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RESUMO

As doencas cronicas nao transmissiveis (DCNT) constituem problema de saude
de grande magnitude, entre os processos fisiologicos associados a DCNT, o
estresse oxidativo (EO) esta presente. Algumas plantas medicinais (PMs) tém
sido empregadas no tratamento de DCNT. Entretanto, grande parte das PMs
utilizadas pela populacdo nao tem seus perfis toxicolégicos bem conhecidos.
Assim, o objetivo deste estudo é avaliar a toxicidade das PMs utilizadas para fins
medicinais em portadores de DCNT através de ensaios de EO e a citotoxicidade
dos infusos. Participaram do estudo 150 individuos todos portadores de uma ou
mais DCNT, destes, 112 voluntarios faziam o uso de algum tipo de PMs, e 38
voluntarios ndo eram usuarios de nenhum tipo de PMs. Maior prevaléncia do
género feminino com idade média de 62 £10 anos, em ambos 0s grupos. As PMs
mais relatadas pelos voluntarios foram o Cymbopogon citratus (42%), Matricaria
chamomilla (39%), Mentha pulegium (25%) e Achyrocline satureioides (18%).
Com base nos resultados obtidos, observamos que grande parte dos doentes
cronicos utilizam PMs, nos pacientes diabéticos os niveis de catalase foram
menores e 0s hiveis malondialdeido maiores, comparado aos pacientes nao
portadores. A utilizacdo de M. chamomilla aumentou os niveis das enzimas
antioxidantes, sugerindo uma atividade mais pronunciadas de protecao contra o
EO. Entretanto, a citotoxicidade aumenta de forma dose-dependente nas quatro
espécies analisadas, sugere-se que 0 uso cronico destas PMs esta associado a
danos celulares. Analisar extratos brutos, ou seja, ha forma que sé&o
principalmente consumidos pela populacédo, se torna importante para delinear o

perfil toxicolégico das PMs.

Palavras-chave: estresse oxidativo, plantas medicinais, doenca crbénica nao

transmissivel, citotoxicidade
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ABSTRACT

Chronic noncommunicable diseases (NCDs) constitute a major health problem,
with oxidative stress (OE) among the physiological processes involved. Some
medicinal plants (MPs) have been used to treat NCDs. However, most MPs
consumed by the population do not have well-known toxicological profiles. Thus,
the aim of this study was to evaluate the toxicity of plant species used for
medicinal purposes by patients with NCDs through OE and cytotoxicity assays.
The study included 150 participants, all of them with one or more NCDs. Of these,
112 volunteers used some type of MP and 38 were not users of any type of MP.
In both groups, the average age was 62 + 10 years and there was higher
prevalence of females. The most consumed MPs were Cymbopogon citratus
(42%), Matricaria chamomilla (39%), Mentha pulegium (25%) e Achyrocline
satureioides (18%). Based on the results of the study, many chronic patients use
MPs. In diabetic patients, the levels of catalase were lower and the levels of
malondialdehyde were higher, compared to non-diabetic patients. The use of M.
chamomilla increased the levels of antioxidant enzymes, suggesting a more
pronounced protection against OE. However, the cytotoxicity increased in a dose-
dependent manner for all four species analyzed, suggesting that the chronic use
of these MPs is associated with cell damage. Analyzing the crude extracts, which
is the main form they are consumed by the population, is essential to outline the

toxicological profile of MPs.

Keywords: oxidative stress, medicinal plants, chronic noncommunicable

disease, cytotoxicity.
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LISTA DE ABREVIATURAS E SIGLAS

CAT - Catalase

CONCEA - Conselho Nacional de Controle de Experimentagdo Animal
DCNT - doencas cronicas ndo transmissiveis

EO - Estresse oxidativo

EROs - Espécies reativas de oxigénio

FRAP - Ferric reducing antioxidant power

GPx - Glutationa peroxidase

IFN — Interferon

IL — Interleucinas

MDA - Malondialdeido

MTT - (brometo de 3-[4,5-dimetiltiazol-2il]-2,5-difeniltetrazolio)

NIH — 3T3 - Células oriundas de fibroblastos de tecido embrionario de
camundongo

OECD - Diretrizes da Organizacédo para a Cooperacao e Desenvolvimento
Econdmico

PMs - Plantas medicinais

PNPICS - Politica Nacional de Praticas Integrativas e Complementares no SUS
SOD - Superéxido dismutase

SRB - Sulforrodamina B

SUS - Sistema unico de Saude

TCLE — Termo de Consentimento Livre e Esclarecido

TNF — Fator de necrose tumoral

WHO - World Health Organization
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1 APRESENTACAO GERAL

O presente trabalho teve como objetivo geral avaliar a toxicidade de
espécies vegetais utilizadas para fins medicinais em portadores de doencas
cronicas ndo transmissiveis, como hipertensdo arterial, diabetes mellitus,
dislipidemias entre outras, através de ensaios de estresse oxidativo e
citotoxicidade.

Essa dissertacdo inicia com uma breve revisdo bibliografica sobre a
tematica desenvolvida, seguida da apresentacdo de dois capitulos compostos
de artigos cientificos encaminhados para publicacdo em revistas distintas, como

abaixo citado:

CAPITULO 1: Manuscrito sera submetido ao Journal of Ethnopharmacology,
intitulado “Evaluation of the oxidative stress profile of chronic patients users of
medicinal plants”. Os pesquisadores que participaram deste trabalho s&o:
Tainara Vargas de Oliveira, César Augusto Miorelli Campos, Bruna Scherer
Seibert; Juliana Raquel Raasch, Larissa Selbach Dries, Ana Luiza Ziulkoski e

Magda Susana Perassolo.

CAPITULO 2: Manuscrito sera submetido ao Toxicology and Applied
Pharmacology, intitulado “Cytotoxicity of Achyrocline satureioides, Cymbopogon
citratus, Matricaria chamomilla and Mentha pulegium infusions in 3T3 cell line”.
Os pesquisadores que participaram deste trabalho sdo: Tainara Vargas de
Oliveira, Natasha da Rosa Silva, Amanda Schu Ponath, Alana Witt Hansen Ana

Luiza Ziulkoski e Magda Susana Perassolo.

CAPITULO 3: Resultados parciais. Intitulado “Avaliacdo de citocinas séricas
envolvidas com resposta inflamatéria em doentes crénicos usuarios de plantas
medicinais”. Os pesquisadores que participaram deste trabalho sdo: Tainara
Vargas de Oliveira, Alana Witt Hansen, Ana Luiza Ziulkoski e Magda Susana

Perassolo.
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Em adigdo aos manuscritos citados anteriormente, durante a realizagédo desta
pesquisa os trabalhos abaixo foram apresentados em eventos cientificos, a
saber:

e “Evaluation of serum cytokines in chronic patients users of medicinal
plants”. Apresentado na forma de resumo no 17" International Congress
of Therapeutic Drug Monitoring & Clinical Toxicology.

e “Avaliacédo da toxicidade in vitro de infuso de macela (achyrocline
satureioides) em celulas 3T3”. Apresentado na forma de resumo
expandido no Seminario de POs-Graduagédo - Inovamundi 2019, da
Universidade Feevale.

e “Avaliacdo da utilizagdo de plantas medicinais em moradores de Novo
Hamburgo”. Apresentado na forma de resumo na Feira de Iniciacao
Cientifica - Inovamundi 2019, da Universidade Feevale.

e “Avaliacido da qualidade de vida em portadores de doencas crbnicas da
regiao do Vale do Sinos”. Apresentado na forma de resumo na Feira de
Iniciacéao Cientifica - Inovamundi 2019, da Universidade Feevale.

e ‘“Interacbes farmacoldgicas em pacientes da rede publica de saude”.
Apresentado na forma de resumo na Feira de Iniciacdo Cientifica -
Inovamundi 2019, da Universidade Feevale.

e “Triagem Fitoquimica e Investigacdo do Potencial Antioxidante Total in
vitro dos Infusos de Achyrocline satureioides, Cymbopogon citratus,
Matricaria chamomilla e Mentha pulegium”. Apresentado na forma de
resumo na Feira de Iniciacdo Cientifica - Inovamundi 2019, da
Universidade Feevale.

e “Toxicidade in vitro do infuso de Mentha pulegium em células 3T3".
Apresentado na forma de resumo na Feira de Iniciacdo Cientifica -
Inovamundi 2019, da Universidade Feevale.

e “Avaliacdo dos niveis de estresse oxidativo em doentes crénicos usuarios
de plantas medicinais da regido do Vale do Sinos”. Apresentado na forma
de resumo expandido no Seminario de Pés-Graduacdo - Inovamundi
2018, da Universidade Feevale.
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2 INTRODUCAO GERAL

Segundo dados da Organizacdo Mundial de Saude - World Health
Organization (WHO), estima-se que 41 milhdes de mortes ocorreram devido a
doencas crbnicas nao transmissiveis (DCNT). A maioria das mortes foram
causadas pelas quatro principais DCNT, a saber: doencas cardiovasculares,
cancer, doencas respiratorias cronicas e diabetes. O controle e a prevencéo das
DCNT se tornaram uma prioridade das politicas publicas de saltde (MALTA et
al., 2017; WHO, 2018).

Este quadro é uma realidade mundial, as DCNT constituem o maior problema
global de saude e tém gerado elevado niumero de mortes prematuras, perda de
gualidade de vida, com alto grau de limitacdo e incapacidade (MALTA et al.,
2014). O monitoramento e intervencdes no manejo dessas doencas e seus
fatores de risco, sdo essenciais para alcancar a meta global estipulada pela
WHO, onde incluem a reducao relativa de 25% no risco de mortalidade
prematura por DCNT até 2025, e a reducao de um terco até 2030 (WHO, 2018;
MALTA et al., 2017).

Além dos medicamentos utilizados no controle de DCNT, & muito comum
pacientes realizarem a utilizacdo de plantas medicinais (PMs) junto ao
tratamento medicamentoso, ou até mesmo tratar suas doencas a base de chas.
O uso de PMs é uma pratica que sempre esteve presente na vida do ser humano.
Desde a antiguidade se tem relatos sobre o seu uso, sendo uma fonte valiosa de
moléculas com potencial terapéutico (ATANASOV et al. 2015). Essa pratica €
respeitada por entidades nacionais como o Ministério da Saude, e internacionais
como a WHO (ZENI et al., 2016).

Atualmente, estima-se que cerca de 80% da populacdo mundial faca uso
de plantas ou de suas preparac6es. No Brasil, a regulamentacdo do uso de PMs
e da Fitoterapia junto ao SUS iniciou-se em 2006 com a aprovacao da Politica
Nacional de Praticas Integrativas e Complementares no SUS (PNPICS)
(BRASIL, 2018; BRASIL, 2006).

Alguns facilitadores para a alta incidéncia de uso de PMs sao a grande

diversidade vegetal encontrada no Brasil, o baixo custo associado a terapéutica,



W FEEVALE !
e o fato de grande parte da populacédo cultivar certas espécies de PMs em seus
préprios quintais. Em contrapartida, um dos pontos mais preocupantes é a
associagao que a populacgéo faz entre a utilizacdo de PMs e a auséncia de risco,
por serem naturais e entdo ndo fazerem mal a satde (SANTOS et al., 2011; ZENI
et al., 2016), quando na verdade o uso de PMs pode nao ser inofensivo.

As condicdes patolégicas oriunda das DCNT, estdo associadas a um
aumento da carga inflamatéria. A inflamacdo é um mecanismo de protecao
empregado contra antigenos enddgenos e exdgenos. As células do sistema
imunoldgico, como as citocinas estdo envolvidas diretamente no processo da
inflamacéo crénica. Entre as citocinas algumas possuem caracteristicas pro-
inflamatorias como, por exemplo, IL1, IL-2, IL-6, IL-8, TNF, IFN e IL-17, estas
S80 necessarias para se iniciar e perpetuar a resposta inflamatéria. Outras
citocinas sao anti-inflamatérias como, por exemplo, IL-4, IL-10 e IL-13 estas
auxiliam na resolucdo da inflamacdo e cicatrizacdo da lesdo (KHANSARI;
SHAKIBA; MAHMOUDI, 2009; PERNAMBUCO, 2014; PICKERING et al., 2018).

