected (*), before to administration (b), after administration

(a), minimum effective concentration (MEC), minimum toxic concentration (MTC) [39].

4. Conclusion

The UHPLC-MS/MS method proposed and validated in the present study is suitable
for the efficient and rapid quantification of Losartan and Carboxylic Acid Losartan in human
plasma. The validation parameters highlighted a linear, sensitive, selective method with
excellent extraction efficiency and all data according to the bioanalytical requirements,

enabling its application in the clinical routine.
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Based on the validation and applicability given, Losartan and its active metabolite
could become new candidates for therapeutic monitoring in kidney patients. The
methodology developed creates possibilities for clinical protocols contributing to improve the

hypertension treatment of CKD patients.
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5 CONSIDERAGOES FINAIS

O método desenvolvido por CLUE-EM/EM nesse estudo, foi adequado para
quantificacdo de Losartana e Acido Carboxilico Losartana em plasma humano, sendo
considerado simples, rapido e de baixo custo. Os parametros de valida¢do destacaram um
método linear, sensivel, repetivel, exato, robusto, seletivo e com excelente eficiente de
extracao, respeitando a regulamentacéo vigente.

A metodologia desenvolvida cria possibilidades para implantacdo de protocolos
clinicos que visem o monitoramento terapéutico de Losartana, otimizando o tratamento
farmacolégico de pacientes renais, trazendo eficiéncia e seguranga no tratamento do
mesmo. E possivel fazer do monitoramento deste farmaco parte da rotina dos laboratérios
de analises clinicas, uma vez que a coleta de sangue é uma pratica protocolada, segura e
de facil processamento da matriz.

A partir dos achados, foi possivel demonstrar a importancia do monitoramento
terapéutico na conducao das terapias farmacoldgicas para os pacientes renais cronicos, de

modo a melhorar a qualidade de vida dos pacientes e reduzir os gastos no meio clinico.
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Tables and legends must comply with the specifications defined for each article type (See Article
Types). In their electronic version, tables must be presented in .doc (Microsoft Word) or .xls (Microsoft
Excel) format.

Journal of Pharmaceutical and Biomedical Analysis

Full Length Research Papers: These papers should describe in detail original and important pieces
of work in the fields covered by the Journal.
Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the editor for
suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two independent
expert reviewers to assess the scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. More information on types of peer
review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should be in
single-column format. Keep the layout of the text as simple as possible. Most formatting codes will be
removed and replaced on processing the article. In particular, do not use the word processor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When
preparing tables, if you are using a table grid, use only one grid for each individual table and not a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note
that source files of figures, tables and text graphics will be required whether or not you embed your figures in
the text. See also the section on Electronic artwork.
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To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’ functions
of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then
1.1.1,1.1.2,..), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for
internal cross-referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each
heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed literature survey
or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are
already published should be summarized, and indicated by a reference. If quoting directly from a previously
published method, use quotation marks and also cite the source. Any modifications to existing methods
should also be described.

When describing mixed solvents for chromatography, extraction or other purposes, the following convention
must be adopted: solvent A-solvent B-solvent C (a:b:c, v/viv) or (a:b:c, w/w/w) where a:b:c are the
proportions (by volume or weight as appropriate) of the components A, B and C, respectively.

The method of preparation of buffers should be clearly expressed, with the pH value and molarity stated in
parentheses, e.g. sodium acetate (pH 4.7; 0.1 M). For mixed solvent systems, it should be clearly stated
whether the pH value quoted is the pH of the original aqueous component or the apparent pH (i.e. pH*) of
the mixed solvent system. Typical examples of mobile phases employed in liquid chromatography might
be:acetonitrile-sodium octylsulphate (10 mM)-sodium acetate (pH 4.7;0.1 M) (25:25:50, v/v/v), and
acetonitrile-sodium octylsulphate (10 mM)-sodium acetate (0.1 M)(25:25:50, v/v/v )(pH* 4.7). Discussion of
the optimisation procedure for the proposed method / assay should be given in detail.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a practical
development from a theoretical basis.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results and
Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.
Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone
or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eqg. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq.
(B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations
and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each
author and check that all names are accurately spelled. You can add your name between parentheses in
your own script behind the English transliteration. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details are kept up
to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or
was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that
author's name. The address at which the author actually did the work must be retained as the main, affiliation
address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the
principal results and major conclusions. An abstract is often presented separately from the article, so it must
be able to stand alone. For this reason, References should be avoided, but if essential, then cite the
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author(s) and year(s). Also, non-standard or uncommon abbreviations should be avoided, but if essential
they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x 13 cm using a
regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can

view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's lllustration Services to ensure the best presentation of their images and
in accordance with all technical requirements.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey the
core findings of the article and should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters,
including spaces, per bullet point). You can view example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with abbreviations:
only abbreviations firmly established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the
article. Such abbreviations that are unavoidable in the abstract must be defined at their first mention there,
as well as in the footnote. Ensure consistency of abbreviations throughout the article.

