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RESUMO

O aumento de peso, ¢ descrito como uma epidemia global, com altas taxas de comorbidades,
morbidade e mortalidade associadas. Espécies vegetais podem representar uma fonte de novas
alternativas e/ou complementos terapéuticos para diversos agravos a saude, desde que seu uso
seguro seja certificado cientificamente, por estudos de validagdo. Assim, o objetivo deste
trabalho ¢ validar espécies vegetais da flora maranhense como alternativa e/ou complemento
terapéutico na perda de peso. Os resultados dessa tese sdo apresentados em 05 (cinco)
capitulos. O capitulo 1 constitui uma revisdo dos estudos de toxicidade realizado nas bases
PubMed, Scopus, GoogleScholar e Web of Science, das espécies vegetais referidas de amplo
uso popular no sobrepeso e obesidade em trabalhos etnofarmacologicos, sendo evidenciado
que Annona muricata L, Baccharis trimera (Less) DC, Camellia sinensis (L.) Kuntze, Cynara
scolymus L. e Hancornia speciosa Gomes sao espécies frequentemente referidas, mas apesar
do amplo uso popular, os parametros de eficacia e seguranca terap€utica para tal uso como
alternativa ou complemento terapéutico no sobrepeso, obesidade e/ou suas comorbidades,
ainda nao foram totalmente evidenciados; o que deve estimular a Farmacovigilancia em
Fitoterapia. O capitulo 2 apresenta estudo etnofarmacoldégico visando investigar o uso de
plantas para perda de peso, em area urbana de Sao Luis, Maranhao, Brasil; realizado com 227
usuarios de servicos de satide publicos de Sao Luis, comprovando que Camellia sinensis (L.)
Kuntze (cha verde), Hibiscus sabdariffa L.(hibisco) e Baccharis trimera (Less.) DC
(carqueja) foram as espécies mais referidas, mas embora ja dispondo de estudos indicando
potencial para utilizagdo na perda de peso, ndo possuem certificacdo para o uso seguro €
racional. Fundamentado em resultados do estudo etnofarmacologico (capitulo 2) Hancornia
speciosa Gomes (mangaba) foi selecionada para estudo de validagdo na perspectiva de
obtencdo de bioproduto. Com isso, o capitulo 3 aborda uma revisdo da espécie Hancornia
speciosa, com énfase aos aspectos de etnobotdnica, etnofarmacologia, atividade biologica,
composi¢ao quimica e toxicidade; realizada em bases dedados (Biological Abstracts, Chemical
Abstracts, Medline, Lilacs, Web of Science, Science Direct, PubMed, Food and Drugs
Administration) e banco de patentes; sendo evidenciado potencial medicinal da espécie,
estimulando a continuidade de estudos farmacolégicos e quimicos na perspectiva de
desenvolvimento de novos fitoterapicos. Assim, os trabalhos experimentais com Hancornia
speciosa sdo apresentados no capitulo 4 e capitulo 5. Reconhecendo a interface dos estudos
de valida¢ao e de padronizagcdo de extratos vegetais, o capitulo 4 compreende estudo de
padronizacdo dos extratos de Hancornia speciosa, com objetivo de investigar as varidveis que
influenciam nos extrativos da espécie; sendo realizado com extratos hidroetandlicos das
folhas de Hancornia speciosa obtidos por diferentes procedimentos extrativos (maceragao,
maceracao assistida por ultrassom, percolagao e extragdoem aparelho de Soxhlet) e relagdes de
hidromoédulo (1:10 e 1:15), para avaliacdo da influénciadessas varidveis por analises quimicas
(teor de polifendis e flavonoides), fisico-quimicas (perfil cromatografico) e bioldgica in vitro
(inibicdo da lipase pancredtica); demonstrando que a espécie inibe a atividade da lipase
pancredtica e apresenta substancias quimicas com propriedade antiobesidade, evidenciando
o potencial da espécie na continuidade dos estudos, a serem realizados com extratos
padronizados ja que os resultados demonstram que procedimentos extrativos e relacdo de
hidromédulo influenciam na qualidade dos extratos, possibilitando contribui¢do no
desenvolvimento tecnoldgico de bioprodutos como alternativa e/ou complemento terapéutico
para perda de peso. Na continuidade do estudo de validagdo a partir de extratos padronizados
de Hancornia speciosa, foi realizada investigacao da toxicidadesubcronica no tratamento oral
com extrato hidroetanolico das folhas de mangaba (doses de 5, 50 e 250 mg/kg durante 15



dias), em modelo in vivo (camundongos Swiss), para avaliar a viabilidade de emprego na
perda de peso, resultando no capitulo 5, sendo constatado que o tratamento subcronico com
extrato hidroetandlico das folhas de Hancornia speciosa ¢ indicativo de toxicidade na dose de
250 mg/kg/dia, com lesdes especialmente no figado e rim, ratificando o risco ao uso
indiscriminado da espécie vegetal. Assim, conclui-se que o uso popular de espécies vegetais
para perda de peso, representa riscos dada a constatacdo que predomina a utilizacdo de
material vegetal sem certificacio de eficacia, seguranca e qualidade, paramétros esses
garantidos pelo desenvolvimento dos estudos de validagdo; comprovando, ainda, que a
utilizagdo de extrato ou fitocomplexo de Hancornia speciosa, pode ndo ser segura, mas dado
potencial antiobesidade constatado em modelo in vitro, os estudos com as substanciasisoladas
devem ser continuados, na perspectiva de obtencao de fitofarmacos.

Palavras- chave: mangaba, revisdo, estudo etnofarmacoldgico, estudo de padronizacao, lipase
pancreatica, toxicidade.



ABSTRACT

Weight gain is described as a global epidemic, with a high worldwide prevalence in recent
decades, with high rates of comorbidities, associated morbidity and mortality.
Unquestionably, plant species may represent a source of new alternatives and / or therapeutic
supplements for several health problems, such as overweight and obesity, but provided that
their use is scientifically certified with efforts and resources directed towards the development
of validation studies. Thus, the objective of this work is to validate plant species of the
Maranhao flora as an alternative and / or therapeutic complement in weight loss. The results of
this thesis are presented in 05 (five) chapters. Chapter 1 is a review of the toxicity studies
carried out on the bases PubMed, Scopus, GoogleScholar and Web of Science, of the plant
species referred to as widely used in overweight and obesity in ethnopharmacological studies,
showing that Annona muricata L, Baccharis trimera (Less ) DC,Camellia sinensis (L.) Kuntze,
Cynara scolymus L. and Hancornia speciosa Gomes are frequently mentioned species, but
despite the widespread popular use, the parameters of efficacy and therapeutic safety for such
use as an alternative or therapeutic complement in overweight, obesity and/or its
comorbidities, have not yet been fully evidenced; what should stimulate Pharmacovigilance in
Phytotherapy. Chapter 2 presents an ethnopharmacological study aiming to investigate the use
of plants for weight loss, in an urban area of Sdo Luis, Maranhdo, Brazil; conducted with 227
users of public health services in Sao Luis, proving that Camellia sinensis (L.) Kuntze (green
tea), Hibiscus sabdariffa L. (hibiscus) and Baccharis trimera (Less.) DC (gorse) were the
most referred species, but although they already have studies indicating potential for use in
weight loss, they do not have certification for safe and rational use. Based on the results of the
ethnopharmacological study (chapter 2) Hancornia speciosa Gomes (mangaba) was selected
for a validation study from the perspective of obtaininga bioproduct. Thus, chapter 3 addresses
a review of the species Hancornia speciosa, with an emphasis on aspects of ethnobotany,
ethnopharmacology, biological activity, chemical composition and toxicity; carried out in
databases (Biological Abstracts, Chemical Abstracts, Medline, Lilacs, Web of Science,
Science Direct, PubMed, Food and Drugs Administration) and patent database; being
evidenced medicinal potential of the species, stimulating the continuity of pharmacological
and chemical studies in the perspective of development of new phytotherapics. Thus, the
experimental works with Hancornia speciosa are presented in chapter 4 and chapter 5.
Recognizing the interface of the studies of validation and standardization of plant extracts,
chapter 4 comprises a study of standardization of extracts of Hancornia speciosa, with the
objective of investigating the variables that influence the extracts of the species beingcarried
out with hydroethanolic extracts of the leaves of Hancornia speciosa obtained by different
extractive procedures (maceration, maceration assisted by ultrasound, percolation and
extraction in a Soxhlet apparatus) and hydromodule relationships (1:10 and 1:15), to evaluate
the influence of these variables by chemical analysis (content of polyphenols and flavonoids),
physical-chemical (chromatographic profile) and biological in vitro (inhibition of pancreatic
lipase); demonstrating that the species inhibits the activity of pancreatic lipase and presents
chemical substances with anti-obesity property, evidencing the potential of the species in the
continuity of the studies, to be carried out with standardized extracts since the results
demonstrate that extractive procedures and hydromodule ratio influence the quality of the
extracts enabling contribution to the technological development of bioproducts as an alternative
and/ or therapeutic complement for weight loss. In the continuation of the validation study from
standardized extracts of Hancornia speciosa, an investigation of sub chronic toxicity in the oral
treatment with hydroethanolic extract of mangaba leaves (doses of 5, 50 and 250 mg/ kg for 15



days) was carried out, in an inpatient model. live (Swiss mice), to evaluate the viability of
employment in weight loss, resulting in chapter 5, being found that the sub chronic treatment
with hydroethanolic extract of the leaves of Hancornia speciosa is indicative of toxicity at a
dose of 250 mg/kg/day, with lesions especially in the liver and kidney, confirming the risk of
indiscriminate use ofthe plant species. Thus, it is concluded that the popular use of plant species
for weight loss, represents risks given the finding that predominates the use of plant material
without certification of efficacy, safety and quality, parameters guaranteed by the development
of validation studies; proving, further, that the use of Hancornia speciosa extract or
phytocomplex may not be safe, but given the potential anti-obesity found in an in vitro model,
studies with isolated substances should be continued, with a view to obtaining
phytopharmaceuticals.

Keywords: mangaba, review, ethnopharmacological study, standardization study, pancreatic
lipase, toxicity.
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1 INTRODUCAO

As alteragdes no peso corporeo podem acarretar diversas comorbidades a satde fisica
e mental dos seres humanos. O aumento de peso, como sobrepeso e obesidade, ¢ descritocomo
uma epidemia global, com mais de 1,9 bilhao de adultos acima do peso e mais de 650 milhdes
com obesidade, e estimativas que 38 milhdes de criancas (< 5 anos) tenham excesso de peso
ou obesidade, condi¢do que proporciona aumento das taxas de morbidade e mortalidade com
registros de cerca de 2,8 milhdes de 6bitos por ano em decorréncia da obesidade(WHO, 2016;
WHO, 2020).

Na América Latina e no Caribe um em cada quatro adultos convivem com obesidade
e, todos os anos, 600 mil pessoas morrem nessas regides em decorréncia das doengas
relacionadas a obesidade (OPAS, 2020). No Brasil, mais da metade (53,8%) da populacgao
adulta das capitais estd com excesso de peso e aproximadamente 19% ¢ obesa (BRASIL, 2017);
com prevaléncia da obesidade crescente no pais, principalmente entre os adultos de 25 a 34
anos e 35 a 44 anos, com 84,2% e 81,1%, respectivamente (BRASIL, 2018).

Cenario preocupante pois a obesidade ¢ considerado um importante fator de risco para
muitas outras doengas cronicas nao-transmissiveis tais como diabetes mellitus tipo 2,
dislipidemias, doenca hepatica gordurosa ndo alcodlica, hipertensdo, disturbios musculo-
esqueléticos e alguns canceres (OPAS, 2020; WHO, 2020); além de aumentar a chance do
aparecimento de doengas cardiovasculares, como acidente vascular cerebral e o infarto agudo
do miocardio, que sdo as principais causas de morbimortalidade do mundo (NAGAVHI et al.,
2015; WHO, 2018; TATEYAMA et al., 2019); e atualmente a obesidade desempenha um papel
importante na patogénese da infeccdo por Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), sendo considerada um fator de risco para a gravidade de Coronavirus Disease
2019 (COVID-19) (KASSIR, 2020; SIMONNET et al., 2020).

A etiologia das alteragdes do comportamento alimentar, com consequentes alteragdes
no peso, ¢ considerada multifatorial, envolvendo componentes genéticos, neuroquimicos,
nutricionais, endocrinos, psicologicos e socioculturais (APOVIAN et al., 2015; BLUHER,
2019). Vale ressaltar também a atual supervalorizagdo da magreza como padrao de

beleza, em busca do “corpo perfeito”, associada ao sucesso profissional e afetivo,
imposi¢ao da midia, contribuindo para o desenvolvimento de disturbios alimentares que tém
acometido, sobretudo, adolescentes e adultos jovens (ALLEN et al., 2013; ORTIZ et al.,
2019).



Frente ao padrdo de beleza socialmente estabelecido, pessoas com esses transtornos
alimentares e quadros clinicos associados (obesidade e sobrepeso) tém recorrido a diversos
meios visando a perda de peso, como: dietas, utilizacdo de medicamentos e, at¢é mesmo,
intervengoes cirurgicas (ABESO, 2010; APOVIAN et al., 2015; MISRA; JAYAWARDENA;
ANOOP, 2019); além de numerosas praticas integrativas e complementares incluindo:
atividades fisicas, terapias comportamentais, mudangas no estilo de vida, hipnoses, acupuntura
e uso de plantas medicinais (BRASIL, 2006a).

No Brasil, os medicamentos aprovados pela Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) para tratamento da obesidade, de acordo com diretrizes especificas, sdo:
anfepramona, femproporex, mazindol, sibutramina, orlistate, liraglutida e lorcasserina
(BRASIL, 2016; BRASIL, 2018b).

Neste contexto, ¢ comprovado que embora o aumento de peso represente S€rios
problemas de saude publica, o tratamento farmacoldgico ¢ dificil dado restricdes para aquisicao,
abandono a terapéutica e por seus frequentes eventos adversos; o que, certamente, ocasiona a
busca por alternativas entre as quais merece destaque o uso dos recursos de origem vegetal
(CERCATO et al., 2015; FERNANDEZ-QUINTELA et al., 2016; CASTILHO et al., 2021).

Nas ultimas décadas, tem sido constatado o crescimento dos estudos para o
desenvolvimento de novas alternativas terapéuticas, eficazes e acessiveis, na reducao de peso
(DICKEL et al., 2007; DA SILVA et al., 2010; CERCATO et al., 2015; FREITAS JUNIOR et

al., 2020). Com isso, as espécies vegetais podem ser extremamente uteis, pois
pode fornecem oleos, extratos (fitoterapico ou fitocomplexo) e compostos quimicos isolados
(fitofarmacos), cuja eficacia terapéutica vem sendo demonstrada em estudos desenvolvidos
mundialmente (CARDOZO et al., 2008; MING et al., 2009; MOGHADAMTOUSI et al., 2015;
CHAIITTIANAN et al., 2017).

Nesse sentido, ¢ esperada uma crescente busca de plantas com efeitos bioldgicos, entre
eles na reducdo de peso, estimulada pelo reconhecido potencial terapéutico das espécies
vegetais e, ainda, aos efeitos milagrosos e auséncia de toxicidade erroneamente atribuidos ao
uso de espécies vegetais para fins terapéuticos (DA SILVA et al.,, 2010; PINTO, 2013;
CONCEICAO et al., 2018).

O potencial de produtos naturais para alteragdes de peso esta em exploragdo, porém,os
produtos derivados de plantas utilizadas para perda de peso, por proporcionarem efeitos

farmacologicos, ocasionam preocupacdo dada as comprovadas adulteragdes e riscos



toxicoldgicos pelo uso continuo, ressaltando a importancia da realizacdo de estudos para
comprovacdo da seguranca, eficacia e qualidade (SIMAO, 2013; GONCALVES, 2016).

Dentre as estratégias a serem adotadas na descoberta e desenvolvimento de compostos
ativos a partir de espécies vegetais, devemos destacar a importancia da definicdo decritérios
para selecdo de material para investigacdo cientifica. Nesse sentido, os estudos
etnofarmacoldgicos, com objetivo de testar as hipdteses sugeridas tradicionalmente, as quais
representam as experiéncias vividas ao longo das geragdes, tém fornecido importantes subsidios
no estabelecimento de critérios de inclusdo e/ou exclusdo de espécies vegetais para
desenvolvimento dos estudos de validagdo, possibilitando o desenvolvimento de fitoterapicos
a partir de espécies vegetais selecionadas por inquérito etnofarmacologico (ALBUQUERQUE
et al.,, 2014; FREITAS JUNIOR, 2017; FREITAS JUNIOR et al., 2020).

A validacao de espécies vegetais visa a comprovacao da seguranga, eficicia e
qualidade (obediéncia ao conjunto de critérios que caracterizam o material vegetal para o uso
ao qual se destina). Esses estudos de valida¢do necessariamente envolvem as etapas dos estudos
etnodirigidos (etnobotanica e etnofarmacologia), quimicos, biologicos, farmacologicos,
toxicolodgicos e farmacotécnicos (ALBUQUERQUE et al., 2014; NEIVA et al., 2014).

Mas paralelamente aos estudos que comprovam o potencial de espécies vegetais no
tratamento da obesidade, diversas tém sido as pesquisas comprovando a ineficacia e/ou riscos
associados, constatando que a maioria das espécies vegetais mais frequentemente referidas de
uso popular apresentam efeito laxante, diurético, hepatotoxicidade, nefrotoxicidade e/ou
neurotoxicidade; destacando-se estudos de comprovacao de toxicidade desenvolvidos com
Morinda citrifolia L. (nome vernacular: noni) (BRASIL, 2007); Camellia sinensis (L.) Kuntze.
(cha verde) (HSU et al., 2011); Bauhinia forficata Link. (pata de vaca) (BALBINO, DIAS,
2010); Baccharis trimera (Less.) DC. (carqueja) (GRANCE et al., 2008) e Annona muricata L.
(graviola) (MOGHADAMTOUSI et al., 2015).

Frente ao exposto, espécies vegetais podem representar fonte de novas alternativase/ou
complementos terapéuticos, para redu¢do de peso, no combate a obesidade e sobrepeso, € com
potencial para avancar na pesquisa € desenvolvimento (P & D); porém, o uso popular de
espécies vegetais sem comprovacao de eficacia e seguranca pode representar riscos, dados os
efeitos colaterais e/ou toxicidade.

Diante do desafio de contribuir com a Politica Nacional de Plantas Medicinais e

Fitoterapicos (BRASIL, 2006) e a Politica de Pratica Integrativas e Complementares (BRASIL,



2006a), possibilitando a oferta de fitoterapia segura e eficaz a populagao brasileira, bem como
do reconhecimento da abordagem etnofarmacologica no processo de pesquisa e
desenvolvimento de medicamentos de origem vegetal, e, ainda, dada a abrangéncia da pesquisa
etnofarmacoldgica na caracterizagdo do uso popular de plantas inadequado, passiveis de riscos
reais de toxicidade; este estudo visa validar espécies vegetais empregadas para perda de peso.
Os resultados sdo apresentados em forma de 05 (cinco) artigos intitulados: a) Capitulo
1: Espécies vegetais empregadas na perda de peso: uma revisao dos estudos de toxicidade; b)
Capitulo 2: Espécies vegetais usadas na perda de peso: um estudo etnofarmacoldgico em area
urbana de Sao Luis, Maranhdo, nordeste brasileiro; ¢) Capitulo 3: O potencial de Hancornia
speciosa Gomes (Apocynaceae) como recurso terapéutico: um estudo de revisdo; d) Capitulo
4: Estudo de padronizacdo dos extratos de Hancornia speciosa Gomes (Apocynaceae):
caracterizacdo quimica, atividade antioxidante e antiobesidade in vitro; e) Capitulo 5:
Avaliacdo da toxicidade subcronica do tratamento oral com Hancornia speciosa Gomes em

camundongos.



2 REFERENCIAL TEORICO
2.1 Obesidade e sobrepeso

A obesidade, uma doenca cronica de etiologia complexa e multifatorial, ¢ definida
como o desequilibrio entre as energias gasta e ingerida, levando a um saldo energético positivo,
com acumulo de triglicerideos nas células (adipocitos), resultando em excesso de tecido adiposo
e aumento do peso (BRAY, 2006; HILL; WYATT; PETERS, 2012; BLUHER, 2019).

Esse excesso de tecido adiposo e a hipertrofia adipositaria sdo determinantes parao
aparecimento das comorbidades relacionadas a obesidade, ja que o acumulo de triglicerideos
nos adip6citos induz apoptose e maior migragdo macrofagica para o tecido que em contato com
os acidos graxos livres presentes no meio mudam de um fenotipo anti para pré-inflamatdrio
(LAFONTAN, 2014). Assim, ocorre aumento de citocinas inflamatdrias que associadas ao
estresse oxidativo presente induz, por exemplo, doenga hepatica gordurosa ndo- alcodlica,
resisténcia a insulina e disfun¢do adipositaria (ATTIE; SCHERER, 2009).

As complicagcdes metabolicas relacionadas a obesidade sdo entdo frequentemente
atribuidas a processos sistémicos, tais como: inflamagao metabolica ou patologias celulares
como disfuncdo mitocondrial (BOURNAT; BROWN, 2010) e/ou estresse do reticulo
endoplasmatico devido a lipotoxicidade (maior influxo de 4cidos graxos livres nos tecidos e seu
acimulo na forma de triglicerideos) (HOTAMISLIGIL, 2006; SHULMAN, 2014).

A obesidade sofre influéncia da interagdo de fatores genéticos, emocionais,
ambientais, fisiologicos e estilo de vida (ABESO, 2016; BLUHER, 2019); ocasionando
elevacdo da morbimortalidade (OPAS, 2020; WHO, 2020) e¢ a diminuicao tanto da satde
relacionada com qualidade de vida (TAVARES et al., 2010; CHAGAS; NEVES, 2015),
quanto da expectativa de vida (ABESO, 2016; DI ANGELANTONIO et al., 2016).

Faz parte das doencgas cronicas ndo transmissiveis (DCNT), com variagdes de graude
acordo com a quantidade de tecido adiposo, distribuicdo corporal e consequéncias para a
saude, sendo de dificil tratamento (WHO, 2020). As manifesta¢des clinicas, em geral, sdo
cronicas, de longo periodo de laténcia e curso assintomatico, com momentos de remissao e
exacerbagdo, evoluindo para o surgimento de incapacidades ou até¢ a morte (REINERS et al.,
2008). Sua importancia reside ndo somente na extensao dos danos fisicos, mas também no
impacto social e psicologico que provocam, com consequente diminui¢do da qualidade de vida
(PINHEIRO et al., 2004; TAVARES et al.,, 2010). O aumento de sua prevaléncia ¢ um

fenomeno contemporaneo e estd relacionado com 03 (trés) processos decorrentes da



modernizacdo, sendo eles: a transicdo demografica, transi¢do epidemiologica e transi¢do
nutricional (PINHEIRO et al., 2004; MISRA; JAYAWARDENA; ANOOP, 2019).

E referido que a transi¢do nos padrdes alimentares ocorrida nos altimos 30 a 40 anos,
principalmente nos paises ocidentais, convergem para uma dieta mais rica em gorduras
(particularmente as de origem animal), dissacarideos e alimentos processados, e reduzida em
carboidratos complexos, resultando em uma das principais causas da obesidade na sociedade
atual (POPKIN et al., 2012). Esses alimentos obesogénicos, ricos em agucares ¢ gorduras,
apresentam baixo teor de saciedade, conduzindo ao fendmeno da compulsividade alimentar
passiva (HOLLIS, 2016).

Além disso, estudo do microbioma intestinal, revela que essa maior ingesta alimentar
pode ser decorrente de maior produgao de acetato pela microbiota intestinal induzidapor essas
dietas, uma vez que o acetato estimula indiretamente a producao de grelina (hormodnio
orexigeno, que estimula apetite) do estbmago, o que também contribui para acimulo de gordura
através do aumento da secrecdo de insulina (PERRY et al., 2016).

Aliado a esses fatores outro componente do estilo de vida moderno determinante para
o desenvolvimento da obesidade e sobrepeso ¢ o sedentarismo, pois com o declinio
progressivo da atividade fisica dos individuos, tanto para atividades laborais quanto de lazer,
favorece um menor gasto energético, ja que o musculo esquelético ¢ considerado um 6rgao
secretorio, produzindo vérias substancias denominadas miocinas, que exercem um importante
papel no metabolismo energético. Ocorrendo alteragdes concomitantes na composi¢ao corporal,
redu¢do de massa muscular e principalmente o aumento do peso corpéreo (WHO, 2015;
BLUHER, 2019).

Os indicadores praticos e rapidos da gravidade da obesidade sdo os dados
antropométricos entre eles o indice de massa corpérea (IMC) que € definido pela relagdo entre
o peso em quilogramas dividido pelo quadrado da altura em metros. A OMS classifica o excesso
de peso, obesidade, sobrepeso ¢ o risco de doenca associado baseado no IMC, sendo sobrepeso
de 25 kg/m? a 29,9 kg/m?, obesidade >30 kg/m?; a gravidade da obesidade é definida em: grau
I (obesidade) quando o IMC esta entre 30 e 34,9 kg/m?; a obesidade grau II (obesidade leve
oumoderada) com IMC entre 30 e 39,9 kg/m? e, por fim, obesidade grave grau III (obesidade
morbida) na qual IMC ultrapassa 40 kg/m* (WHO, 2020).

Outros dados antropométricos uteis sdo: circunferéncia da cintura (CC), relagdo

cintura-quadril (RCQ) e razao cintura-altura (RCA), indices importantes, pois estes avaliam a



obesidade abdominal e apresentam uma maior associagdo com os fatores de riscos
cardiometabolicos, destacando-se a RCA que ¢ considerada a melhor ferramenta para a
avaliacdo das consequéncias dessa patologia, principalmente por ser utilizado para todas as
faixas etarias, etnias e em ambos os sexos, além de apresentar um tnico valor de corte (RCA >
0,5) para indicar risco de saude associado a obesidade (ASHWELL et al., 2012).

De acordo com a OMS desde 1997 a obesidade ¢ oficialmente reconhecida como um
problema de saude publica (WHO, 1997; OLDHAM; HALL; FORERO, 2013) e nos ultimos
anos sua incidéncia tem aumentado a um ritmo alarmante, podendo ser considerada a mais
importante desordem nutricional (YUN, 2010; WHO, 2018; WHO, 2020). E considerada
epidemia mundial, presente tanto em paises desenvolvidos como em desenvolvimento e com
custos sociais incalculaveis (WHO, 2018; BLUHER, 2019).

E referido que 34% da populagio adulta mundial estd acima do peso (IMC>25);
27,5% dos adultos estdo obesos (IMC>30) e cerca de 47% das criangas sdo obesas (OGDEN et
al., 2014). O numero de pessoas obesas ou com sobrepeso aumentou de 587 milhdes em 1980
para 2,1 bilhdes em 2013, em 2016 mais de 1,9 milhdes de adultos (>18 anos) apresentavam
excesso de peso, dos quais mais de 650 milhdes eram obesos; e a prevaléncia mundial de
obesidade quase triplicou entre 1975 e 2016 (WHO, 2020); consolidando a obesidade como
um problema social e foco da aten¢do das instituicdes, governos e sociedade. Os graus
crescentes do aumento de peso corpéreo sdo fatores importantes da diminuicdo da
longevidade e com seucontrole ineficiente registra-se cerca de 3 milhdes de mortes em todo
mundo decorrentes da obesidade (NG et al., 2014; WHO, 2018).

Levantamento epidemiologico mundial em 2016 demonstrou que dentre os adultos,39%
dos homens estavam com sobrepeso, sendo que 11% eram obesos; entre as mulheres, 40%
apresentavam sobrepeso e 15% eram consideradas obesas. Além disso, dados de 2016,
estimavam que 41 milhdes de criangas menores de 5 anos tinham excesso de peso ou obesidade;
340 milhdes de criangas e adolescentes de 5 a 19 anos tinham sobrepeso ou obesidade.
Ressaltando que a obesidade infantil esta associada a maior chance de obesidade na fase adulta,
morte prematura e incapacidade na vida adulta (WHO, 2016).

No Brasil, ¢ constatada que a prevaléncia de desnutricdo em adultos e criancas
apresenta reducdo importante, enquanto a obesidade ¢ preocupante, tendo se elevado ao longo
do tempo (MENDONCA, 2010). Dados indicam que prevaléncia da obesidade no Brasil passou

de 11,8% em 2006, para 18,9% em 2016, comprovando que o indice da obesidade aumenta com



a idade; embora ainda seja alto o indice (17%) entre brasileiros de 25 a 44 anos (BRASIL,
2017).

Em Sao Luis, capital do estado do Maranhao, o Estudo da Vigilancia de Fatores de
Riscos e Prote¢ao para Doencgas Cronicas no Inquérito Telefonico (VIGITEL), em 2017, indica
o percentual de adultos com obesidade de 15,6%, sendo mais frequente nas mulheres; enquanto
para o excesso de peso o percentual foi de 47,59%, sendo mais frequente no sexo masculino
(BRASIL, 2017).