O desequilibrio entre a producao de citocinas anti e pro-inflamatorias pode
ser o responsavel pelo desencadeamento e manutencdo dos sintomas de
condicBes cronicas. Estudos relatam sobre o papel importante deste mecanismo
no desenvolvimento de doencas como diabetes, dislipidemias e cancer, visto
gue, quando a inflamacgéo se torna cronica, pode configurar-se um indicativo de
condicdo patoldgica, caracterizada pela resposta continua da inflamacédo e
consequentemente gerando destruicdo tecidual (KHANSARI; SHAKIBA;
MAHMOUDI, 2009; PERNAMBUCO, 2014; PICKERING et al., 2018).

O estresse oxidativo (EO) é considerado uma das principais causas de
varios disturbios crénicos e um dos fatores determinantes em diversas
fisiopatologias. O EO ocorre a partir de um estado de desequilibrio entre a
producdo de espécies reativas de oxigénio (EROs), também chamados de
radicais livres e a capacidade antioxidante endégena. De modo que esse
desequilibrio oxidante-antioxidante pode levar a morte celular (LUCA e LUCA,
2013; RANG et al., 2016, BERNATONIENE; KOPUSTINSKIENE, 2018).

Alguns estudos sugerem que o dano causado pelo EO seja um fator de

risco comum para varios disturbios inflamatérios, por induzir reagdes
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inflamatorias, através das interacdes das EROs com proteinas, DNA,
carboidratos e lipideos, conduzindo a oxidacdo das mesmas e levando a perda
de suas funcdes bioldgicas e/ou desequilibrios, cuja manifestacdo é o dano
celular (LUTFIOGLU, 2017).

Entretanto, quando a producdo de EROs é exacerbada, o organismo
fornece respostas celulares, através de sistemas de defesa antioxidante. Existe
uma grande variedade de antioxidantes naturais que neutralizam as EROs e
previnem o dano oxidativo nas membranas bioldgicas. Sdo exemplos de
enzimas antioxidantes endégenas a superoxido dismutase (SOD), a glutationa
peroxidase (GPx) e a catalase (CAT). Em adicdo as enzimas, existem também
antioxidantes naturais, muitos deles presentes em alimentos, como: vitaminas A,
C, E, carotenoides e flavonoides (HALLIWELL; GUTTERIDGE, 1999; LIU et al.,
2006; REIS et al., 2008).

Os antioxidantes vegetais sdo de natureza muito variada, mas o0s
compostos fendlicos tém sido apontados como um dos responsaveis por maior
capacidade antioxidante. Além desses compostos, varios outros com atividade
antioxidante tém sido isolados de diversas familias de plantas. De acordo com a
literatura, estudos mostram que componentes extraidos de plantas tém sido
estudados quanto ao seu potencial antioxidante, demonstrando alta eficiéncia.
Porém sao poucas pesquisas mostrando o efeito tdéxico ou relacionados a
seguranca destas substancias naturais (AQUINO et al., 2017).

Ensaios de toxicidade in vitro apresentam varias vantagens, pois
envolvem pequenas configuracdes que permitem a utilizacdo de pouca
guantidade da substancia de teste, alto nimero de repeticdes, bem como
facilidade de interpretacdo dos resultados obtidos. Os métodos in vitro sdo Uteis
para elucidar os mecanismos de toxicidade de uma substancia de teste
(ERHIRHIE; IHEKWEREME; ILODIGWE, 2017).

No Brasil, métodos alternativos ao uso de animais, sao reconhecidos pelo
Conselho Nacional de Controle de Experimentacdo Animal (CONCEA),
conforme a Resolucdo n°® 18/2014. Tendo em vista a aplicacdo do principio dos
3Rs, com finalidade de redugéo, a substituicdo ou o refinamento do uso de

animais em atividades de pesquisa (BRASIL, 2014).
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Entre os ensaios empregados para a determinacao de citotoxicidade ou
viabilidade celular apés a exposicdo a substancias potencialmente toxicas,
destacam-se o ensaio de redugdo do MTT (brometo de 3-[4,5-dimetiltiazol-2il]
2,5-difeniltetrazdlio), e o ensaio de adsorcao da sulforrodamina B (SRB). Ambos
0s ensaios utilizam medi¢cBes colorimétricas para definir o nUmero de células
viaveis apds exposicdo a xenobibticos (GRACIOLI, 2013; VAJRABHAYA,;
FIGUEIRO et al., 2017; KORSUWANNAWONG, 2018).

Para a realizacdo destes ensaios, € preconizado pelas Diretrizes da
Organizacao para a Cooperacgéo e Desenvolvimento Econémico (OECD), a qual
possuem aceitacao regulatoria internacional, a utilizacéo de células oriundas de
fibroblastos de tecido embrionario de camundongo NIH-3T3 (OECD, 2010).
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3 OBJETIVOS

Apresentam-se, a seguir, 0s objetivos propostos para o estudo.

3.1 OBJETIVO GERAL

Avaliar a toxicidade de espécies vegetais utilizadas para fins medicinais
em portadores de doencas cronicas nao transmissiveis (DCNT), através de
ensaios de estresse oxidativo (EO) e citotoxicidade em modelo experimental.

3.2 OBJETIVOS ESPECIFICOS

e Fazer um levantamento das DCNT no grupo de voluntarios atendidos nas
clinicas da Feevale e nas Unidades Béasicas de Saude de Novo Hamburgo;

e Fazer um levantamento das PMs mais utilizadas pelos voluntarios do estudo;

e |dentificar as quatro espécies de PMs mais citadas pelos voluntarios;

e Estimar a toxicidade do infuso das quatro espécies de PMs mais utilizadas
através de ensaios de viabilidade celular em células 3T3;

e Determinar os niveis de EO em portadores de DCNT que fazem o uso de
PMs e em portadores de DCNT que ndo fazem o uso de PMs através de
dosagens das enzimas antioxidantes SOD, CAT e GPx, além do Poder
Antioxidante de Reducdo do Ferro (FRAP, do inglés, ferric reducing

antioxidant power) e do biomarcador MDA.
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ABSTRACT

Chronic noncommunicable diseases (NCDs) constitute a major health
problem, with oxidative stress (OE) among the physiological processes
involved. Some medicinal plants (MPs) have been used to treat NCDs.
However, most MPs consumed by the population do not have well-known
toxicological profiles. Thus, the aim of this study was to evaluate the toxicity of
plant species used for medicinal purposes by patients with NCDs through OE
assays. This study included 150 participants, all of them with one or more
NCD. Of these, 112 volunteers used some type of MP and 38 were not users
of any type of MP. In both groups, the average age was 62 + 10 years and
there was higher prevalence of females. The most consumed MPs were
Cymbopogon citratus (42%), Matricaria chamomilla (39%), Mentha pulegium
(25%) e Achyrocline satureioides (18%). Higher levels of superoxide
dismutase (SOD) were observed in patients who did not make use of MPs,
when compared to users (p=0.002). Hypertensive patients presented higher
levels of SOD and lower levels of glutathione peroxidase (GPx), compared to
non-hypertensive patients (p=0.001 and 0.003). In patients with depression,
catalase (CAT) was increased and malondialdehyde (MDA) was decreased,
compared to volunteers without this pathology (p=0.021 and 0.042). In diabetic
patients, CAT levels were lower and MDA levels were higher, compared to
non-diabetic patients (p=0.009 and 0.001). Users of M. chamomilla presented
higher levels of CAT and SOD (p=0.033 and 0.026). M. glomerata users
presented higher levels of GPx and lower levels of SOD (p=0.041 and 0.022).
MDA was increased in users of C. sicyoides (p=0.014). Lower levels of SOD
(p=0.011) were observed in users of M. sylvestris. Based on the results of this
study, most chronic patients consume MPs and the use of M. chamomilla
improves the levels of two antioxidant enzymes (CAT and SOD), suggesting a

more pronounced antioxidant activity.

Keywords: chronic noncommunicable diseases, oxidative stress, medicinal

plants.
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Chronic noncommunicable diseases (NCDs) are one of the greatest health
problems globally as they have been collaborating for high incidences of death,
loss of quality of life and high degrees of limitation and disability. Most deaths are
caused by four most common NCDs, namely cardiovascular disease, cancer,
chronic respiratory diseases and diabetes (WHO, 2018; MALTA et al., 2019).

The etiology of NCDs is multifactorial and strongly associated with
metabolic alterations, characterized by physiological changes such as arterial
hypertension, overweight, hyperglycemia and hyperlipidemia. These conditions
lead to increased production of reactive oxygen species (ROS), also known as
free radicals (MALTA et al., 2019; YARIBEYGI et al., 2018; WHO, 2018).

When there is an imbalance between the formation of ROS and antioxidant
mechanisms, oxidative stress (OE) takes place increasing the oxidative damage
to macromolecules such as lipids, DNA and proteins. Therefore, OE plays an
important role in the progression of several pathologies, including NCDs
(MANCINI et al., 2016; LIGUORI et al., 2018; YARIBEYGI et al., 2018).

Patients with NCDs frequently make use of medicinal plants (MPs) in
combination with pharmaceutical treatment, or even treat their illnesses
exclusively based on teas. The use of MPs is a longstanding practice with reports
on their use since ancient times, thus MPs may be a valuable source of molecules
with therapeutic potential (ATANASOV et al. 2015). However, one of the most
worrying facts is that the population usually considers MPs harmless because
they are natural products (SANTOS et al., 2011; ZENI et al., 2016), even though
the use of MPs may not be harmless.

Considering this scenario, MPs represent a therapeutic alternative for a
large share of the general population and for many patients with NCDs, which are
usually users of polypharmacy. Thus, understanding the effects of MPs in the
body of these patients is necessary to promote information and health.

As this is a complex subject with several hypotheses about OE in NCDs
and because there are some discrepancies regarding the association or not of
antioxidants with pharmacotherapy, studies in this area are of increasing interest.
Thus, the aim of this study is to evaluate the toxicity of plant species used for

medicinal purposes in patients with NCDs through OE assays.
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2. MATERIAL AND METHODS

2.1.DATA COLLECTION

Patients attended at an integrated center of education in health of a post-
secondary education institution in south Brazil were selected for participation in
this study. Each patient was interviewed, starting with the signature of two copies
of an informed consent form (TCLE) followed by a questionnaire about general
characteristics and clinical data. The questionnaire comprised the evaluation of
sociodemographic profile and aspects related to the use of MPs (types and parts
of plants used, frequency of use, indication and preparation).

The group studied included volunteers above 18 years of age with one or
more NCD, users of continuous medications in association or not with MPs, and

with cognitive condition to answer the questionnaire. Patients not attending these

criteria were excluded. The group studied was subdivided in two groups: group |,
patients with NCDs users of MPs and group I, patients with NCDs not users of
MPs. This study was approved by the Research Ethics Committee of Feevale
University (CAAE 62834916.0.0000.5348) and was conducted in accordance
with Resolution 466/2012 following the precepts of the Declaration of Helsinki.

2.2.LABORATORY DETERMINATIONS

After the interview, a venous blood sample was collected and plasma was
obtained from whole blood by centrifugation. Aliquots were cryopreserved at -
80°C until analysis. The OE profile was assessed using the determination of
malondialdehyde (MDA) (ANTUNES et al, 2008). The antioxidant enzymes
analyzed were extracellular superoxide dismutase (SOD) (indirect method of nitro
tetrazolium blue - NBT), catalase (CAT) (AEBI, 1984) and glutathione peroxidase
(GPx) (PAGLIA and VALENTINE, 1967). The determination of the total
antioxidant capacity was carried out using the ferric reducing antioxidant power
(FRAP) assay, which is based on the reduction of iron in biological fluids and
compounds in aqueous solutions (BENZIE and STRAIN, 1996).
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Based on the method developed by Antunes et al. (2008), the
determination of the biomarker malondialdehyde (MDA) starts with alkaline
hydrolysis of the plasma in order to release the protein-bound fraction,
subsequently precipitated by the addition of 15% HCIO4. Then, the sample is
centrifuged at 12000 rpm, 4°C for 10 minutes. DNPH was added to 250 pL of the
supernatant for derivatization and incubated at room temperature protected from
light for 30 minutes.

Chromatographic analysis was performed by high performance liquid
chromatography and diode-array detection (HPLC-DAD), with 50 pL of the
prepared sample and mobile phase consisting of 0.2% (w/v) acetic acid:
acetonitrile (62:38) at flow rate of 1 mL/min and monitoring at 310 nm.

2.2.2. Extracellular superoxide dismutase

The activity of extracellular superoxide dismutase (SOD) was determined
with the commercial kit Fluka 19160 (Steinheim, Germany), based on the indirect
method of nitro tetrazolium blue (NBT). This test uses xanthine and xanthine
oxidase to generate superoxide radicals that react with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride to produce formazan, a compound that
absorbs light at 450 nm.