List of Journal of Pharmaceutical and Biomedical Analysis abbreviations.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not,
therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals
who provided help during the research (e.g., providing language help, writing assistance or proof reading the
article, etc.).

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &
Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant
number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with
normal text where possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g.,
X/Y. In principle, variables are to be presented in italics. Powers of e are often more conveniently denoted by
exp. Number consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate the
position of footnotes in the text and list the footnotes themselves separately at the end of the article. Do not
include footnotes in the Reference list.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.
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* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts
that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please
supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized,
please 'Save as' or convert the images to one of the following formats (note the resolution requirements for
line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.
Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low
number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit usable color figures
then Elsevier will ensure, at no additional charge, that these figures will appear in color online (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color in the
printed version. For color reproduction in print, you will receive information regarding the costs from
Elsevier after receipt of your accepted article. Please indicate your preference for color: in print or online
only. Further information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption
should comprise a brief title (not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant
text in the article, or on separate page(s) at the end. Number tables consecutively in accordance with their
appearance in the text and place any table notes below the table body. Be sparing in the use of tables and
ensure that the data presented in them do not duplicate results described elsewhere in the article. Please
avoid using vertical rules and shading in table cells.

References

The Journal of Pharmaceutical and Biomedical Analysis as a guideline allows up to 30 references for Full
length articles and 20 references for Short Communications. There is no limit for Review articles.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal communications are
not recommended in the reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results' or 'Personal communication'. Citation of a
reference as 'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources
cited. In order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and
PubMed, please ensure that data provided in the references are correct. Please note that incorrect
surnames, journal/book titles, publication year and pagination may prevent link creation. When copying
references, please be careful as they may already contain errors. Use of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An
example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E.,
Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern
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Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format
of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further
information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be
given. Web references can be listed separately (e.g., after the reference list) under a different heading if
desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your
text and including a data reference in your Reference List. Data references should include the following
elements: author name(s), dataset title, data repository, version (where available), year, and global persistent
identifier. Add [dataset] immediately before the reference so we can properly identify it as a data reference.
The [dataset] identifier will not appear in your published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text)
to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language styles, such
as Mendeley. Using citation plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be automatically formatted
in the journal's style. If no template is yet available for this journal, please follow the format of the sample
references and citations as shown in this Guide. If you use reference management software, please ensure
that you remove all field codes before submitting the electronic manuscript. More information on how to
remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/journal-of-pharmaceutical-and-biomedical-analysis

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for
Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or
format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter
title/article title, year of publication, volume number/book chapter and the article number or pagination must
be present. Use of DOI is highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for
the author to correct. If you do wish to format the references yourself they should be arranged according to
the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be
referred to, but the reference number(s) must always be given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'

List: Number the references (hnumbers in square brackets) in the list in the order in which they appear in the
text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun. 163
(2010) 51-59. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 19,
€00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.

Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z. Smith
(Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).
Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease and
surrounding forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/xwj98nb39r.1.
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Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly encouraged
to include links to these within the body of the article. This can be done in the same way as a figure or table
by referring to the video or animation content and noting in the body text where it should be placed. All
submitted files should be properly labeled so that they directly relate to the video file's content. . In order to
ensure that your video or animation material is directly usable, please provide the file in one of our
recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and
animation files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the
video or animation or make a separate image. These will be used instead of standard icons and will
personalize the link to your video data. For more detailed instructions please visit our video instruction
pages. Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to this content.
Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage more
closely with your research. Follow the instructions here to find out about available data visualization options
and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to
enhance it. Submitted supplementary items are published exactly as they are received (Excel or PowerPoint
files will appear as such online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to supplementary material
during any stage of the process, please make sure to provide an updated file. Do not annotate any
corrections on a previous version. Please switch off the "Track Changes' option in Microsoft Office files as
these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to the
results of observations or experimentation that validate research findings. To facilitate reproducibility and
data reuse, this journal also encourages you to share your software, code, models, algorithms, protocols,
methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement about the
availability of your data when submitting your manuscript. If you are sharing data in one of these ways, you
are encouraged to cite the data in your manuscript and reference list. Please refer to the "References”
section for more information about data citation. For more information on depositing, sharing and using
research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to the
dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant
repositories, giving readers access to underlying data that gives them a better understanding of the research
described.