Pesquisas demonstram que a obesidade pode ser considerada duplamente problematica
para o organismo, uma vez que além de ser uma doenga, ¢ um fator de risco paravarias outras
patologias (HOLANDA et al, 2011; BLUHER, 2019). Estd relacionada com varias
comorbidades entre elas: doencas cardiovasculares, insuficiéncia cardiaca, doenca cardiaca
coronaria e doencas isquémicas (LAVIE; MILANI; VENTURA, 2009; SONG et al., 2016).
Além dessas, também merece destaque a sindrome metabdlica (HAN; LEAN, 2016), a
dislipidemia (KLOP; ELTE; CASTRO CABEZAS, 2013), diabetes mellitus tipo 2
(SCHERER; HILL, 2016; KLIL-DRORI; AZOULAY; POLLAK, 2016), a aterosclerose
(LOVREN; TEOH; VERMA, 2015), a esteatose hepatica (FESTI et al., 2004), aosteoartrite
(STEPHENSON; ROSE, 2003), acidente vascular cerebral (HASANI-RANJBA etal., 2009;
SONG et al., 2016), problemas pulmonares, como embolia pulmonar (MOVAHEDA et al.,
2019) e alguns tipos de canceres (SONG et al., 2016; KLIL-DRORI; AZOULAY; POLLAK,
2016; CALEYACHETTY et al., 2017). E, ainda, problemas como apneia do sono
(CANDIOTTI; SHARMA; SHANKAR, 2009); baixa estima e outros problemas psicossociais
(YOUNG-HYMAN et al., 2006; BLUHER, 2019).

O risco de desenvolver doengas cardiovasculares a partir da obesidade esta
relacionado ao evento de dislipidemia, caracterizada por hipertrigliceridemia, aumento dos
niveis de colesterol total, lipoproteina de baixa densidade (LDL) e diminui¢ao na lipoproteina
de alta densidade (HDL). Em pessoas obesas o acimulo de gordura intra-abdominal resulta do
crescimento da liberacdo de acidos graxos livres na veia porta, elevando a sintese hepatica de
triacilglicerdis, aumentando a resisténcia a insulina e a hiperinsulinemia (PEREIRA et al.,
2003). Quando considerada a hiperinsulinemia, processos ocorrerao no sentido de formar placas
de lipideos associado a diminui¢do de sua remog¢ao nas artérias, predispondo a formacao de
ateroma, sendo este um dos propulsores de um evento cardiovascular (BARROSO et al.,

2017).



Vale ressaltar que as doencas cardiovasculares sdo a principal causa de morte no
Brasil e no mundo. Dados da OMS apontam que cerca de 27% dos registros de mortalidade no
mundo foram decorrentes de doengas cardiovasculares, enquanto, no Brasil, elas foram
responsaveis por 31% das mortes (CASTRO et al., 2014; WHO, 2018).

Muitos individuos hipertensos tém intolerancia a glicose e hiperinsulinemia, sendoa
hipertensdo decorrente da resisténcia a insulina e da hiperinsulinemia, as quais contribuem,
para o aumento de retencao de sddio pelas células, reabsorcao de dgua pelo sistema renal e na
atividade do sistema nervoso simpatico, disturbio no transporte i6nico da membrana celular e
consequentemente aumento da pressao sanguinea (PEREIRA et al.,2003; HAN; LEAN, 2016).

Em relacdo as alteracdes metabdlicas, ja estd bem estabelecido que o excesso de peso ¢
fator de risco independente para a diabetes, especialmente a gordura visceral (HANLEY;
WAGENKNECHT, 2008). No desenvolvimento da diabetes mellitus tipo 2, o tecido adiposo
atua aumentando a demanda por insulina e, em pacientes obesos criando resisténcia o que
ocasiona elevagdo da glicemia e consequentemente hiperinsulinemia (ALEXANDRE et al.,
2016).

A sindrome metabodlica ¢ uma condigdo em que os fatores de risco para doencas
cardiovasculares e diabetes mellitus ocorrem em um individuo, sendo caracterizada por um
conjunto de anormalidades metabolicas e hemodindmicas que acometem um mesmo organismo
representada pela combinagdo de pelo menos trés dos cinco componentes a seguir: obesidade
abdominal, hipertrigliceridemia, baixo HDL e alto LDL, hipertensdo arterial e hiperglicemia de
jejum (NECP, 2001; HAN; LEAN, 2016).

Ja, em relacdo as neoplasias, evidéncias sugerem que cerca de 25% dos casos estejam
associados com habitos alimentares inadequados, obesidade, tabagismo e sedentarismo como
importantes fatores de risco, sendo os principais 0s canceres que acometem o trato
gastrointestinal, os mais incidentes: colon e reto, estomago, cavidade oral e es6fago, e também
cancer mamadrio na pos-menopausa, endometrial, pancreatico, prostatico, hepatocelular, de
bexiga e renal. Varios mecanismos estariam envolvidos, como altera¢cdes no metabolismo de
horménios endégenos e fatores inflamatérios (OSORIO-COSTA et al., 2009; BLUHER, 2019).
Associando alteracdes do metabolismo com a sobrecarga mecanica, ha também o
acometimento articular através das artrites. O excesso de peso proporciona o aumento da
intensidade dos traumas mecanicos, especialmente nas articulagdes, e alteragdes no

metabolismo do estrogeno atuam no sistema esquelético, elevando a ocorréncia do reumatismo
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articular (PEREIRA et al., 2003; BLUHER, 2019).

Estudos sugerem ainda estreita relacdo entre a obesidade e o declinio na qualidadede
vida, sendo mais acentuado naqueles que ndo seguem nenhum tratamento (SEID; ZANNOM,
2004; CASTILHO et al., 2021). E referido que a alteragio da imagem corporal provocada
pelo aumento de peso/obesidade, produz insatisfagdo com a autoimagem, desvalorizacdo no
seu autoconceito psicologico e até agressividade por sofrerem forte discriminagdo pela
sociedade (SILVA; LANGE, 2010; FERNANDEZ; PRITCHARD, 2012). Em consequéncia,
podem surgir sintomas depressivos e ansiosos, diminui¢do da sensacdo de bem-estar e
aumento da sensacdo de inadequagdo e insucesso pessoal e social relacionado com
consequente degradacdo da performance e baixa autoestima (NAHAS, 2003; ORTIZ et al.,
2019).

Dada a relevancia da obesidade na saude publica, com alta taxa de prevaléncia em
todas as faixas etarias, diversas comorbidades associadas e elevados indices de mortalidade;
com evidéncias das restri¢des na comercializacdo dos produtos sintéticos; além dos padrdes de
beleza socialmente estabelecidos focados na ditadura da magreza, ¢ constatada a oferta no
mercado de diversas alternativas para a perda de peso e obesidade, entre elas os produtos
naturais, porém poucas apresentam evidéncias consistentes de seguranca e eficacia
(MANENTIL2010; APOVIAN et al., 2015; ORTIZ et al., 2019).

Vale lembrar, ainda, que estudos demonstram que sobrepeso e obesidade representam
fator de risco na gravidade da doenca causada pelo novo coronavirus SARS-CoV-2, tendo
maior impacto especialmente em pacientes com IMC >35 kg/m?; sendo estes mais propensos
a receberem ventilagdo mecédnica, com maior taxa de mortalidade. Assim, durante apandemia
ora vivida, pacientes com sobrepeso ¢ obesidade, principalmente aqueles com obesidade

grave, devem recorrer a medidas extras de prevengdo para evitar a contaminagdo pelo virus

(KASSIR et al., 2020; SIMONNET et al., 2020; YANG; HU; ZHU, 2021).

2.2 Fitoterapia e o uso de plantas para fins medicinais

As formas mais comuns de praticas terapéuticas complementares e/ou alternativas
utilizadas sdo: fitoterapia, acupuntura, homeopatia, medicina antroposéfica, naturopatia,
medicina tradicional chinesa, osteopatia e quiropraxia (BRASIL, 2018). Merecendo destaque
a fitoterapia, dada a facilidade de acesso, baixo custo, tradicionalidade de uso e grandeaceitagdo

pela sociedade contemporanea (ALISHTAYEH; JAMOUS; JAMOUS, 2012; LIMA et al.,
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2020).

Fitoterapia ¢ definida como terapéutica caracterizada pelo uso de plantas para fins
medicinais em diferentes formas farmacéuticas, sem a utiliza¢ao de substancias ativas isoladas,
mesmo que de origem vegetal (BRASIL, 2006a). Planta medicinal ¢ definida, de acordo com
a RDC n° 69/2014 (BRASIL, 2014), como a espécie vegetal, cultivada ou ndo, utilizada com
propdsitos terapéuticos. No intuito de validar a utilizacdo dessas espécies vegetais foi elaborada
a Politica Nacional de Plantas Medicinais ¢ Medicamentos Fitoterapicos (PNPMF) que tem
como objetivo otimizar a cadeia produtiva garantida sustentabilidade e a preservacao do
conhecimento empirico disponivel pelas comunidades e o uso racional de plantas medicinais e
fitoterapicos (BRASIL, 2006b).

A partir da publicagdo da PNPMF, foi elaborada a Relagdo Nacional de Plantas
Medicinais de Interesse ao SUS (RENISUS) que visa promover a insercdo das plantas
medicinais e dos fitoterdpicos no Sistema Unico de Saude (SUS), constituindo uma lista
baseada em espécies vegetais nativas que ja sao utilizadas em servicos de satide estaduais e
municipais € que possuem comprovacao de eficacia por estudos etnofarmacoldgicos,
cientificos. Essas espécies tém potencial de evoluir nas etapas da cadeia produtiva de plantas
com fins medicinais e fitoterapicos e de gerar produtos de interesse ao SUS (BRASIL, 2009;
BRASIL, 2014).

A utilizacdo de produtos naturais, particularmente da flora, com fins medicinais,
nasceu com a humanidade. Indicios do uso de plantas medicinais e toxicas foram encontrados
nas civilizagdes mais antigas, sendo considerada uma das praticas mais remotas utilizadas pelo
homem para cura, prevencdo e tratamento de doengas, resultando em importante fonte de
compostos biologicamente ativos (ANDRADE; CARDOSO; BASTOS, 2007).

O uso de plantas medicinais acontece entdo desde antiguidade, quando os primitivos
ja as utilizavam, fazendo com que as primeiras civilizagdes ja possuissem suas proprias
referéncias histéricas quanto a essa pratica (ARAUJO et al., 2014), alicercado o uso dessas
alternativas por meio de observacdo e experimentacdo, possibilitando a descobertas das
atividades farmacologicas de cada planta medicinal (IOANNIDES-DEMOS et al., 2011).

Ao longo da historia, a fitoterapia passou por fases diferenciadas de representatividade
na sociedade, seja quando se caracterizou como sendo o primeiro e/ou Unico recurso
terapéutico da maior parte da populacdo ou quando teve seu uso predominante em classes

sociais menos favorecidas, sem acesso aos servicos de saude (ALVES, 2013).
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Apesar do grande avango e evolugdo da medicina, intensificagdo do uso de
medicamentos industrializados, a partir da segunda metade do século XX, as plantas ainda
apresentavam contribui¢do para a manutencdo da saude e alivio as enfermidades em paises
em desenvolvimento (SOUZA; FELFILI, 2006, BRUNING et al., 2012). No entanto, nos
ultimos anos a fitoterapia vem crescendo de forma importante, fato este, possivelmente,
associado aos altos custos dos medicamentos da industria farmacéutica e a valorizagdo da
utilizacao de produtos naturais através de meios de comunicacdo (LIMA-SARAIVA et al.,
2015; CONCEICAO et al., 2018; OLIVEIRA et al., 2018).

Estudos demonstram que, no Brasil, mais de 70% da populagdo faz uso de plantas para
fins medicinais, movimentando em torno de US$ 400 milhdes (quatrocentos milhdes de
dolares), representando apenas 6,7% das vendas de medicamentos no pais, sendo um mercado
promissor € atraente para as multinacionais de produtos farmacéuticos (CASTRO; ALBIERO,
2016; RODRIGUES, 2016). Em 2011, o mercado mundial movimentou cerca de US$ 26
bilhdes, com 30% do mercado na Europa e 5% na América Latina (ALVES, 2013; SOBOTA;
PINHO; OLIVEIRA, 2016).

O Brasil possui a maior biodiversidade do planeta, devido sua variedade de biomas,além
de sua diversidade étnica, cultural e socio-economicas na grande extensdo do territorio
nacional, com reconhecida desigualdade na distribuicdo dos recursos destinados a saude, visto
a concentragdo dos servigos especializados nas grandes areas urbanas, favorecendo uma parcela
minima da populacdo, bem como inviabilizando e/ou dificultando o acesso aos servigos
publicos de saude pela maioria da populagdo; contribuindo com a preservacao da utilizagao de
plantas medicinais, contribuindo significativamente para ascensao do uso de plantas e produtos
derivados pela populacao (BRASIL, 2006; AMARAL, 2007; ALVES, 2013; BRASIL, 2016).

A utilizagdo de espécies vegetais para o tratamento de enfermidade no Brasil, ¢
justificada pela formagao cultural, tendo as culturas indigenas, africanas e europeias como base
que conduziram a uma ampla diversidade nos aspectos materiais, sociais e espirituais (BORBA
et al., 2006). Além disso, o pais possui a maior biodiversidade, devido variedade de biomas, e
um abrangente numero de espécies vegetais, o que estimula a utilizagdo de plantas para fins
medicinais (BRASIL, 2016). Ainda ¢ constatado que em regides mais pobres do pais e, até
mesmo, em grandes centros, predomina a aquisi¢do de plantas com fins medicinais no comércio
informal em feiras, mercados populares e as obtidas dos quintais de casas (PASA, 2011;

FREITAS JUNIOR; MONTEIRO; ALMEIDA JUNIOR, 2020).
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Tendo em vista o desenvolvimento de politicas observacionais no tocante aos
requisitos de seguranca, eficacia, qualidade, uso racional e acesso a saude, preconizado pela
OMS, a pratica da medicina tradicional, medicina complementar ¢ da medicina alternativa
integrada as técnicas da medicina ocidental moderna vem sendo estimuladas nos sistemas de
saude (LIMA-SARAIVA et al., 2015).

Seguindo as recomendacgdes da OMS, em 2005, o Brasil implantou a primeira politica
publica que promove as praticas ndo convencionais em saude, sendo denominada de Politica
Nacional de Medicina Natural e Praticas Complementares (PNMPC) (BRASIL, 2005),
buscando integrar a sociedade ao meio ambiente, realgando a promog¢do do cuidado humano
global. Em 2006, o Ministério da Saude implantou a Politica Nacional de Praticas Integrativas
e Complementares (PNPIC) (BRASIL, 2006a), visando estimular agdes e servigosrelativos a
essas praticas no ambito do sistema publico de satide brasileiro, implantagdo no SUS as
modalidades terapéuticas: medicina tradicional chinesa/acupuntura, homeopatia, plantas
medicinais e fitoterapia.

Com aprovacao da PNPIC, houve estimulo as politicas, programas e projetos pela
institucionalizagao dessas praticas no SUS na perspectiva de ampliagdo das ofertas terapéuticas,
como a Politica Nacional de Plantas Medicinais e Fitoterapicos (BRASIL, 2006) e Programa
Nacional de Plantas Medicinais e Fitoterapicos (BRASIL, 2008), além do incentivo a pesquisa
e desenvolvimento (P & D) tecnoldgico na area.

Em 2017, a PNPIC, instituida pela Portaria n°® 971 GM/MS de 03 de maio de 2006,
promoveu o aumento no niumero de terapias alternativas no SUS incluindo a Arteterapia,
Ayurveda, Biodanga, Danga Circular, Meditacdo, Musicoterapia, Naturopatia, Osteopatia,
Quiropraxia, Reflexoterapia, Reiki, Shantala, Terapia Comunitdria Integrativa e Yoga
(BRASIL, 2017a). Com isso, sao 29 Praticas Integrativas e Complementares oferecidas, de
forma integral e gratuita, por meio do SUS (BRASIL, 2018).

E constatado que, no cendrio atual, a fitoterapia estd inserida na sociedade
contemporanea, como forma alternativa e/ou complementar na terapéutica, tanto nos paises
desenvolvidos como em desenvolvimento, passando a ser integrada nas mais diversas classes
sociais, ndo somente as populagdes das zonas rurais ou regides desprovidas de assisténcias a
saude, sendo sua utilizacdo aumentada pelas populacdes nos centros urbanos, devido a inser¢ao
de politicas que regulamentam e incentivam o uso de plantas medicinais e fitoterapicos, e

também do incentivo promovido pelo modismo de consumo de produtos naturais (SILVA,
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2012; BORGES; SALES, 2018, BRASIL, 2020).

No entanto, o sistema publico de saude brasileiro ainda é carente nas pesquisas sobre
efeitos de plantas medicinais evidenciadas em estudos cientificos publicados(ANTONIO;
TESSER; MORETTI-PIRES, 2014). Ao invés de incentivar o uso das riquezas naturais
brasileiras para a producdo de medicamentos fitoterapicos, o Brasil depende fortementeainda de
insumos farmaceéuticos importados, tendo custos altissimos com medicamentos industrializados
(LIMA-SARAIVA et al., 2015). E outro problema a considerar ¢ o pequeno numero de
profissionais de saude que tém conhecimentos suficientes para prescrever plantas medicinais
e medicamentos fitoterapicos. Embora a populagdo use constantemente a fitoterapiacom base
nosconhecimentos populares, os profissionais de satide, para dela se utilizarem, necessitam ter
conhecimento mais aprofundado (FIGUEREDO; GURGEL; GURGEL JUNIORet al., 2014).

Diante dessa realidade, a populagao da cidade de Sao Luis, estado do Maranhao,
assim como de outras cidades brasileiras, ainda utiliza plantas para fins medicinais
empiricamente, adquirindo tanto a planta in natura, como suas preparagdes como mercados,
feiras livres, lojas de produtos naturais e/ou estabelecimentos farmacéuticos, apesar de muitas
espécies vegetais ndo possuirem comprovacgao de suas atividades farmacoldgicas e seguranga
(AMARAL et al. 2001, 2003; GONCALVES, 2016; PENIDO et al., 2016; GONDIM, 2019).

Visando sanar essas lacunas, a PNPIC recomenda: “Estimular as universidades a
inserir nos cursos de graduacdo e pos-graduagdo, envolvidos na drea, disciplinas com conteudo
voltado as plantas medicinais e fitoterapia” (BRASIL, 2006a). E a PNPMF recomenda:
“Incentivar a formagdo e a capacitacdo de recursos humanos para o desenvolvimento de
pesquisas, tecnologias e inovagdo em plantas medicinais e fitoterapicos” (BRASIL, 2006b).

Assim as determinacdes legais visam a estruturagdo da fitoterapia no Brasil,exigindo
da pesquisa, do setor industrial e da saude publica, atuagdo efetiva e compartilhada para o
desenvolvimento de estudos cientificos com plantas medicinais, que comprovem a seguranga
e eficacia terapéutica; possibilitando ao pais, a produgdo, o registro e a comercializagdo de
produtos de origem vegetal com qualidade; o que pode dar ao Brasil papel de destaque no
cenario mundial na producao de medicamentos fitoterapicos (MARQUES; SOUZA, 2012;
NUNES, 2015; OSHIRO et al., 2016).

Enfim, o uso racional e seguro da fitoterapia como op¢ao terapéutica, de forma
alternativa ou complementar, deve ser assegurado por diversos fatores, com destaque para o

aumento no numero de estudos com espécies vegetais nativas e de uso terapéutico popular,
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incentivo aos estudos de padronizagdo e validagdo de plantas medicinais para o
desenvolvimento de fitoterapicos e investimentos em P & D (BELTRAME et al., 2009; BRITO,
2015).

2.2.1  Espécies vegetais utilizadas para perda de peso

O Brasil e outros paises em desenvolvimento tém vivenciado a transi¢do nutricional,
determinada frequentemente pela ma-alimentagao; com o decréscimo dos casos dedesnutrigao,
mas sao ressaltadas as crescentes prevaléncias de excesso de peso em todas as faixas etarias,
contribuindo com o aumento das doengas cronicas nao transmissiveis (COUTINHO;
GENTIL; TORAL, 2008; POPKIN et al., 2012). Além disso, vale enfatizar a busca do
“padrdo de beleza” da magreza, pelo qual muitos individuos, principalmente as mulheres, se
sacrificam constantemente e a qualquer custo, a fim de manterem seus corpos magros,
esbeltos, num ritmo frenético, obedecendo e escravizando-se por imposicdes estéticase sociais
(COUTO, 2004). Consequentemente ¢ grande a busca por alternativas e/ou complementos
terapéuticos para perda de peso (CONCEICAO et al., 2018).

Assim, muitos estudos tém almejado apresentar solugdes promissoras para perda de
peso e auxiliar no controle da obesidade e sobrepeso (CERQUEIRA, 2006; PEREIRA et al.,
2021) e uma das alternativas eficazes seriam principios ativos, com efeito na perda de peso,
originados dos metabdlitos secundarios de plantas medicinais, podendo gerar atividades
antiobesidade muito mais eficazes (HASANI-RANJBAR et al., 2009; FERNANDEZ-
QUINTELA et al., 2016).

As plantas com véarios componentes quimicos, por si s6 atuam como forte coadjuvante
para o tratamento da obesidade. Embora faltem evidéncias cientificas que validamo potencial
de diversas espécies vegetais, muitas delas ndo apresentam efeito diretamente sobrea perda de
peso ou obesidade, mas efeitos relevantes sobre suas comorbidades, como elevada glicemia e
dislipidemias demostradas em experimentos in vivo, sendo fatores que geralmente estdo
alterados no sobrepeso (HASANI-RANJBA et al., 2008; CERCATO, 2015).

Existem evidéncias de que muitos produtos naturais podem auxiliar no tratamento da
obesidade, atuando como agente anti-obesidade em diferentes mecanismos como: inibidoresde
apetite; substancias que diminuem a absor¢do de lipidios, como enzima hidrolisante anti-
lipidica a exemplo da lipase pancreatica; diminuindo a absor¢ao de carboidratos, como enzimas

hidrolizantes (alfa-amilase e alfa-glicosidase); aumentando o gasto energético, estimulantes
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metabolicos através da termogénese e como moduladores de adipogénese, diminuindo a
diferenciagdo e proliferacdo de pré-adipocitos (YUN, 2010; MANENTI, 2012; MOPURI,
ISLAM, 2017).

Fitoquimicos identificados a partir de plantas de usos medicinais tradicionais,
fitoterapicos e/ou nutracéuticos podem levar ao desenvolvimento de terapéuticas antiobesidade
(BIRARI; BHUTANI, 2007); como os polifenois (flavonoides e estilbenos) que sdo utilizados
no desenvolvimento de produtos naturais atuando no controle da perda de peso (MOHAMED
et al., 2014; SUN et al., 2016); assim como flavondis, flavonas e flavan-3-ols (catequinas)
(RAINS et al., 2011).

Componentes quimicos como flavonoides, alcaloides, terpenoides, dentre outros
favorecem o emagrecimento, principalmente com  atividade hipolipidémicos,
hipocolesterolémico, anti-hiperglicémicos e antioxidantes, além das comorbidades
relacionadas a obesidade (KARAKAYA, 2010; YUN, 2010; DOS SANTOS et al., 2018).
Compostos fendlicos que inibem a lipase pancredtica incluem principalmente saponinas,
polifendis, flavonoides, terpenos e acido caféico (WON et al., 2007; BASTOS et al., 2017,
DOS SANTOS et al., 2018; BAJES et al., 2020).

Estudos in vivo com metabolitos como rutina, acido clorogénico e acido quinico (HSU
et al., 2009; PANCHAL et al., 2011; NASCIMENTO, 2018), presentes na espécie Hancornia
speciosa Gomes, foram descritos como compostos fenodlicos que reduzem os efeitos da
obesidade em animais experimentais. Além disso, reduziram a resisténcia a insulina,
tolerancia a glicose, com comprovacao de perda do peso corporal de ratos alimentados com
dieta rica em gordura, demonstrando, assim, o potencial da espécie (GHADIEH et al., 2015).

Assim, produtos naturais de origem vegetal podem ser Uteis como recursos para
emagrecimento, dado reconhecido, pelos estudos de validagdao, do potencial terapéutico de
algumas espécies vegetais (DA SILVA et al., 2010; PINTO, 2013; LAZZAROTTO-
FIGUEIROA et al., 2021). Como demonstrado com extrato metanélico das flores de Camellia
sinensis (L.) Kuntze efeitos inibitdrios sobre o ganho de peso e de gorduras viscerais (HAMAO
et al., 2011); constatando que Camellia sinensis (na forma de cha verde) pode reduzir a ingestao
de alimentos, absorcdo de lipidios e adipogénese; melhorando o gasto energético via
termogénica, oxidagdo de gordura e excrecdo lipidica fecal (LIN; LIN-SHIAU, 2006;
MAZZANTI et al., 2009; HUANG et al., 2014). Ja foi relatado o efeito do cha verde também
na reducao do ganho de peso corporal (GROVE et al., 2012; SAMPATH et al., 2017).
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Estudo com extrato metandlico das hastes de Baccharis trimera (Less) DC
comprovaram que animais obesos, induzidos por dieta rica em gordura, apresentaram
diminui¢do do peso e dos niveis de colesterol (DE SOUZA et al., 2012). O extrato etandlico de
folhas secas de Ligustrum robustum Blume com efeito antiobesidade em ratos obesos,
comprovado pela diminui¢do de peso, massa de gordura, niveis de colesterol e area de
adipdcitos (YANG et al., 2015).

Além desses, vale destacar o potencial da espécie Syzygium cumini (L.) Skeels, alvode
investigacdo do Laboratorio de Fisiologia da Universidade Federal do Maranhdo, que
demonstrou efeito hipoglicemiante, com infusdo das folhas secas (SOARES et al., 2000); bem
como o extrato hidroalcodlico rico em polifendis das folhas melhorou o quadro metabdlico de
ratos obesos induzidos pelo L-glutamato monossédio com redu¢do do acumulo de
triglicérides hepatico e da hipertrigliceridemia nesses roedores obesos (SANCHES et al.,
2016). Varias classes de compostos que podem justificar tais efeitos descritos ja foram
identificados nas folhas da espécie, como taninos, acidos fendlicos, terpenos e flavonoides
(CHAGAS et al., 2015).

Nesse sentido, a utilizagdo de plantas e/ou seus produtos derivados representa
importante recurso terapéutico, estando em relevante expansdo comercial, refletindo o dificil
acesso da populagdo aos servicos de saude e medicamentos sintéticos (SOLVA; HAHN, 2011;
SOUZA MARIA et al, 2013; FREITAS JUNIOR, 2017), no entanto existe pouca
documentacao cientifica dos seus principios ativos, farmacodindmica e/ou eficacia clinica.
Embora os estudos quimicos e bioldgicos pré-clinicos em animais deem aparente respaldo ao
seu uso tradicional, as evidéncias da sua eficacia no ser humano sdo limitadas, dada caréncia
dos ensaios clinicos (NEWALL et al., 2002; ARGENTA et al., 2011).

E importante lembrar, ainda, que a ideia errénea, dada crenca da isengdo de reagdes
adversas, de que "natural" ¢ igual a "seguro”, faz com que muitas pessoas recorram ao uso
indiscriminado de qualquer espécie vegetal, arriscando a satide e o bem estar em busca de um
possivel emagrecimento rapido, porém elas acabam esquecendo que certos “milagres” causam
mais riscos do que beneficios no geral; como no caso da espécie espécie Aleurites moluccana
(L.) Willd. popularmente conhecida como Noz da India, planta utilizada para perda de peso,
com diversas reagdes notificadas e até mesmo 6bitos; o que causou sua suspensdo, desde
fevereiro de 2017 pela ANVISA, em todo territdrio nacional, tanto como forma de alimentacao

ou insumos de medicamentos, devido a efeitos toxicos (BRASIL, 2017b; LUNA; DA SILVA;
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TORRES, 2017).

Com isso, o crescente aumento no consumo dos produtos derivados de espécies
vegetais empregados para perda de peso causam também enorme preocupacao em relacao ao
desconhecimento de adulteragdes e riscos toxicoldgicos por uso continuo (LIPORACCI;
SIMAO, 2013). Alguns destes problemas sdo decorrentes do uso de matérias-primas sem
padronizagdo de qualidade, adulteradas e apresentando toxicidade, além da caréncia de estudos
da agdo sinérgica com outras drogas (API et al., 2009).

Vale enfatizar que o uso popular das espécies vegetais ndo implica necessariamente
eficacia, validando seu uso; mas deve ser empregada como critério de selecao de espécies
vegetais que podem ser estudadas principalmente em ensaios farmacoldgicos e de toxicidade,
direcionando pesquisas futuras nessa area, os chamados estudos de validacdo visando
certificacdo de eficacia e seguranca no uso das plantas (FREITAS JUNIOR; ALMEIDA JR,
2017; FELIX-SILVA et al., 2017).

2.3 Estudos de validacao de espécies vegetais

Espécies vegetais tém sido utilizadas como medicamento em todo historia humana,
estima-se que 80% das pessoas que vivem em paises em desenvolvimento sdo quase
completamente dependentes das praticas tradicionais de medicina e utilizam plantas como
necessidades de cuidados primarios de saide (ABDALA et al, 2012; OLIVEIRA;
MEZZOMO; MORAES, 2018). Neste contexto, deve ser enfatizada a certificacao da seguranca
do produto e eficécia cientifica para uso dos fitoterapicos. Além disso, a industria farmacéutica
moderna estad com aten¢do voltada as plantas medicinais, pois sdo reconhecidas como fontes
quase infinitas para desenvolvimento de novas drogas (CALVO; CAVERO, 2014).