The inhibition of chromogen production is proportional to the activity of SOD
in patient plasma. The determination was performed on microplates by

spectrophotometry and the results were expressed as SOD inhibition rate (%).

2.2.3 Catalase

Catalase (CAT) was determined using the method described by Aebi
(1984). The red blood cells in the tube containing heparin, separated as described
in sample processing, were washed with 0.9% NaCl solution 3 times. An aliquot
of 1 mL of red blood cells was transferred to another tube and 4 mL of water
(dilution 1) was added. Then, 40 pL of this solution was added to 1960 pL of
phosphate buffer pH 7.0 (dilution 2).

The spectrophotometric reading was performed at 240 nm at times 0 and
15s. A blank was prepared for each sample, and the results were expressed in s

corrected by the patient’s hemoglobin.
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2.2.4 Glutathione peroxidase

Glutathione peroxidase (GPx) activity was determined using the method
described by Pleban, Munyani, Beachum (1982). A reaction mixture was
prepared and incubated for 5 minutes at 37°C. To determine the enzymatic
activity in plasma, 50 pL of undiluted plasma was added to 950 pL of reaction
solution. GPx activity was expressed in U/L of plasma.

To start the reaction, 10 pL of H202 8.8 mmol/L was added and the
decrease in NADPH levels was monitored for 3 minutes through the variation of
absorbance at 340 nm. The blank tube was prepared by addition of water instead
of plasma. After obtaining the results with the UV-Visible Spectrophotometer,
calculations were performed according to the equation described by Faraji, Kang,
Valentine (1987).

2.2.5 Total antioxidant capacity
The total antioxidant capacity was determined with the ferric reducing
antioxidant power (FRAP) assay, which consists in reduction of Fe*3 in biological
fluids and compounds in aqueous solutions (BENZIE and STRAIN, 1996). To
perform the test, working FRAP reagent was prepared by mixture of 0.3 M acetate
buffer, 10 mM TPTZ (2,4,6-tri(2-pyridyl)-1,3,5-triazine and 20 mM aqueous
solution of ferric chloride. A standard solution of ferrous sulfate was also prepared
in dark room to determine the standard curve (500 to 2000 uM).
Patient plasma samples were analyzed in duplicates for greater precision.
The absorbances obtained were plotted on a spreadsheet, and FRAP was
calculated based on the linear equation obtained with the ferrous sulfate standard

curve. The spectrophotometer reading was performed at 593 nm.

2.3.STATISTICAL ANALYSIS

All results were analyzed using SPSS® 25.0. Student t-test or Mann-
Whitney U test were used to compare groups. Differences were considered

significant if p <0.05.
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The group studied consisted of 150 subjects, with higher prevalence of
females. Group | included 112 volunteers with one or more NCD and who used
some type of MP; group Il included 38 volunteers with one or more NCD, but not
users of any type of MP. Table 1 summarizes the characteristics of the
participants of the study. There was no statistical difference considering the
investigated variables between the groups.

Table 1. General characteristics, sociodemographic and clinical data of the 150

participants of the study.

Characteristic Frequency per group

Group I (n =112) Group Il (n = 38)

Gender

Female 100 (89%) 27 (71%)

Male 12 (11%) 11 (29%)
Age (years) 62 10 6311
BMI (kg/m2)* 28.6+54 274 +£55
SBP (mmHg)? 122 +14 123 +9
DBP (mmHg)? 79+11 797
Education

Incomplete elementary education 62 (55%) 14 (37%)

Complete elementary education 26 (23%) 14 (37%)

Incomplete high school 9 (8%) 3 (8%)

Complete high school 13 (12%) 7 (18%)

Post-secondary education 2 (2%) 0
Income (MW)*

1 MW 48 (43%) 12 (32%)

1.5 MW 5 (4%) 1 (3%)

2 MW 34 (30%) 16 (42%)

2.5 MW 4 (3.5%) 2 (5%)

3 MW 17 (16%) 3 (8%)

+4 MW 4 (3.5%) 4 (10%)
Smoking

No 96 (86%) 27 (71%)

Yes 7 (6%) 1 (8%)

Former smoker 9 (8%) 8 (21%)
Alcoholism

Yes 0 0

No 112 (100%) 38 (100%)
Use of antioxidant

Yes 37 (33%) 10 (26%)

No 75 (67%) 28 (74%)

Source: Elaborated by the author. Group [: patients with NCDs and user of MPs; Group II: patients
with NCDs and not users of MPs; 1. Body mass index; 2. Systolic blood pressure; 3. Diastolic
blood pressure; 4. Minimum wage. Statistical significance level p<0.05.
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Each patient reported the NCDs present during the interviews. These data
were confirmed through pharmaceutical records and laboratory tests when
necessary. The NCDs of group studied are described in Table 2. Arterial
hypertension was the most frequent NCD in both groups, followed by gastric
discomfort, depression and dyslipidemia.

The most consumed MPs cited by the volunteers were: lemon grass (C.
citratus, 42%), chamomile (M. chamomilla, 39%), pennyroyal (M. pulegium,
25%), macela (A. satureioides, 18 %), peppermint (M. piperita, 15%), Indian
coleus (P. barbatus, 13%), guaco (M. glomerata, 10%), anise (P. anisum, 8%),
princess vine (C. sicyoides, 5%) and mallow (M. sylvestris, 3%). The method of
preparation mentioned by most patients was infusion, and the frequency of use
varied from two to three times per week, or when necessary to treat some

discomfort.

Table 2. Most prevalent chronic noncommunicable diseases in the group

studied.
Chronic disease Frequency per group
Group I (n =112) Group Il (n = 38)

Arterial hypertension 67 (60%) 18 (47%)
Gastric discomfort 40 (36%) 18 (47%)
Depression 38 (34%) 16 (35%)
Dyslipidemia 35 (29%) 18 (47%)
Arthrosis 28 (25%) 6 (16%)
Diabetes Mellitus type 2 21 (19%) 9 (24%)
Hypothyroidism 17 (15%) 9 (24%)
Osteoporosis 13 (12%) 6 (16%)
Fibromyalgia 10 (9%) 0 (0%)

Source: Elaborated by the author. Group [: patients with NCDs and user of MPs; Group Il: patients
with NCDs and not users of MPs.

Analyzing the OE profile between groups, higher levels of SOD were
observed in group Il when compared to group | (p=0.002). There were no
significant differences between the groups considering the other variables. The

results are shown in Table 3.
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Table 3. Evaluation of the oxidative stress parameters of the 150 volunteers

studied.
VARIABLE Group I (n =112) Group Il (n = 38) p
CAT (K/s) 0.68 (0.24 - 3.13) 0.39 (0.20 - 3.68) 0.340
FRAP (uM)  1265.8 (887.37 —2107.2)  1469.13 (1236.56 — 1979.40)  0.224
GPx (U/L) 11.41 (0.84 — 101.25) 39.44 (0.17 — 173.0) 0.883
MDA (M) 1.76 (1.33 — 1.51) 1.78 (1.32 — 2.36) 0.527
SOD (U/L) 143.56 (61.86 — 610.42) 579.86 (98.0 — 1400) 0.002*

Source: Elaborated by the author. Group I: patients with NCDs and user of MPs; Group II: patients
with NCDs and not users of MPs; CAT — Catalase; FRAP - Ferric Reducing Antioxidant Power;
GPx — Glutathione Peroxidase; MDA — Malondialdehyde; SOD - Superoxide Dismutase.
*Statistical significance level p<0.05; Mann Whitney U test; Data expressed as median, percentile
25 and 75.

Analyzing the NCDs against the parameters of OE, higher levels of SOD
and lower levels of GPx were observed in hypertensive patients compared to
non-hypertensive patients (p=0.001 and 0.003). In patients with depression, CAT
levels were higher and MDA levels were lower, compared to patients without this
pathology (p=0.021 and 0.042). In patients diagnosed with type 2 diabetes
mellitus (DM2), CAT levels were lower and MDA levels were higher (p =0.009
and 0.001), compared to patients without DM2. No significant differences were
observed for other NCDs. The values are described in Table 4.

Comparing the levels of OE with the use of MPs, users of M. chamomilla
presented higher levels of CAT and SOD (p=0.033 and 0.026), compared to
nonusers. Patients who reported the use of guaco (M. glomerata) presented
higher levels of GPx (p=0.041) and lower SOD (p=0.022) compared to nonusers
of this plant species. The lipid peroxidation marker MDA revealed higher levels in
princess vine users (C. sicyoides) (p=0.014), compared to volunteers who did not
use C. sicyoides. Lower levels of SOD (p=0.011) were found in mallow users (M.
sylvestris), and a statistical tendency to lower FRAP levels and higher MDA
values was observed in volunteers who used M. sylvestris, compared to the group
that did not use this species. There were no significant differences for the other

plants analyzed. The values are shown in Table 5.

Manuscript will be submitted to Journal of Ethnopharmacology



& UNIVERSIDADE
W FEEVALE

28

Table 4. Evaluation of oxidative stress parameters according to the chronic noncommunicable diseases reported by the 150

volunteers studied.

OE ARTERIAL HYPERTENSION DEPRESSION DIABETES MELLITUS TYPE 2
Yes No Yes No Yes No
NCD (n =85) (n = 65) (n =54) (n =96) (n =30) (n =120)
0.58 0.52 1.36 0.44 0.34 0.71
CAT (K/s) (0.3 -4.0) (0.1 -1.9) (0.4 — 4.0 (0.16- 1.6) (0.05-0.7) (0.24-3.2)
p=0.221 p = 0.021* p = 0.009*
1355 1305.8 1298 1322 1218 1330
FRAP (UM)  (974.0-2087.4) (822-1984.2) (1035.4—2067.6) (746.9-1984.2)  (704.7-2131.9) (933.3—1984.8)
p = 0.656 p = 0.558 p = 0.344
3.7 40.8 4.9 28.6 10.6 24.1
GPx (U/L) (0.2 — 88.8) (3.3-173.0) (0.4 — 88.9) (0.8 — 169.6) (0.4 —94.2) (0.7 — 143.7)
p = 0.003* p =0.246 p=0.798
1.8 1.7 1.6 1.9 2.5 1.7
MDA (uM) (1.4 - 2.5) (1.3-2.2) (1.3 -2.0) (1.4 —2.5) (1.5-3.2) (1.3-2.2)
p =0.109 p = 0.042* p = 0.001*
458.3 77.3 450.0 113.9 78.8 300
SOD (VL)  (71.4-1297.2) (58.8-513.9) (88.7 — 873.3) (60.8 — 621.5) (62.3 —1187.5) (62.3 — 700)
p =0.001* p=0.222 p = 0.465

Source: Elaborated by the author. CAT — Catalase; FRAP - Ferric Reducing Antioxidant Power; GPx - Glutathione Peroxidase; MDA — Malondialdehyde;
SOD - Superoxide Dismutase. *Statistical significance level p<0.05; Mann-Whitney U test; Data expressed as median, percentile 25 and 75.
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Table 5. Evaluation of the oxidative stress parameters in users and nonusers of medicinal plants in the 150 volunteers studied.