There are different ways to link your datasets to your article. When available, you can directly link your
dataset to your article by providing the relevant information in the submission system. For more information,
visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published article
on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your manuscript,
using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your manuscript
in a free-to-use, open access repository. During the submission process, after uploading your manuscript,
you will have the opportunity to upload your relevant datasets directly to Mendeley Data. The datasets will be
listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into one or
multiple data articles, a new kind of article that houses and describes your data. Data articles ensure that
your data is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon

Anexos 45


http://www.issn.org/services/online-services/access-to-the-ltwa/
https://www.sciencedirect.com/
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-services/data-visualization
https://www.elsevier.com/authors/author-services/research-data
https://www.elsevier.com/authors/author-services/research-data/data-base-linking
https://www.elsevier.com/authors/author-services/research-data/data-base-linking#repositories
https://www.elsevier.com/books-and-journals/enrichments/mendeley-data-for-journals

publication. You are encouraged to submit your article for Data in Brief as an additional item directly
alongside the revised version of your manuscript. If your research article is accepted, your data article will
automatically be transferred over to Data in Brief where it will be editorially reviewed and published in the
open access data journal, Data in Brief. Please note an open access fee of 500 USD is payable for
publication in Data in Brief. Full details can be found on the Data in Brief website. Please use this template to
write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX articles, a
new kind of article that describes the details of customized research methods. Many researchers spend a
significant amount of time on developing methods to fit their specific needs or setting, but often without
getting credit for this part of their work. MethodsX, an open access journal, now publishes this information in
order to make it searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit their
MethodsX article as an additional item directly alongside the revised version of their manuscript. If your
research article is accepted, your methods article will automatically be transferred over to MethodsX where it
will be editorially reviewed. Please note an open access fee is payable for publication in MethodsX. Full
details can be found on the MethodsX website. Please use this template to prepare your MethodsX article.
Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may
be a requirement of your funding body or institution. If your data is unavailable to access or unsuitable to
post, you will have the opportunity to indicate why during the submission process, for example by stating that
the research data is confidential. The statement will appear with your published article on ScienceDirect. For
more information, visit the Data Statement page.
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Apéndice 1 - TCLE

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

O Senhor (a) esta sendo convidado (a) como voluntéario (a) a participar da pesquisa

‘Implementacéo e avaliacdo do impacto do monitoramento plasméatico de farmacos
em pacientes renais”. Neste estudo se objetiva avaliar o impacto do servico de
monitoramento plasméatico de farmacos com potencial nefrotdxico em pacientes renais.
Para participar do estudo, vocé devera responder a um questionario sobre critérios
socioecondmicos, estado de saude e tratamento realizado, para que possamos conhecer o
perfil de utilizacdo de medicamentos dos portadores de Doenc¢a Renal no Estado do Amapa.
Caso seja selecionado, conforme os medicamentos utilizados, vocé sera convidado a
realizar uma coleta de sangue, urina ou saliva para determinar os niveis terapéuticos, assim
podemos avaliar adequacédo das doses dos medicamentos utilizados, em virtude da funcao
renal.

Para evitar constrangimentos, a sua identidade sera mantida em sigilo, sendo identificado
por numero de registro, assegurando assim, a sua privacidade. As informacdes obtidas sé
serdo usadas para fins cientificos sem qualquer identificacdo pessoal. Além disso, a coleta
de sangue poderia ocasionar, dor ou desconforto durante ou logo apos a coleta, o que sera
minimizado com a utilizacdo de um Procedimento técnico durante a coleta por profissional
capacitado.

Para participar deste estudo vocé nédo tera nenhum custo, sendo oferecido uma analise da
composi¢cdo corporal (Bioimpedancia). Vocé serd esclarecido (a) sobre o estudo em
qualquer aspecto que desejar e estara livre para participar ou recusar-se, podendo ainda
retirar seu consentimento ou interromper a participagcdo a qualquer momento. A sua
participacdo € voluntaria e a recusa em participar ndo acarretara qualquer penalidade ou
modificacao na forma em que é atendido pelo servigco de saude, de acordo com a resolucéo
CNS n°466/12.

Este termo de consentimento encontra-se impresso em duas vias, sendo que uma copia
sera arquivada pelo pesquisador responsavel, no Laboratério de Controle de Qualidade
Bromatologia e Microbiolgia do curso de Farmacia da UNIFAP e a outra sera entregue a

VOCE.

Assinatura do pesquisador
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