No entanto, a pesquisa com plantas e a produgdo de medicamentos originados a partir
das espécies vegetais com atividade medicinal comprovada cientificamente envolve varias
etapas, desde a selecdo da espécie até a comercializagdo do produto final (RATES, 2001).

A investigacdo baseada em metodologia cientifica que busca avaliar eficacia e
seguranca das plantas de uso medicinal caracteriza os estudos de validagdo; ou seja, a validagao
consiste em confirmar cientificamente as propriedades terapéuticas das espécies vegetais para
permitir seu uso como medicamento em seres vivos (ABRANCHES, 2012; LAZZAROTTO-
FIGUEIROA et al., 2021). Assim, os estudos de validagéo possibilitam transformar as plantas

em produtos fitoterapicos; buscando a confirmacao da eficacia farmacologica e da auséncia de
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toxicidade da espécie; fundamentados nos estudos botanicos, quimicos, farmacoldgicos e
farmacotécnico (MACIEL et al., 2002; BRANDAO, 2017).

A transformagdo de uma planta em um produto elaborado, intermediario ou acabado
implica na utilizagdo de operagdes de transformacdo tecnoldgica, que devem assegurar a
integridade quimica e farmacolodgica do vegetal. Em continuidade, a garantia da preservacdo da
atividade bioldgica e seguranga de utilizagdo, necessita da interacdo inter e multidisciplinar,
envolvendo estudos etnodirigidos, botanicos, agronomicos, quimicos, bioldgicos (farmacologia
e toxicologia pré-clinica e clinica) e farmacéuticos (desenvolvimento de metodologia analitica
de controle de qualidade e tecnolégico) (CHABARIBERI et al., 2009).

A primeira etapa da validagdo de uma espécie vegetal ¢ um levantamento
etnofarmacoldgico da espécie a ser investigada; incluindo identificagdo botanica e
caracterizacao do uso popular (parte da planta a ser utilizada, forma de administragao, dosagens,
tempo de tratamento, entre outros) (ALBUQUERQUE et al., 2014; LEITAO et al., 2014;
ABRANCHES, 2015).

Em seguida, envolve testes farmacoldgicos pré-clinicos direcionados para indicacao
popular referida. Testes de eficacia in vitro e in silico servem como uma indicagao inicial da
atividade que esta sendo pesquisada, e quando utilizados no inicio de uma triagem, permitem
selecionar as plantas que apresentam melhores resultados, diminuindo gastos, evitando perda
de tempo e uso indiscriminado de animais de experimentacdo. Somente apos a obtengdo de
resultados promissores com os testes in vitro e in silico, passa-se aos testes de eficacia e
toxicidade in vivo com utilizagdo de animais, geralmente iniciando com roedores. Nesta fase,
sdo entdo realizados testes que determinam a eficécia contra os agentes causadores e seguranga
quanto a auséncia de toxicidade (CAMURCA- VASCONCELOS et al., 2005).

As andlises quimicas sao desenvolvidas para investigacao das classes de metabolitos
presentes, com ensaios envolvendo screening fitoquimico, caracterizacdo ¢ doseamento de
compostos, fracionamento, isolamento e elucidagdo estrutural (SIMOES et al., 2017).

Com os dados quimicos, farmacologicos e toxicologicos, constatado acdo terapéutica
com seguranca, segue para o desenvolvimento de produtos transformados a partir das matérias-
primas vegetais. Neste contexto, sdo investigadas e adequadas técnicas de controle e produgao,
para assegurar a qualidade de todos os passos do ciclo de transformagdo tecnologica e dos
produtos deles oriundos (BASSANI; GONZALES; PETROVICK, 2005; SONAGLIO et al.,

2016). As fases de transformacao tecnologica podem comprometer a eficacia e/ou a seguranga
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do produto, assim ensaios farmacologicos e toxicologicos em animais devem ser realizados,
verificando a ocorréncia ou ndo de desvios da qualidade terapéutica dos intermediarios e das
formas farmacéuticas finais (SILVA et al., 2001; BASSANI; GONZALES; PETROVICK,
2005).

2.3.1  Selegao de espécies vegetais: estudos etnodirigidos

A utilizacdo de plantas pelas comunidades locais, populagdes tradicionais ou populacao
num contexto geral contribuem diretamente para a demonstracdo do potencial terapéutico que
algumas espécies podem apresentar direcionando a pesquisa cientifica envolvendo a aplicagdo
de vérias ciéncias como botanica, farmacologia e fitoquimica para validacdo do uso, assim
como na busca de precursores de farmacos sintéticos (MACIEL et al., 2002; MICHELIN et al,
2005; FREITAS JUNIOR; ALMEIDA JR., 2017).

Os estudos etnodirigidos consistem em pesquisas sobre as indica¢des propostas por
populagdes especificas sobre determinados contextos de uso de espécies vegetais, destacando a
exploracao do conhecimento de recursos locais e suas aplicacdes nos sistemas de satde e
doenga, com aspectos positivos como tempo e o baixo custo envolvidos na coleta dessas
informacgdes; possuindo 02 (duas) vertentes cientificas: a etnobotanica e a etnofarmacologia,
ferramentas importantes na busca por substancias naturais (ALBUQUERQUE; HANAZAKI,
2006).

Albuquerque (2005) definiu etnobotanica como: “o estudo da inter-relagdo direta entre
pessoas de culturas viventes e as plantas do seu meio”. Ela estuda o conhecimento humano
sobre as plantas e suas relacdes, tornando possivel a compreensdo do relacionamento entre os
homens ¢ a flora que os cerca, agindo como importante agente de conservacgao e difusao do
conhecimento das comunidades tradicionais (ALBUQUERQUE; HANAZAKI, 2006; CEE,
2016).

Derivada da etnobotanica uma das areas de maior destaque ¢ a de investigacao e resgate
do conhecimento popular de plantas e seu uso para fins medicinais, originando a
etnofarmacologia, que trabalha com a exploragdo cientifica interdisciplinar dos agentes
biologicamente ativos, tradicionalmente empregados pelo homem, sendo estratégia
importante para investiga¢do da utilizacdo ndo s6 de plantas, mas qualquer recurso natural
para fins terapéuticos (FRANCO, 2011; ROGERIO, 2014; QUIRINO, 2015).

A etnofarmacologia ¢ de grande contribuicao tanto no processo de pesquisa de espécies
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vegetais, como no desenvolvimento de fitoterapicos, pois o uso prolongado por determinados
grupos étnicos e/ou populacdes tradicionais pode ser encarado como pré-triagem quanto a
utilidade terapéutica; porém nao ¢ suficiente para validar plantas como medicamentos
(OLIVEIRA et al., 2009; RANGEL; BRANGANCA, 2009; ALBUQUERQUE et al., 2014).

Assim, estudos etnofarmacoldgicos t€ém como objetivo testar hipdteses sugeridas
tradicionalmente, fornecendo subsidios no estabelecimento de critérios de inclusdo e/ou
exclusao de espécies vegetais para perda de peso e para prosseguimento dos estudos de
validacdo (ALBUQUERQUE; HANAZAKI, 2006; ALBUQUERQUE et al., 2010).

Para realizagdo de um levantamento etnodirigido, o pesquisador deve seguir um roteiro
detalhado e especifico, que inclui principalmente: caracterizacdo da area de estudo, defini¢do
da populagdo, detalhamento das caracteristicas da populagao a ser estudada, identificagdao de
populagdo tradicional ou ndo, delimitacdo do tamanho da amostra e do tipo de amostragem,
escolha das informagdes a serem colhidas e quais as técnicas, equipamentos serdo utilizadas
para tal, qual a forma de identificacdo do recurso referido, quais métodos estatisticos serdo
usados para andlise, entre outros; isso tudo culminando com a discussdo dos resultados que
permite comprovar ou anular a hipotese proposta (ALBUQUERQUE et al., 2010b; GODINHO,
2017).

Com relacdo a qualidade dos estudos etnofarmacoldgicos as pesquisas enfrentam
problemas com destaque ao delineamento inadequado para coleta de dados, que engloba desde
a sele¢do dos participantes at¢ os métodos mais adequados para extragao das informagdes
desejadas (ALBUQUERQUE; HANAZAKI, 2009). Para a coleta de dados nessas pesquisas, ¢
muito comum o uso de questionarios durante as entrevistas, no entanto essa ferramenta precisa
ser estruturada de acordo com o contexto cultural em cada estudo para alcangar seus objetivos
(SIMOES, 2010). Outro aspecto relevante é a identificagdo dos recursos naturais
mencionadosdurante os inquéritos, pois essa etapa ¢ essencial para a continuidade do estudo,
j& que cada recurso tera composi¢do quimica e, consequentemente, acdes biologicas
especificas (BENNETT; BALICK, 2014).

Além dessas fases da coleta e analise dos dados etnofarmacologicos, seguida da
identificacdo dos recursos naturais, sejam eles de origem vegetal, animal ou mineral; as
principais etapas a serem seguidas em uma pesquisa etnofarmacologica sdo: pesquisa
bibliografica em banco de dados; andlise quimica preliminar para detectar as classes de

compostos presentes no produto natural e/ou preparacdo utilizada pela populagdo, estudo
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farmacoldgico preliminar em modelos experimentais; fracionamento quimico; estudo
farmacoldgico abrangente e toxicoldgicos das fracdes de interesse e elucidagdo estrutural das
substancias ativas isoladas ou obtencdo de derivados (ELISABETSKY; SOUZA, 2010;
HARVEY et al., 2014).

O Grupo de Pesquisa de Produtos Naturais da Universidade Federal do Maranhdo com
estudos locais vem demonstrando nos ultimos anos que a estratégia de uso da ferramenta da
etnofarmacologia na selecao de espécies vegetais apresenta bons resultados e perspectivas nessa
area, valendo destacar estudos de Neiva et al. (2014) e Vieira et al. (2014) que identificaram e
comprovaram, respectivamente, espécies vegetais com agdo anti-Giardia ¢ antimicrobiana e
anticariogénica. Além desses, estudo etnofarmacologico de Godinho (2017) relatou que sdo
referidos popularmente diferentes usos terapéuticos para Attalea speciosa, com énfase as
categorias metabodlicas e nutricionais; e estudo de Ferreira (2018) observou que a pratica
popular do uso de plantas como recurso terapéutico em criangas continua preservada e que
utilizada de maneira indiscriminada pode representar risco a populagao.

Importante enfatizar que estudo local tem demonstrado a representatividade da pesquisa
etnofarmacoldgica como ferramenta cientificas na selecao de espécies vegetais para pesquisas
in vitro e in vivo que comprovem a eficacia, seguranga e qualidade das agdes farmacoldgicas
antiobesidade e, portanto, merecem ser continuados na perspectiva de validagdo (FREITAS
JUNIOR; ALMEIDA JR, 2017).

Vale, ainda destacar que, com a identificacdo dos recursos naturais referidos no
levantamento etnofarmacologico, a exemplo das espécies vegetais, necessariamente deve ser
realizado a investigacdo dos trabalhos ja desenvolvidos com tais espécies, disponibilizados nas
bases de dados. A andlise comparativa da indicagao terapéutica referida pelos entrevistados aos
dados cientificos pode indicar concordancia de uso com indicativo de potencialidade
farmacologica da espécie ou revelar uso inadequado de espécies vegetais passiveis de
desencadear efeitos adversos (GODINHO, 2017). Os efeitos adversos associados ao usopopular
de plantas medicinais podem ser classificados em intrinsecos e extrinsecos (SILVEIRA, 2008;
COSTA et al., 2012).

Levantamentos etnofarmacoldgicos locais desenvolvidos pelo Grupo de Produtos
Naturais da Universidade Federal do Maranhdo comprovam uso popular de espécies vegetais
para fins terapéuticos que podem desencadear efeitos adversos intrinsecos e extrinsecos

(AMARAL et al., 2001; AMARAL et al., 2003; SANTOS, 2004; AMARAL, 2007; COSTA,
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2012; LIMA, 2012; SANTOS, 2012; GODINHO, 2014; NEIVA et al., 2014; VIEIRA et al.,
2014; BRITO, 2015; GONCALVES, 2016; BATALHA JUNIOR, 2017; GODINHO, 2017;
FERREIRA, 2018; GONDIM, 2019; MORAIS, 2019).

A caracterizagcdo do uso popular de plantas inadequado, com evidéncias de possiveis
efeitos adversos intrinsecos e extrinsecos, devem alertar para a conscientizagdo do pleno
exercicio da Farmacovigilancia em Fitoterapia; exigéncia essa ja enfatizada por mais de uma
década, em estudo de Silveira; Bandeira; Arrais (2008) quando o problema ja era emergente;
mas ainda incipiente no pais € no mundo.

Assim, compreendendo a Farmacovigilancia como ciéncia que se refere a deteccao,
avalia¢do, compreensdo e preven¢ao dos efeitos adversos ou quaisquer problemas relacionados
a medicamentos (WHO, 2003); possibilitando detectar precocemente eventos adversos
conhecidos ou ndo, monitorando também possiveis aumentos na incidéncia dos mesmos; com
avaliacdo dos beneficios e riscos do produto, para assegurar qualidade, seguranga e eficacia
compativeis com uso racional (ANVISA, 2009); ¢ viavel que implanta¢do de um sistema efetivo
de farmacovigilancia na area de fitoterapia venha minimizar tais riscos (NICOLETTII et al.,
2015; LEAL; TELLIS, 2016).

Nesse contexto evidenciamos a abrangéncia da pesquisa etnofarmacoldgica, com seu ja
tdo divulgado potencial na contribuicdo das investigagdes para P & D como estratégia no dificil
processo de selecdo de espécies vegetais para estudos de validagdo, bem como para nortear
acoes efetivas de Farmacovigilancia, na perspectiva real de minimizar riscos € perigos

associados ao uso irracional de plantas para fins medicinais.

2.3.2  Estudo de padronizacao de extratos vegetais

Nos estudos de validagao de espécies vegetais devemos destacar ainda a necessidade
de direcionar esfor¢os e recursos nos estudos de padronizagdo, principalmente dos extratos
vegetais, 0s quais representam as preparagdes intermedidrias ou acabadas mais
frequentemente empregadas nas formulagdes fitoterapicas, envolvendo varias etapas
operacionais com diferentes variaveis, que podem alterar a estabilidade dos constituintes
quimicos e, consequentemente, a atividade terapéutica desejada (COUTO, 2012; SONAGLIO
et al., 2016; LAZZAROTTO-FIGUEIROA et al., 2021).

Para garantir a uniformidade de um fitoterapico com reprodutibilidade e constanciada

sua qualidade ¢ necessario a estabilidade quimica da matéria prima vegetal em todas as
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etapas operacionais, avaliada pela integridade dos constituintes quimicos e/ou controle da
atividade biolégica (TOLEDO et al., 2003; LAPA et al., 2004; SIMOES et al., 2017).

De acordo com Migliato et al. (2011) os estudos de padronizacdo devem priorizar a
avaliacdo dos extrativos vegetais por meio de planejamento fatorial, enfatizando a defini¢ao
das varidveis que influenciam na extragdo, jA que essa representa a etapa fundamental na
obtencdo de fitoterapicos, garantindo a separagdo de substancias de interesse da matriz
complexa (SCHAFRANSKI et al., 2019). Entre as variaveis que podem influenciar a extracao
estdo a granulometria, qualidade e quantidade de solvente, método extrativo, temperatura,
tempo, tensdo superficial e pH (FONSECA, 2005; BASTOS et al., 2017;BAJES et al., 2020).

Sao descritos diversos procedimentos extrativos classificados em sistema aberto ou
fechado, frio ou quente, exaustivo ou ndo; destacando dentre esses a maceragdo, percolacao,
extragdo em aparelho de Soxhlet e maceragdo assistida por ultrassom como procedimentos
muito utilizados na extra¢do de metabolitos secundarios (VAZQUEZ et al., 2015; CARDOSO
et al., 2017).

A padronizagdo dos extratos vegetais fundamentada na analise quimica de
constituintes ou metabolitos secundarios representa parametro de avaliacdo de integridade
indispensavel no controle de qualidade, considerando que as matérias primas vegetais podem
apresentar variabilidade na composi¢do quimica, dependendo de varios fatores intrinsecos e
extrinsecos, como sazonalidade, ritmo circadiano, desenvolvimento do vegetal, temperatura,
disponibilidade hidrica, radiacdo ultravioleta, nutrientes, altitude entre outros; influenciando
assim, na concentragcdo de constituintes quimicos no material vegetal e, consequentemente, no
valor terapéutico das preparacdes derivadas ou fitoterapicos (GOBBO-NETO; LOPES, 2007;
BAIJES et al., 2020).

Os estudos quimicos ou fitoquimicos para padronizacdo compreendem etapas de
avaliacdo qualitativa e quantitativa de constituintes ou metabolitos secundarios, identificacao,
isolamento e elucidagdo estrutural dos principios ativos ou substancias responsaveis pela acao
biologica, empregando métodos quimicos, fisicos e/ou fisico-quimicos envolvendo técnicas de
caracterizacdo, métodos cromatograficos, espectrometria de massa, espectroscopia no
ultravioleta, no visivel e no infravermelho; bem como a ressonancia magnética nuclear (RMN)
de hidrogénio e carbono (WAGNER; BLADT, 1996; COLLINS et al., 1997; SILVERSTEIN
et al., 2002; MATOS, 2009; FALKENBERG et al., 2016; LAZZAROTTO-FIGUEIROA et al.,
2021).
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Importante destacar que a padronizacdo de um extrato envolve ndo s6 a avaliagdo e
controle de qualidade da integridade quimica, mas, especialmente, o doseamento bioldgico
(SILVA, 2004). A padronizacao de extratos vegetais fundamentada nos ensaios biologicos, com
monitoramento da atividade farmacoldgica, desponta como alternativa promissora e segura para
garantir a estabilidade dos extratos, produto fitoterapico intermediario ou acabado,
fundamentando o desenvolvimento de metodologia analitica para padronizacdo baseado no
controle bioldgico (MIGUEL; MIGUEL, 2000; LAPA et al., 2004; SONAGLIO et al., 2016).

Nesse sentido, devido a complexidade e variabilidade dos compostos quimicos das
espécies vegetais, com consecutiva perda da integridade da composi¢do quimica vegetal e,
consequentemente, da resposta bioldgica, na garantia de obtengdo de produtos vegetais de
qualidade, os estudos de padronizagdao possibilitam, ainda, o desenvolvimento, validagdo e
aplicacdo de metodologias analiticas para o controle de qualidade, com a definicdo das
substancias ativas ou majoritarias, os marcadores analiticos e/ou ativos, a serem monitorizados
da droga vegetal ao produto acabado para certificagio da qualidade (LIMA, 2009; SIMOES et
al., 2017).

2.3.3  Avaliagdo de seguranca

O emprego de plantas no tratamento de diferentes doengas ocorre hé anos e vem sendo
explorado até os dias atuais. Porém, a ideia de que plantas com fins medicinais sdo sempre
seguras ¢ livres de efeitos colaterais deve ser revista numa Otica mais realista e responsavel,
sendo constatado que por desconhecimento e/ou divulgacdo errdnea das vantagens, beneficios
e propriedades atribuidas a essa pratica, t€ém sido disponibilizados produtos ditos medicinais
de origem vegetal sem a garantia efetiva da recuperacdo e/ou preservacdo da saude do
usuario, expondo, assim, a populagio a riscos e perigos (VEIGA JUNIOR, 2008,
SILVEIRA; BANDEIRA; ARRAIS, 2008; GODINHO, 2014; GONCALVES, 2016).

Os efeitos adversos associados ao uso de plantas medicinais sem garantia de seguranca
podem ser classificados em intrinsecos e extrinsecos (SILVEIRA, 2008; COSTA etal., 2012).
Os efeitos adversos sdo intrinsecos quando relacionados a constituicdo quimica da planta,
relacionados a agdo farmacolédgica do fitoterapico; podendo ser do tipo A, quando houver
toxicidade previsivel, overdose ou interagdo com outros farmacos ou tipo B, no caso dereagdes
idiossincraticas (SILVEIRA et al., 2008; CAMPOS et al., 2016). As plantas possuem em sua

complexidade quimica varias substancias produtos da biossintese que pode ser
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potencialmente toxicas para uso humano, podendo ocasioanr efeitos imediatos facilmente
correlacionados com a sua ingestdo ou efeitos que sao estabelecidos ao longo prazo e de forma
assintomatica, com consequente piora no quadro clinico (LAPA et al., 2004; SIMOES et al.,
2017). Ja os efeitos adversos extrinsecos sao aqueles ocasionadas pelo uso de material de ma
qualidade, usualmente por falhas durante o processo de fabricagdo, tais como: falta de
padronizagdo, contaminagdo, adulteracao, falsificacdo, preparagdo ou estocagem incorreta e/ou
rotulagem inapropriada (SILVEIRA, 2007; SILVEIRA, 2008; COSTA et al., 2012).

Para a maioria das terapias complementares e/ou alternativas, o perfil de segurancae
eficacia ¢ desconhecido e com evidéncias cientificas conflitantes, colocando os pacientes em
condi¢gdes cronicas em perigo (DEBDEEP, 2017). Os principios ativos presentes nas
preparagdes a base de plantas sdo os principais responsaveis pela atividade biologica, contudo
o seu uso de forma inadequada pode levar a diversos efeitos indesejados (SIMOES et al., 2017).
Um dos principais problemas desses produtos disponibilizados ao consumidor ¢ a
variabilidade dos constituintes quimicos, o que pode estar relacionado a diversos fatores, tais
como: etapas operacionais, caracteristicas edafoclimaticas, propriedades genéticas e suas
interacdes, assim como na parte da planta a ser colhida (PIRBALOUTI et al., 2015). Outro
problema ¢ relacionado com a comercializagdo popular desses produtos, feito com nomes
populares, sem receitas, sem contra indica¢des e doses variaveis (SOARES NETO, 2010;
WARDLE; ADAMS, 2014).

Apesar do reconhecimento do uso elevado de terapias a base de plantas, os estudosde
investigacao dos efeitos colaterais e interagdes medicamentosas sao pontuais (ZORZELA etal.,
2014; JATAU et al., 2016). Sendo assim, ¢ necessario a presenca de um pré-requisito
obrigatorio para avaliar o método de preparagdo, doses, componentes e ingredientes ativos,
garantindo com que as plantas sejam suficientemente padronizadas e que ndo apresentem
substancias nocivas (PASSALACQUA et al., 2006).

Revisdo de Fernandes; Félix; Nobre (2016) alerta que a maioria das espécies vegetais
inclusas na RENISUS necessitam de estudos, principalmente na avaliagdo dos parametros de
seguranga, para a sua liberacdo na satde, o que deve impulsionar e estimular os estudos de
toxicidade.

Como exemplos de toxicidade por espécies vegetais empregadas para perda de peso,
vale destacar os efeitos hepatotoxicos dada presenca por exemplo de catequinas, lignanase

alcaloides pirrolizidinicos (CAPASSO et al., 2000; MAZZANTI et al., 2009); a agdo toxica
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renal causada por espécies que contém terpenos e saponinas; e, ainda, dermatites ocasionadas
por espécies ricas em lactonas sesquiterpénicas e produtos naturais do tipo furanocumarinas
(CAPASSO et al., 2000; HAMAO et al. 2011); além da constatagao que diversas substancias
isoladas de espécies ditas medicinais possuem atividades citotoxica ou genotoxica, com relagao
a incidéncia de tumores (AMES, 1983; VARANDA et al., 2006; DA SILVA et al., 2017).

A complexidade da constituicdo quimica das espécies vegetais, assim como podem
desencadear efeitos terapé€uticos, contribuindo efetivamente no arsenal terapéutico, podem
também desencadear respostas prejudiciais, como sintomas agudos em curto prazo de efeitos
toxicos, como disturbios gastrointestinais, efeitos dermatologicos, ou desfechos adversos em
longo prazo, como cancer, danos no figado e nos rins, disfungdes reprodutivas, defeitos
congénitos, lesdo ao sistema nervoso central e varias morbidades podem estar associadas ao
uso de plantas; comprovando, assim, que a utilizagdo de espécies vegetais nao deve ser
considerada livre de riscos (MOREIRA et al., 2014; ZENI et al., 2017).

Apesar das evidéncias dos riscos e perigos associados ao uso de espécies vegetais sem
comprovagao de seguranca e eficacia, a literatura no tema especifico ainda ¢ escassa, com
caréncia de informagdes de intoxicagdes, dados farmacologicos (farmacodinamica e
farmacocinética) e dos estudos das interagdes comuns ou previstas entre preparagdes a base
deplantas e os fairmacos sintéticos; o que pode representar dificuldade ja que, enquanto as
drogas sintéticas geralmente consistem em uUnico principio ativo, as espécies vegetais
representam mistura complexa de varias substancias quimicas. Situa¢ao agravada, ainda, pela
insuficiénciade estudos de validagao de espécies vegetais, dos estudos da pré-comercializagado
e requisitos de vigilancia pds-comercializacdo dessas preparacdes (BALBINO; DIAS, 2010;
GEORGE, 2011; CAMPOS et al., 2016).

Vale, ainda, enfatizar que a maioria dos estudos que investigaram os efeitos das
espécies vegetais, a exemplo das empregadas para perda de peso que ¢ foco do nosso estudo,
foram realizados em modelos animais. Assim, o potencial anti-obesidade evidenciado nos
estudos pré-clinicos (in vitro, in silico, in vivo) deve ser também comprovados nos estudos
clinicos para elucidagdo dos mecanismos de agdo subjacentes, seguranga a longo prazo e
potenciais efeitos toxicologicos para uso adequado em humanos (CERCATO et al., 2015;

ROCHA et al., 2017).
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2.3.3.1  Estudos de toxicidade pré-clinico

Os estudos pré-clinicos sdo realizados para avaliar potenciais efeitos adversos e riscos
para o ser humano, podendo ser agrupados em 03 (trés) categorias: os farmacologicos, os
farmacocinéticos e os toxicologicos. Os testes de toxicidade sdo utilizados para classificar e
rotular corretamente substancias mediante seu potencial de letalidade ou nocividade de acordo
com a legislagdo. Além disso, outros fatores sdo investigados nestes estudos, como: potencial
de toxicidade em orgaos especificos, relacdo dose-resposta e avaliagdo comportamental
(COECKE et al., 2005; PRIETO et al., 2006; EMA, 2013; WANG et al., 2019).

Os ensaios toxicoldgicos pré-clinicos sdo realizados usando testes in vitro e in vivo,
contudo, ha um maior estimulo aos testes in vitro devido a pressao exercida pela sociedade para
reduzir o nimero de animais usados na pesquisa e desenvolvimento de novos farmacos, mas ¢
importante salientar que os testes in vivo sustentam a maior fonte de informacao para avaliar a

seguranga e eficacia dos farmacos (TIMBRELL, 2009).

a) Ensaio de toxicidade in vitro

Sao testes que podem substituir ou diminuir o uso de animais na experimentacao, em
obediéncia ao principio dos 3R’s que sdo: reducdo (reduction) reduzir o nimero de animais;
refinamento (refinement) diminuir a severidade dos processos e substitui¢ao (replacement)
substituir experimentos que utilizam animais por outro que ndo necessitem (REPETTO;
REPETTO, 1995).

Essas técnicas compreendem a utilizacdo de organismos como: bactérias, fungos,
algas e crustaceos além de fracdes subcelulares presentes no sistema bioldgico como
suspensodes celulares, cultivo de tecidos, cultivos celulares, enzimas e proteinas. A finalidade
desses ensaios¢ de substituir os ensaios com animais, ou de poderem servir como prévia de
um estudo toxicologico in vivo, complementando e melhorando a sensibilidade e especificidade
de estudoscom animais (FRAZIER, 1992; CAMURCA-VASCONCELOS et al., 2005).

Um dos métodos in vitro amplamente utilizados em triagem de substancias de origem
vegetal ¢ o método que utiliza o microcrustaceo Artemia salina Leach.; dada simplicidade com
que pode ser manuseado; rapidez e o baixo custo favorecendo a utilizacdo em diversos estudos.
Ensaios de letalidade sdo muito utilizados em anélises preliminares de toxicidade geral podendo
estimar a dose média letal (DLso) (LUNA et al., 2005).

Outro método in vitro ¢ a atividade hemolitica, j4 que na hemolise ocorre ruptura dos
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eritrocitos com liberacdo de hemoglobina e a mesma livre no plasma ¢ prejudicial a saude
causando sérios danos em 6rgaos vitais tais como figado, rins e coragdo, sendo necessario dessa
maneira a observagao da referida atividade (CARVALHO et al., 2007).