MPs
oF CAT (K/s) FRAP (uLM) GPx (U/L) MDA (uLM) SOD (U/L)
Users 0.64 1288.6 15.2 1.7 450
Lemon grass (n=63) (0.2-4.6) (942.9-1997.8) (0.52-101.3) (1.4 -2.5) (64.3 —700)
(C. citratus) Nonusers 0.52 1357.5 25.1 1.8 300
(n=87) (0.2-1.9) (904.3 -2080.8) (0.4 -139.7) (1.32 -2.4) (66.1 — 750)
p 0.210 0.915 0.790 0.933 0.766
Users 0.89 1253.3 6.0 1.7 550
Chamomile (n=59) (0.3-4.6) (885 —1978.2) (0.8 -101.3) (1.3-2.4) (89.6 — 700)
(M. chamomilla) Nonusers 0.78 1389.6 35.26 1.78 92.64
(n=91) (0.3-4.2) (964 — 2139) (0.46 —173) (1.33 - 2.53) (61 —675)
p 0.033* 0.124 0.765 0.597 0.026*
Users 0.93 1253.3 18.8 1.7 403
Pennyroyal (n=37) (0.3-6.3) (885 —1978.2) (0.8 -96.9) (1.3-2.4) (64.3 —693)
(M. pulegium) Nonusers 0.52 1389.6 35.26 1.8 92.64
(n=113) (0.2-2.3) (964 — 2139) (0.5-173) (1.33 - 2.53) (61 —675)
p 0.071 0.234 0.887 0.937 0.911
Users 0.47 1595.4 4.1 1.7 250
Macela (n=27) (0.3-1.9 (1000 — 2128) (0.23 - 38.5) 1.2-2.4) (62 — 700)
(A. satureioides) Nonusers 0.58 1288.6 26.3 1.8 324.8
(n=123) (0.2-3.4) (886.7 —1986.4) (0.73 —135.4) (1.3-2.5) (66 — 700)
p 0.849 0.216 0.100 0.459 0.893
Continues
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Continuation

MPs
o CAT (K/s) FRAP (uLM) GPx (U/L) MDA (uLM) SOD (U/L)
Users 0.81 1680 112.9 15 65.5
Guaco (n=15) (0.17-3.9) (899 — 2047.8) (12.2 -173.1) (1.2-2.3) (58.6 — 488.9)
(M. glomerata) Nonusers 0.53 1305.8 10.6 1.8 394.4
(n=135) (0.2-3.1) (942.9-1986.4) (0.41-91.8) (1.3-2.5) (69.1 — 750)
p 0.707 0.592 0.041* 0.262 0.022*
Users 0.39 1388.7 6.0 2.7 143.6
Princess vine (n=28) (0.1-0.7) (335.1-2167.5) (0.35-45.0) (1.7 -3.2) (66.8 —433.3)
(C. sicyoides) Nonusers 0.59 1330 20.9 1.75 369.4
(n=142) (0.2-3.4) (961.5-1991.7) (0.50-116.9) (1.3-2.4) (63.9 — 750)
p 0.149 0.808 0.355 0.014* 0.366
Users 0.64 1047.1 2.7 3.6 59.3
Mallow (n=5) (0.3-5.8) (654.6 —1187.3) (0.42-140.3) (1.6 —6.0) (56.9 —72.9)
(M. sylvestris) Nonusers 0.53 1357.5 23.1 1.8 384.7
(n=145) (0.21-3.2) (952.1 - 2064.3) (0.54 -107.1) (1.3-2.4) (66.3 — 725)
p 0.679 0.085 0.630 0.073 0.011*

Source: Elaborated by the author. CAT — Catalase; FRAP - Ferric Reducing Antioxidant Power; GPx - Glutathione Peroxidase; MDA — Malondialdehyde;
SOD - Superoxide Dismutase. *Statistical significance level p<0.05; Mann-Whitney U test; Data expressed as median, percentile 25 and 75.
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4. DISCUSSION

The main findings of this study were (1) increased levels of SOD in volunteers
nonusers of MPs; (2) higher SOD and lower GPx in patients with hypertension; (3)
higher levels of CAT and lower levels of MDA in patients with depression; (4) decrease
of CAT and increase of MDA in patients with diabetes; (5) higher levels of CAT and
SOD in users of M. chamomilla; (6) higher GPx and lower SOD in users of M.
glomerata; (7) higher levels of MDA among users of C. sicyoides; (8) lower levels of
SOD in users of M. sylvestris.

The involvement of OE with chronic diseases is well documented in literature,
as well as the role of antioxidant enzymes such as SOD in the removal of ROS, which
has been suggested as a strategy to protect from oxidative damage (SINGH et al.,
2017; KANG et al., 2018). In this study, it was possible to observe increased activity of
SOD in chronic patients who did not make use of MPs when compared to users,
suggesting a higher protection against OE in the first group.

Although some studies report that antioxidant phytochemicals may play a role
in the treatment and prevention of NCDs, other studies have found discrepancies. It
has been suggested that antioxidant supplementation may even play the opposite role
(LIU, 2014; ZHANG et al., 2015).

The most prevalent NCD in this study was arterial hypertension. This
corresponds with the Brazilian statistics of the 7" Brazilian Guideline on Hypertension
(2017), which reports an incidence of hypertension equal to 32.5% in adults and above
60% in elderly, and contribution of the disease with 50% of the deaths due to
cardiovascular disease. Comparing hypertensive and non-hypertensive patients,
higher levels of SOD were observed in those who presented the pathology.

In the present study, it was also possible to observe increased levels of the
antioxidant enzyme CAT and lower levels of the lipid peroxidation marker MDA in
patients with depression. This result differs from Taene and colleagues (2019), whose
study reported decreased antioxidant enzymes such as CAT, and a significant
increased MDA levels in patients with depression compared to healthy volunteers.

This same profile was observed comparing diabetic and non-diabetic patients,
with the first group presenting lower levels of CAT and increased MDA. This result is
similar to other studies where MDA was higher in diabetic patients (CHATZIRALLI et
al., 2017; DRIES et al., 2017).
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The antioxidant enzymes SOD and CAT play an important role in the prevention
of oxidative damage. In this study, patients who reported use of M. chamomilla
presented increased levels of both enzymes. SOD catalyzes the conversion of
superoxide to hydrogen peroxide (not a free radical, but a reactive molecule) and
oxygen. CAT catalyzes the reduction of hydrogen peroxide and protects tissues
against reactive hydroxyl radicals (CEMEK et al., 2008). The results of this study
suggest an improvement in the antioxidant defense of these patients due to the use of
MPs. This data corroborates with other studies that reported the antioxidant action of
M. chamomilla against OE, suggesting antioxidant activity due to the synergistic action
of the phenolic compounds present in the plant (KOLODZIEJCZYK-CZEPAS et al.,
2015; BIGAGLI et al., 2017; IONITA et al., 2018).

The species M. glomerata, commonly known as guaco, is usually used to treat
respiratory diseases in Brazilian folk medicine. In the present study, users of this plant
species presented lower serum levels of SOD and higher levels of GPx compared to
nonusers, suggesting an alteration in the antioxidant defense. Fulanetti and colleagues
(2016) analyzed the possible toxic effects of M. glomerata in Wistar pregnant rats, and
concluded that changes such as toxicity, vasodilation and hypotension were not
caused by guaco in the concentrations studied. However, higher doses must be
analysed to determine the toxicological profile of this plant species. Another point to
take into account is that there is another species in the genus Mikania, M. laevigata.
M. glomerata and M. laevigata are often used and sold without distinction although
their chemical compositions may differ (DELLA PASQUA et al., 2019).

Another finding of our study was the relation between the use of M. sylvestris
and the decrease in antioxidant defense through reduction of the levels of SOD. Saad
and colleagues (2016) evaluated the beneficial effects of M. sylvestris extract against
kidney damage induced by lithium carbonate in male Wistar rats. In contrast with this
study, the authors concluded that the administration of the extract of the leaves of M.
sylvestris provided significant protection against oxidative damage by the increase in
the activity of the enzymes SOD, CAT and GPx.

Our results show that users of C. sicyoides, popularly known in Brazil as
‘vegetable insulin’ and used to treat diabetes (DINIZ et al., 2018), presented higher
levels of MDA compared to nonusers. Because MDA is a biological marker of oxidative

damage, we can suggest that the OE profile is more pronounced in these patients due
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to DM2, as MDA was higher in diabetic patients compared to non-diabetic patients, as
mentioned previously.

Some limitations of the study should be mentioned, such as interference of
eating habits and exercise on the OE profile. In relation to the MPs, the identification
of the plant species was based on the spoken report of the patients, thus variations
in the identification may be present.

Antioxidant treatment has been suggested to decrease OE (LIGUORI et al.,
2018). However, to date, clinical studies investigating antioxidant supplements have
not demonstrated any consistent benefit. Based on the results obtained, it is
possible to affirm that the antioxidant mechanisms are influenced by several factors
such as the use of MPs, pharmacotherapy, NCDs, food, smoking, among others.

5. CONCLUSIONS

Based on the data obtained in this study, a large number of chronic patients
makes use some type of MP along with their treatment. The use of M. chamomilla
improved the levels of two antioxidant enzymes (CAT and SOD), suggesting a more
pronounced protection from OE. However, further studies are necessary to elucidate
the interaction between MPs and NCDs. The use of MPs is a common practice in
the population, therefore studies to prove their efficacy in humans are important,
contributing to the determination of toxicity and long-term use profiles in patients
with NCDs.

Funding: Feevale, Capes. This work has financial support by PPSUS public notice
03/2017 (CNPq and FAPERGS).
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ABSTRAT

Medicinal plants (MPs) have always been used by humans, however, most of the
popular MPs do not have a well-known toxic profile. Thus, this work aimed to evaluate
the toxicity of several concentrations of the following MPs infusion: Achyrocline
satureioides (As), Cymbopogon citratus (Cc), Matricaria chamomilla (Mc) and Mentha
pulegium (Mp), separately, in 3T3 cell line. Infusions were prepared as prescribed by
the brazilian therapeutic form and each infusion was used as the diluent for a cell
culture medium. Cells were exposed to the infusions for 24 h (acute) or 72 h (chronic)
periods. Cytotoxicity was estimated by MTT (mitochondrial activity) and
sulforhodamine B (protein content) colorimetric assays. The antioxidant potential in
vitro of the infusions was also investigated using the ferric reducing antioxidant power
(FRAP) method. After acute expositions, the results demonstrate toxicity at a
concentration of 20 mg/mL (50%) for the Cc infusion, from 2 mg/mL (70%) for the Mc
infusion and 0.67 mg/mL (75%) for Mp infusion, while As did not cause cytotoxicity.
After chronic exposition, loss of cell function was detected from the concentration of 5
mg/mL (50%) for As, 5 mg/mL (50%) for Cc, 3.2 mg/mL (80%) for Mc and 0.067 mg/ml
(70%) for Mp. Mc infusion demonstrated the highest antioxidant potential, followed by
Mp, As and Cc. Mp infusion was the most cytotoxic, causing cell damage from the
lowest concentrations after the chronic exposition. The toxicity of all PMs analyzed
increased in a dose-dependent way, suggesting that their chronic use may be

associated with cell damage.

Key-words: Chamomile, Lemongrass, Cell culture, Marcela, Pennyroyal.
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INTRODUCTION

Medicinal plants (MPs) have always been used by humans. Since ancient times,
there are reports on its use, because of the molecules in its composition with
therapeutic potential (ATANASOQV et al., 2015). This practice is recognized by national
entities, like the Ministry of Health, and international ones like the World Health
Organization - WHO (ZENI et al., 2017).

Currently, it is estimated that about 80% of the world population uses plants or
their preparations. In Brazil, the regulation of the use of MPs and Phytotherapy started
in 2006, after the approval of the National Policy of Integrative and Complementary
Practices in SUS (Politica Nacional de Praticas Integrativas e Complementares no
SUS (PNPICS)) (BRASIL, 2015).

On the other hand, one of the most concerned points is that many people believe
that MPs are natural, and therefore not harmful to human health (ZENI et al., 2017),
which are not always true. Most phytotherapeutics and MPs used by the general
population do not have well known toxicological and pharmacodynamic profiles
(CAMPOS et al., 2016).

In this context, in vitro toxicity assays have several advantages, as their
techniques use a little amount of sample, a high number of repetitions can be done,
and the obtained results are easily interpreted. In vitro methods are useful to elucidate
the toxicity mechanisms of a test substance (ERHIRHIE; IHEKWEREME; ILODIGWE,
2017).

MPs are mostly consumed by the general population as teas (infusions). Thus,
studies that contemplate vegetable products as they are commonly used are important
to determine their effectiveness and safety (COLPO et al., 2016; SALGUEIRO et al.,
2016; BIANCHINI et al., 2017).

In this context, the present study is practical and experimental research about
the four most commonly plant species used in adjuvant treatment by chronic patients
of an integrated center of health specialties of the Rio Grande do Sul institution
(CAMPOS et al.,, 2018; MINETO et al., 2018), namely: Achyrocline satureioides
(Marcela), Cymbopogon citratus (lemongrass), Matricaria chamomilla (chamomile)

and Mentha pulegium (pennyroyal).
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Therefore, this work aimed to evaluate the cytotoxicity of different

concentrations of each of these plant infusions in the 3T3 cell line after acute and

chronic exposure, through dose-response curves.
METHODOLOGY

PLANT MATERIAL COLLECTION

Samples of A. satureioides (flowering sums), C. citratus and M. pulegium
(leaves) were collected during the flowering period (March 2019). The flowers of M.
chamomilla were collected in September of 2019. The plant species were collected in
the cities of Novo Hamburgo (coordinates: Iatitude -29.67820981, longitude
-51.11335516) and Igrejinha (coordinates: latitude -29.58838577, longitude
-50.80807686), respectively, in the state of Rio Grande do Sul, located in southern
Brazil.