Pode ainda ser utilizado a citotoxicidade, entre as linhagens celulares empregadas nesse
modelo podemos citar: células humanas normais; linhagens de células cancerigenas Hep-2
(células de tumor de laringe humana), NCI-H292 (carcinoma muco epidermoide de pulmao) e
KB (carcinoma epidermoide nasofaringeo); IMR- 90 (fibroblastos de pulmao) e VERO (células
normais de rim de macaco verde africano), que avalia os danos causados a célula, a formagao
ou nao de coldnias celulares e a viabilidade celular (SANTOS et al., 2010). O uso de culturas
de células tem se tornado um modelo muito apreciado, pois sdo reprodutiveis, sensiveis e

rapidos (ROGERO et al., 2003).

b) Ensaio de toxicidade in vivo

A avaliagdo da toxicidade animal ¢ realizada visando determinar o potencial das
substancias em causar danos aos seres vivos. Estes testes sao utilizados para classificar, e de
maneira correta, rotular substancias mediante seu potencial de letalidade ou nocividade como
determinado pela legislagcdo. Além disso, outros fatores sdo investigados, tais como: potencial
de toxicidade em oOrgdos especificos, relacdo dose-resposta e avaliagdo comportamental
(BLAAUBOER, 2003; COECKE et al., 2005; PRIETO et al., 2006).

Na primeira etapa do estudo toxicoldgico in vivo na fase pré-clinica no desenvolvimento
de um medicamento, ocorre a avaliagdao da toxicidade aguda, que ¢ realizada por administragao
unica ou em fragdes em um periodo de vinte quatro horas, em doses bastante superiores a
dose terapéutica (HAYES, 1994). Em relagdo ao modelo animal a ser estudado, devem ser
conduzidos com no minimo duas espécies de mamiferos. Devendo utilizar 02 (duas) vias de
administracao: (1) a pretendida para administragdo em humanos e (2) a parenteral. Se a
administracdo endovenosa for a pretendida para uso em humanos, a utilizagdo de apenas esta
via para estudos de toxicidade de dose Unica ¢ suficiente. Quando a via pretendida para uso em
humanos for a oral, ¢ recomendavel a administragdo do produto em animais por gavagem
(ANVISA, 2013).

Na avaliacdo da toxicidade aguda a dose limite a ser testada ¢ de 1000 mg/kg/dia para
roedores e ndo roedores. No experimento os animais deverdo ser observados por no minimo

14 dias apods a administragdo da substancia teste. No dia da administragao os animais devem
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ser observados no minimo duas vezes e posteriormente, no minimo uma vez ao dia
(ANVISA, 2013).

Em relagdo a avaliagdo da toxicidade de doses repetidas, neste caso a cronica, tem
como objetivo caracterizar o perfil toxicologico de substancias apds varias administragdes em
periodos de tempo previamente determinados; dura¢do dos estudos de toxicidade de doses
repetidas € entre 2 semanas e 6 meses de intervencdo (ANVISA, 2013). A partir destes estudos,
¢ possivel avaliar e determinar os efeitos toxicos em orgaos-alvo, nas funcdes fisioldgicas,
hematoldgicas, bioquimicas e histopatologicas (BARLOW et al., 2002; WHO, 2004).

Nos testes de toxicidade subcronica, ou de curta duragdo, estuda-se o efeito toxicoapds
exposicao prolongada ao agente toxico, o que permite identificar se o efeito ¢ acumulativoou
nao, e auxilia na detec¢ao dos orgaos afetados apds serem submetidos a doses multiplas. Os
animais devem ser observados ao menos uma vez ao dia quanto ao consumo de racao, peso,
mudanga de cor, textura do pelo, alteracdo motora e alteragdo de comportamento (MOURA et
al., 2012).

Em relacdo ao modelo animal a ser estudado, o ideal ¢ ser conduzido com no minimo
duas espécies de mamiferos, incluindo uma espécie ndo roedora. A amostra deve contemplar
numeros iguais de machos e fémeas (a utilizacdo de apenas um dos sexos deve serjustificado
pela indicacdo) (ANVISA, 2013).

Quanto a via de administracdo, deverd ser utilizada a via em que a droga sera
administrada em humanos, mas se a absor¢ao em animais for limitada em relacdo ao homem,
também uma via parenteral. As doses utilizadas em estudos de administracdes repetidas sao
estabelecidas a partir das informagdes produzidas em estudos de toxicidade aguda ou testes
piloto para indicacdo de doses. Geralmente, 03 (trés) doses sdo utilizadas, sendo a mais alta
escolhida com a expectativa de produzir efeitos toxicos observaveis, mas nao morte nem
sofrimento intenso e respeitando o limite méximo de 1000 mg/kg/dia em roedores e nao-
roedores (ANVISA, 2013).

Os parametros que sdo analisados em roedores sdo: mortalidade, sinais clinicos
(incluindo parametros comportamentais); variagdes no peso corporal € no consumo de ragao e
agua, patologia clinica (hematologia, bioquimica); duragdo e reversibilidade da toxicidade;

investigacdes anatomo e histopatologicas (ANVISA, 2013; WANG et al., 2019).



31

2.3.4  Avaliacdo da eficacia farmacoldgica na perda de peso

A obesidade ¢ geralmente induzida pelo aumento do tamanho dos adipocitos e
recrutando de novos adipocitos pelas células precursoras, estes 02 (dois) processos sao
totalmente dependentes da regulagdao da diferenciacdo dos adipocitos, € a maioria das drogas
anti-obesogénicas sdo desenvolvidas com base nesses mecanismos; com dois tipos de
medicamentos principais disponiveis no mercado (CHAPUT; ST-PIERRE; TREMBLAY,
2007). Um deles ¢ orlistate, que reduz a absor¢ao de gordura intestinal através da inibi¢ao da
atividade da enzima lipase pancreatica (HUTTON; FERGUSSON, 2004; DREW; DIXON;
DIXON; 2007) e o outro ¢ a sibutramina, uma droga anoréxica, que reduz o apetite
(POSTON; FOREYT, 2004; TZIOMALOS; KRASSAS; TZOTZAS, 2009). Ambas as drogas

foram relatadas por ter efeitos colaterais importantes como: aumento da pressao
arterial, constipacao, dor de cabega, boca seca, fezes oleosas e insonia; além de nao serem ou
serem pouco acessiveis a populagdo, especialmente nos paises em desenvolvimento
(SLOVACEK; PAVLIK; SLOVACKOVA; 2008; KARAMADOUKIS et al., 2009).

Portanto, a demanda de medicamentos naturais antiobesidade tem aumentado nos
ultimos anos, na perspectiva de obtencao de bioproduto com menos efeitos colaterais € menor
custo. Com isso faz se necessario demonstrar a eficacia das espécies vegetais na perda de peso,
avaliagdo realizada geralmente através dos testes in vitro, in silico e in vivo; para entdo seguir
a validag¢ao em ensaios clinicos (MOPURI; ISLAM, 2017).

Os lipidios da dieta representam a maior fonte de calorias indesejadas e sdo
compostos, de aproximadamente, 90% de triglicerideos, com isso uma importante abordagem
para tratamentos de reducdo de peso € inibir a digestdo e a absorcao de triglicerideos, inibindo
a lipase pancreatica, que ¢ a enzima responsavel pela hidrélise e posterior absor¢ao de lipidios
(ALMEIDA et al., 2009). Consequentemente, a inibicdo da lipase pancredtica ¢ um dos
mecanismos de eficacia in vitro, mais amplamente estudados para determinar o potencial de
produtos naturais como agentes para perda de peso (DE SOUZA et al., 2012; FATHIMA;
KHANUM; ILAIYARAIJA, 2018; BAJES et al., 2020).

Inibidores da lipase sdo ainda a estratégia mais segura para o tratamento daobesidade
a longo prazo. Além disso, seu uso pode diminuir os niveis cronicamente elevados de acidos
graxos que levam a lipotoxicidade (POITOUT; ROBERTSON, 2008); portanto, monitorar
esta enzima fornece uma triagem eficiente de agentes anti-obesidade a partir de espécies

vegetais. Além da lipase pancreatica a eficacia anti-obesidade de algumas espécies pode ser
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avaliada in vitro também pelo efeito inibitorio sobre outras enzimas digestivas como: alfa-
amilase e alfa-glicosidase; e, ainda, a inibicdo do acumulo de lipideo em pré- adipocitos da
linhagem celular 3T3- L1 (FATHIMA; KHANUM; ILATYARAJA, 2018).

A hidrélise do amido ao dissacarideo e, em seguida monossacarideo ¢ realizado pelas
enzimas alfa-amilase e alfa-glucosidase. A alfa- amilase ¢ uma enzima digestiva secretadapelo
pancreas e glandulas salivares e a alfa-glucosidase ¢ a enzima que hidrolisa carboidratos
secretadas pelas células do intestino delgado (BARRETT; FARHADI; SMITH, 2018). O
modelo in vitro usando pré-adipdcitos da linhagem celular 3T3- L1, ¢ um sistema ja bem
estabelecido para estudar adiposidade; essa linhagem celular é responsavel por diferenciar os
pré-adipdcitos em adipocitos pelo acamulo de goticulas de lipidios (VARINLI et al., 2015).

Vale ressaltar que a maioria dos estudos in vitro sao realizados via ensaio de inibicao
de enzimas e utiliza técnicas de cultura celular, por possuirem mais vantagens nao sé devido
ao menor uso de produtos quimicos, mas também devido a determinagdo precoce da eficacia
de drogas ou produtos naturais. Com base nos resultados desses estudos in vitro, algumas
plantas com atividade anti-obesogénicas mais potentes, continuam a serem estudas emniveis in
vivo usando varios modelos animais, entretanto deve-se também realizar estudos de
toxicidade, contribuindo para oferta de medicamentos naturais alternativos mais seguros
(MOPURI; ISLAM, 2017; FATHIMA; KHANUM; ILATYARAIJA, 2018).

Ensaios pré-clinicos in vivo sdo caracterizados geralmente pela indug¢do de obesidade
nos animais € consequentemente a exposicao dos mesmos aos extratos vegetais pesquisados.
Um aspecto muito importante a ser considerado no desempenho de experimentosanimais ¢ a
via de administragdo do material em investigacdo. Geralmente, os produtos investigados
devem ser administrados através da via de administragdo esperada, e a via oral ¢ a mais
comum na maioria dos casos de produtos fitoterapicos (MOPURI; ISLAM, 2017).

Estudos com modelos animais fornecem informacdes valiosas sobre obesidade;
apesar das constantes melhorias e refinamentos em modelos baseados em células, uma
avaliacdo metabolica cuidadosa dos efeitos nos modelos in vivo ¢ vital antes que os produtos
possam ser levadas para avaliagdo clinica e divulgacdo comercial. A escolha de um método
especifico para medir a composicao corporal dos animais necessita de exatiddo, precisao,
conveniéncia, custo e seguranca. E importante observar que, antes de selecionar qualquer um
dos modelos animais descritos, os pesquisadores devem considerar o0 método ou métodos que

serdo usados para medir a composicao corporal, se esse for um objetivo do estudo (KLEINERT
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et al., 2018).

Revisdao de Kleinert et al. (2018) descreveu os principais métodos para medir a
composi¢ao corporal em modelos animais de obesidade: peso corporal de animais inteiros; peso
de orgaos-alvo; analises quimicas de todo corpo (carcaga); DXA-absor¢do de raios X por
tecidos de diferentes densidades (BROMMAGE, 2003); absor¢ao de raios X por tecidos de
diferentes densidades por meio de sofiware de quantifica¢do; ressondncia magnética nuclear
dos tecidos (NIXON et al., 2010) e ressondncia magnética nuclear em um campo magnético
forte (JAMES et al., 2009).

A revisdo trouxe ainda as principais vantagens e desvantagens de diferentes classesde
modelos animais utilizados na pesquisa da obesidade e comorbidade diabetes mellitus tipo 2,
abrangendo uma ampla gama de modelos animais entre eles: ndo mamiferos; animais de
grande porte e roedores. Como regra geral, modelos ndo-mamiferos tém a vantagem de baixo
custo de manutencdo, um ciclo de vida curto e a disponibilidade de diversas ferramentas de
edi¢do de genes; no entanto, o seu valor de comparagao ¢ limitado, dada a sua anatomia e
fisiologia distintas. Em contraste, a fisiologia dos modelos de animais de grande porte,incluindo
0 cdo e o porco, e especialmente a dos primatas nao humanos, assemelha-se muito afisiologia
humana, entretanto a desvantagem ¢ que essas espécies tém altos custos de manutencdo e
especialmente longos ciclos de vida e cada reproducdo produz apenas um baixoniimero de
descendentes durante a sua vida, estes modelos sdo indesejaveis para experiéncias de grande
escala e com pouco tempo (KLEINERT et al., 2018).

Ja os pequenos roedores, especialmente ratos/camundongos de laboratério tem
fisiologia mais préxima aos humanos do que os modelos nao-mamiferos, seu pequeno tamanho,
alta fecundidade e ciclo de vida curto, juntamente com a relativa facilidade de editar seu
genoma, explica sua popularidade e elevada utilizagao (REES; ALCOLADO, 2005).

A obesidade em modelos animais pode ser instalada principalmente por: indugdo pela
dieta, que tem consideravel validade quando comparada a obesidade humana; em um
procedimento tipico, ratos ou camundongos tém livre acesso a alimentos ricos em calorias
altamente enriquecida em gorduras ou outros ingredientes de interesse, como agtcar ou sodio,
e a progressao da obesidade bem como comorbidades relacionadas sao monitoradas (NILSSON
et al., 2012; KLEINERT et al., 2018).

Indu¢do mecanica ou quimica, pesquisas sobre o papel do cérebro na obesidade

demonstra que lesdes no hipotalamo levam a hiperfagia, ganho de peso e adiposidade (KING,
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2006). E, ainda, por indu¢do com L-glutamato monossoédico (MSG), neste modelo, a
administracdo de MSG a ratos recém-nascidos resulta em danos aos nucleos hipotalamicos,
levando a reducao da produgdao do hormonio do crecimento e um desequilibrio do sistema
nervoso autébnomo; na idade adulta, os ratos obesos com MSG apresentam crescimento
atrofiado, obesidade abdominal, hiperinsulinemia, resisténcia a insulina, intolerancia a glicose
e dislipidemia (MIRANDA et al., 2014; SANCHES et al., 2016).

Ap6s obesidade instalada, mensurado normalmente através do célculo do Indice deLee
(BERNARDIS; PATTERSON, 1968), a avaliacdo da eficacia do produto natural em modelos
in vivo envolve a administracdo dos extratos vegetais com provavel atividade antiobesidade
nos animais, atuando principalmente no metabolismo das lipoproteinas (ADENEYE;
ADEYEMI; AGBAIJE, 2010; YAMAMOTO et al., 2011). Na avaliacdo da

eficacia ¢ determinado o peso dos animais, o consumo alimentar e ainda o efeito do
tratamento com extrato sobre parametros bioquimicos, morfometria dos tecidos adiposos
(FRANCA et al.,2014), atividade lipolitica ex vivo (SANCHES et al., 2016) e efeito sobre o
conteudo lipidico hepatico e muscular (FREEDMAN et al., 2005).

Estudos em modelos animais de doencas direcionadas sao também essenciais na
identificacdo de possiveis efeitos adversos ndo desejados e toxicidades, protegendo assim os
voluntarios saudaveis e pacientes inscritos em estudos clinicos consecutivos. Claro, ha uma
necessidade constante de melhorar, ajustar e refinar modelos pré-clinicos para espelhar
significativamente observagdes e processos; assim, falhas ao selecionar e usar modelos animais
apropriados impede a descoberta bem-sucedida e o desenvolvimento de e terapias mais potentes

com o potencial de parar pandemias como obesidade (KLEINERT et al., 2018).
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3 OBJETIVOS

3.1 Objetivo geral
Desenvolver estudo de validagdo de espécies vegetais da flora maranhense
empregadas na pratica popular como alternativa e/ou complemento terapéutico na perda de

peso.

3.2 Objetivos especificos

a) Desenvolver estudo de revisdo das espécies vegetais mais frequentemente referidas
de emprego na perda de peso, com énfase aos parametros de seguranga;

b) Realizar estudo etnofarmacoldgico para investigacdo de espécies vegetais
empregadas popularmente em Sao Luis, estado do Maranhao, na redugao de peso corporeo;

¢) Desenvolver estudo de padronizacdo de espécie vegetal referida de amplo uso
popular na perda de peso e de grande ocorréncia local, com énfase as analises quimicas, fisico-
quimicase bioldgica in vitro;

d) Realizar ensaio de toxicidade subcronica em modelo animal com a espécie vegetal
referida de amplo uso popular na perda de peso e de grande ocorréncia local;

e) Contribuir na pesquisa e desenvolvimento de novas alternativas e/ou complementos
terapéuticos na perda de peso; bem como estimular a Farmacovigilancia em Fitoterapia, na
perspectiva real de minimizar riscos e perigos associados ao uso irracional de plantas para perda

de peso.
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4 RESULTADOS

4.1 Capitulo I

Espécies vegetais empregadas na perda de peso: uma revisiao dos estudos de toxicidade

Artigo aceito Ciéncia e Natura
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RESUMO

O aumento de peso como sobrepeso e obesidade ¢ descrito como uma epidemia global,
condicdo que proporciona aumento das taxas de morbidade e mortalidade. Produtos naturais
de origem vegetal podem ser uteis como recursos para emagrecimento, mas deve ser
enfatizado que o uso empirico de espécies vegetais para fins medicinais representa sério
problema a satide publica, exigindo garantia de seguranga, com desenvolvimento dos estudos
de toxicidade. Estudos nacionais constatam o frequente uso popular de Annona muricata L.
(graviola); Baccharis trimera (Less.) DC. (carqueja); Camellia sinensis (L.) Kuntze (cha
verde), Cynara scolymus L. (alcachofra) e Hancornia speciosa Gomes (mangaba) na perda de
peso; com ampla comercializacao, dada crenca popular da seguranca e auséncia de riscos por
representarem produtos naturais. O objetivo foi revisar os estudos de toxicidade dessas
espécies vegetais referidas de amplo uso popular no sobrepeso e obesidade; visando contribuir
para a Farmacovigilancia em Fitoterapia. A partir de dados etnofarmacoldgicos nacionais foi
realizado levantamento dos aspectos de toxicidade nas bases de dados: PubMed, Scopus,
GoogleScholar ¢ Web of Science usando como termos: nome cientifico e sinonimias;
carcinogenicidade, citotoxicidade, efeitos adversos, emagrecimento, etnofarmacologia,
farmacovigilancia, hematotoxicidade, hepatotoxicidade, interagdo, intoxicacdo, medicina
tradicional, mutagenicidade, nefrotoxicidade, neurotoxicidade, obesidade, perda de peso,
planta medicinal, reagdes extrinsecas, reacdes intrinsecas, sinergismo, teratogenicidade,
toxicidade e uso popular. A revisdo utilizou 195 publicagdes, resultando na elaboracao de
uma tabela, apresentando dados sobre as espécies. Embora das espécies vegetais selecionadas
nessa revisdao serem amplamente referidas de uso popular na perda de peso, constatamos que
os parametros de eficicia e seguranca terapéutica para tal uso como alternativa ou
complemento terapéutico no sobrepeso, obesidade e/ou suas comorbidades, ainda ndo foram
totalmente evidenciados; expondo, assim, os usudrios a riscos. Nesse sentido, os estudos de
validacao de tais espécies, de ambito inter e multidisciplinar, devem ser estimulados.

Palavras-chave: plantas medicinais; etnofarmacologia; obesidade; terapia alternativa;
farmacovigilancia.

ABSTRACT

Weight gain as overweight or obesity is described as a global epidemic, a condition that
provides increased rates of morbidity and mortality. Natural plant products may be useful as
resources for weight loss, but it should be emphasized that the empirical use of plant species
for medicinal purposes represents a serious public health problem requiring safety assurance
with the development of toxicity studies. National studies confirm the frequent use of Annona
muricata L. (soursop); Baccharis trimera (Less.) DC. (gorse); Camellia sinensis (L.) Kuntze
(green tea), Cynara scolymus L. (artichoke) and Hancornia speciosa Gomes (mangaba) on
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weight loss; with widespread commercialization, given a popular belief in safety and absence
of risks because they represent natural products. Aim was to review the toxicity studies of
these vegetal species referred to widely used in overweight or obesity; aiming to contribute to
Pharmacovigilance in Phytotherapy. Based on national ethnopharmacological data, a survey
of toxicity aspects was carried out in the databases: PubMed, Scopus, Google Scholar and
Web of Science using the terms: scientific name and botanical synonymies of the most
mentioned species of popular use in the inventoried studies; carcinogenicity, cytotoxicity,
adverse effects, weight loss, ethnopharmacology, pharmacovigilance, hematotoxicity,
hepatotoxicity, interaction, intoxication, herbal medicine, traditional medicine, mutagenicity,
nephrotoxicity, neurotoxicity, obesity, weight loss, medicinal plant, extrinsic reactions,
intrinsic reactions, synergism, teratogenicity, toxicity and popular use. The review used 195
publications, resulting in the table, presenting data on the species. Although the plant species
selected in this review are widely reported of popular use in weight loss, we found that the
parameters of efficacy and therapeutic safety for such use as an alternative or therapeutic
supplement in overweight, obesity and/or their comorbidities, have not yet been fully
evidenced; thus, exposing users to risks. In this sense, validation studies of such species, of
inter and multidisciplinary scope, should be stimulated.

Keywords: medicinal plants; ethnopharmacology; obesity; alternative therapy;
pharmacovigilance.

Introduction

The increase in weight as overweight or obese is described as a global epidemic, with
more than 1.9 billion adults overweight and about 650 million obese; over 41 million children
under 5 years old and over 340 million children and adolescents between 5 and 19 years old
are overweight or obese, a condition that leads to increased rates of morbidity and mortality,
with records of 2,8 million deaths as a result of obesity (WHO, 2017); in addition to being
considered an important risk factor for serious chronic non-communicable diseases such as
type 2 diabetes mellitus, hypertension, dyslipidemia, cardiovascular disease, musculoskeletal
disorders and some types of cancer (ELLULU et al., 2014; SONG et al., 2016).

The society also suffers from the overvaluation of thinness as a standard of beauty,
mainly imposed by the media, contributing to the development of eating disorders, especially
among adolescents and young adults (VAZ; BENNEMANN, 2014; ORTIZ et al., 2019).
Faced with this socially established pattern of beauty, the population has frequently resorted
to various means for weight loss, such as diets, synthetic drugs, natural products and surgeries
(ABESO, 2010; APOVIAN et al., 2015).

Natural products of plant origin can be useful as resources for weight loss and as
therapeutic potential of some species, data recognized by validation studies (DA SILVA et al.,
2010; PINTO, 2013). As demonstrated, with methanolic extract of the flowers of Camellia
sinensis (L.) Kuntze causing inhibitory effects on weight gain and visceral fats (HAMAO et al.,
2011); the ethanolic extract of dry leaves of Ligustrum robustum Blume with anti-obesity effect
in obese rats, proven by the reduction of weight, fat mass, cholesterol levels and area of
adipocytes (YANG et al., 2015). Besides these, another example is the species Syzygium cumini
(L.) Skeels, which showed a hypoglycemic effect, with an infusion of dried leaves (SOARES
et al., 2000) and hydroalcoholic extract of leaves in decreased hepatic steatosis and
hypertriglyceridemia in obese rodents (SANCHES et al., 2016).

But it must be emphasized that the empirical use of plant species or their derivative
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products for medicinal purposes represents a serious public health problem, exposing the user
to the real risk of acquisition and use of material not suitable for consumption due to
misidentification, therapeutic inefficiency, erroneous use, inadequate dosage, interactions with
other medications and/or foods, use of poor quality and/or toxic plants (AMARAL, 2007;
CARDOSO, 2009).

As examples of toxicity by plant species used for weight loss, it is worth highlighting
the hepatotoxic effects given the presence of metabolites such as catechins, lignans and
pyrrolizidine alkaloids (CAPASSO et al., 2000; MAZZANTI et al., 2009); the toxic renal action
caused by species containing terpenes and saponins; and, also, dermatitis caused by species-
rich in sesquiterpene lactones and natural furanocoumarin products (CAPASSO et al., 2000;
HAMADO et al., 2011); in addition to the finding that several substances isolated from so-called
medicinal species have cytotoxic or genotoxic activities, concerning the incidence of tumors
(AMES, 1983; VARANDA, 2006; DA SILVA et al., 2017).

To ensure the safety of plant species for therapeutic use, preclinical and clinical toxicity
tests should be developed, based on general toxicity assessment, acute, subacute, sub chronic
or chronic dose toxicity; effects on physiological, hematological, biochemical, anatomical and
histopathological parameters; in addition to genotoxicity; mutagenicity; carcinogenicity;
cytotoxicity and toxicity on reproductive function. Clinical trials are also required to guarantee
the safety parameters already verified in the preclinical trials, which must be conducted in
humans (phases 1, 2, 3 and 4). In Brazil, the Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) has published several guidelines, establishing tests that must be carried out to
assess the toxicity of plant species and derived preparations, aiming at safe use (BRASIL,
2008; BRASIL, 2013; BRASIL, 2014a; LAVANDEIRA, 2014; BEDROOD et al., 2018).

Studies in Brazil evidence the frequent popular use of Annona muricata L. (soursop);
Baccharis trimera (Less.) DC. (gorse); Camellia sinensis (L.) Kuntze (green tea), Cynara
scolymus L. (artichoke) and Hancornia speciosa Gomes (mangaba) in weight loss; with wide
commercialization in pharmaceutical establishments and informal commerce, given the popular
belief of safety and absence of risks for representing natural products (DICKEL et al., 2007;
CERCATO et al., 2015; GONCALVES, 2016; FREITAS JUNIOR, 2017; FREITAS JUNIOR;

ALMEIDA JR, 2017). But some of these species are proven to have a laxative,
diuretic, hepatotoxic, nephrotoxic and/or neurotoxic effect (GRANCE et al., 2008;
MAZZANTI et al., 2009; MOGHADAMTOUSI et al., 2015).

It is also important that the population has been looking for information about diseases
and therapeutic resources mainly in the media, which frequently make erroneous
advertisements for commercial products, mainly for weight loss, without due appreciation of
safety studies and therapeutic efficacy; with wide dissemination of miraculous effects and
absence of toxicity (BLACKWELL et al., 2009; HASANI-RANJBAR et al., 2009; DA SILVA
et al., 2010; PINTO, 2013).

In this sense, World Health Organization (WHO) recommends including herbal
medicines and medicinal plants in national pharmacovigilance systems, aiming at early
identification of undesirable effects, standardizing terms, identifying risk factors and
mechanisms, reducing risks, disseminating experiences, among others; contributing, thus, to
safe and rational use (WHO, 2003; SILVEIRA; FLAG; ARRALIS, 2008).

Given the above, recognizing that in Brazil, plant species are widely used in popular
therapeutic practice for weight loss, with poor or no evidence of pharmacological properties,
exposing users to risks, this work presents a review of the toxicity studies of Annona muricata
G., Baccharis trimera (Less.) DC., Camellia sinensis (L.) Kuntze, Cynara scolymus L. and
Hancornia speciosa Gomes, vegetable species referred to widely used nationally in overweight



40

or obesity; aiming to contribute to Pharmacovigilance in Phytotherapy, encouraging the rational
use and development of research in the area of toxicology.

Materials and methods

From national ethnopharmacological data (CERCATO et al., 2015; GONCALVES,
2016; FREITAS JR., 2017; FREITAS JR.; ALMEIDA JR, 2017) Annona muricata,
Baccharis, Camellia sinensis, Cynara scolymus and Hancornia speciosa, as they represent the
most frequent plant species mentioned in popular use in weight loss in these studies were
selected for review of toxicity studies.

A survey of toxicity aspects was carried out in the databases: PubMed, Scopus and
Web of Science descriptors: scientific name and botanical synonyms of the five species
selected; carcinogenicity, cytotoxicity, adverse effects, weight loss, ethnopharmacology,
pharmacovigilance, hematotoxicity, hepatotoxicity, interaction, intoxication, herbal medicine,
traditional medicine, mutagenicity, nephrotoxicity, neurotoxicity, obesity, weight loss,
medicinal plant, extraneous reactions, intrinsic reactions, synergism, teratogenicity, toxicity
and popular use. The search was performed with a Boolean operator AND and OR.

The inclusion criteria for publications were: complete original articles, theses and
dissertations, published in any language from 1978 to 2018, excluding monographs, technical
reports, abstracts and repeated articles in different databases.

Results and discussion

The review used publications 195, resulting in the preparation of Table 1, presenting
data on the species selected; with information on the type of toxicity study, test method, the
origin of plant material, part used, method of preparation, route of administration, parameters
evaluated and results obtained.

In summary, it is noteworthy that although the parts used in the studies are in
agreement with popular use, most evaluations were made using preparations obtained from
extraction with organic solvents, except studies with Camellia sinensis (L.). These solvents
are not used by the population, which only uses the combination of material and water, in
some variations of methods to obtain the preparation used.

Besides, it is important to remember that all the pharmacogens referred as popular use
should be investigated, in some plant species these data are still insufficient in the literature.

Another point to highlight is the lack of studies on chronic toxicity,
mutagenicity/genotoxicity and reproductive toxicity. These assessments are very important,
from the fact that the use of plant species for weight loss is done, usually, for a long period,
and mostly by people who are of reproductive age.
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Vegetable species  Kind of study Test Source Used part  Preparation  Administration Parameters Results References
in vivo Ghana leaf aqueous extract oral behavioral and lethality absence of bi};?g;%rt? changes and Arthur et al. (2011)
in vivo Malavsia leaf ethv] acetate oral behavioral, lethal, safe use, even at the highest dose Moghadamtousi et
Y y biochemical and histological Qg/kg) al. (2014)
oral and presence of behavioral changes Awodele et
acute toxicity  in vivo Nigeria fruit juice . . behavioral and lethality (hyperactivity, tachypnea and
intraperitoneal . . . al. (2014)
piloerection) and absence of lethality
in vivo Nigeria leaf mztxhtiggthc oral lethal dose Ld50:> 5g/kg Sherif et al. (2017)
A . . Artemia . _ 1 .
in vivo Brazil leaf ethanolic extract salina L lethality Lc50 =324.07pg/ml Silva et al. (2015)
hematological, biochemical,
in vivo Ghana leaf aqueous extract oral histological and body and absence of significant changes Arthur et al. (2011)
vital organ weight
hematological, biochemical,
- - . . . . Lo Awodele et
subacute or sub  in vivo Nigeria fruit juice oral histological and organ absence of significant changes al. (2014)
chronic toxicity weight )
. biochemical,
L Lo methanolic . . - .
Annona in vivo Nigeria leaf extract oral histopathological, organ absence of significant changes Sherif et al. (2017)
muricata L. weight and body weight
presence of behavioral changes
in vivo Brazil leaf acetonic extract oral behavioral, blochgmlcal and (aggre;ssweness and pllogrectlon} and Oliveira (2012)
. .. hematological significant changes in biochemical
chronic toxicity .
and hematological parameters
in vivo Peru leaf hydroalcoholic oral hc.ematologlcalh, biochemical, absence of significant changes Semple et al. (2016)
extract histopathological parameters
cells human showed potential for cell growth
cytotoxicity in vivo Brazil leaf acetonic extract inhibition of cell growth inhibition with ic50 that ranged from Silva et al. (2015)
tumor
12, 81 to 22. 65ug/ml
in vivo Brazil leaf acetonic extract oral genomic lesions absence of genotoxic action Oliveira (2012)
mutagenicity/ no genotoxicity was evidenced in
genotoxicity in vz{ro/ Brazil leaf hydroalcoholic oral cytotoxic and an in vitro model, but it ca.used Acésio et al. (2017)
in vivo extract genotoxic effects an increase in DNA damage induced
by mutagenesis in the in vivo test
toxicity L L . hydroalcoholic sperm count, motility and increase in count and mgtll}ty in the Awodele et
in vivo Nigeria fruit extract oral morphological abnormalit 400mg/kg dose and significant al. (2014)
reproductive Tpholog Y decrease in% of abnormality ’
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Vegetable species  Kind of study Test Source Used part  Preparation  Administration Parameters Results References
behavioral. hematological presence of toxic effects on maternal
- . aerial hydroalcoholic . L opieal, kidney and liver cells, absence of
in vivo Brazil oral biochemical, histological and .. . Grace et al. (2008)
parts extract lethalit hematotoxicity and changes in
Y maternal body weight
aerial hydroalcoholic behavioral, body
in vivo Brazil arts Y extract oral weight, macroscopy and absence of significant changes Dias et al. (2009)
acute toxicity P organ weight and lethality
absence of toxic effects and
mortality; without significant changes
in vivo Brazil sheets  ethanolic extract oral hemgtologlgal and m hematolog_mal and b1ochemlcal Da Silva et al. (2015)
biochemical parameters, with the exception of the
hepatic enzymes ALT and AST
which showed a reduction
Baccharis subacute or sub in vivo Brazil aerial aqueous extract oral organ weight and analysis of  induction of toxicological effects in Nogueira et
trimera (Less) DC chronic toxicity parts 4 kidney and liver cells renal cells al. (2011)
increase in the number of anomalies
acrial root cells of in the mitotic cycle of cells in the
cytotoxicity in vitro Brazil arts aqueous extract Allium ceva effects on cell reproduction usual dose and inhibition of cell Pinho et al. (2010)
P P division in a more concentrated dose
(10x)
absence of genotoxic effects on blood
acrial genotoxic and and liver cells, increased frequency of Rodrigues et al
in vivo Brazil aqueous extract oral . micronuclei in the bone marrow and ’
. parts mutagenic effect . (2009)
mutagenicity/ presence of chromosomal mutagenic
genotoxicity activity
in vivo Brazil acrial aqueous extract peripheral blood chromosomal aberrations test presence of dose_deper.ldem Pinho et al. (2010)
parts lymphocytes chromosomal aberrations
acute toxicity  in vivo China flower aqueous extract oral lethal dose Ld50=>12g/kg Lietal. (2011)
food, body weight and
Camellia in vivo Taiwan leaf aqueous extract oral organs, hematological, absence of significant changes Hsu et al. (2011)
sinensis (L.) subacute or sub biochemical and lethality : :
Kuntze chronic toxicity body weight and vital abser\:;:i Olf tlzgl;h;z;glfccéejfs Ti:;;rb()dy
in vivo China leaf aqueous extract oral organs, hematological, bioch & p Zhang et al. (2012)

dysfunction, hematological changes

emical and lethality and organ weight in high doses
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Vegetable species  Kind of study Test Source Used part  Preparation  Administration Parameters Results References
subacute or sub hydroalcoholic body weight and vital
chronic toxicit in vivo Brazil leaf extract and ethyl oral organs, biochemicals and absence of significant changes Borato et al. (2016)
Y acetate fraction lethality
in vivo Japan leaf aqueous extract oral organs, histopathological, he grke/cay Morita et al. (2009)
. . . mg/kg/day for women based on
matological and biochemical . .
decreased body weight gain
invivo  SriLanka leaf/ aqueous extract oral behavioral, biochemical and  absence of lethality and significant Ratnasooriya;
flower q lethality changes Fernando (2008)
presence of histopathological changes
chronic toxicity . . in the liver, nose, mesenteric lymph
organ weight, hematological, nodes and thymus and changes in
) in vivo USA leaf aqueous extract oral biochemical, histopathologic Y & Chan et al. (2010)
Camellia . the peyer fragments, spleen and
al and lethality .
sinensis (L.) mandibular lymph nodes and
Kuntze mortality in the 1000 mg/kg in mice
food, body and organ
in vivo China leaf aqueous extract oral weight, hematological, bioch absence of significant changes Liu et al. (2017)
emical and histopathological
cytotoxici in vitro Brazil leaf aqueous extract root cells of Alli cell growth significant reduction in root growth Rocha et al. (2017)
Y ty q um cepa £ with dose dependent effect )
in vitro China leaf aqueous extract ames test mutagenic effects absence of mutagenic activity Liu et al. (2017)
m:rtii)gtggzﬁw micronucleus of absence of genotoxic potential in
& Y in vivo China leaf aqueous extract  cells and sperm genotoxic effects . & P Liu et al. (2017)
trials at doses up to 20 g / kg
from rats
. sexual behavior, serum no change in sexual behavior and .
reproductive - . leaf/ . . . . Ratnasooriya;
- invivo  Sri Lanka Aqueous extract oral testosterone levels and penile  penile erection and increased serum
toxicity flower . Fernando (2008)
erection testosterone levels
subacute or sub eneral toxicity, teratogenicit absence of general toxicity and
. L in vivo Brazil leaf dry extract oral & xIcty, o8 immunotoxicity, presence of fetal Mattos (2014)
chronic toxicity y and immunotoxicity toxicity
Cynara ivcoly s in vitro Brazil leaf aqueous extract ovary cells genotoxic effects presence of genotoxicity at all doses JaCOC(l;l(T)l ?;)et al,
’ mutagenicity/ altre of
toxicit . . .. i .
genotoxictty in vitro Brazil leaf aqueous extract human genotoxic effects presence of genotoxicity DaSilva etal,

hepatocytes

(2017)
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Vegetable species  Kind of study Test Source Used part  Preparation  Administration Parameters Results References
absence of mutagenic effect at the
. . lowest doses in the blood and bone
Cynara scolymus mutagenicity/ L . genotoxic effects and S
. in vivo Brazil leaf aqueous extract oral . . marrow and presence of significant Zan et al. (2013)
L. genotoxicity mutagenic activity .
effects in the bone marrow of the
group treated with the highest dose
absence of behavioral changes and Marinho et al
in vivo Brazil latex latex oral behavioral and lethality inability to determine the Ld50 even (2011 ’
at the highest dose
behaviors, vital organ
L . . weight, bone marrow L De Lima et al.
in vivo Brazil fruit aqueous extract oral . . absence of significant changes
micronucleus test, apoptosis (2015)
index and lethality
acute toxicity
between- Lima Neto et al
in vivo Brazil shell/ ethanolic extract Artemia salina 1. lethality absence of lethality (2015) '
sheet
A . hydroalcoholic e . . L
Hancornia in vivo Brazil bark xiract oral behavioral and lethality absence of significant changes Moraes et al. (2008)
speciosa Gomes
absence of cytotoxicity at
. . 1 < .
in vitro Brazil latex aqueous extract mouse cells cytotoxic effect concentrations . 0, 3 mg/ml; Neves et al. (2016)
however, concentrations > 0, 6 mg/ml
limit cell viability
cytotoxicity L . mouse . L Almeida et al.
in vitro Brazil latex aqueous extract fibroblast cells cytotoxic effect absence of significant changes (2014)
in vitro Brazil latex aqueous extract roo't cells of cytotoxic effect did not show cytotoxicity Ribeiro et al. (2016)
Allium cepa
in vitro Brazil latex aqueous extract mouse genotoxic effects absence of significant changes Almeida et al.
.. fibroblast cells (2014)
mutagenicity/
genotoxicity .
in vitro Brazil latex aqueous extract root cells of genotoxic effects low incidence of chromosomal Ribeiro et al. (2016)

Allium cepa

aberrations with no genotoxic effects
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3.1 Annona muricata L.

Species belonging to the Annonaceae family is native to tropical areas of South and
North America is widely distributed in tropical and subtropical parts of the world, being
found in the Brazilian cerrado (MOGHADAMTOUSI et al., 2014; FORMAGIO et al., 2015).

Annona muricata L. has as scientific synonym: Annona bonplandiana Kunth; Annona
cearensis Barb. Rodr.; Annona macrocarpa Werckl¢; Annona muricata var. borinquensis
Morales and Guanabanus muricatus M. Goémez (PINTO et al., 2005). The vernacular name
most known is soursop, guanabana, paw- paw and sirsak (MOGHADAMTOUSI et al., 2015;
TELLEZ et al., 2016).

It is described as an upright, terrestrial, perennial tree, reaching 5 to 8 meters in height,
with an open and rounded canopy with large bright dark green leaves. The fruits are large and
edible, heart-shaped and green color, with a diameter varying between 15 and 20cm (DE
SOUZA et al., 2009).

Chemical studies prove acetogenins, isolated from leaves, bark, seeds, roots and fruits,
as the main compounds identified in the species (BONNEAU et al., 2017); showing, also,
flavonoids, tannins, alkaloids, coumarins and terpenoids (MOGHADAMTOUSI et al., 2015).
Study Justino et al. (2018) demonstrate that the ethanolic extract of the leaves of Annona
muricata (EtOH), especially its fractions of ethyl acetate (EtOAc) and n-butanol (BuOH), have
a high concentration of polyphenols, such as flavonoids and proanthocyanidins; showing, also,
several antioxidant biomolecules in the EtOAc and BuOH fractions, such as chlorogenic acid,
procyanidin B2 and C1, (epi) catechin, quercetin-diglucoside, quercetin-glycosyl-pentoside and
rutin.

Ethnopharmacological studies report that fruits are commonly used for pain, arthritis,
diarrhea, anthelmintic dysentery and (MISHRA et al., 2013; MOGHADAMTOUSI et al.,
2015); the leaves are preferably used for therapeutic purposes in the treatment of cystitis,
diabetes, headaches, insomnia, abscesses, rheumatism (ADEWOLE et al., 2006; SOUSA et al.,
2004; LORENZI et al., 2008; MISHRA et al., 2013), anti-inflammatory activity (DE SOUSA
et al., 2010), in addition to these for weight loss, obesity (GRANDI et al., 1989; MOREIRA
etal., 2002; DOS SANTOS; DE LIMA, 2008; SANTOS et al., 2012; LIPORACCI; SIMAO,
2013; MACEDO et al., 2013).

Cercato et al. (2015) in a review study of plant species in weight loss refer to the leaves
of Annona muricata as one of the most used species, however, they emphasize the lack of
evidence of the effectiveness of validation studies.

An ethnopharmacological review study of medicinal plants for the treatment of obesity
by Freitas Junior and Almeida Jr (2017) indicates that the aqueous extract of the fruit of Annona
muricata reduces the levels of lipids and increases the levels of HDL-C (KOSSOUOH et al.,
2007) soon improving parameters normally altered in overweight individuals, but studies on
the efficacy of the leaves of Annona muricata (the most commonly used drug in popular weight-
loss practice) with anti-obesity effects, although there is evidence that this plant possesses
chemical compounds which induce such activity.

Some biological activities were evidenced in extracts from different parts of Annona
muricata, such as anti-inflammatory, antinociceptive activity (ROSLIDA et al., 2010; DE
SOUZA et al., 2010) anti-arthritis (CHAN et al., 2010); gastroprotective effect
(MOGHADAMTOUSI et al., 2014); antioxidant (BASKAR et al., 2007, GEORGE et al.,
2015), antihypertensive (NWOKOCHA et al., 2012); anticonvulsant (N'GOUEMO et al.,
1997); antimicrobial (RADIJI et al., 2015), the antiviral (PADMA et al., 1998), antiparasitic
(JARAMILLO et al., 2000; FERREIRA et al., 2013), antibacterial (TAKAHASHI et al., 2006);
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sedative, muscle relaxant and antispasmodic (ADEWOLE et al., 2006; MISHRA et al., 2013);
being used against tumors and cancer (MOGHADAMTOUSI et al., 2014).

Work of Florence et al. (2014) demonstrated that oral administration of aqueous extract
of Annona muricata leaves (100 mg/kg or 200 mg/kg) for 28 days in diabetic rats induced by
streptozotocin, significantly reduced blood glucose levels. The anti-hyperglycemic activity has
also been demonstrated for the methanol extract of leaves (ADEYEMI et al., 2009). A study by
Ahalya et al. (2014) demonstrated in an in vivo model, using rats, that ethanol extract from the
bark of the stem of Annona muricata (150- 300 mg/kg for 14 days) caused antidiabetic and
hypolipidemic effects, with reduced levels of glucose, cholesterol and blood triglycerides;
frequent obesity comorbidities. Work by Justino et al., (2018) demonstrated the effectiveness
of the ethanolic extract of Annona muricata leaves and fractions enriched with polyphenols in
the treatment of diabetes mellitus and its complications.

Still in a study by Justino et al., (2018) demonstrated that the ethyl acetate (EtOAc) and
n-butanol (BuOH) fractions have higher total phenolic content and antioxidant capacity,
inhibitory activities against a-amylase, a-glucosidase, pancreatic lipase, the advanced
formation of the final product of glycation and lipid peroxidation, as well as less cytotoxicity,
compared to the other fractions and crude ethanolic extract.

Although a study with ethanol extract from the bark of the stem of Annona muricata
(200 mg/kg, for 28 days) demonstrates a protective effect against oxidative stress, in the study
it was proven that the extract causes changes in liver enzymes induced by carbon tetrachloride
(OLAKUNLE et al., 2014).

Arthur et al. (2011) in a study of acute and sub chronic toxicity in vivo with oral
administration of aqueous extract of the leaves of Annona muricata at doses of 100, 1000, 2500
and 5000 mg/kg, did not observe any behavioral changes and lethality and in the evaluation of
absence sub chronic toxicity significant changes in hematological, biochemical, histological
and body weight and vital organ parameters. The high DL50 (Lethal Dose) obtained was a

clearindication of the safety of Annona muricata for internal and external use. The study also
showed that the species are hypoglycemic and hypolipidemic in lower doses, however, higher
doses can cause kidney damage, leading to kidney failure and high doses can also induce
negative effects on uterine function. Thus, for long-term use, kidney function must be
monitored, avoiding useduring pregnancy.

In the assessment of chronic toxicity in vivo with oral administration of acetone extract
ofthe leaves at doses of 12.5, 25.0 and 50.0 mg/Kg of Annona muricata, few behavioral changes
(aggressiveness and piloerection) and significant changes in biochemical parameters and
hematological (OLIVEIRA, 2012). Still in the same study, with the leaf juice,
mutagenicity/genotoxicity was evaluated in vivo and no genotoxic actions were observed.

The gastroprotective effects of the extract of ethyl acetate from the leaves of Annona
muricata were investigated in rats with gastric lesion induced by ethanol, suggesting
antiulcerogenic potential; demonstrating, further, in acute toxicity tests of the extract carried
out with two doses (1 and 2 g/kg), plant use safety, even in the highest dose (2 g/kg); however,
the authors highlight the need to perform chronic toxicity tests to ensure safe use
(MOGHADAMTOUSI et al., 2014).

A study by Awodele et al., (2014) investigating acute and sub-chronic toxicity with
the administration of Annona muricata fruit juice (80; 400 and 2000 mg/kg) observed
behavioral changes in rats (hyperactivity, tachypnea and piloerection), but lack of lethality
and in chronic toxicity assessment did not show significant changes in the weight of vital
organs and hematological and biochemical parameters; still, in the same study, the authors
performed a testwith hydroalcoholic extract of the fruit for counting, evaluation of motility
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and morphological abnormality of sperm, where they observed an increase in the count and
motility in the dose 400 mg/kg and a significant decrease in the percentage of abnormal
sperm.

Work by Hollerhage et al., (2015) with dietary supplements containing aerial parts of
species of the Annonaceae family, including Annona muricata, shows toxic effects for neuronal
cells; alerting, still, that extracts of the fruit pulps of the species of the family are known to
contain high concentrations of neurotoxic acetogenins (BONNEAU et al., 2012). This finding
is relevant since these dietary supplements are advertised as being beneficial for health and
useful against malignant diseases, and generally taken chronically, the consumption of these
non-evidence-based supplements may contribute to the occurrence of neurodegenerative
diseases.

Silva et al., (2015) studied in vivo with Artemia salina L., administered ethanolic extract
of leaves was obtained and the dose lethal to 324.07 ug/ml" and the ethanolic extract of the
stem bark with a lethal dose of 196.04 u/mL™. As for the evaluation of cytotoxicity with
acetonic leaf extract in human tumor cells, with inhibition of cell growth, it presented a potential
for inhibiting cell growth with IC 50 that varied from 12.81 to 22.65 pug/mL.

Semple et al., (2016) with the formulation containing extracts from blossom Cordia
lutea Lam., rhizome of Curcuma longa L. and Annona muricata leaves (A4 +), in repeated dose
oral toxicity assay with hydroalcoholic extract administered to rats at doses of 125, 500 and
2000 mg/kg for 28 days, showed no toxicity in the test for hematological, biochemical,
histopathological parameters and also did not show hepatotoxicity.

Still in the investigation of toxicity parameters, a study with hydroalcoholic extract of
the leaves of Annona muricata reduced the viability of V79 cells in a clonogenic assay; there
was no evidence of genotoxicity in an in vitro model induced by methyl methanesulfonate, but
it caused an increase in DNA damage induced by mutagenesis in the in vivo test in mice
(ACESIO et al., 2017).

Sherif et al. (2017) in trial with adult rats evaluated the toxicity of the methanol extract
from the leaves of Annona muricata; for acute toxicity, the extract was administered orally at
doses 10, 100 and 1000 mg/kg and observed for 24 hours, in the second phase extract used at
doses of 1000, 1600, 2900 and 5000 mg/kg and also observed for 24 hours, no death occurred
and the LD 50> 5000 mg/kg was determined. Regarding sub chronic toxicity, the extract was
administered in doses of 250, 500 and 1000 mg/kg for 28 days, with no significant changes in
biochemical parameters and histopathological analysis of the liver and kidneys.

Given the above, we found that Annona muricata has studies that point to the potential
for weight loss, comorbidities associated with excess weight and/or altered parameters, but
emphasis is needed on chronic toxicity studies since some acute toxicity studies indicate safety
for use within a short period, however, they are not conclusive as to the safety of use with higher
doses and for a longer period.

3.2 Baccharis trimera (Less) DC

It represents a plant species of the Asteraceae family, being native to South America,
cultivated in Argentina, Paraguay, Uruguay and Brazil, it is native in the South and Southeast
regions of Brazil and occurs spontaneously in Cerrado and Atlantic Forest areas (BONA et
al., 2005; LORENZI; MATOS, 2002); the state of Parand is considered the center of
dispersion inthe country, but its occurrence is highlighted in Minas Gerais, Rio de Janeiro, Sao
Paulo, Santa Catarina, Rio Grande do Sul (SOUSA, 2005). It is characterized as an erect,
branched glabroussub-shrub, reaching 0.5 to 1.0 m in height, with 3 discontinuous and wider
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wings, measuring about 0.5 to 1.3cm in width. (BUDEL; DUARTE, 2009).

Baccharis genistelloides var. trimera (Less.) Baker., Baccharis trimera Person, Molina
trimera Less. (TROPICOS, 2015) are used as scientific synonyms, known more often by the
vernacular names of gorse, gorse-bitter and gorse bush (LORENZI; MATOS, 2002).

The species has several chemical components and the main constituents described in the
literature in recent years are phenolic and terpenoid compounds (CAMPOS et al., 2016);
flavonoids and terpenoids, such as monoterpenes, sesquiterpenes, diterpenes and triterpenes
(VERDI, 2005; KARAM et al., 2013). Chemical studies have identified in the ethanolic and
aqueous extracts of Baccharis trimera saponins derived from echinocystic acid and
flavonoids such as rutin (GENE et al., 1996), apigenin, quercetin, luteolin, eupafoline and
hispidulin (SOICKE; LENG-PESCHLOW, 1987). In the methanolic extract of the leaves, four
flavonoidswere isolated: genkwanina (FRANCO et al., 1995); cirsimaritin (CORREA, 1984);
hispidulin (BANDONI et al., 1978) and apigenin (CORTADI et al., 1999). From the ethyl
acetate extractof the same plant, three other flavonoids were isolated: quercetin (MELO et al.,
2001); luteolin(EMERENCIANO et al., 1987) and nepetin (JAKUPOVIC et al., 1990).

In popular practice one of the first uses of the species is for the treatment of female
sterility and impotence in men (CORREA, 1984), also referring to the use of infusions,
decoctions and tinctures of the aerial parts of Baccharis trimera in the treatment of liver,
digestive and intestinal problems (GENE et al., 1992; VERDI et al., 2005; ABAD; BERMEJO,
2007) and, further, as a tonic, antipyretic and digestive stimulant (LORENZI; MATOS, 2002).

In several states in Brazil, ethnopharmacological studies have shown the use for weight
loss and obesity (DICKEL et al., 2007; DE SOUZA et al., 2012; CERCATO et al., 2015;
FREITAS JUNIOR; ALMEIDA JR, 2017). Freitas Janior (2017) conducted an
ethnopharmacological survey, interviewing vendors and marketers in Sdo Luis / Maranhao /
Brazil, with 89 plant species referred to treat obesity, with predominant species of the
Asteraceae family (27 species).

Review of biological activity studies proves the species' potential as an antimicrobial
(FABRI et al., 2011); antimutagenic (NAKASUGI; KOMAI, 1998); anti-inflammatory and
analgesic (GENE et al., 1996; NOGUEIRA et al., 2011); gastroprotective (GONZALES et al.,
2000); hepatoprotective (SOICKE; LENG-PESCHLOW, 1987); anti-ulcer (DIAS et al., 2009);
muscle relaxant (TORRES et al., 2000, HNATYSZYN et al., 2003); antioxidant (MELO et al.,
2001; MENDES et al., 2007; RODRIGUES et al., 2009; PADUA et al., 2010) and anti-
hypoglycemic agent (COELHO et al., 2004; BARBOSA FILHO et al., 2005; OLIVEIRA et al.,
2005).

In vitro tests have shown that methanolic extract from the stems of Baccharis trimera
inhibits pancreatic lipase and glycosidases (DE SOUZA et al., 2011). While a study by Assaid
et al., (2012) shows that aqueous extract of Baccharis trimera leaves inhibits only glycosidases.
A study with a methanolic extract from the stems of Baccharis trimera showed that obese
animals, induced by a high-fat diet, had decreased weight and cholesterol levels (DE SOUZA
et al., 2012).

Hydroethanolic extract of Baccharis trimera showed antioxidant activity in the test of
2,2-diphenyl-1-picryl-hydrazyl (DPPH) (PIRES et al., 2005; RABELO et al., 2018). A study
suggests that aqueous extract, decoction and methanolic extract of Baccharis trimera also have
antioxidant activity, preventing many diseases caused by oxidative stress, and can attenuate
adipogenesis during the adipogenic differentiation process, acting as anti-adipogenic and
antioxidant agents; it also demonstrated that especially the aqueous extract of Baccharis trimera
can regulate adipogenesis by decreasing the levels of adipogenic transcription factors;
suggesting the presence of chlorogenic acid in the species, acting as another molecule
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responsible for the anti-adipogenic effect, indicating Baccharis trimera as a promising
therapeutic alternative for obesity (DO NASCIMENTO et al., 2017).

In the review study of plant species for weight loss by Cercato et al., (2015) refer that
the methanol extract of Baccharis trimera may be promising for obesity and/or weight loss,
however, more studies in vitro and in vivo are needed to evaluate the efficacy and mainly
toxicity, since, there is still little information about the toxic potential of Baccharis trimera.

Hydroethanolic extract of the aerial parts of Baccharis trimera administered to pregnant
rats (8.4 mg/kg) showed toxicity in maternal renal and liver cells, however, these changes were
reversible, allowing recovery since the administration of the extract is not continuous; being
proven that the concentration was insufficient to cause hematotoxicity, changes in maternal
body weight or detectable toxicity using clinical criteria (GRACE et al., 2008).

Peron et al., (2008) found that the infusion of gorse in higher doses than usual was
neither cytotoxic nor clastogenic in bone marrow cells of Wistar® rats. According to Rodrigues
et al., (2009), no genotoxic effects were observed on the blood and liver cells of rats that
received aqueous extract of aerial parts of Baccharis trimera at doses of 500, 1000 and 2000
mg/kg for three consecutive days, and effectiveness in reducing the genotoxicity induced by
hydrogen peroxide, probably due to its antioxidant properties; however, the extract increased
the frequency of micronuclei in the bone marrow of treated animals, indicating a chromosomal
mutagenic activity. Demonstrating, therefore, that further tests are required to ensure the safe
use of human species (RODRIGUES et al., 2009).

Losqui et al., (2009) found that Baccharis trimera has an inhibitory action on the
differentiation of neuronal cells in vitro when treated chronically. They also observed a
reduction in neuronal cell survival and decreased proliferation of glial cells. This reduction in
glial cell proliferation could be interfering with neuronal survival and differentiation.

In the acute toxicity test by single dose with lyophilized crude extract, a dose of 5 g/Kg
of Baccharis trimera was administered orally and observed the behavior, lethality, body and
vital organ weight and macroscopic analysis of the organs of male and female mice, with no
significant changes being observed (DIAS et al., 2009).

It is also possible to find studies evaluating the cytotoxic potential of the infusion of
Baccharis trimera on the cells of the roots of Allium cepa. The usual dose of gorse tea (20 g/L)
increased the number of anomalies in the mitotic cycle of the cells, whereas the ten times more
concentrated dose (200 g/L) inhibited cell division, characterizing mutagenic and
antiproliferative effects. Also in the study, the evaluation of the infusion effect on human
lymphocytes shows the occurrence of dose-dependent chromosomal aberrations, leading the
authors to recommend moderation in the consumption of Baccharis trimera (PINHO et al.,
2010).

In vitro assay with aqueous extract of the aerial parts of Baccharis trimera showed anti-
inflammatory potential as indomethacin at lower doses, and showed no mutagenicity, however,
it demonstrates toxicological effect for renal cell; and in vivo testing inhibition of liver enzyme
glutathione S-transferase activity and genotoxicity. These results suggest that care should be
taken when treatments with Baccharis trimera are in high doses and for a prolonged time, as
they result in their accumulation in the body (NOGUEIRA et al., 2011).

Da Silvaet al., (2015) in an in vivo study of acute and sub chronic toxicity with ethanolic
tincture of Baccharis trimera leaves, containing phenolic acids and flavonoids, refer to relative
safety as they did not cause death or toxicity to the main organs of animals of both sexes; also
evidencing that the subacute treatment with the species showed a relative hepatoprotective
effect with decreased levels of transaminase enzymes (AST and ALT).

Studies have shown the potential of the specie as an alternative and/or therapeutic



50

complement in weight loss and its comorbidities, however, they reinforce the need for further
studies on efficacy and toxicity to validate the use of the species. It is also worth emphasizing
that, despite the lack of safety evidence, Baccharis trimera is included in the Brazilian
Pharmacopoeia (BRASIL, 2010) and Formulario de Fitoterapicos (BRASIL, 2011), official
compendiums of Brazil, with an indication for use as an antiseptic.

3.3 Camellia sinensis (L.) Kuntze

Species of the Theaceae family is originally from Southeast Asia, being grown in
morethan 30 countries, including the largest producers India and China, among others such as
Sri Lanka, Kenya, Indonesia, Turkey, Japan, Iran, Bangladesh, Malawi, Vietnam and
Argentina (GRAHAM, 1992; LAMBERT, SANG, YANG, 2007). The cultivation of
Camellia sinensis, however, is carried out in several countries on practically all continents; in
Brazil, its cultivationis restricted to the Ribeira Valley in the State of Sao Paulo (CHAN; LIM;
CHEW, 2007; NISHIYAMA et al., 2010). Representing shrub or tree with 5-9 ¢cm x 2-2 cm
leaves with obtuseor short rounded points (DASSANAYAKE, FOSBERG, 1981).