Subsequently, all samples were identified botanically, from the exsiccates. C.
citratus, A. satureioides, M. chamomilla, and M. pulegium exsiccates are available in
the academic collection of the Feevale University botany laboratory under the following
identification: HEFE 451, HEFE 457, HEFE 458 and HEFE 459, respectively. The
names of the plants were verified in "The Plant List" (www.theplantlist.org) (accessed
on January 16, 2020).

These plants were dried in a cool, aired place, at room temperature (25 ° C),
protected from sunlight, to replicate the traditional method of preparation of these
species. After the stabilization of these plant materials, they were properly stored in

clean glass bottles until the moment of use.

IFUSIONS PREPARATION

First, the plant material was weighed in the following concentrations: A.
satureioides 1.5 g (10 mg/mL); C. citratus 3 g (20 mg/ml); M. chamomilla 3 g (20
mg/mL) and M. pulegium 1 g (6.7 mg/mL) (BRASIL, 2011). Then, 150 mL of ultrapure
water (MilliQ®) at 80 ° C was added, followed by 10-minute muffling, according to the
Brazilian Pharmacopoeia Formulation Form (Formulario de Fitoterapicos da
Farmacopeia Brasileira, 2011). The infusions were filtered by a qualitative paper filter

to remove the plant material, obtaining a clear infusion.
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PHYTOCHEMICAL SCREENING

Phytochemical characterization of the secondary metabolites of the infusion was
performed as described by Costa (1990), using colorimetric and qualitative assays. It
was investigated the presence of phenolic compounds, flavonoids, coumarins, tannins,
anthraquinones, saponins and alkaloids.

Mayer, Dragendorff and Bertrand reagents were used to characterize alkaloids.
The extract was divided into three parts and three drops of each reagent were added
in a different fraction. Then, it was observed if was produced any precipitate. Phenolic
compounds were investigated by the reduction oxide method, in which a drop of ferric
chloride is added in the infusion, and the color obtained by the reaction determines its
presence or absence. Coumarins were identified in UV light at 360 nm, and at 245 nm
in an alkaline medium.

To identify the presence of flavonoids it was used concentrated hydrochloric
acid and powdered magnesium. If positive, it was produced a red, pink or brown color.
The detection of quinones was performed according to the Borntraeger method, which
is based on the solubility of these compounds. Saponins were identified by vigorously
shaken of the aqueous extract followed by the addition of 2% HCI. The formation of
foam indicates the presence of saponins. Tannins were identified by the protein
precipitation method by adding a 1 % gelatin solution over the aqueous extract

dropwise.

INFUSUS ANTIOXIDANT TOTAL POTENTIAL

The antioxidant total potential of each infusion was determined using the ferric
reducing antioxidant power (FRAP) method, described by Benzie and Strain (1996). In
this analysis, infusions were at the maximum concentration (100%). All tests were
performed in triplicate.

To determine the total antioxidant potential, samples of A. satureioides, C. citratus,
M. chamomilla, and M. pulegium infusions, were separately put in contact with the
FRAP. Thus, the antioxidant potential was determined using the spectrophotometric
method, based on the reduction of Fe3* to Fe?*, FRAP values were determined by

plotting on a standard curve produced by adding ferrous sulfate to the FRAP reagent.
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CELL CULTURE

The cell line used is representative of fibroblasts from mouse embryonic tissue
NIH-3T3, originating from the Banco de Células do Rio de Janeiro - Brazil.

Cells were maintained in a humid incubator at 5% CO2 at 37 ° C (usual
conditions). Cells were grown in 75 cm2 bottles in DMEM medium (Dulbecco's
Modified Eagle's Medium, Sigma®) with 4.5 g/L of glucose, and supplemented with
10% fetal bovine serum (SFB, Cultilab®). Trypsinization of cell culture was performed

at least twice a week. The culture medium was changed whenever necessary.

PREPARATION OF THE EXPOSITIONS MEDIUMS

Our study group used a medium preparation method with the infusion itself,
therefore the infusions were filtered with a qualitative filter paper to obtain a clear
infusion, and then used as the solvent for the preparation of the DMEM medium. The
pH of the medium with the infusion was adjusted (7.4), to maintain the ideal conditions
for cell culture (TRINTINAGLIA et al., 2015).

The prepared medium was sterilized by 0.22 um membrane filtration. Previous
experiments were performed to determine the final concentrations of this study. In this
way, the culture medium was obtained with 100% of the infusion, and sequential
dilutions were performed using regular culture medium, to obtain the 75, 50, 25, 10 and
1 % concentrations, for infusions containing A. satureioides and C. citratus, which
corresponds to 7.5, 5, 2.5, 1, and 0.1 mg/mL and 15, 10, 5, 2 and 0.2 mg/mL,
respectively.

The M. chamomilla and M. pulegium infusions concentrations used were 100,
50, 25, 20, 15, 10, 5, 2.5 and 1%, corresponding to 20, 10, 5, 4, 3.2, 2, 1,0.5and 0.2
mg/mL and 6.67, 3.34, 1.67, 1.34, 1, 0.67, 0.34, 0.17, 0.067 mg/mL, respectively. The

mediums were supplemented with 1% fetal bovine serum (SFB, Sigma®).

CYTOTOXICITY ASSAYS

For cytotoxicity assays, semi confluent cultures were seeded in 96-well
microplates and maintained in the usual condition. After 24 hours of seeding, the
regular medium was removed and the cells were exposed to the medium with infusion,
at all tested concentrations, in quadruplicates. The acute assay was performed after

24 hours of exposition, and the chronic assay after 72 hours of exposition. During the
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chronic exposition, the culture media was renewed every 24 hours. Cells maintained
in regular DMEM medium (BFS 1%) was used as the negative control, and the positive
control was produced by adding 2% hydrogen peroxide in DMEM medium an hour
before performing the assays. Three independent experiments were performed in all
studied conditions.

At the end of each exposition period, mitochondrial activity was assessed by the
MTT (3- [4,5-dimethylthiazol-2yl] -2,5-diphenyltetrazolium bromide) reduction assay,
as described by Mosmann (1983). Sulforhodamine B (SRB) assay, which correlates
protein content with cell viability, was also performed as described by Skehan (1990).
Mediums with infusion were removed before the cytotoxicity assays, and the

cells were washed with saline solution, to avoid potential interferences.

STATISTICAL ANALYSIS

All results were analyzed using the SPSS® 25.0 statistical software. The FRAP
examinations, to verify the total antioxidant activity, were performed in triplicate and
the results are expressed by mean + standard deviation.

Regarding the cytotoxicity assays, the results were expressed as % of the
negative control and represent the profile obtained in three independent tests. The
results were analyzed by one-way ANOVA, followed by the Tukey post-test.

Differences were considered significant when p <0.05.

RESULTS

Results of the phytochemical screening of infusions are described in Table 1.
Phenolic compounds, flavonoids, and coumarins were characterized in the sample of
A. satureioides. Regarding C. citratus, the presence of phenolic compounds,
flavonoids, tannins, and alkaloids was observed. In M. chamomilla samples, phenolic
compounds, flavonoids, and coumarins were characterized. Results of M. pulegium
were positive for phenolic compounds, flavonoids, tannins, saponins, and alkaloids.

Results of the in vitro antioxidant action of the infusions are shown in Table 2. The
higher total antioxidant potential was observed for M. chamomilla, followed by M.

pulegium, A. satureioides, and C. citratus.
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Table 1. Qualitative analysis of secondary metabolites in the aqueous extracts of A.

satureioides (1.5 g/150 mL), C. citratus (3 g/150 mL), M. chamomilla (3 g/150 mL) and
M. pulegium (1 g/150 mL).

PARAMETERS PLANTS
A. satureioides  C. citratus M. chamomilla M. pulegium

Phenolic + + N N
Compounds

Flavonoids + + + +
Coumarins + - + .
Tannins - + - +
Anthraquinones - - - -
Saponins - - - +
Alkaloids - + - +

Source: Elaborated by the author. (+) present; (-) absent.

Table 2. Total antioxidant potential in vitro of A. satureioides (1.5 g/150 mL), C. citratus
(3 g/150 mL), M. chamomilla (3 g/150 mL) and M. pulegium (1 g/150 mL) infusions by
FRAP method.

MEDICINAL PLANTS FRAP (pM) p
Achyrocline satureioides 692 + 23
Cymbopogon citratus 82+ 20
Y Pog <0.001
Matricaria chamomilla 2142 + 96
Mentha pulegium 1677 £192

Source: Elaborated by the author. Linearity factor of R2 = 0.9973.

Higher values indicate higher antioxidant power

Based on the results obtained by the cytotoxicity assays for the A. satureioides
infusion (Figure 1 - A.1), no toxic effect was observed after 24 hours in both tests.

However, after the chronic exposition (Figure 1 - A.2), cells increased by about 50%
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mitochondrial activity with 0.1 mg/mL, followed by a slight increase in protein content.
From the concentration of 5 mg/mL, there was a significant decrease (about 50%) in
cell viability. The toxicity observed increased in a dose-dependent way in 7.5 and 10
mg/mL concentrations, reaching 80% in the highest concentration of A. satureioides
tested.

C. citratus infusion caused cytotoxicity only at a concentration of 20 mg/mL after
the acute exposition for both tests (Figure 2 - B.1), resulting in a 50% decrease in
mitochondrial activity and 35% in protein content. In chronic exposure (Figure 2 - B.2),
higher MTT values (47%) are observed at the concentration of 0.2 mg/mL, suggesting
mitochondrial dysfunction. Concerning the protein content, from the concentration of 2
mg/mL, it was observed a reduction directly related to the infusion concentration. The
decrease in cell viability was from 35% (2 mg/mL) to 75% (20 mg/mL).

After acute exposition to M. chamomilla infusion (Figure 3 - C.1), cells increased
mitochondrial activity at concentrations of 0.2 mg/mL (35%), 1 and 2 mg/mL (20%),
while from the concentration of 3 mg/mL decreased the mitochondrial activity, reaching
a 60% reduction in the concentration of 4 mg/mL and complete loss of function with 10
and 20 mg/mL. Finally, a 40% reduction in protein content was observed from the
concentration of 5 mg/mL, and no viability in the two highest concentrations. After
chronic exposition (Figure 3 - C.2), in the lowest concentration (0.2 mg/mL) cells
showed a 50% decrease in protein content and 40% in mitochondrial activity, with
100% loss of cell viability in the highest two concentrations tested (10 and 20 mg/mL),
in both assays.

Acute exposition to the M. pulegium infusion (Figure 4 - D.1), reduced 40%
mitochondrial activity at the concentration of 1.34 mg/mL. The 1.67 and 3.34 mg/mL
concentrations reached 80% reduction of mitochondrial activity, and a complete loss
of function occurred with 6.67 mg/mL concentration. In the evaluation of protein
content, it was possible to observe toxicity higher than 70% only from 1.67 mg/mL,
reaching 100% of cell death in 6.67 mg/mL. Finally, after chronic exposition to M.
pulegium infusion (Figure 4 - D.2), it was observed a decrease in mitochondrial activity
and protein content, from the lowest concentration (0.067 mg/mL), reaching more than

75% of toxicity with 1 mg/mL.
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Figure 1. Cytotoxicity profile of A. satureioides (A) infusion in NIH-3T3 cell line. (1)
acute exposition (24 hours) and (2) chronic exposition (72 hours). Results expressed
in % of the negative control (NC), defined as 100%. Cytotoxicity was determined using
the SRB adsorption (protein content) and the MTT reduction (mitochondrial
functionality) assays. Differences from the NC are represented by * when p <0.05, **
when p <0.001 and *** when p <0.0001 (one-way ANOVA followed by Tuckey post

hoc).
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Figure 2. Cytotoxicity profile of C. citratus (B) infusion in NIH-3T3 cell line. (1) acute
exposition (24 hours) and (2) chronic exposition (72 hours). Results expressed in % of
the negative control (NC), defined as 100%. Cytotoxicity was determined using the
SRB adsorption (protein content) and the MTT reduction (mitochondrial functionality)
assays. Differences from the NC are represented by * when p <0.05, ** when p <0.001
and *** when p <0.0001 (one-way ANOVA followed by Tuckey post hoc).
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Figure 3. Cytotoxicity profile of M. chamomilla (C) infusion in NIH-3T3 cell line. (1)
acute exposition (24 hours) and (2) chronic exposition (72 hours). Results expressed
in % of the negative control (NC), defined as 100%. Cytotoxicity was determined using
the SRB adsorption (protein content) and the MTT reduction (mitochondrial
functionality) assays. Differences from the NC are represented by * when p <0.05, **
when p <0.001 and *** when p <0.0001 (one-way ANOVA followed by Tuckey post
hoc).
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Figure 4. Cytotoxicity profile of M. pulegium (D) infusion in NIH-3T3 cell line. (1) acute
exposition (24 hours) and (2) chronic exposition (72 hours). Results expressed in % of
the negative control (NC), defined as 100%. Cytotoxicity was determined using the
SRB adsorption (protein content) and the MTT reduction (mitochondrial functionality)
assays. Differences from the NC are represented by * when p <0.05, ** when p <0.001
and *** when p <0.0001 (one-way ANOVA followed by Tuckey post hoc).
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Regarding the morphological changes induced by the infusions, the main

changes are described in Tables 3, 4, 5 and 6, according to the concentrations and the

exposition period.

Table 3. Main morphological changes in 3T3 cell line after acute (24h) and chronic

(72h) exposition to the Achyrocline satureioides infusion

Achyrocline satureioides

Concentration
(mg/mL) 24 h 72 h
0.1 Typical morphology Typical morphology
1 Retraction

Typical morphology and

25.5 mild granularity Increased granularity
Increased granularity,
7.5 Moderate granularity retraction, and detachment of
cells
10 Granularity and retraction, Strong retraction, rounding
detachment of cells and detachment of cells

Source: Elaborated by the author.
Typical morphology of 3T3 cells, elongated and thin fibroblasts.

Table 4. Main morphological changes in 3T3 cell line after acute (24h) and chronic

(72h) exposition to the Cymbopogon citratus infusion

Cymbopogon citratus

Concentration
(mg/mL) 24h 72h
0.2 Retraction

Typical morphology
Vacuolization and lower cell

2 density
5 Typical morphology and mild Vacuolization and retraction
vacuole
10 o Vacuolization and retraction
Vacuolization and lower cell .
: Increased granularity and
15 density o
vacuolization
20 Vacuolization, retraction and Rounding

detachment

Source: Elaborated by the author.
Typical morphology of 3T3 cells, elongated and thin fibroblasts.
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Table 5. Main morphological changes in 3T3 cell line after acute (24h) and chronic

(72h) exposition to the Matricaria chamomilla infusion.

Matricaria chamomilla

Concentration

(mg/mL) 24h 72h
0.2 :
0.5 Typical morphology Rounding and retraction
1
5 Typical morphology and few
granules Increased granularity and
3 Increased granularity retraction
4 Cell retraction
5 Vacuolization, retraction and Vacuolization. retraction
fragmentation ' .
10 . and fragmentation
Increased granularity and :
: Rounding and
20 retraction

fragmentation

Source: Elaborated by the author.
Typical morphology of 3T3 cells, elongated and thin fibroblasts.

Table 6. Main morphological changes in 3T3 cell line after acute (24h) and chronic

(72h) exposition to the Mentha pulegium infusion.

Mentha pulegium

Concentration

(mg/mL) 24h 72h
0.067 Typical morphology
8%2 Cell retraction, rounding
0.67 Increased granularity and detachment
1
ig;‘ Cell retraction, rounding,
3'34 Cell retraction, rounding and detachment and
6- 67 detachment fragmentation

Source: Elaborated by the author.
Typical morphology of 3T3 cells, elongated and thin fibroblasts.
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DISCUSSION

The response profile showed by the cells was dependent on concentration for
each of the studied infusions, with an increase in toxicity at the highest concentrations.
It is known that 3T3 cells are very sensible, and because of that, it is indicated for tests
that determine initial oral doses of toxic substances (MORETTO; STEPHANO, 2019).

Results of the FRAP analysis suggest that the A. satureioides, C. citratus, M.
chamomilla, and M. pulegium infusions have antioxidant potential in vitro. M.
chamomilla agueous extract showed the highest total antioxidant potential, followed by
M. pulegium, A. satureioides, and C. citratus. The results found seem to be related to
the content of phenolic compounds and flavonoids, secondary metabolites with
potential antioxidant. These compounds are known for their antioxidant activities,
which may justify the result found in the FRAP assay (SALGUEIRO et al., 2016;
SOUZA et al., 2018).

Phytochemical screening of flowering sums of A. satureioides showed the
higher levels of the flavonoids and phenolic compounds, corroborating with the findings
of other studies (SABINI et al., 2013; CARIDDI et al., 2015; SALGUEIRO et al., 2016).
Furthermore, the results of the cytotoxicity assays indicated little toxicity during the
acute exposition period, a profile similar to that described by Sabini and collaborators
(2013). They evaluated the cytotoxicity of the A. satureioides aqueous extract in the

Vero cell line in a 24-hour exposition also showing low toxicity (SABINI et al., 2013).

On the other hand, chronic exposition to the A. satureioides infusion showed a
proliferative effect at the lowest concentration tested (0.1 mg/mL), identified by the
increase in mitochondrial activity and protein content. Alerico and his collaborators
(2015) reported that aqueous and ethanolic extract of A. satureioides promoted cell
proliferation in the HaCat cell line (human keratinocytes), identified by MTT assay,
showing a significant proliferation since the lowest concentration tested (ALERICO et
al., 2015).

However, our results also showed that concentrations of A. satureioides infusion
above 5 mg/mL induced cytotoxicity in the analyzed cells. Other studies report similar
results at high concentrations, suggesting that the combination of flavonoids in A.

satureioides, some exclusive to this plant, presents synergistic activity potentiating the
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cytotoxic effect. This result is in agreement with the results obtained by the present
study (SABINI et al., 2013; CARIDDI et al., 2015; SOUZA et al., 2018).

Variations of the phytochemical profile of the C. citratus leaves, as well as for
other plant species, may occur depending on the geographic origin, extraction process,
harvest time. Though, phenolic compounds, flavonoids, tannins, and alkaloids are
always part of the composition. In the present study, these compounds were identified
as well as reported by Roriz et al., 2015; Méabed et al., 2018 and Thorat et al., 2018.

The cytotoxic effects of C. citratus were more evident after the chronic
exposition, wherein the lowest concentration (0.2 mg/mL) higher MTT values were
observed. This suggests a mitochondrial dysfunction since the following
concentrations showed toxicity. It is known that phenolic compounds can directly
regulate the mitochondrial apoptosis system, both in preventing and promoting this
process. Polyphenols also modulate mitochondrial biogenesis, dynamics and
autophagic degradation, to maintain the quality and number of mitochondria
(GIBELLINI et al., 2015; OLIVEIRA et al., 2016; NAOI et al., 2019).

Flavonoids are bioactive polyphenols most commonly found in plant species.
Besides being often described as non-toxic compounds, some studies have shown
that they can influence a variety of cell functions through the modulation of cell
signaling. Furthermore, under certain conditions, flavonoids may show toxicity due to
the production of free radical species (CARIDDI et al., 2015; NAOI et al., 2019).

Regarding M. chamomilla flowers, phenolic compounds, flavonoids, and
coumarins were identified. Phytochemical screening of M. chamomilla aqueous
extract, performed by Nayak, Raju, and Rao (2007) also showed the presence of
phenolic compounds and flavonoids. Results obtained from the M. chamomilla infusion
showed a higher antioxidant potential, when compared to the others studied infusions.
However, this potential did not guarantee low toxicity for cells in both acute and chronic
expositions. The high cytotoxicity showed in this study is possibly associated with the
effects of the plant compounds, or with the antagonism, synergism or potentiation of
the mixture of the compounds can promote (BIANCHINI et al., 2017). Thus, the M.
chamomilla infusion caused changes in cell function and possibly an incapacity to
repair and detox, especially after the chronic exposition (VILLELA et al., 2007).

Phytochemical screening of M. pulegium leaves identified the presence of

phenolic compounds, flavonoids, tannins, saponins, and alkaloids, corroborating the

Manuscript will be submitted to Toxicology and Applied Pharmacology
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results observed by Zekri et al. (2012). M. pulegium infusion caused cytotoxicity, and
induced cell death in the lowest concentrations. This is possibly associated with the
formation of reactive species or to the oxidizable character of the compounds of the
plant (tannins, saponins, alkaloids, and oils essentials) (TAMBORENA et al., 2015).
Bianchini and colleagues (2017) hypothesized that the M. pulegium aqueous leaves
extract could modulate oxidative changes, by their secondary metabolites, such as
flavonoids. This could occur because of its ability to interact and penetrate lipid
bilayers, increasing toxicity. In addition to this metabolite, saponins in the infusion are
found in several plant species and have been described as a group of biomolecules
with cytotoxic potential (DIAZ et al., 2019; WANG et al., 2019).

In general, the results showed that the infusions of the studied plants affected
mitochondrial activity inducing the cells to reduce their activity. Mitochondria are vital
organelles for cells, because, besides synthesizing ATP molecules by oxidative
processes, they also exchange metabolites, importing proteins, produce heat and
induces apoptosis (SILVA; FERRARI, 2011). Based on the results, the toxic profile of
the plants seems to start with the reduction of mitochondrial activity, and consequent
cell death, evidenced by the reduction of protein content.

It is known that SRB binding is stoichiometric, and the amount of dye extracted
from the cells is directly proportional to the cell mass (VICHAI; KIRTIKARA, 2006). Cell
proliferation is a phenomenon of cell division, generating a new cell, and as a
consequence, an increase in biomass occurs. The differences observed in protein
content in acute and chronic expositions indicate a reduction with increasing infusion
concentrations, and one can infer that there was no cell proliferation, but a relevant cell
death.

The present study presents the cytotoxicity of infusions in cell monolayers,
which does not allow to directly relate the toxic concentrations with living systems. In
these complex systems, there are pharmacokinetic mechanisms, biotransformations
and metabolism of the components of plants, and their secondary metabolites, as well
as the interaction between organs. However, it is important to emphasize that the
toxicological knowledge of MPs, mainly its extracts usually consumed by the
population, is important to draft the toxicological profile of plants and the mechanisms
of the cell involved with toxicity. Thus, these data help to elucidate the toxicological

profile of plant species that are widely used by the population in Southern Brazil.

Manuscript will be submitted to Toxicology and Applied Pharmacology
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CONCLUSION

The cytotoxic effects caused by A. satureioides (marcela), C. citratus
(lemongrass), M. chamomilla (chamomile) and M. pulegium (pennyroyal) infusions
showed a profile of decreased 3T3 cell line viability by increasing concentration and
exposition period. Based on these results, it is suggested that the prolonged use of
these MPs may be associated with changes in cell function. This could especially occur
to those tissues in higher contact with the plants, because of absorption and
metabolism mechanisms (digestive epithelium, liver, and kidneys).

Comparing the 4 studied infusions, the M. pulegium infusion was the most
cytotoxic, causing cell changes since the lowest concentrations after the chronic
exposition, followed by the M. chamomilla, C. citratus, and A. satureioides infusions.
The toxic effects observed are possibly related to the secondary metabolites of each
plant.

Finally, further studies and in vitro experiments are needed to confirm the
toxicity of these infusions, to verify the mechanism of toxicity, analyzing the formation
of reactive species and the occurrence of apoptosis. To establish the safe use of these
medicinal plant infusions, in vivo studies are also necessary to ensure their safety and

effectiveness, among other actions that can contribute to the population's health.

Funding: Feevale, Capes. This work has financial support by PPSUS public notice
03/2017 (CNPq and FAPERGS).

Manuscript will be submitted to Toxicology and Applied Pharmacology
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RESULTADOS PARCIAIS

Dentre as metodologias propostas no estudo, esta o ensaio referente as
interleucinas, utilizando o kit BD™ CBA Human Th1/Th2/Th 17, por citometria de fluxo.
Esta metodologia néo tinha sido realizada ainda na instituicdo, desta forma, foi
realizado o desenvolvimento do protocolo de uso do kit, e 0 manuseio do equipamento
de citometria de fluxo juntamente com a utilizacdo do software, localizado no
Laboratério de Metodologias Avancadas em Biotecnologia, no Techpark/Campo Bom.