The following are used as scientific synonyms: Camellia sinensis var. assamica
Pierre; Camellia sinensis var. Assamica (J. W. Mast.) Kitam.; Camellia sinensis var. bohea
cultivars; Camellia sinensis subsp. bisanensis (Sasaki) S. Y. Lu & Y. P. Yang; Camellia
sinensis var. dehungensis (H. T. Chang & B. H. Chen) T. L. Ming; Camellia sinensis fo.
formosensis Kitam.; Camellia sinensis var. kucha H. T. Chang & H. S. Wang; Camellia
sinensis fo. macrophylla (Siebold) Kitam.; Camellia sinensis var. macrophylla cultivars;
Camellia sinensis fo. parvifolia(Miq.) Sealy; Camellia sinensis var. pubilimba H. T. Chang;
Camellia sinensis fo. rosea Kitam.; Camellia sinensis var. rubella; Camellia sinensis var. shan
form; Camellia sinensis var. sinensis ¢ Camellia sinensis var. waldeniae (S. Y. Hu) H. T.
Chang (TROPICOS, 2015).

Known by the vernacular name of green tea, white tea, tea from India, black tea and
oolong tea (SHARANGI, 2009). Depending on the conditions of cultivation, collection,
preparation and packaging of the leaves of the species, different types of tea can be obtained.
The term "green tea", commonly used as a vernacular name of the species, corresponding to the
product obtained from adult leaves after collection not subjected to the fermentation process,
while "black tea" is obtained by fermentation being richer in caffeine (SHARANGI, 2009).

Analyze of the chemical composition of Camellia sinensis show several classes of
phenolic compounds, such as flavonols and phenolic acids. The main flavanols are catechin
monomers; including catechin (C), gallocatechin (GC), epicatechin (EC), epigallocatechin
(EGC), epicatechin gallate (ECG) and epigallocatechin gallate (EGCG), with EGCG being
themost abundant catechin (50 - 60%) (ASTELL et al., 2013; SOARES et al., 2013).

Ethnopharmacological studies have reported popular use in reducing the risk of
developing chronic non-communicable diseases, such as cancer, cardiovascular diseases and
dyspepsia (BORRELLI; IZZO 2000; OGLE, 2009) and the extract of flowers for deodorization,
skincare, for cough and expectorant (YOSHIKAWA et al., 2008), however, the greatest
emphasis is on popular employment for weight loss and obesity (BORRELLI; 1ZZO 2000;
OGLE, 2009; CERCATO et al., 2015; FREITAS JUNIOR, ALMEIDA JR., 2017).

Gongalves (2016) mentions Camellia sinensis (green tea) as the most commercialized
species for weight loss in pharmaceutical establishments in Sao Luis / Maranhao / Brazil,
evidencing by quality tests that commercial samples of green tea did not meet the parameters
of purity and integrity, thus, representing risks to the popular use of vegetable preparations
available for sale in pharmacies and drugstores, places that are governed by normative
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determinations that demand the safety of the quality of the products offered.

The pharmacologically active components of the species demonstrate hepatoprotective
effect (SUGIYAMA et al., 1998; LODHI et al., 2014), cardioprotective (KURIYAMA et al.,
2006), neuroprotective (MANDEL et al., 2005; MANDEL et al., 2006; ESMAEELPANAH et
al., 2015; ESMAEELPANAH et al., 2017), anticancer (KHAN, MUKHTAR, 2010),

antibacterial and antiviral (SUZUKI, MIYOSHI, ISEMURA, 2012), resulting in
increased efficacy of antibiotics in microbial resistance in model in vitro (BAZZAZ et al.,
2016); antiobesity (RAINS, AGARWAL, MAKI, 2011; THAVANESAN, 2011) and
antidiabetic (SABU et al., 2002; ISLAM et al., 2011).

Grove and Lambert study (2010) showed that the and made of green tea Camellia
sinensis in obesity and weight loss is already widely described and discussed in nutritional
research. The effect of green tea on reducing body weight gain has already been reported
(GROVE et al., 2012; SAMPATH et al., 2017), reduced blood glucose (SAMPATH et al.,
2017), insulin resistance (SAE-TAN; ROGERS; LAMBERT, 2014, 2015), reduction in the
mass of uni and multilocular adipose tissue deposits (HUANG et al.,, 2009; SAE-TAN;
ROGERS; LAMBERT, 2014, 2015), protection against oxidative stress (MOLINA; BOLIN;
OTTON, 2015), increase in thermogenesis (DULLOO et al., 1999) and the expression of
genes related to adaptive thermogenesis (NOMURA et al., 2008; SAE-TAN; ROGERS;
LAMBERT, 2014, 2015).

Studies find that Camellia sinensis (in the form of green tea) can reduce food intake,
lipid absorption and adipogenesis; improving energy expenditure via thermogenic, fat oxidation
and fecal lipid excretion (LIN; LIN-SHIAU, 2006; MAZZANTI et al., 2009; HUANG et al.,
2014). The catechins play an important role in regulating the adipose tissue, principally by
regulating the EGCG exerts on some enzymes related to the anabolism, and lipid catabolism,
such as acetyl CoA carboxylase, Ag synthetase, pancreatic lipase, gastric and lipoxygenase
lipase (LIN; LIN-SHIAU, 2006).

Bartels and Miller (2003) demonstrate that Camellia sinensis (green tea) has the
potential for some diseases, including obesity; but the authors warn that "natural is not always
safe"; demonstrating that excessive consumption can contribute to the development of liver and
gastrointestinal problems, insomnia, hyperactivity, hypertension and increased heart rate.

Ratnasooriya and Fernando (2008) de demonstrated that the aqueous extract of the
leaves and flowers of Camellia sinensis (in the preparation of black tea) has a marked
aphrodisiac activity, with rapid onset, indicating that it is mediated via anxiety inhibition and
increase of serum testosterone level; proving, further, that this aphrodisiac action was not
associated with impairment of other sexual parameters; also, the chronic toxicity test in mice
did not present deaths related to treatment or evident morbidity, did not induce evident signs of
toxicity, stress or adverse behavior and also did not show liver and renal toxicity.

Camellia sinensis in green tea preparation is referred to as the second most consumed
beverage, second only to water, gaining attention from consumers for their assigned benefits to
health (GRAHAM, 1992; SHARANGTI, 2009). But it is worth emphasizing that several cases
of hepatotoxicity after consumption of dietary supplements containing Camellia sinensis (green
tea) have been reported, however in some cases the hepatotoxicity may have been related to
medications concomitant to the use of the species, such as diclofenac and paracetamol,
evidencing the need for the development of safety studies on the interaction between the use of
plant species and synthetic medicines (GLORO et al., 2005; BIORNSSON, OLSSON, 2007,
SHIM, SAAB, 2008).

Morita et al. (2009) evaluated the potential adverse effects of a catechin preparation of
Camellia sinensis (green tea), after gavage administration in rats at doses of 0, 120, 400, 1200
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mg/kg/day for 6 months, demonstrating that the level of adverse effect not observed was in
doses of 1200 mg/kg/day for men mice and 400 mg/kg/day for female mice based on the
decrease in body weight gain.

In a review study, authors reported that hepatotoxic reactions due to the use of Camellia
sinensis (green tea) have a temporal relationship between consumption and the onset of effects,
showing that 70% of patients were in use for a period between one week and three months, a
period that is considered "suggestive" in the causality assessment according to a scale that
evaluates criteria for drug-induced liver injuries (MAZZANTI et al., 2009). Suggesting that
these lesions caused by the green tea of Camellia sinensis can be attributed to catechins,
particularly EGCG, given their potential to induce oxidative stress in the liver; because,
although the bioavailability of catechins is low after oral administration, under specific
conditions, such as fasting and after repeated administration, plasma catechin levels can rise
and reach toxic levels.

Still in the study by Mazzanti et al., (2009), the authors described that after evidence
ofliver reactions in a commercial sample of Camellia sinensis (green tea), this product was
withdrawn from the market, but others remained available for purchase. The authors warn that
Camellia sinensis (green tea) is marketed as supplements, generally used as self-medication,
that is, without control by health professionals, favoring the risk of adverse events, reasons why
it becomes necessary to provide detailed information to users and to improve the functioning
of active surveillance of these products.

Chan et al., (2010) carried out a toxicity study on Camellia sinensis leaf extract (green
tea), administered by gavage in male and female rats and mice evaluated for 14 weeks, in doses
of up to 1000 mg/kg. In rats, no treatment-related mortality was observed. In mice, treatment-
related mortality occurred in the dose group 1000 mg/kg, cause of early deaths probably related
to liver necrosis. Histopathological changes related to treatment were in both the species
observed in the liver, nose, mesenteric lymph nodes and thymus. Furthermore, in mice, changes
were observed in the fragments of peyer, spleen and mandibular lymph nodes. The level with
no adverse effect on the liver in both species was doses of 500 mg/kg; in the nose of male
rats, it was doses of 62.5 mg/kg and in females, it was not found. No dosage level with no
adverse effect was found in the nose of female or male mice. Changes in the liver and nose
were considered primary toxic effects of Camellia sinensis extract (green tea), while changes in
otherorgans were considered side effects.

Study in vivo (Li et al., 2011) investigated the presence of mutagenicity and toxicity
Acute and sub chronic in aqueous extract of flowers of Camellia sinensis; not showing
mutagenic potential, acute and sub chronic toxicity; no statistically significant or treatment-
related adverse effects were found in any of the parameters evaluated in the safety tests
performed.

In the assessment of sub chronic toxicity in vivo with aqueous extract of the leaves of
Camellia sinensis doses of 625, 1250 and 2500 mg/kg were administered by gavage in rats for
28 days, with no significant changes being observed, besides, the administration of Camellia
sinensis (green tea) orally significantly reduced levels of triglycerides and cholesterol (HSU et
al., 2011).

Huang et al. (2014) warn that although there are several studies to illustrate the anti-
obesity mechanism of Camellia sinensis (green tea), there are still many problems that need
further investigation, especially related to efficacy and safety. An assay with hydroalcoholic
extract and ethyl acetate fraction from the leaves of Camellia sinensis showed significant ulcer
healing in an in vivo model of chronic ulcer induced by acetic acid, with no sign of toxicity; but
the authors warn of the need for studies with prolonged administration to identify possible
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adverse effects (BORATO et al., 2015).

In this connection, it is worth emphasizing that a retrospective review study of
multicentric data from European and Brazilian poisoning centers proves that, between 2006 and
2010, Camellia sinensis is among the 10 (ten) plants most often causing adverse effects (LUDE
et al., 2016).

To assess the safety of lipid-soluble green tea extract, the study by Liu et al., (2017)
performed a series of genotoxicity tests, including Ames test, and in vivo micronuclei and rat
sperm anomaly. The extract showed no mutagenic activity in the Ames test and no genotoxic
potential in vivo tests at doses up to 20 g/kg. In chronic toxicity study (90 days), the extract was
administered at doses of 0.125, 0.25 or 0.50 g/kg/day and no significant effects on body weight,
food consumption, organ weight, hematological, biochemical, and histopathological parameters
were observed. At doses of 0.58, 1.17 and 2.33 g/kg/day the extracts administered by gavage
for 30 days also showed no adverse effects. The levels of adverse effect not observed for the 90
and 30-day studies were the highest doses tested in each case.

Study to evaluate the toxicity of the infusion of three different types of highly consumed
slimming teas, developed by Rocha et al. (2017), used the Allium cepa test and tested: hibiscus
tea (Hibiscus sabdariffa L), mate tea (Ilex paraguariensis) and green tea (Camellia sinensis),
carried out in three different concentrations of each tea, it showed that the effects of each
infusion on the studied concentrations indicate that the doses present a significant reduction in
root growth, except for mate tea, in which there was no difference between doses. The study
demonstrated that the toxic effect is dependent on concentration, therefore, it is recommended
that teas be consumed in moderation, also alerting to the need to design toxicity studies for
these products in other models.

A review study reports side effects of Camellia sinensis (green tea) and its polyphenolic
constituents; showing hepatotoxicity, gastrointestinal disorders (diarrthea and vomiting),
stimulatory effects of the nervous system (anxiety, headache, insomnia, tremors), inhibitory
effects on intestinal absorption of iron, folic acid and medications; in addition to inhibitory
effects on metabolizing enzymes (CYP450, UGT1A1 and P-gP), an important parameter to
consider in associations between plant species and synthetic drugs. In this review, the authors
also warn that Camellia sinensis (green tea) and its main components are not teratogenic,
mutagenic or carcinogenic, however, there are data in literature recommending limited use
during pregnancy, breastfeeding and in susceptible people, mainly because they have a wide
variety of drug interactions (BEDROOD, RAMESHRAD, HOSSEINZADEH, 2018).

Given the above, we recognize that the literature has shown that the species Camellia
sinensis is effective for weight loss and that it is widely used by the population, however, the
studies are not yet conclusive as to the safety of the species, some studies seem to be
contradictory, which warns that such a practice can pose serious risks to public health and there
is a need for further studies on toxicity.

3.4 Cynara scolymus L.

The plant species is known by the vernacular name artichoke, belonging to the family
Asteraceae and is synonym Botanical: Cynara cardunculus L. (TROPICOS, 2015). Is a
perennial herbaceous plant, reaching a height of 1 m, with fluted or grooved stem, pinnatifid
leaves, fleshy, pubescent, jagged and large (50 cm long and 25 cm wide) with thorns; being
cultivated and used for therapeutic purposes since antiquity (BOTSARIS; ALVES, 2007;
JACOCIUNAS et al., 2012); from the Mediterranean and North Africa, with cultivation spread
worldwide given wide use for medicinal and food purposes, including in Brazil (CECHINEL
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FILHO et al., 2003; LEAL, 2006).

The species is widely consumed as food, being popularly used in the form of tea
(infusion), mainly as cholagogue, choleretic, diuretic, antispasmodic, antidispeptic,
hepatoprotective and antithrombotic, in constipation and obesity (SPERONI et al., 2003;
BOTSARIS; ALVES, 2006).

The popular use of Cymnara scolymus for weight loss 1is described in
ethnopharmacological studies (DICKEL et al., 2007; VERDI et al., 2013; CERCATO et al.,
2015; FREITAS JUNIOR, 2017; FREITAS JUNIOR; ALMEIDA JR, 2017). Gongalves' study

(2016) identifies Cynara scolymus among the most commercialized species in
pharmaceuticalestablishments in Sdo Luis, Maranhao, Brazil.

The main chemical constituents of the artichoke are polyphenols, among them the
flavonoids, with marked antioxidant action, and the cinarina, with hepatoprotective activity
(BOTSARIS; ALVES, 2007). In this sense, several phenolic substances were isolated from the
species such as gallic and p- cumaric acids, derived from quercitrin, such as rutin, luteolin and
avicularin (SANCHES-RABANEDA et al., 2003).

Studies have proven several biological activities, such as antioxidant effect and
protective properties against oxidative stress-induced in mouse hepatocytes (GEBHARDT,
1997, KRAFT, 1997, MICCADEI et al., 2004), hepatobiliary and improvement of liver
regeneration after partial hepatectomy (KRAFT, 1997; SPERONI et al., 2003), apoptotic and
antitumor effects (MICCADEI et al., 2004; MICCADEI et al., 2008; MILEO et al., 2012),
endothelial protection agents (JUZYSZYN et al., 2008), decreased levels of triglycerides and
cholesterol (KUSKU-KIRAZ et al., 2010), blood glucose reduction in animals (FANTINI et
al., 2011), drop in LDL cholesterol levels and elevation of HDL in humans with
hypercholesterolemia (RONDANELLI et al., 2013).

Sartério et al., (2000) refer to Cynara scolymus in decreasing triglyceride and
cholesterol levels. Gongalves et al., (2000) also indicate the species in the reduction of plasma
lipid levels. Lorenzi; Matos (2002), in clinical trials carried out in humans with the ingestion of
substances present in the artichoke leaves report a marked reduction in the levels of
triglycerides.

Some studies point to the potential of Cynara scolymus in weight loss. Insulin and
fruitoligosaccharides, present in the species because they are not digested by enzymes in the
humanintestine, are considered as soluble dietary fibers; thus, in the colon they are used
by the microbiota, altering the intestinal transit, promoting a rapid elimination of the fecal
bolus, which reduces the time of contact of the intestinal tissue with the substances and,
consequently, reduces the absorption of lipids (ANJO, 2004). A study by Souza et al., (2012)
shows the potential of the species as an adjuvant in the treatment of obesity and dyslipidemia
since it inhibits the activity of the pancreatic lipase enzyme.

The therapeutic effects of the species have been attributed to the synergistic activity of
several polyphenolic compounds, including, as the main chemical component Mono and
Dicaffeoylquinic acids, as well as flavonoids, such as luteolin and 7-O-glucoside
(BORGOGNONE et al., 2013; ZAN et al., 2013).

Da Silva et al. (2017) warns that despite evidence of efficacy, scientific data on Cynara
scolymus safety are insufficient. There is also a report of a mild laxative effect and the
occurrence of contact dermatitis and urticaria (attributed to the presence of sesquiterpene
lactones such as cynaropicrin) (BOTSARIS; ALVES, 2006; BALBINO; DIAS, 2010).

A study by Jacociunas et al., (2012) in vitro with aqueous extract of the leaves of Cynara
scolymus in doses of 0,62; 1,25; 2,5 and 5,0 mg/mL for evaluation of genotoxicity in ovarian
cells, proved genotoxic effects in all doses, both in short (1h) and prolonged (24h) exposure,
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but, also, proves that the extract prevents DNA damage. Aqueous extract of Cynara scolymus
leaves was administered by gavage (500, 1000 and 2000 mg/kg) in mice, for 3 consecutive
days, to evaluate the genotoxic effect and mutagenic activity; there is no evidence of a
mutagenic effect on blood and bone marrow; however, a significant increase in values was
observed in the bone marrow of the group treated with 2000 mg/kg, so it is worth remembering
that the effects of the species must be better clarified before guaranteeing it as a therapeutically
useful plant (ZAN et al., 2013).

A study with dry extract of Cynara scolymus acquired from Santos Flora®, with oral
administration of the extract in Wistar rats for 28 days (doses 1.2 and 4.0 g/Kg) did not
demonstrate general toxicity, with no evidence of an immunotoxic effect, but the teratogenicity
study showed that pregnant females showed decreased weight gain, decreased uterine and fetal
weight, shorter fetal length and decreased the number of live fetuses per litter, demonstrating
that the plant species should not be used in pregnancy given evidence of fetal toxicity
(MATTOS, 2014).

Da Silva et al., (2017), in an in vitro assay with hepatocyte cell culture (HepG2 cells),
show that aqueous extracts of the leaves of Cynara scolymus are genotoxic, but that can also
modulate DNA damage caused by hydrogen peroxide.

Despite the evidence of the need to develop studies to define the safety parameters for
the use of Cynara scolymus, we warn that the species is included in several official
compendiums in Brazil, such as Phytotherapics Form (BRASIL, 2011), Simplified Register
Phytotherapics (BRASIL, 2014b) and National List of Medicines (BRASIL, 2017), with
references to efficacy as cholagogue and choleretic, in the treatment of symptoms of functional
dyspepsia and mild and moderate hypercholesterolemia, comorbidity associated with obesity
and overweight.

3.5 Hancornia speciosa Gomes

Plant species of the Apocynaceae family, represents a native species of Brazil, typical
of the Brazilian cerrado (SOARES et al., 2007), with spontaneous occurrence in states in the
south, southeast, midwest, north and northeast regions (KOCH et al., 2015).

Hancornia speciosa var. cuyabensis Malme, Hancornia speciosa var. gardneri (A. DC.)
Miill. Arg., Hancornia speciosa fo. glabrata Markgr., Hancornia speciosa var. lundii A. DC.,
Hancornia speciosa var. maximilianii A. DC., Hancornia speciosa var. minor Miill. Arg.,
Hancornia speciosa var. pubescens (Nees & Mart) Mill. Arg., Hancornia speciosa var.
speciosa, Hancornia speciosa var. stenophylla Miill. Arg. (TROPICOS, 2015; PLANTS LIST,
2015) and Hancornia speciosa fo. speciosa are used as scientific synonyms (TROPICOS,
2015), and more often known by the vernacular name of mangaba (SILVAJUNIOR, 2005;
KOCK et al., 2015).

The species produces edible fruit and fruit peduncle latex and the tree trunk, white
(SOARES et al., 2007). It is a medium-sized perennial and semi-deciduous tree with a height
that varies from 2 to 15 meters (SOUZA; LORENZI, 2005).

Chemical studies of the leaf of Hancornia speciosa indicate the presence of terpenoids,
steroids and tannins (HONDA et al., 1990) and xanthine (BRANDAO et al., 2011), also the
presence of L - (+) - bornesitol, quinic acid, chlorogenic acid and kaempferol, quercetin,
1soquercetin, rutin flavonoids and catechins (ENDRINGER, et al., 2009; SANTOS et al., 2016).
Bastos et al. (2017) identified other phenolic compounds, including caffeine, isomers
protocatechuic acid, epicatechin, quercetin, type B and type C procyanidins, coumaroilchincs
acid isomers, phlorizin, phloretin, eriodyctiol, luteolin and apigenin. In the bark,
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proanthocyanidins (BRANDAO et al., 2011). The chemical screening of the mangaba fruit
indicates the presence of phenols (flavonoids, condensed tannins) and alkaloids
(ASSUMPCAO et al., 2014). The ethanolic extract of the mangaba indicates the presence of
metabolites such as flavonoids and tannins (proanthocyanidins) and alkaloids (MORAES et al.,
2008); in the fruit pulp it indicates the presence of phenols (flavonoids) (DE LIMA et al., 2015);
in the latex of the tree trunk, phenols (NEVES et al., 2016).

Hancornia speciosa is cited in several ethnobotanical and ethnopharmacological studies
for therapeutic use in hypertension (FERRAO et al., 2014), wounds (PENIDO et al., 2016),
diabetes (RODRIGUES; CARVALHO, 2001; MACEDO; FERREIRA, 2004; DA SILVA et

al., 2010) and obesity (DA SILVA et al., 2010; SILVA et al., 2010; SANTOS et al.,
2013; CERCATO et al., 2015), among others; which should encourage the continuation of
validationstudies.

Studies have shown biological activity against diabetes (PEREIRA et al., 2015; DOS
SANTOS et al., 2018), hypertension (SILVA et al., 2011; SILVA et al., 2016; DOS SANTOS
et al., 2018), healing (GELLER et al., 2015), anti-inflammatory (MARINHO et al., 2011;
TORRES-REGO et al., 2016), antimicrobial and antifungal (COSTA et al., 2008; SILVA et al.,
2010), anti- Helicobacter pylori, gastroprotective and antiulcerogenic (MORAES et al., 2008),
antioxidant, antimutagenic, anti-Alzheimer, anti-Parkinson and anti-obesity (DOS SANTOS et
al., 2018), among others.

In vivo studies with metabolites such as rutin, chlorogenic acid and quinic acid (HSU et
al., 2009; PANCHAL et al., 2011), have been described as phenolic compounds that reduce the
effects of obesity in animals. Also, supplementing these for four weeks reduced insulin
resistance, glucose tolerance and loss of body weight in rats fed a high-fat diet, demonstrating
the species' potential (GHADIEH et al., 2015); however, no studies were found to combat
obesity.

Acute toxicity study in vivo with hydroalcoholic extract of the bark of the species,
proves the absence of toxicity in the oral administration of the extract in the dose of 5 g/ kg in
mice, during 14 days (MORAES et al., 2008).

In vivo assay of acute toxicity of Hancornia speciosa latex (500 mg/kg single dose),
demonstrated the absence of toxicity and it was not possible to determine the lethal dose 50%
(DL 50) even at the highest dose (MARINHO et al., 2011). Research demonstrates that the
aqueous extract of the species latex test in vitro with mice fibroblast cells does not cause
cytotoxic and genotoxic effect, despite significant angiogenic activity in living systems
(ALMEIDA et al., 2014).

Evidence of the antimutagenic potential of the pulp of the fruit of Hancornia speciosa
was demonstrated by De Lima et al., (2015) in studies in vivo, it was administered to mice
orally, the pulp at the doses 10, 20 and 40 ml/kg and did not show any toxic effects / mutagenic,
furthermore emphasized the potential of the species as a functional food with wide applicability
in the food industry.

The crude ethanolic extract of the bark and leaves of mangaba did not show cytotoxic
activity on Artemia salina larvae, however, to evaluate the toxicity of the species, other tests
are proposed in the literature and must be performed (LIMA NETO et al., 2015). A study by
Ribeiro et al., (2016) shows that the latex of mangaba, at the concentrations tested, has no
cytotoxic effects on genotoxicity and root meristem cells of Allium cepa L. suggesting that it is
not harmful to human health.

In a test in vitro to assess the feasibility of calvarial cells of rats under different
concentrations of the aqueous extract of the latex Hancornia speciosa, it was observed that
theextract is not toxic at concentrations less than 0,3 mg/ml and after 24 hours treatment with
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1.2mg/ml of latex, the amount of cell growth significantly decreased, and after 48 hours the
growthamount was also decreased with the latex concentration of 0.6 mg/ml, noting that the
aqueous extract Cell viability latex merely when its concentration was greater than 0.6 mg/ml
(NEVESet al., 2016).

It is important to note that while ethnobotanical studies have described the popular use
of Hancornia speciosa for weight loss, mainly related to bark preparations, the evidence
provided by Pereira et al. (2015) showed that the leaves can also have the potential to induce
such activity.

Finally, we found that despite the popular use of Hancornia speciosa being increasingly
expressive, few toxicity studies have been found so far, showing low evidence of toxicity in
investigated pharmacogens, however, there is a need for further studies and evaluation of the
species' toxicity with other popularly used pharmacogens, such as leaves, to validate the use of
the species.

Conclusion

Despite the selected species in this review are widely referred to in popular use in
weight loss, we realize the efficacy parameters and therapeutic safety for such use as an
alternative or therapeutic supplement in overweight, obesity and/or its comorbidities, were not
yet evident, exposing, thus, users’ risk.

We emphasize that the inclusion of Baccharis trimera and Cynara scolymus in official
compendia of Brazil, although no references to the use in weight loss, but for other
therapeutic purposes, can stimulate, further, the popular free use of such species. This
situation associated with the finding by this review study, that such species do not have proof
of safety for any therapeutic use, deserves effective and immediate action by the competent
authorities to direct efforts and resources in ensuring rational use.

The definition of mechanisms of action, active and / or analytical markers, parameters
of acute, sub chronic, chronic toxicity, teratogenicity, mutagenicity; involving, still, good
farming practices, gathering and processing technology, among others, must be clarified.

In this sense, validation studies, inter and multidisciplinary, involving research in
agronomy, chemistry, standardization of extracts, stability, biological activity (pharmacology
and toxicity), Pharmacovigilance, technological development and quality control, should be
encouraged.
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Resumo

Introducdo: O sobrepeso e a obesidade sdo condi¢des cronicas que acometem cerca de dois
bilhdes de pessoas no mundo, com prevaléncia aumentando significativamente nos ultimos
anos nas mais diferentes faixas etarias. Além dos aspectos relacionados a satude, a obsessdo
pelos padrdes estéticos atuais e a dificuldade de adesdo aos protocolos de emagrecimento
estimulam a busca por diversos meios para perda de peso, com énfase ao emprego de
produtosnaturais. Objetivo: investigar o uso de plantas para perda de peso, na area urbana de
Sao Luis,Maranhao, nordeste brasileiro. Método: estudo observacional, transversal analitico
para coletade dados etnofarmacoldgicos. Amostra: usudrios de servico de satde publico de
Sao Luis, Maranhdo, nordeste brasileiro. Participantes: 227 individuos adultos. Intervengdes:
entrevistas,com foco na abordagem das espécies vegetais empregadas em reducdo de peso e
suas variaveis;seguida da andlise dos dados fundamentado nos indices da pesquisa
etnofarmacoldgica: consenso do informante (nivel de fidelidade e valor de uso), alocagao
subjetiva e totalizacdo deusos. Coleta e identificagdo botinica das espécies vegetais mais
referidas de emprego na perdade peso. Resultados: Predominam, na amostra em estudo,
usuarios de plantas para perda de peso em faixa etaria de 30 a 59 anos, com ensino médio
completo, preferencialmente adquiridas no comércio informal (mercados e feiras livres:
33,33%), por indicacdo de familiares e amigos (72,84%). As espécies mais referidas foram
Camellia sinensis (L.) Kuntze (cha verde), Hibiscus sabdariffa L.(hibisco) e Baccharis trimera
(Less.) DC (carqueja). Conclusdo: embora ja tenham estudos com essas espécies vegetais
indicando potencial para utilizagdo na perda de peso, ndo possuem certificagdo para o uso
seguro e racional; indicando necessidade de continuidade dos estudos visando validagdo, bem
como despertando atencdo para necessidade de acdes efetivas de Farmacovigilancia em
Fitoterapia.