Até o momento foram dosados 0s niveis de citocinas de 49 pacientes do estudo,
alcancando parcialmente este objetivo, em virtude da necessidade de manutengéo do

equipamento. Desta forma, serdo apresentados resultados parciais desta analise.
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1. INTRODUCAO

O sistema imunolégico exerce um papel importante em muitos processos que
envolvem doencas cronicas ndo transmissiveis (DCNT), como a ativacdo de citocinas
inflamatoérias. A inflamacdo é um mecanismo de protecdo empregado contra
antigenos enddégenos e exdgenos. As células do sistema imunolégico, como as
citocinas estao envolvidas diretamente no processo da inflamacé&o crénica. Entre as
citocinas algumas possuem caracteristicas pro-inflamatérias como, por exemplo, IL1,
IL-2, IL-6, IL-8, TNF, IFN e IL-17, estas sdo necessarias para se iniciar e perpetuar a
resposta inflamatoria. Outras citocinas sao anti-inflamatérias como, por exemplo, IL-
4, 1L-10 e IL-13 estas ajudam na resolucdo da inflamacédo e cicatrizacdo da leséo
(KHANSARI; SHAKIBA; MAHMOUDI, 2009; PERNAMBUCO, 2014; PICKERING et
al., 2018).

O desequilibrio entre a producéo de citocinas anti e pré-inflamatérias pode
ser o responsavel pelo desencadeamento e manutencdo dos sintomas de condi¢des
cronicas. Estudos relatam sobre o papel importante deste mecanismo no
desenvolvimento de doencas como diabetes, dislipidemias e céancer, visto que,
guando a inflamacéo se torna crbnica, pode estar indicando uma condicao patoldgica,
caracterizada pela resposta continua da inflamacdo e consequentemente gerando
destruicdo tecidual (KHANSARI; SHAKIBA; MAHMOUDI, 2009; PERNAMBUCO,
2014; PICKERING et al., 2018).

A planta medicinal (PMs) tem sido tradicionalmente utilizada no tratamento
de patologias, € muito comum pacientes realizarem o uso de PMs junto ao tratamento
medicamentoso. Algumas PMs apresentam atividade anti-inflamatoria, essa acao esta
relacionada a presenca de alguns compostos tais como polifendis, flavonoides,
terpenoides, alcaloides, antraquinonas, ligninas, polissacarideos, saponinas e
peptideos. Dentre estes, os flavonoides estdo entre o0s principais agentes anti-
inflamatorios (MARMITT et al., 2015).

Neste contexto, o objetivo do trabalho foi avaliar o perfil de citocinas pro e anti

inflamatdérias em doentes crénicos usuarios de PMs.
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2. METODOLOGIA

2.1 COLETA DE DADOS

Foram selecionados voluntarios atendidos um centro integrado de especialidades
em saude de uma instituicdo no sul do Brasil. A entrevista com cada paciente iniciou
com a assinatura do Termo de Consentimento Livre e Esclarecido (TCLE) em duas
vias, em seguida, responderam aos questiondrios de avaliacdo das caracteristicas
gerais dos pacientes, onde foram coletados dados clinicos dos voluntérios. Neste
mesmo questionario foi avaliado o perfil sociodemografico dos mesmos e os aspectos
relacionados ao uso de PMs (tipos de plantas e suas partes, frequéncia de uso,
indicacdo e modo de preparo).

A amostra foi composta por 49 voluntarios maiores de 18 anos portadores de uma
ou mais DCNT, que utilizavam medicamentos de forma continua e faziam o uso de
PMs, com condi¢cfes cognitivas para responder aos questionarios. Foram excluidos
pacientes que ndo atenderam esses critérios. O estudo foi dividido em dois grupos:
grupo |, formado por doentes crbnicos usuarios de PMs e o grupo Il, formado por
doentes cronicos nao usuarios de PMs.

Apos a entrevista, foram realizadas coletas de sangue venoso, as amostras de
plasma foram separadas do sangue total mediante centrifugacéo. As aliquotas foram
criopreservadas a -80° C até o momento das analises.

Este estudo foi aprovado pelo comité de ética em pesquisa da Universidade
Feevale (CAAE 62834916.0.0000.5348) e foi conduzido de acordo com a resolucéo

466/2012, seguindo os preceitos da declaracéo de Helsink.

2.2 ANALISE DE CITOCINAS

O perfil de citocinas foi analisado através da determinacao de citocinas IL-2, IL-
4, IL-6, IL-10, IL-17, INFy e TNFa em uma mesma amostra. A técnica utilizada para a
guantificacdo de IL, foi através do kit BD™ CBA Human Th1/Th2/Th 17 (Cytometric
Bead Array), utilizando beads recobertas com anticorpos monoclonais contra cada
interleucina e deteccao por citometria de fluxo.

Resumidamente, 50 yl das amostras de plasma foram incubadas com sete
diferentes esferas de captura de citocinas e com anticorpos de deteccao de citocinas
conjugados a ficoeritrina (PE) durante trés horas, em temperatura ambiente e

protegido da luz. Apds esta etapa as amostras foram lavadas e ressuspensas em
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tampéo apropriado. A leitura foi realizada no equipamento de citometria de fluxo (BD
Accuri C6 Plus), onde cada citocina pode ser identificada pelo tamanho da esfera
conectada a ela, bem como pela fluorescéncia emitida por seu anticorpo conjugado a
PE.

Uma curva padréao foi estabelecida para cada uma das citocinas, os dez pontos
da curva variaram de 0-5000 pg/ml. As concentracées em pg/ml de cada uma das

citocinas foi determinada usando o Software FCAP Array v3. Andlise estatistica
realizada através do teste t de Student.

3. RESULTADOS E DISCUSSAO

A amostra foi composta por 49 voluntarios, sendo 89,8% mulheres com idade
média 59,2 £ 9 anos, ndo fumantes (90%). A DCNT que teve maior prevaléncia foi
hipertenséo arterial (55%), seguida de depresséao (43%), hipotireoidismo (17%) e
diabete mellitus (11%). A maior parte dos pacientes no estudo possuia mais de uma
patologia.

Conforme as citacdes dos pacientes a espécie com maior prevaléncia de uso
foi capim-cidré (C. citratus), seguida de camomila (M. chamomilla), poejo (M.
pulegium) e marcela (A. satureioide). As concentracdes de interleucia 4 (IL-4, uma
citocina anti-inflamatéria) foram maiores em pacientes diabéticos usuarios de canela
de velho (M. albicans) e Insulina (C. sicyoides). O TNF (citocina pro-inflamatéria)
apresentou niveis aumentados em usuarios de Insulina (C. sicyoides), em relacdo aos
nao usuarios desta planta. Os valores estédo descritos na Tabela 1.

As plantas em questdo conforme estudos, tém atividade anti-inflamatérias
envolvendo diferentes mecanismos de acdo (SALGADO; MANSI; GAGLIARDI, 2009;
PIERONI et al., 2011; BESERRA et al., 2016). Na medicina popular C. sicyoides é
conhecida popularmente como “insulina vegetal”, M. albicans conhecida como “canela
de velho”, ambas utilizadas para tratar diabetes, inflamacdo e artrite reumatoide
(BESERRA et al., 2016; LIMA et al., 2018).
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Tabela 1: Resultados parciais de 49 pacientes, analise de interleucinas.

Insulina (C. sicyoides) Canela de velho (M. albicans)
Sim N&o p value Sim N&o p value
IL-4 555,4 7,9 0,015 801,8 8,3 0,04
pgmL  (39-801) (1,6 -56) (801-802) (1,6 -79)
TNF 292 8,6 0,04 - - -

pgmL  (260-332) (0 - 158)

Fonte: Elaborado pelo autor. IL-4 — interleucina; TNF — Fator de necrose tumoral. *Nivel de significancia
estatistica p<0,05; Teste U-Mann Whitney; Dados expressos em mediana, percentil 25 e 75.

Dentre as principais DCNT a diabetes mellitus tipo 2 esta em destaque, a
inflamacé&o cronica € uma das formas de apresentacédo do diabetes, que fornece uma
ligacdo entre aterosclerose e diabetes devido a disfungéo do sistema imunoldgico
(BADR et al., 2018). A variacao e expressao dos genes das citocinas sao fatores que
tém um papel nesse disturbio metabdlico. O desenvolvimento de diabetes e
complicag@es diabéticas pode atribuir a expressao génica de citocinas inflamatorias e
pré-inflamatérias (BANERJEE; SAXENA, 2014; BADR et al., 2018).

A IL-4 tem capacidade para alterar a sensibilidade a insulina e a resposta
imune local. Também pode atuar como um fator anti-lipogénico, melhorando a
lipdlise e inibindo a diferenciacéo de adipocitos (HO et al., 2010). O estudo realizado
por Binisor e Moldovan (2016) apoiam a hipotese de que 0 aumento dos niveis séricos
de IL4 no diabetes mellitus tipo 2 pode ser resultado de um aumento adaptativo da IL4
em um cenario de "resisténcia a IL4", visto que a IL - 4 foi mais elevada em pacientes
diabéticos e obesos (BINISOR; MOLDOVAN, 2016).

AvaliacBes sobre os possiveis mecanismos farmacoldgicos envolvidos com C.
sicyoides, tem chamado a atencéo justamente em virtude da acéo anti-inflamatoéria
(SALGADO; MANSI; GAGLIARDI, 2009; PIERONI et al., 2011). Beserra e seus
colaboradores (2016) analisaram extrato hidroalcodlico obtido das folhas de C.
sicyoides, os resultados demonstraram que o mecanismo de acao envolvido com o
efeito anti-inflamatério do C. sicyoides estd relacionado por meio da via da
ciclooxigenase (COX) com base na diminuicho observada dos niveis de

prostaglandina Ez (PGE).
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4. CONCLUSAO

Com base nos dados iniciais, observou-se um aumento de IL-4 nos portadores
de diabetes, porém ndo podemos afirmar que este aumento seja em funcao da PMs
utilizada, visto que, estudos apontam um aumento desta citocina esta associada a
patologia do diabetes mellitus tipo 2. Entretanto, ndo podemos descartar a hipétese
relacionada ao uso de C. sicyoides, visto que, tem sua a¢ao anti-inflamatéria afirmada
na literatura. Assim, o estudo final em relacdo do perfil de citocinas, em doentes

cronicos usuarios de PMs, sera finalizando posteriormente.

Apoio financeiro: Feevale, Capes. Este trabalho tem apoio financeiro do PPSUS edital
03/2017 (CNPq e FAPERGS).
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6 CONSIDERACOES FINAIS

Com base nos dados obtidos neste estudo, podemos confirmar que grande
parte dos doentes cronicos utilizam algum tipo de PMs junto ao seu tratamento. A
utilizacdo de M. chamomilla, melhorou os niveis de duas enzimas antioxidantes
(CAT e SOD), sugerindo uma atividade mais pronunciadas de prote¢céo contra o
EO (capitulo 1).

Em relagé@o aos ensaios de citotoxicidade, com os resultados obtidos sugere-
se que o uso prolongado destas PMs esté associado a alteragdes de funcdo celular
(capitulo 2), especialmente daqueles que entram em maior contato pelos
mecanismos de absorcdo e metabolizacéo (epitélio digestivo, figado, rins). Pois os
efeitos citotdéxicos observados das PMs analisadas, mostraram um perfil de diminuicéo
de viabilidade celular com o aumento da concentracdo e tempo de exposi¢cdo, assim
como muitas vezes o uso indiscriminado de chas pela populacao.

Sabe-se que no organismo complexo ndo ocorre desta maneira, visto que, 0
processo de metabolizacdo e excrecao estado envolvidos, por isso deve-se levar em
consideracéo este ponto. E essencial considerar que os infusos a base de produtos
naturais sdo misturas complexas de diferentes compostos bioativos, os quais podem
atuar sinergicamente ou antagonicamente para determinar seus efeitos.

Em relacdo ao perfil de citocinas envolvidas com resposta inflamatoria
(capitulo 3), inicialmente, observou-se concentracdes de IL-4 maiores em pacientes
diabéticos usuarios de canela de velho (M. albicans) e Insulina (C. sicyoides). O TNF
apresentou niveis aumentados em usuarios de C. sicyoides, em relacdo aos nao
usuarios desta planta. Mais estudos sdo necessarios para entender o aumento dos
niveis de IL-4 e TNF.

Pesquisas com extratos brutos, ou seja, na forma que sao principalmente
consumidos pela populacéo, se tornam importantes para delinear o perfil toxicol6gico
das plantas. Sendo assim, estes dados corroboram com a literatura na pesquisa
citotoxica de espécies vegetais que sdo amplamente utilizadas pela populacéo.