Palavras-chave: Etnofarmacologia; terapia alternativa; uso popular; Camellia sinensis (L.)
Kuntze, Hibiscus sabdariffa L.; Baccharis trimera (Less.) DC; Farmacovigilancia.

Abstract
Background: Overweight and obesity are chronic conditions that affect around two billion

people worldwide, with prevalence increasing significantly in recent years in the most
different age groups. In addition to health-related aspects, the obsession with current aesthetic
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standards and the difficulty in adhering to weight loss protocols stimulate the search for
various means for weight loss, with emphasis on the use of natural products. Objective: to
investigate the use of plants for weight loss in the urban area of Sdo Luis, Maranhao,
northeastern Brazil. Method: observational, cross-sectional analytical study to collect
ethnopharmacological data. Sample: users of public health services in Sdo Luis, Maranhao,
northeastern Brazil. Participants: 227 adult individuals. Interventions: interviews, focusing on
the approach of plant species used in weight reduction and their variables, followed by data
analysis based on the ethnopharmacological research indexes: informant consensus (level of
loyalty and use value), subjective allocation and total use. Collection and botanical
identification of the most common plant species used in weight loss. Results: Predominate in
the study sample users of weight loss plants in the age group of 30 to 59 years, with full
secondary education, preferably acquired in the informal trade (markets and free markets:
33.33%), by family and friends (72.84%). The most mentioned species were Camellia
sinensis (L.) Kuntze (green tea), Hibiscus sabdariffa L. (hibiscus) and Baccharis trimera
(Less.) DC (carqueja). Conclusions: although they already have studies indicating a potential
for use in weight loss, they are not certified for safe and rational use, indicating the need for
continuity of studies aiming at validation, as well as raising attention to the need for effective
actions of Pharmacovigilance in Phytotherapy.

Keywords: Ethnopharmacology; alternative therapy; popular use; Camellia sinensis (L.)
Kuntze, Hibiscus sabdariffa L.; Baccharis trimera (Less.) DC; Pharmacovigilance.

1. Introduction

According to the World Health Organization (WHO), obesity is defined as a chronic
condition resulting from atypical or excessive fat accumulation that can be harmful to health;
one of the biggest public health problems today, with worldwide data pointing to over 1.9
billion overweight adults of which 650 million are obese (1).

In Brazil, the number of overweight and obese individuals has increased in both sexes,
encompassing different age groups and income levels (2). According to the latest data, the
percentage of the overweight Brazilian population exceeded 50% (3).

The etiology of this comorbidity is complex and multifactorial (4,5). Whether
stimulated by the search of aesthetic standards or due to the need for health recovery due to
associated non-communicable chronic diseases such as hypertension, diabetes, and
cardiovascular disorders (6,7), the treatment of obesity is also complex and multidisciplinary
(5).

In Brazil, currently registered medicines for the treatment of obesity by the National
Sanitary Surveillance Agency (ANVISA), which should be used according to specific clinical
guidelines are amfepramone, fenproporex, mazindol, sibutramine, orlistat, liraglutide and

lorcaserin (8,9). It is noteworthy that these substances have already been withdrawn from the
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market in the US and Europe, mainly due to the lack of evidence on efficacy and safety,
especially when considering their long-term effects (10, 11).

Despite the many alternatives, the treatment of obesity presents punctual hindering
aspects: unknown side effects of pharmacological therapy, where it is common abandonment
caused by the lack of motivation in a slow and continuous process, requiring radical changes in
the lifestyle of the patient; highlighting the risks and potential complications of bariatric
surgery, a growing resource in recent years (12).

In the search for new effective and accessible therapeutic perspectives to combat
obesity, the use of natural products of vegetal origin is emerging as an important alternative, as
well as being recognized and stimulated by WHO, it is a valued practice for much of the
population, whether for historical, cultural and/ or socioeconomic reasons (13-15).

The potential of natural products for the treatment of obesity is undeniable and is in full
exploration, however, the popular use of plant species without proof of efficacy and safety
canrepresent risks, given the side effects and/or toxicity, therefore, it is essential that the use
of these resources be done rationally, which should stimulate the realization of validation
studies(16,17).

There are wide varieties of weight loss plant products on the market available as isolated
substances, vegetal drugs or extracts (18). However, today in Brazil, the Garcinia cambogia
Roxb is the only plant species with a product registered by ANVISA as an herbal medicine with
a specific therapeutic indication for weight loss (19, 20).

In this sense, ethnopharmacological studies investigating natural resources, especially
of plant origin, employed therapeutically by the population, are an important tool for
inclusionand/or exclusion of plant species for the development of validation studies, aiming at
proving the safety, efficacy and quality of the material through chemical, pharmacological,
toxicologicaland pharmacotechnical evaluations (21, 22). Making possible still, from the find
of risks and hazards associated with the popular practice of the use of plants for therapeutic
purposes, effective Pharmacovigilance actions in Phytotherapy, in the real perspective of
minimizing adverse events due to irrational use of plants (23).

Therefore, this research aims to develop an ethnopharmacological study to identify plant
species used for weight loss in Sdo Luis, Maranhdo, Brazil, contributing to the selection of plant
species for the development of validation studies, in search of a new alternative and/or

therapeutic complement in weight loss, as well as actions in Pharmacovigilance.
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2. Materials and methods
2.1 Area of study and sample

The city of Sao Luis (2 © 30 'S; 44 ° 16' O), capital of the state of Maranhao, northeast
Brazil, occupies an area of 834,785 km?, is divided into seven (7) health districts (Bequimao,
Centro, Cohab, Coroadinho, Itaqui Bacanga, Tirirical and Vila Esperanca), with 1,014,837
inhabitants (24). According to the latest survey released by the Ministry of Health, 17.9% of
the capital's inhabitants are obese and 49.5% are overweight (25).

Adult subjects (> 18 years old), users of public health services in the nutrition,
nutrology and endocrinology departments of Sao Luis, were selected according to the division
in health districts, selected by probabilistic sampling, based on local ethnopharmacological

studies (16, 26-28).

2.2 Collection of ethnopharmacological data

From January to July 2017, were conducted structured and semi-structured interviews
with a focus on the approach of plant species used in weight reduction. Interviewees who
referred to the use of plants for weight loss were evaluated several variables, as well as

socioeconomic data to characterize the interviewees.

2.3 Collection of plant species and botanical identification

To acquire the botanical material, participants were selected, called key informants
and in agreement, the participated in the excursions to collect botanical material, including
landscapes of the urban area (parks, backyards and vegetable gardens) and rural area and/or
acquisition by purchase (29).

The data collection was performed in two phases: in the first, the key informant was
free to collect the botanical material, after identification by the regional vernacular name, with
observation and record of the care adopted in this stage. Then, new collections were
performed by the team, prioritizing the obtaining of vegetative and reproductive parts of the
indicated plant species, prioritizing those that are native and of great occurrence in the State,
obeying the collection norms established in the specialized literature (30, 31) and prepared
exsiccates and sent to the Maranhao Herbarium (MAR), Federal University of Maranhao, Sao
Luis, MA, Brazil, for botanical identification. The scientific nomenclature was checked

according to the databases of the Brazilian Flora Species List and The Plant List. Purchased
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samples were identified by comparison with descriptions in official pharmacopoeial

compendiums.

2.4 Data analysis

Ethnopharmacological data were formatted and analyzed using Stata 12.0 for
Windows (Texas, USA), with descriptive analysis of variables and presentation in frequency
tables; %2 independence test, with a significance level (a) of 5% to test the hypothesis of
association between popular medicinal use of plant species for weight loss and socioeconomic
variables.

The indices used for the analysis of ethnodirected research variables were: Relative
Frequency of Citation (FRC), obtained from the ratio: FRC = CF/N. Where (CF) represents
the number of informants who mentioned the use of the species and (N) is the total number of
informants in the study (33).

Importance Value (IVs), measures the proportion of informants who cited a species as
most important, with values ranging from 0 to 1, presented by Byg and Baslev (2001) (34),
according to the following formula: IVS = nis/n. Where: nis is the number of informants and
the Use Consensus Value (UCs) is a measure of the degree of agreement among informants
regarding whether or not a species is useful, the values range from -1 to 1 and UCs is given by
the formula: UCs = 2ns/n-1, where ns corresponds to the number of people who cited the use
of the species (s) (34).

From the analysis of the data obtained in the field research and with the botanical
identification of the species most frequently mentioned by the interviewees, a survey was
carried out in the databases PUBMED, Google Scholar, Scielo, Biological Abstracts,
Chemical Abstracts, Medline, Lilacs, ScienceDirect and Web of Science, as well as
monographs, dissertations and theses, with emphasis on the areas of Ethnobotany,
Ethnopharmacology, Chemistry, Pharmacology and Toxicology. Therefore, the use of plant
species used for weight loss that obtained > 15% of citation in this study was compared and
compared to the data recorded in the literature, analyzing the agreement of popular
therapeutic use referred by the population to other ethnobotanical and ethnopharmacological
studies, the use of species potentially toxic, endangered vegetables, among others.

The study was approved by the Research Ethics Committee of the Federal University
of Maranhao, with opinion n°® 1.999.641.
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3. Results and discussion

227 (two hundred and twenty-seven) individuals were interviewed and the prevalence
of 89.43% of the use of plants for medicinal purposes was found, with 35.68% of the use of
plants for weight loss (Table 1).

The prevalence of the use of medicinal plants corroborates with national and
international studies that prove the wide use of plant species in urban areas, with values
ranging from 20% to 90% (16, 26, 35-39).

Most respondents who reported using plants for weight loss were female (92.59%)
(Table 1). High representativeness of the use of plants for various medicinal purposes by
women is found in other ethnopharmacological studies (16, 40-43), but it is worth
emphasizing the scarcity of user profile characterization in weight loss studies.

Initially, the greater use of plant species for weight loss by females in this study can be
attributed to two aspects: the fact that, usually, between the sexes, women dominate the
knowledge about the use of plants for medicinal purposes (41, 44) and by the higher
frequency of women in health units at the time of the research. Although the prevalence of
obese adults in Brazil is statistically equal between sexes (3), the demand for health care
services, whether for historical and cultural reasons or biological factors, is significantly
higher among women than men (45).

However, it is necessary to emphasize that not only the search for health is related to
the use of resources for weight loss. In this aspect, the prevalence of females can be explained
by the fact that there is a very distinct perception of the body between the sexes, since men
define their aesthetic pattern mainly by tall stature and great muscularity, while for women,
this standard is directly related to body weight and its measurements, the thinner the prettier
they consider (46,47).

In the sample under study, besides gender, the age variable also presents a statistically
significant association (p <0.05) with the use of plants for weight loss. The age range of users
who reported use of plant species ranged from 18 to 84 years, with a predominance of adults
between 30 to 59 years (44.22%), followed by those between 18 and 29 years (23.91%)
(Table 1).
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Table 1. Socioeconomic data (gender, age, education and social class) of selected users of
public health services in Sdo Luis, Maranhao, Brazil and their knowledge of medicinal plants
used for weight loss.

Popular use of weight loss plants

Total
Variables Yes Not
n Y% n % n %
Sex =
Feminine 75 92.59 112 76.71 187 82.38
Male 6" 7.41 34 23.29 40 17.62
Total 81 35.68 146 64.32 227 100.00
Age (years) ©
18-29 11 2391 35 76.09 46 20.26
30-59 65 44.22 82 55.78 147 64.76
> 60 4 13.79 25 86.21 29 12.78
Total 81 35.68 146 64.32 227 100.00
Schooling
Incomplete Elementary gt 9.88 25 17.12 33 14.54
Complete Elementary 4 4.94 Sth 3.42 gt 3.96
Incomplete Medium 6" 7.41 15 10.27 21 9.25
Medium Complete 34 41.98 62 42.47 96 42.29
Incomplete higher 9th 11.11 15 10.27 24 10.57
Graduated 20 24.69 24 16.43 44 19.38
Total 81 35.68 146 64.32 227 100.00
Income (monthly)
<RS$ 1,996.00 30 37.04 75 51.37 105 46.26
R$ 1,996.00 - 3,992.00 39 48.15 51 34.93 90 39.65
R$ 3,993.00 - 9,980.00 11 13.58 16 10.96 27 11.89
>R$ 9,980.00 1 1.23 4 2.74 5th 2.20
Total 81 35.68 146 64.32 227 100.00

n: sample= 227; :p <0.05, y* test of independence.

The higher prevalence of this age group differs from several ethnopharmacological
studies that generally present elderly individuals as the main users of plants for therapeutic
purposes, mainly due to their cultural heritage and accumulated experiences (48-53).

Some recent studies suggest an emerging change in the age profile of medicinal plant
users, with a higher frequency of use among adults and young people (27, 42, 54, 55).
Information that can be attributed to the behavioral change brought about by so-called
millennials, those born around 1980 to 1990 (56) and show themselves as consumers interested
in following in detail, in addition to the components of their food, the beverages and medicines,
the development and production of what they are buying, giving preference to products of

natural origin (57,58).
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Another factor contributing to the use of plants for weight loss by a younger population
is the media-driven conception that a healthy body is not only based on biological, physiological
and mechanical aspects but is associated with the cult of a perfect body aesthetically (59).

In contrast, the elderly population, not feeling hostage to the aesthetic standards
imposed, search for health services and resources to treat chronic diseases resulting from
overweight, such as hypertension, dyslipidemia, type 2 diabetes and cardiorespiratory
disorders, not prioritizing weight loss itself (7, 60).

Regarding the level of education, most of the respondents (41.98%) who claimed to use
plants for weight loss, have completed high school (Table 1). Although several
ethnopharmacological studies found a predominance of plant use by people with low
educational level (61-64), the data from this study corroborate with recent national studies
that show a prevalence of use of plants for medicinal purposes in individuals who have
completed high school and/or higher education (27,43,65).

These data reflect the tendency that the population share with the highest knowledge has
the need to control their body and the means used for health recovery, questioning the
position of the use of synthetic drugs, seeking natural therapeutic methods by the belief of
safety(66,67). Features that fit the treatment of obesity, given the recognition that various
synthetic substancesavailable on the market for weight loss bring with it a large number of
side effects that affect different body systems, thus stimulating the use of natural products
(20).

However, it is worrying that, given so much information available, the population may
let the desire for autonomy when choosing a therapeutic resource, alternative or conventional,
increase the practice of self-medication, including the indiscriminate use of natural products
without certification of efficacy and safety (68, 69).

Regarding income, most respondents (48.15%) said they receive monthly between R$
1,996.00 (one thousand nine hundred and ninety-six reais) and R$ 3,992.00 (three thousand
nine hundred and ninety-two reais) (Table 1). Initially, the higher number of low-income
interviewees may be attributed to the fact that data collection was performed in public health
services in Sao Luis, predominantly used by the population with the lowest economic power
(70). Therefore, a large portion of the population uses plant species as a form of basic care, due
to the difficulty of access to health services and industrialized medicines because they do not

have the financial conditions to support the values practiced by the market (71, 72).
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Despite the tendency to establish a direct relationship between income and education
(73), the data from this study reinforce the consequences of the economic crisis in Brazil, using
the public health service and low-cost therapeutic resources. According to the National
Supplementary Health Agency (ANS), between 2015 and 2016, more than 2.6 million people
no longer have medical insurance due to rising prices, rising unemployment and/or family debt
(74).

In addition to socioeconomic variables, data related to the use of plant species for
medicinal purposes were analyzed. When asked about the source of information on the use of
plants for weight loss, information obtained from family and friends (72.84%). Even today, the
family nucleus emerges as the main source of information and encouragement to the popular
use of plants, an empirical knowledge shared orally between generations as cultural heritage
(65, 75). Besides family and friends, much of the incentive to use plant species comes from the
media, as a marketing strategy for companies that develop herbal products (76).

It appears then, that the transmission of knowledge related to the use of medicinal plants
is predominantly informal, since health professionals, who represent the formal system, are
rarely mentioned, although the study was conducted in health facilities in the metropolitan
region (77, 78).

Even considering the importance of conducting ethnopharmacological studies for the
preservation of popular knowledge, it is necessary to recognize that the curative activities
attributed by the population to plants, in most cases, are not scientifically proven, therefore,
they are not guaranteed efficacy and safety, which represents a risk to the user's health (79,80).
In this sense, it is important to highlight that health professionals are irreplaceable and should
be consulted on the indication and biological effects of plant species and their derivatives,
contributing to the serious use of medicinal plants, demystifying the popular saying that "What's
natural is all right" (42).

Regarding the form of preparation used, the highest percentage of respondents reported
infusion (44.44%,), followed by decoction (38.27%). A local ethnopharmacological study not
published by Freitas Junior (2017) (81), also targeting plants used for weight loss, corroborates
the present investigation with infusion as the most cited preparation method.

In our study we found that the participants do not have scientific knowledge about the
proper preparation of the plants used, being performed according to the empirical knowledge

transmitted to them. Thus, it is worth emphasizing that the use of empirical extraction
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techniques to obtain the preparation of use may invalidate the therapeutic action of the plant
(82).

As for the place of purchase of vegetable raw materials, markets and open markets
predominated (33.33%), results compatible with ethnobotanical studies and national
ethnopharmacologists, which show greater acquisition of plant material for medicinal
purposesin markets/fairs and home gardens/backyard (38, 42, §83).

Both the acquisition of plants for therapeutic purposes in markets and fairs as well as
home cultivation present risks to users, mainly related to the parameters of authenticity,
integrity and purity of the plant material, which should guarantee the quality of the preparation
to be used, and consequently, patient safety (84,85).

One of the biggest problems encountered during the marketing of natural medicinal
products is the inadequate storage, which exposes plant material to dust, heat, moisture, insects,
rodents and microorganisms (86), common situation in informal trade in markets and fairs (84).
In the case of home garden purchase, adequate conditions must be ensured in cultivation,
harvesting, drying and storage (87).

In the informal acquisition of plants for therapeutic purposes, it is important to
emphasize that product quality begins with the correct botanical identification of plant material,
a lack of scientific knowledge and morphological similarities between species can lead to the
population consuming a plant, believing that it is another, with different chemical composition,
interfering with the desired therapeutic effect and may cause intoxication (88, 89).

It is noteworthy that, even when properly identified, acquired and prepared, the popular
use of a plant species for medicinal purposes cannot still be considered safe, because according
to ANVISA, a whole plant, crushed or pulverized, in natura or after collection, drying and
stabilization, cannot be classified as an herbal medicine without first going through all the steps
of a validation study (90).

Asked about location and storage utensils and the frequency of administration of the
preparation used for weight loss, the majority of respondents (60.49%) keep the preparations in
the refrigerator and mostly store them in plastic deposits (66.67%). The predominant frequency
of use was more than 03 times a day (39.51%). Inadequate preparation location, utensil and
storage time may contribute to possible acute or chronic poisoning and may lead to variations
in the concentration of active ingredients (89).

The immediate need for results when it is desired to lose weight combined the lack of
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standardized dosage for each plant species and the lack of potential adverse effects, intensifies
the use of preparations of plant origin for several times a day, increasing the chances of
poisoning and/or manifestation of adverse reactions, offering risks to user safety (91).

Regarding the level of satisfaction with the use of plant species for weight loss, the
interviewees reported having a good effect (64.2%). When asked about knowledge about
toxicity, hazards or risks in the use of plant species for weight loss, all respondents reported
ignorance about dangers in the use of plants.

Ethnopharmacological studies show that the majority of the population is unaware of
the risks and dangers associated with the use of plants as a therapeutic resource (16, 26); this
should alert to the lack of safety in the irrational use of plant species, due to the intrinsic
characteristics of each species, which may have toxic substances in their composition, as well
as the use of poor-quality material and inadequate dosages (92).

A study by Rocha et al. (2017) (93) states that the consumption of the most commonly
used weight loss preparations (hibiscus tea, mate tea and green tea) may pose a risk to public
health, given the potential toxicity found in the Allium cepa L. test, demonstrating the need for
studies that evaluate the toxicity of these species in other models, to clarify possible toxic
damages resulting from the consumption of these teas and other preparations.

Still, regarding the lack of knowledge reported by the interviewees in this study about
toxicity, danger or risk in the use of the plant for weight loss, it is worth mentioning the
occurrence of four (4) citations of the use of Aleucites moluccana (L.) Willd. (Indian nut)
species that, although not proven effective, was widely marketed and advertised with an
indication for weight loss, but after cases of poisoning and deaths resulting from its use, with
great repercussion in social media, ANVISA banned, throughout the national territory, the
manufacture, marketing, distribution, importation and dissemination of products containing
Indian walnut in its composition (94).

It is known that active substances present in some plant species can act in the body as
appetite suppressants or metabolism accelerators, resulting in lower food intake and producing
diuretic, lipolytic and antioxidant actions (13, 95), it is necessary to emphasis, both in the
definition of species authenticity parameters, as well as in toxicity and therapeutic action studies
(17).

The interviewees mentioned, by their vernacular names, 29 plants for weight loss, with

only 7 natives to Brazil, distributed in 24 families, with Asteraceae, Euphorbiaceae, Fabaceae,
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Lauraceae and Myrtaceae accounting for 34.5% of the species, with 02 (two) citations each.
The diversity of plants for weight loss or as anti-obesity agents, although without scientific
evidence of efficacy and safety, is also found in studies (17, 18, 96, 97).

The characterization of the popular use of plants for weight loss in the study sample,
with evidence of several improper conditions identified here, should alert to the awareness of
the full exercise of Pharmacovigilance in Phytotherapy; this requirement has been emphasized
for over a decade, in a study by Silveira et al. (2008) (98) when the problem was already
emerging, but still incipient in the country and in the world.

Despite the recognition of the increased use of plants and their derived preparations in
contemporary society, as well as the few safety and efficacy studies, especially with clinical
trials, there is little information on adverse events and technical complaints with medicinal and
herbal medicines. This situation is aggravated by the lack of training of health professionals
who work directly with the user to retrieve such information (99).

Thus, understanding Pharmacovigilance as a science that refers to the detection,
evaluation, understanding and prevention of adverse effects or any drug-related problems (100),
enabling early detection of known or unknown adverse events, and monitoring possible
increases in their incidence; evaluating the benefits and risks of the product to ensure quality,
safety and efficacy compatible with rational use (101), it is feasible that implementation of an
effective Pharmacovigilance system in the area will minimize such risks (102, 103).

The species most cited by respondents were Camellia sinensis (L.) Kuntze (30.47%),
Hibiscus sabdariffa L. (21.09%) and Baccharis trimera (Less.) DC (15.63%). In addition to the
higher citation frequency, as they were also the species that obtained the highest indices in the
IVs and UCs calculations, which measure the degree of agreement among informants on the

importance and usefulness of each species, respectively (Table 2).
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Table 2. Plant species and their parts used for weight loss cited by selected users of public health services in Sdo Luis, Maranhao, Brazil by order of
citation, relative citation frequency, importance value and use consensus value.

Relative Use

Botan;c:Ilnli\i;me " Regional Vernacular Name  Used part Cglz;tio*ns freg:l;tlilgz of IVI:lllI:l Oer:?‘n]z; co:z:::us
(FRC) (UCs)
Camellia Sﬁee’;iiesa(eh) Kuntze green tea leaf 39 0.3047 0.2344 0.6142
Hibiscus sabdariffa L. hibiscus/vinegar flower 27 0.2109 0.1406 0.4252
Baccharis :;itl:ricéa(eLess ) DC carqueja aerial parts 20 0.1563 0.0781 0.3150
SOla”“S”;I’:If;ZZfs”“ L. eggplant fruit 13 0.1016 0.0703 0.2047
Hancoizéaoif;izico;;’eGomeS mangaba leaf 10 0.0781 0.0625 0.1575
A””Z’zi (’Zl’f;”c’g:é“ L soursop leaf 8th 0.0625 0.0469 0.1260
T amai{’;ﬁﬁ e";”jica L tamarind leaf 7th 0.0547 0.0391 0.1102
Zingibezriggi?gézgéiafzoscoe : ginger root 5th 0.0391 0.0234 0.0787
Morinda citrfoia L. noni leaf 5th 0.0391 0.0234 0.0787
Brassica oleracea L. cabbage leaf 5th 0.0391 0.0156 0.0787
Senna ajexandring Mill senna leaf 4 0.0313 0.0156 0.0630
Aleurites moluccanus (L.) Willd Euphorbiaceae nut india seed 4 0.0313 0.0234 0.0630

(*) Plants referred to by respondents by regional/local vernacular name ; (**) Respondents reported more than one therapeutically employed plant species
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Table 2. Plant species and their parts used for weight loss cited by selected users of public health services in Sdo Luis, Maranhao, Brazil by order of
citation, relative citation frequency, importance value, and use consensus value (continued).

Botan;c:Ilnli\i;me * Regional Vernacular Name Used part CZ::;)ti&ns fr:}]eulzltllcv; of IVI::lI:l (;rgl‘n,;‘,;: COHE:IeISUS

citation (FRC) value (UCs)
Eq“’é:ﬁ‘i’:ef’g::se L horsetail leaf 3 0.0234 0.0156 0.0472
Qgﬁi‘:z)ﬁg; ‘Z:’;‘;i" lieutenant stick bark 3 0.0234 0.0156 0.0472
M‘;\’/’[ ’gsr; Lé’;’; fé L. blackberry leaf 3 0.0234 0.0078 0.0472
Cynara cardnculus L. artichoke leaf 2 0.0156 0.0078 0.0315
Tlex flizlragAu(i;l;ﬁffC A5t yerba mate leaf 2 0.0156 0.0000 0.0315
Eugelﬁc; uniffora L. Pitanga leaf 2 0.0156 0.0156 0.0315
Citrus xclamon (1) Osbeck Lemon fruit I 0.0078 0.0078 0.0157
Syzygi”ml\zz:;’zgg) Skeels black olive leaf I 0.0078 0.0078 0.0157
Qctnmum basilicum L. alfavaca leaf 1 0.0078 0.0000 0.0157
Aioe vera (L) Bum . £ aloe vera leaf 1 0.0078 0.0078 0.0157
Cinnamonum verun | Presl cinnamon bast 1 0.0078 0.0000 0.0157
Averrioa carambola L. star fruit leaf 1 0.0078 0.0078 0.0157

(*) Plants referred to by respondents by regional/local vernacular name ; (**) Respondents reported more than one plant species employed therapeutically
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Table 2. Plant species and their parts used for weight loss cited by selected users of public health services in Sdo Luis, Maranhao, Brazil by order of
citation, relative citation frequency, importance value, and use consensus value(continued).

Botanical Name * / . Citations Relative Importance Use
Famil Regional Vernacular Name Used part (n) ** frequency of value (IVs) consensus
y citation (FRC) value (UCs)
La”{gfl r’:ﬁ Zés L. blond leaf 1 0.0078 0.0078 0.0157
Carya ’”’”‘””ﬁfgl’;n(gj‘:ageenh ) K.Koch nut - pecan leaf 1 0.0078 0.0000 0.0157
E”pgl‘i;fl’o“r 1?1; ’é"eileh L. naked cock leaf 1 0.0078 0.0078 0.0157
Cord"ésf:gg;‘g;‘; Vell. pholia-magra leaf I 0.0078 0.0000 0.0157
P hygﬁ‘;’i’f:;‘tsh’a"éz L;’;’ L. stone breaker root 1 0.0078 0.0000 0.0157

(*) Plants referred to by respondents by regional/local vernacular name ; (**) Respondents reported more than one plant species employed therapeutically
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Camellia sinensis (L.) Kuntze

Camellia sinensis (L.) Kuntze (Theaceae) is a shrub of Asian origin; with simple and
alternating leaves, serrated margins and leathery texture (104, 105). The different production
processes used in the species originate the so-called green tea, black tea, white tea, Indian tea,
among others (106, 107), representing one of the most consumed beverages in the world (108).
Green tea is obtained by partial fermentation of young leaves, collected before full maturation
(109, 110).

Local Study not yet published, of Pharmacovigilance in Phytotherapy proves that
Camellia sinensis (green tea) capsules and dry drug capsules are the most frequently marketed
preparations for weight loss in pharmaceutical establishments in the capital of Maranhdo but
showing poor product quality due to the presence of foreign material and loss of chemical
integrity (111).

Chemical studies prove that green tea consists of 10-25% proanthocyanidins, gallic acid,
flavonoids (kaempferol, quercetin, and myricetin) and catechins, highlighting simple catechin,
epicatechin, epicatechin gallate, epigallocatechin and epigallocatechin gallate (112-115).
Methylxanthines (mainly caffeine), proteins, hydrolyzable tannins, vitamins (B1, B2 and C),
minerals, essential oils, among other compounds are referred by Cunha et al. (2013) (116).

Catechins, especially epigallocatechin gallate, concentrate the greatest interests and
investigations in the species (114), since their intake is easily absorbable, being attributed to
such constituents the main pharmacological activities as: antioxidant, anti-inflammatory,
antitumor, antidiabetic, antibacterial, antiviral, thermogenic and in particular anti-obesity (108,
117-119).

Some mechanisms of action on weight loss have been described for Camellia sinensis,
including pancreatic lipase inhibition (120, 121), decreased appetite (122), negative
interference with adipogenesis (123), increased thermogenesis (124) and lipid metabolism.

Given the representativeness of the practice of physical activities for weight loss, a study
compared the intake of green tea with physical exercises, demonstrating that fat oxidation
during a race was higher in rats supplemented with green tea extract than in the group without
supplementation (125).