Finalmente, sdo necessarios mais estudos e experimentos in vitro para
encontrar a confirmacdo da toxicidade destes infusos, no intuito de verificar o
mecanismo dessa toxicidade, analisando a formagdo de espécies reativas e a

ocorréncia de apoptose. Para se estabelecer a utilizacdo segura dessas plantas
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medicinais, em forma de infuso, também s&o necessarios estudos in vivo, para
garantir a sua seguranca e eficacia, visto que, a pratica do uso de PMs €& uma
realidade da populacao, por isso a importancia de estudos que comprovem a eficacia

em seres humanos, contribuindo para estabelecer o perfil de toxicidade e uso a longo

prazo em pacientes portadores de DCNT.
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ANEXO |
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

Vocé esta sendo convidado a participar do projeto institucional intitulado:
Plantas medicinais: relacdo entre uso, terapia medicamentosa e estresse oxidativo,
sob responsabilidade da professora Dra. Magda Susana Perassolo. Os objetivos
deste estudo sdo avaliar a influéncia do consumo de plantas medicinais na terapia
medicamentosa e nos niveis de estresse oxidativo em portadores de doencas
cronicas.

Sua participacdo nesta pesquisa serd voluntaria e consistird em realizar uma
coleta de sangue, realizar raspado bucal e responder aos questionarios de avaliacao
das caracteristicas gerais dos pacientes e uso de plantas medicinais (composto por
15 questbes), de qualidade de vida (Whoqol-bref, com 26 questbes), escala de
Morisky-Green (composto por 4 questdes) e Brief Medication Questionaire (BMQ, com
3 questdes) para avaliar a adesao ao tratamento medicamentoso e atividade fisica
(composto por 8 questdes). O tempo médio de aplicacao de todos os questionarios é
de 30 min.

Os riscos e/ou desconfortos relacionados a sua participacéo sao o desconforto
da picada para retirada do sangue e o raspado bucal para coleta de células da mucosa
oral para determinacéo de micronucleos, sendo que os procedimentos realizados nao
envolvem qualquer risco de vida para os pacientes.

O pesquisador responsavel e a Universidade Feevale envolvidas nas diferentes
fases da pesquisa proporcionarao assisténcia imediata e integral aos participantes da
pesquisa no que se refere as possiveis complicacbes e danos decorrentes. Os
participantes da pesquisa que vierem a sofrer qualquer tipo de dano resultante de sua
participacdo na pesquisa, previsto ou ndo neste documento, tém direito a indenizacao,
por parte do pesquisador, do patrocinador e das instituicbes envolvidas nas diferentes
fases da pesquisa.

A sua participacdo nesta pesquisa estara contribuindo para: melhor conhecer
as plantas medicinais utilizadas na regido e desta forma conhecer melhor seu
potencial toxicolégico e também suas propriedades terapéuticas, bem como as
interagcdes medicamentosas que estas plantas podem ter com os medicamentos

utilizados de rotina em portadores de doencgas cronicas.
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Garantimos o sigilo de seus dados de identificacdo primando pela privacidade
e por seu anonimato. Manteremos em arquivo, sob nossa guarda, por 5 anos, todos
os dados e documentos da pesquisa. Apés transcorrido esse periodo, 0S mesmos
serdo destruidos. Os dados obtidos a partir desta pesquisa ndo serdo usados para
outros fins além dos previstos neste documento. Vocé tem a liberdade de optar pela
participagdo na pesquisa e retirar 0 consentimento a qualquer momento, sem a
necessidade de comunicar-se com o(s) pesquisador(es).

Este Termo de Consentimento Livre e Esclarecido seré rubricado em todas as
folhas e assinado em duas vias, permanecendo uma com vocé e a outra devera
retornar ao pesquisador. Abaixo, vocé tem acesso ao telefone e endereco eletronico
institucional do pesquisador responsavel, podendo esclarecer suas duvidas sobre o
projeto a qualquer momento no decorrer da pesquisa.

Nome do pesquisador resp.: Magda Susana Perassolo
Telefone institucional do pesquisador resp.: 3586-8800 ramal 8938 ou 9040

E-mail institucional do pesquisador resp.: magdaperassolo@feevale.br

Assinatura do pesquisador responsavel

Local e data: , de 20

Declaro que li o TCLE: concordo com o que me foi exposto e aceito participar da

pesquisa proposta.

Assinatura do participante da pesquisa

APROVADO PELO CEP/FEEVALE — TELEFONE: (51) 3586-8800 Ramal 9000 - E-mail:

cep@feevale.br
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ANEXO II

QUESTIONARIO - CARACTERISTICAS GERAIS DO PACIENTE

Nome: Data: / /

Data de nascimento: I Idade: anos Sexo:( )M ( )F

Escolaridade: ( ) analfabeto ( ) fundamental incompleto ( ) fundamental completo
() médio incompleto ( ) médio completo ( ) superior incompleto
() superior completo ( ) pés-graduacao

Qual a sua renda mensal familiar?

Tabagismo ( ) sim ( ) ndo Tempo gquantidade ex —fumante ha____anos/meses
Alcoolismo ( ) sim ( ) ndo Tempo guantidade ex —fumante hd___anos/meses

Peso kg Altura IMC (a ser calculado)

Presséao Arterial Faz uso de vitaminas/antioxidantes ( )sim ( )néo

Se utiliza, qual (is)

Demais patologias:

Patologia Tempo diagnostico

Uso de medicamentos:

Tempo de

Numero Medicamento Dose Indicacao USO

AIWIN|F
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USO DE PLANTAS MEDICINAIS

Faz uso de plantas medicinais? Sim ( ) Nao ( )

Planta '(Ij'empo Forma de uso | Motivo do uso Posologia | Eficécia
e uso

Topico () Sim( )

Oral () Nao ( )

Topico () Sim( )

Oral ( ) Néo ( )

Vocé iniciou o uso destas plantas de que forma?
( ) indicacdo de alguém ( ) vontade prépria ( ) meio de comunicagao
Qual?

Vocé faz uso de chéas para se tratar?
( )Sim( )Nao

De que forma vocé os prepara?
( ) decoccao ( )infusdo ( ) maceragcdo ( ) outro.

Qual:

Na sua opinido, qual a importancia no uso de plantas medicinais na sua vida e
no seu tratamento?
() pouco importante ( ) importante ( ) muito importante ( ) sem opinido

Vocé acredita que as plantas medicinais sdo mais eficazes do que o0s
medicamentos?

( )Sim ( )N&o ( ) Tantoquanto ( ) sem opinido

Se afirmativo, por qué?

Vocé acredita que as plantas medicinais possam causar algum mal se usadas
de forma errada?
( )Sim( ) Né&o Por qué?

Vocé gostaria de ter maiores informacdes sobre o uso de plantas medicinais na
sua cidade?
( )Sim ( ) Nao

Se afirmativo, como? ( ) pelos jornais ( ) folhetos ( ) palestras ( ) cursos
outros:

Para qual profissional vocé escolheria pedir orientacdes sobre o uso correto de
plantas medicinais?
( ) Médico ( ) Farmacéutico ( ) Dentista ( ) Enfermeiro ( ) Outro
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ANEXO Il

APROVACAO DO CEP

UnIvERSIDADE UNIVERSIDADE
W FEEVALE FEEVALE/ASSOCIACAO PRO- W"‘“
SRS ENSINO SUPERIOR EM NOVO

FPARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Plantas medicinais: relacéo entre uso, terapia medicamentosa e estresse oxidativo

Pesquisador: MAGDA SUSANA PERASSOLO

Area Tematica:

Versio: 2

CAAE: 62834916.0.0000 5348

Instituigdo Proponente: ASSOCIACAO PRO ENSINC SUPERIOR EM NOVO HAMBURGO
Patrocinador Principal: ASSOCIACAO PRO ENSINO SUPERIOR EM NOVO HAMBURGO

DADOS DO PARECER

Numero do Parecer: 1.948.129

Apresentagio do Projeto:
De acordo.

Objetivo da Pesquisa:
De acordo.

Avaliagao dos Riscos e Beneficios:
De acordo.

Comentarios e Consideragdes sobre a Pesquisa:
De acordo.

Consideragdes sobre os Termos de apresentagio obrigatoria:
De acordo.

Recomendagdes:
Nao ha.
Conclusdes ou Pendéncias e Lista de Inadequagdes:

De acordo.

Consideragdes Finais a critério do CEP:

Em conformidade com a Resolucdo n® 466 de 12 de dezembro de 2012, do Conselho Nacional de

Enderego: RS 239, n® 2755

Bairro: VilaNova CEP: 93525075
UF: RS Municipio: NOVQO HAMBURGO
Telefone:  (51)3586-8800 Fax: (51)3586-8800 E-mail: ranieli@feevale.br

Pagina 01 de 03
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Continuacéo do Parecer: 1.948.129

Satde, e com as normas internas do Comité de Etica em Pesquisa da Universidade Feevale, todos os
documentos necessarios a analise do projeto acima referido por este Comité foram apresentados.
Este projeto preserva os aspectos éticos dos sujeitos da pesquisa, sendo, portanto, aprovado pelo Comité
de Etica em Pesquisa da Universidade Feevale.

Reiteramos que o Comité de Etica em Pesquisa da Instituico encontra-se a sua disposicéo para equacionar
eventuais dividas e/ou esclarecimentos que se fizerem necessarios.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situacdo
Informagdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 16/01/2017 Aceito
do Projeto ROJETO 837693.pdf 10:54:58
Outros IPAQCurto. pdf 16/01/2017 |MAGDA SUSANA Aceito
10:54:43 |PERASSOLO

Outros CARACTERISTICAS.docx 16/01/2017 |MAGDA SUSANA Aceito
10:54:26  |PERASSOLO

QOutros WHOQOL docx 16/01/2017 |MAGDA SUSANA Aceito
10:54:11  |PERASSOLO

TCLE / Termos de |TCLE.doc 16/01/2017 |MAGDA SUSANA Aceito

Assentimento / 10:53:51 PERASSOLO

Justificativa de

Auséncia

Projeto Detalhado / |formulario.docx 16/01/2017 | MAGDA SUSANA Aceito

Brochura 10:53:33 |PERASSOLO

Investigador

Qutros formulario.pdf 16/01/2017 | MAGDA SUSANA Aceito
10:52:42 |PERASSOLO

Declaracdo de declaracao_pesquisador.pdf 16/01/2017 | MAGDA SUSANA Aceito

Pesquisadores 10:52:09 PERASSOLO

Folha de Rosto folharosto.pdf 16/01/2017 | MAGDA SUSANA Aceito
10:51:48 |PERASSOLO

Situagio do Parecer:
Aprovado

Necessita Apreciagdo da CONEP:
Nao

Enderego: RS 233, n® 2755

Bairro: Vila Nova CEP: 83 525-075
UF: RS Municipio: NOVO HAMBURGO
Telefone:  (51)3586-8800 Fax: (51)3586-8800 E-mail: ranieli@feevale.br
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(Coordenador)
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Interagdes farmacolégicas em pacientes da rede publica de saade.
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A interferéncia na resposta farmacoldgica ou clinica causada por um segundo agente ministrado antes ou
concomitantemente a uma substancias é o que define interacéo farmacoldgica. Os resultados possiveis das
interagdes farmacolégicas entre medicamentos incluem falha no tratamento e toxicidade clinica. Este trabalho
verificou os usos concomitantes de medicamentos e as interagdes farmacolégicas presentes em uma
populacdo de municipio do RS. Os dados foram trabalhados para definir as substancias mais utilizadas pelos
pacientes e, em seguida, quais as substancias participavam com mais frequéncia de usos concomitantes.
Para as 6 substancias mais utilizadas, foram verificadas todas as interagées farmacolégicas através do
servico DRUG INTERACTION CHECKER, disponivel no portal MEDSCAPE. Assim, discriminou-se aquelas
interagdes cujos efeitos eram conhecidos daquelas cujos efeitos eram nulos. Apresentamos os resultados
desta selecdo, destacando os possiveis efeitos da interacdo entre as substancias utilizadas pelos
participantes da pesquisa. O uso concomitante de substancias pode gerar interagdes diversas entre as
mesmas. Os mecanismos de interacbes quimicas podem ser farmacocinéticos ou farmacodinamicos. Os
mecanismos farmacocinético influenciam a biotransformacéao, a distribuicdo, a absor¢éo ou a excregao da
substancia pelo organismo. Ja os mecanismos farmacodinamicos estdo relacionados com a interagdo de
substancias com receptores participantes do ciclo metabdlico responsavel pelos efeitos de um medicamento
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