Lu et al. (2012) (123) in experiments conducted with animals in resting conditions,
demonstrated that the species can act in the reduction of body mass, noting lower gain of

bodymass in animals supplemented with green tea extract and maintained on a hyperlipidic
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diet when compared to the control group without supplementation. A similar study (126)
demonstrated that green tea supplementation associated with normolipid diet does not promote
a significant reduction in body mass, leading to the assumption that diet may influence the
effects of Camellia sinensis on this activity.

A clinical study evaluating green tea and weight loss, conducted with 03 groups in
different treatment (green tea extract, isolated caffeine or placebo/03 times daily) with
monitoring of energy expenditure and respiratory tract fat oxidation by 24 hours, demonstrated
higher lipid oxidation and a 4% increase in energy expenditure in the green tea group when
compared to the caffeine and placebo groups (127). Berube-Parent et al. (2005) (128)
demonstrates, however, that although supplementation caused an increase of approximately 8%
in energy expenditure, no higher fat oxidation was observed with the use of green tea. A 12-
week double-blind trial indicated a significant reduction in body weight, BMI (body mass
index), waist circumference, fat mass, and subcutaneous fat area in participants ingesting green
tea containing 690 mg catechins when compared to a control group in which the tea had only
22 mg catechins (129). Similar results were also observed with green tea supplementation in
adults (129, 130-133) and adolescents (134).

Clinical studies show that the use of green tea associated with exercise in the short and
medium-term (1 to 28 days) causes lipolysis increase (114, 135, 136), however, no increase in
fat oxidation was observed (136-138).

It is worth emphasizing that although with benefits in weight loss, consumption of green
tea, especially in excess, can cause liver dysfunction, gastrointestinal problems, insomnia,
hyperactivity, hypertension and increased heartbeat (139-141). Hepatotoxicity related to green
tea intake has been described in the literature (142-143).

In a study (144) evaluating the action of green tea extract in rat hepatocyte cultures,
found low toxicity in vitro and Rocha et al. (2017) (93) demonstrated that green tea induces
toxicity in meristem cells of Allium cepa L. Despite evidence of toxicity, several studies claim
that Camellia sinensis leaf infusion is harmless from the point of view of toxicity, but plant
extract products have shown a high hepatotoxic effect (145-151).

Catechins, related to the beneficial effects of green tea are also pointed as the toxicity
promoters of the species, especially epigallocatechin gallate that can present variable
concentrations in the final product, according to the processing method to obtain it (149, 150).

Gamboa-Gomes et al. (2015) (96) report that Camellia sinensis is among the plants with
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the largest number of chemical and biological studies. Although they show benefits in the
consumption of green tea, differences in the results should stimulate the continuity of studies
with the species, aiming to prove the therapeutic efficacy and safety in use, especially with

standardization of the extraction process and dosage.

Hibiscus sabdariffa L.

The species belongs to the family Malvaceae, originating from Africa and Asia (152)
being cultivated in drier climates in the tropical and subtropical regions of both hemispheres.
In Brazil, it arrived through the African slave trade (153), being popularly known as hibiscus,
poppy, flower of Jamaica, sorrel, sour okra, vinegar, among others (154, 155).

The hibiscus has as a striking feature the red coloration of the calyx and epicalice of
its flowers, with elongated petals, reaching up to 2.4 m height (156). It is one of the most
cultivatedflowers in the world (157), mainly because it is widely used in the preparation of teas
and otherdrinks (158).

The composition of hibiscus can be highlighted the presence of polyphenolic acids,
flavonoids, arachidic acid, citric acid, stearic acid, malic acid, as well as pectins, phytosterols,
anthocyanins and vitamins E and C (159, 160).

The chemical composition, low cost and easy handling of the species, stimulate its
exploration and use for therapeutic purposes, including different proven biological actions, such
as: anti-inflammatory and anti-cariogenic (161), immunomodulatory (162), hepatoprotective
and antibacterial (163), hypocholesterolemic and antihypertensive (164), cardioprotective
(165), diuretic (166), besides improve tissue resistance to insulin (167).

Being a species rich in antioxidants, especially given high concentrations of flavonoids,
it has a cardioprotective and vasodilating effect, increasing HDL, decreasing LDL, triglycerides
and blood pressure, with widespread popular use for obesity treatment (168).

Alarcon-Aguilar et al. (2007) (169) demonstrated that administration Hibiscus
sabdariffa aqueous extract of chalices (120 mg/kg/day) in obese rats for 60 days decreases body
weight and attenuates the induced hepatic steatosis by monosodium glutamate. Gamboa-Gomez
et al. (2014) (170) reported that flower infusions (1% p/ m) of Hibiscus sabdariffa administered
for 16 weeks in obese rats resulted in reduced body weight and adipose tissue.

In clinical trials (171) with obese individuals between 18 and 65 years, report anti-

obesity effect after consumption for 12 weeks of hibiscus extract, with reduced body weight,
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BMI, body fat and waist-hip ratio. Another experiment with obese adults showed that the
administration of aqueous infusion prepared with Hibiscus sabdariffa chalices significantly
reduces body mass index, without changing their appetite or satiety, leading to the association
of this result with a possible thermogenic effect of the species (172).

Uyeda (2015) (168) states that one of the possible mechanisms of action of hibiscus in
weight loss may be related to the reduction of adipogenesis, that is, preventing pre-adipocyte
cells from being converted into mature adipocytes, and then fat deposition, especially in the
abdominal region.

Following the recommended weight loss protocols, it is believed that hibiscus tea is
effective in reducing weight, especially when associated with a balanced diet and frequent
exercise, favoring the speed of energy metabolism (173).

In the composition Hibiscus sabdariffa, in addition to the numerous antioxidant
substances, is present the xanthine, a purine base that can lead to irritation of the gastric mucosa,
causing abdominal pain and cramps (174). These symptoms are reported by 24% of hibiscus
patients in a study (175).

Toxicity study (93) demonstrated that hibiscus tea causes inhibition of root growth of
Allium cepa L. The toxicological potential of the Hibiscus sabdariffa calyxes was also
evidenced in mouse trials with a high dose (2.3 g/kg), causing liver problems and in the male
reproductive system of these animals, reducing their fertility (176).

Studies by Guimaraes et al. (2013) (177) and Rubira et al. (2016) (178) demonstrate the
effects of hibiscus tea on the female reproductive system, promoting relaxation of the uterine
muscles, causing spontaneous abortions and interfering with the hormones balance such as
estrogen and progesterone, reinforcing the attention on its consumption by women, especially
pregnant or in the lactation period.

Thus, despite the potential Hibiscus sabdariffa to contribute to the weight loss process,
the number of studies that prove its weight loss action and ensure its safe use is still scarce,

emphasizing the need to develop validation studies with the species.

Baccharis trimera (Less.) DC
It represents one of the most important species among the 500 genus Baccharis, which
belongs to the Asteraceae family; having as popular names: carqueja, bacanta, baccarida,

cacalia, bitter cacalia and broom (179). The species is native to Latin America, from southern
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Mexico to Argentina, widespread throughout Brazil especially in the south of the country (180).

The inflorescences are of the chapter type, arranged laterally in the branches, whitish in
color (181). The chemical composition of carqueja is considered “regioselective”, that is, it
varies according to the part of the plant. In general, the most frequently found compounds in
the species are the flavonoids: quercetin, isoquercetin, quercitrin, epicatechin, catechin,
Kaempferol, apigenin, luteolin and rutin (182, 183) and terpenoids, as monoterpenes,
sesquiterpenes, diterpenes and triterpenes (180, 184, 185).

Several popular therapeutic uses are reported (181, 186) and proven for Baccharis
trimera, among them: hypoglycemic (187, 188), hepatoprotective (189), digestive, anti-ulcer,
antacid and analgesic (190), anti-inflammatory (191), antimicrobial (192) and antioxidant
(193).

Popularly, carqueja leaf infusion is widely used for weight loss (17, 194), with action
associated with flavonoids, mainly rutin and quercetin, which besides weight loss, are related
to the reduction of serum cholesterol levels and oxidative stress (17, 195).

Experiments performed by Souza et al. (2011) (196) revealed that methanolic extract
from carqueja stems has a high inhibitory action on pancreatic lipase in vitro. Souza et al. (2012)

(197) confirmed this action in an in vivo test, suggesting the inhibition of pancreatic
lipase as a mechanism related to weight reduction, as it promotes lower absorption of
triglycerides.

Recently, an in-silico study showed that among the phenolic compounds present in
Baccharis trimera, epicatechin appears to be the substance with the highest inhibitory power
for pancreatic lipase, with a drug-score index of 0.87, which indicates that the molecule contains
predominantly pharmacophoric groups frequently found in drugs, being approximately eight
times greater than orlistat (0.11), the only anti-obesity drug that has been shown to inhibit
pancreatic lipase (183).

Montera and Pimentel (2017) (198) verified that a 59-year-old female patient with a
diagnosis of pre-established metabolic syndrome using carqueja tincture, combined with a
healthier diet and exercise, showed a reduction in both weight and levels of insulin and
inflammation markers (199). Baccharis trimera may contribute to the treatment of metabolic
syndrome by its hypoglycemic effect (187), hepatoprotectants (200), antioxidant and anti-
inflammatory (201, 202) and hypotensive (203).

The study by Souza et al. (2012) (197) to evaluate possible toxic actions in the liver by
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methanolic carqueja extract, evidenced by histological analysis, mild vacuolization in
hepatocyte cytoplasm only in animals that received 50 times higher dose than recommended
for humans for weight loss (500 to 1000 mg/day), suggesting the onset of hepatic steatosis or
increased liver glycogen accumulation if carqueja is consumed excessively.

A previous study demonstrates that the species has low oral toxicity and moderate
intraperitoneal toxicity proven by the administration of carqueja extract in rats, causing
abortifacient effect and showing to be contraindicated during gestation and lactation (204).

It is noteworthy that extracts of Baccharis trimera offer risks of agonist interaction, both
with antihypertensive drugs (205), as well as with protein synthesis inhibitors (tetracycline,
chloramphenicol) (206).

Despite proving to be a potentially effective and safe species, further studies are still
lacking to standardize its extractives and evaluate the forms of preparation of Baccharis
trimera, especially directed to those most commonly used by the population; in addition to

determining doses that do not offer risks to patients, mainly due to their interactive features.

4. Conclusion

The profile of plant users for medicinal purposes in this study reflects a break in
isolation between the traditional and the modern; with a predominance of users characterized
by a younger urban population and a higher level of education, contrary to most
ethnopharmacological studies.

The change in profile may be justified by the therapeutic use investigated in the
sample, because weight loss has become a common desire, aimed not only by obese
individuals and in search of a better quality of life, but aiming to meet the current beauty
standard, with body aesthetics being a determining factor for the exploration of the most
diverse resources available, whether they have scientific evidence or not.

In this sense, ethnopharmacology becomes essential, not only because it is known as
one of the best tools in the selection of plant species to be the target of therapeutic efficacy
and safety studies, contributing to the Research & Development of herbal medicines, but also
by contributing to the characterization. of the popular therapeutic use of plants with evidence
of inadequate conditions, alerting to the imminent need for effective Pharmacovigilance

actions in Phytotherapy.
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Resumo

Introdugdo: Hancornia speciosa Gomes (Apocynaceae) (nome vernacular: mangaba,
mangabeira) ¢ uma espécie de amplo uso popular terapéutico, com fruto comestivel, que
produz latex. A planta estd entre as 10 (dez) espécies do cerrado com prioridade de estudo e
de preservagdo pelo Ministério do Meio Ambiente do Brasil, pais de ampla e rica
biodiversidade. Esse trabalho objetivou revisar os estudos ja desenvolvidos com Hancornia
speciosa. Métodos: Foi realizado uma revisao de literatura, incluindo aspectos da taxonomia,
etnofarmacologia, atividade biologica, composi¢ao quimica e valor nutricional e toxicidade,
disponibilizados em bases de dados (Biological Abstracts, Chemical Abstracts, Medline,
Lilacs, Web of Science, Science Direct, PubMed, Food and Drugs Administration) e banco de
patentes. Resultados: A espécie tem diversas indicacdes populares de usos medicinais, com
estudos que comprovam atividade bioldgica como cicatrizante de feridas, anti-inflamatoria,
anti-hipertensiva, dentre outras. Compostos isolados como dacido clorogénico, L-(+) —
bornesitol, rutina, acido quinico, naringenina-7-O-glicosideo e proantocianidinas poliméricas
estdo envolvidos nas atividades biologicas. Discussao/Conclusdo: A fruta mangaba apresenta
um potencial nutricional, representando uma opg¢do de alimento saudavel e funcional. O
potencial medicinal da espécie ¢ reconhecido, mas ¢ evidenciado a necessidade de prosseguir
nos estudos farmacologicos e quimicos na perspectiva real de desenvolvimento de novos
fitoterapicos.

Palavras-chave: mangaba, atividade bioldgica, etnofarmacologia, terapia alternativa,
medicina tradicional, uso popular.

Abstract

Introduction: Hancornia speciosa Gomes (Apocynaceae) (vernacular name: mangaba,
mangabeira) is a widely popular therapeutic species with edible fruit that produces latex. The
plant is among the ten species of Brazilian cerrado with priority study and preservation by the
Ministry of the Environment of Brazil, a country with rich biodiversity. This study aimed to
review the studies already developed with Hancornia speciosa. Methods: was conducted a
literature review, comprising the taxonomy aspects, ethnopharmacology, biological activity,
chemical composition and nutritional value and toxicity, available in databases (Biological
Abstracts, Chemical Abstracts, Medline, Lilacs, Web of Science, Science Direct, PubMed,
Food and Drugs Administration) and patent banks. Results: The species has several popular
indications of medicinal uses in studies that attest the biological activity as an anti-
inflammatory, antihypertensive and others. Isolated compounds including chlorogenic acid,
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L-(+)-bornesitol, rutin, quinic acid, naringenin-7-O-glycoside and  polymeric
proanthocyanidins are involved in the biological activities. Discussion / Conclusions: The
mangaba fruit presents a nutritional potential, representing a healthy and functional food
option. It is recognized the medicinal potential of the species, but it's evident the importance
of continued pharmacological and chemical studies in the perspective of the development of
new phytotherapeutic drugs.

Keywords: mangaba, biological activity, ethnopharmacology, alternative therapy, traditional
medicine, popular use.

1 Introduction

Plant species use as an alternative treatment of several diseases has been a common
practice since ancient times, for example, the recognized Papaver somniferum L. (poppy),
described 4000 years ago. However, the search for bioactive compounds of vegetables started
in the XIX century, bringing the concept of first medicine with the technical features we know
actually. Friedrich Serturner, in 1806, was a pioneer with the isolation of morphine (poppy
alkaloid), a milestone that led to a continuous search of other medicines derived from plants
(Dutra et al., 2016). The potential of plant species is recognized by the World Health
Organization (WHO), with the recommendation to include traditional medicine in the health
sector (Ekor, 2014; Yigezu et al., 2014).

According to WHO, 80% of the population uses medicinal plants and derived
preparations for therapeutic purposes (Who, 2000; Who, 2004). In Brazil, it is estimated that
more than 90% of the population uses medicinal plants (Abifisa, 2007), other information also
reveals that the market of phytotherapeutics in the year 2011 amounted to R$ 1,1 billion,
being 13% higher than in the previous year and projected to increase the incoming in the
following years (Scaramuzzo, 2012).

Culture and tradition, access to natural resources and abundant biodiversity certainly
influence high plant consumption as a therapeutic resource and Brazil has prospects for
economic exploration of medicines and is one of the countries with the largest number of
species, representing around 19% of the world's flora (Benini et al., 2010; Guilhermino, 2015;
Valeriano et al., 2017).

Plant species have several metabolites with a large spectrum action, reflecting the high
therapeutic and economic value and should be considered primary sources of new medicines
with research priority (Yildirim et al., 2013; Mukherjee et al., 2015).

Data obtained from bibliographic reviews of ethnodirigid studies and a list of plants of
interest offer important subsidies for inclusion or exclusion criteria definition to continue the
validation studies in the perspective of obtaining new therapeutic alternatives (Amaral et al.,
2006; Vieira et al., 2014; Albuquerque et al., 2014; Couto et al., 2016).

Apocynaceae is a large family of tropical trees, shrubs and vines, mostly produce latex.
The secondary metabolites of their species are promising, with a variety of verified biological
activities, including cardioprotective, hepatoprotective, neuroprotective, anti-inflammatory,
anticancer and antimalarial properties (Chan et al., 2017).

The species Hancornia speciosa Gomes (Apocynaceae), popularly known as mangaba
or mangabeira, produces edible fruit, with latex production, representing a native species of
theBrazilian cerrado (Soares et al., 2007).

The pulp of mangaba is the main food product, consumed in natura or as raw material
for products manufacturing, including jams, ice cream (frozen), juice, jelly, sauce, wine and
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vinegar (Costa et al., 2011), attracting the interest of the industrial and commercial sectors
(Ganga et al., 2010).

Several ethnobotanical and ethnopharmacological studies mention the species, which
should stimulate the continuity of validation studies (Rodrigues and Carvalho, 2001; Macedo;
Ferreira, 2005; Silva et al., 2010a; Penido et al., 2016; Ferrao et al., 2014).

Pharmacological studies demonstrate anti-diabetic activity (Pereira et al., 2015; Dos
Santos et al., 2018), antihypertensive (Dos Santos et al., 2018; Silva et al., 2011; Silva et al.,
2016), cicatrizing (Geller et al., 2015), anti-inflammatory (Marinho et al., 2011; Torres- Régo
et al.,, 2016), intestinal anti-inflammatory (Reis et al., 2019), antimicrobial and antifungal
(Costa et al., 2008; Silva et al., 2010b), anti-Helicobacter pylori, gastroprotective and
antiulcerogenic (Moraes et al., 2008), antiobesity (Dos Santos et al., 2018), among others.

Due to the required to catalog information on natural products for research direction in
the perspective of obtaining new bioproducts based on Hancornia speciosa Gomes, this article
aimed to review the studies developed with the species, with emphasis on the ethnobotany,
ethnopharmacology, biological activity, chemical composition, nutritional value and toxicity.

2 Material and methods

The survey was conducted with databases (Biological Abstracts, Chemical Abstracts,
Medline, Lilacs, Web of Science, Science (Biological Abstracts, Chemical Abstracts, Medline,
Lilacs, Web of Science, Science Direct, PubMed, Food and Drugs Administration) and patent
banks (INPI, USPTO, GOOGLE PATENTES) using as descriptors: Hancornia, Hancornia
speciosa and its Dbotanical synonyms, mangaba and mangabeira, taxonomy,
ethnopharmacology, ethnobotany, popular use, biological activity, chemical composition,
nutritional value, pharmacognosy, species conservation and toxicity. The research was
performed with boolean operators AND and OR. The inclusion criteria were: original articles
available in full, thesis and dissertations, published in any language, in the period of 1945 to
2019. Were excluded: monographs, technical reports, abstracts and articles repeated in different
databases.

3 Results and discussion

3.1 Geographic distribution

Hancornia speciosa is a native species of Brazil, with spontaneous occurrence in the
southeast (Espirito Santo, Minas Gerais, Rio de Janeiro and Sao Paulo), north (Amazonas,
Amapd, Para, Rondonia e Tocantins), northeast (Alagoas, Bahia, Ceard, Maranhdo, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte e Sergipe), midwest, (Distrito Federal, Goias, Mato
Grosso do Sul and Mato Grosso) and south (Parana), with possible chance to appear in the north
of the country (Acre, Amazonas ¢ Roraima) (Koch et al., 2015).
Its phytogeographical domains occur in Amazon, Caatinga, Cerrado and Atlantic Forest
and more precisely in the Rupestre Field, Cerrado (lato sensu) and Amazonic Savannah
vegetation (Koch et al., 2015).

The species commonly occurs in sandy and poor soils, specifically in the cerrado region

and coastal plains, characterized by low organic matter, high acidity and low availability of
nutrients (Soares et al., 2005).

3.2 Morphological description
The plant is a medium-sized perennial and semi-deciduous tree with a height ranging
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from 2 to 15 meters (Monachino, 1945; Souza and Lorenzi, 2005), irregular canopy, twisted
and highly branched stems with rough trunks (Almeida et al., 1998).

Similar to other species of the Apocynaceae family, the unripe fruits of Hancornia
speciosa produce latex, known as mangaba milk (Lima and Scariot, 2010). The plant presents
opposite leaves, simple and petiolate, with inflorescences ranging from 1 to 7 white flowers
(Soares et al., 2005).

The flowers of Hancornia speciosa, as the majority of the Apocynaceae family, have
the head style functionally divided in a sterile apical part, where the pollen is deposited, a central
portion and sterilized, which produces a sticky mucilage and a receptive basal portion. The
flowers are pentamerous, radially divided into five channels of nectar by the five staminal
filaments (Schick, 1982; Darrault and Schlindwein, 2005, Darrault and Schlindwein, 2006). In
general, flowering takes place from August to November (Lima and Scariot, 2010).

Its fruit has a variable feature, the shape is ellipsoidal or rounded berry type (Aguiar
Filho and Bosco, 1998), are fragile, yellow exocarp or greenish with reddish spots, soft, sweet,
viscous fleshy (Vieira Neto, 2002; Silva Junior, 2004; Soares et al., 2005; 2007; Cardoso et al.,
2014), the average weight of the fruit is 53.9 g (Cardoso et al., 2014), the diameter varies from
2.4t0 6.2 cm and its length from 2.3 to 6.7 cm (Cardoso et al., 2014). The fruiting occurs from
October to April and may vary according to each zone (Lima and Scariot, 2010).

The pulp is acid, weighs around 25 g (Silva Junior, 2004) and the seeds are flattened
and discoid, with a light-brown or beige coloration, with 2 to 15 seeds of 7 to 8 mm (Lederman
et al., 2000; Soares et al., 2005; Cardoso et al., 2014).

3.3 Anatomical characteristics

The stem bark of the mangaba it is lactiferous, as most species of the family, with an
average thickness of 8 mm (Metcalfe, 1967; Arruda et al., 2016). In the histological analysis,
the lactiferous were more frequent in the internal region, which validates the importance of the
correct cut for latex collection, since it must be deeper to achieve the largest quantity of
lactiferous (Arruda et al., 2016).

The species anatomical studies are scarce so far, concentrating on the lactiferous of the
stem bark, evidencing the need for studies in other organs to determine parameters that support
the evaluation of the species identification.

3.4 Traditional use

Hancornia speciosa species is usually used for several therapeutic purposes in popular
practice and predominate ethnopharmacological studies that evidencing the use for
dysmenorrhea and diabetes (leaves), skin diseases, diabetes and obesity (stem bark), ulcer,
tuberculosis and tensions and dislocations (latex) (Table 1).
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Table 1. Indications of popular therapeutic use of Hancornia speciosa Gomes

Pharmacogenic Use indication Reference(s)

Leave dysmenorrhea Almeida et al., 1998; Silva Junior, 2004; Souza and Felfili, 2006
obesity Almeida et al., 1998; Souza and Felfili, 2006; Dos Santos et al., 2018
wart Almeida et al., 1998; Souza and Felfili, 2006
hypertension Ferrdo et al., 2014; Grandi et al., 1982
diabetes Almeida et al., 1998; Grandi et al., 1982; Souza and Felfili, 2006;
diseases of the genitourinary tract Monteles and Pinheiro, 2007
rheumatism and hypertension Hirschmann and Arias, 1990

Root wounds® Hirschmann and Arias, 1990

purgative, dermatoses, jaundice, uterine Fernandes, 2009
diseases, cause menstrual and astringent flow

brave wound (tegumentary leishmaniasis) ° Hirschmann and Arias, 1990
Stem bark skin disease, acne Costa et al., 2008; Da Silva et al., 2010; Fernandes, 2009; Lima, 2010; Rodrigues and Carvalho, 2001
purgative Fernandes, 2009
hepatic stimulant, icterus Lima, 2010; Fernandes, 2009
obstruction of the liver Fernandes, 2009
obesity Da Silva et al., 2010; Grandi et al., 1982; Rodrigues and Carvalho, 2001; Santos, 2013; Silva et al., 2010;

gastric ulcers, stomach disorders and Almeida et al., 1998; Penido et al., 2016
inflammatory processes

tuberculosis Agra et al., 2007

colic Agra et al., 2007
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Table 1. Indications of popular therapeutic use of Hancornia speciosa Gomes (continued)

Bast

Fruit

Tree trunk latex

uterine diseases

respiratory diseases

astringe action
cramps
dislocations
hypertension
diabetes
wound healing
inflammation
hyperlipidemia
obesity
hypertension
dislocations
cramps

ulcers

tuberculosis

inflammatory diseases

diabetes

stimulant of liver function

ulcer

Fernandes, 2009

Agra et al., 2007

Almeida et al., 1998; Silva Junior, 2004
Almeida et al., 1998

Almeida et al., 1998

Almeida et al., 1998; Souza and Felfili, 2006
Da Silva et al., 2010; Macedo and Ferreira, 2004; Rodrigues and Carvalho, 2001
Penido et al., 2016

Penido et al., 2016

Silva et al., 2010

Silva et al., 2010

Souza and Felfili, 2006

Souza and Felfili, 2006

Souza and Felfili, 2006

Sampaio, 2008

Sampaio, 2008
Sampaio, 2008

Fernandes, 2009
Potts and Potts, 1994

Agra et al., 2007; Fernandes, 2009; Lima, 2010; Marinho et al., 2011; Sampaio and Nogueira, 2006;
Silva Janior, 2004
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Table 1. Indications of popular therapeutic use of Hancornia speciosa Gomes (continued)

gastric protection Sampaio and Nogueira, 2006;

tuberculosis Agra et al., 2007; Fernandes, 2009; Lima, 2010; Marinho et al., 2011; Sampaio and Nogueira, 2006;
Silva Junior, 2004

acne Ferreira et al., 2007; Potts and Potts, 1994

diarrhea Silva Junior, 2004

herpes Fernandes, 2009; Silva Janior, 2004

worms Fernandes, 2009

inflammation Potts and Potts, 1994; Silva Junior, 2004

tensions and dislocations Fernandes, 2009; Potts and Potts, 1994; Ribeiro et al., 2014; Silva Junior, 2004

blow, inflammation of the uterus, stomach Ribeiro et al., 2014
pains, gastritis, varicose veins, hernia
(abdominal), ulcer, inflammation, healing,
cancer, uterine myoma, inflammation of the

skin

fungal diseases Marinho et al., 2011; Santos et al., 2007
lung discases Fernandes, 2009; Vila Verde et al., 2003
cramps Agra et al., 2007; Vila Verde et al., 2003

2 The species is used by decoction together with Manihot tripartita Miill. Arg. (quiabinho);
® The species is used by decoction together with Campomanesia rufa Berg. (gabiroba) and Manihot tripartite Miill. Arg. (quiabinho).
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3.5 Chemical components and nutritional value

Identification researches with several classes of secondary metabolites have been
developed with leaves, bark, fruit and latex from the tree trunk (Table 2).

Chemical studies of Hancornia speciosa leaf indicated the presence of terpenoids,
steroids and tannins (Honda et al., 1990; Brandao et al., 2011) and xanthine (Brandao et al.,
2011), also the presence of L - (+) - boronazole, quinic acid, chlorogenic acid and kaempferol,
quercetin, isoquercetin, rutin and catechin flavonoids (Santos et al., 2016; Endringer, et al.,
2009; Pereira et al., 2015). Bastos et al. (2017) identified other phenolic compounds in the
leaves, including caffeic acid, isomers of protocatechuic acid, epicatechin, quercetin, type B
and type C procyanidins, 3-0- (€) -p-coumaroyl, phlorizin, phloretin, eriodictyol, luteolin and
apigenin.

In the mangaba bark was identified the proanthocyanidins by Brandao et al. (2011), and
Moraes et al. (2008) verify in the ethanolic extract from the bark the presence of metabolites
such as flavonoids and tannins (proanthocyanidins) and alkaloids.

The chemical screening of mangaba’s fruits indicates the presence of phenols
(flavonoids and condensed tannins) and alkaloids (Assumpgao et al., 2014), in the fruit pulp
was confirmed the presence of phenols (flavonoids) (Lima et al., 2015) and in the latex of the
tree trunk, phenols (dos Santos Neves et al., 2016).

Were identified volatile compounds, including aldehydes, esters, alcohols, ketones and
monoterpenes (Sampaio and Nogueira, 2006) and monoterpenes (Assumpgao et al., 2014) in
three maturation stages of mangaba fruit.

Mangaba fruit is considered an excellent source of bioactive compounds due to the
large concentration of phenolic compounds and represents an important functional food (Bailao
et al., 2015), being a health ally, participating in the balance for bio-homeostasis (physical and
mental sphere) and reduces the risk of chronic degenerative diseases (Mitsuoka, 2014).
Therefore, mangaba represents promising nourishment for the pharmaceutical and nutraceutical
industry (Baildo et al., 2015).

Carotenoids, vitamin C, vitamin E and folates present in mangaba pulp were elucidated
(Cardoso et al., 2014) and representing important components involved in several biological
processes and against diseases, as antioxidant power, energy metabolism, collagen production,
as well against chronic and degenerative diseases including cancer and cardiovascular diseases
(Picciano et al., 2009). Besides, mangaba can be considered as an excellent source of vitamin
C and folate for children, adults and pregnant women and a source of vitamin E for children
(Cardoso et al., 2014).

Studies of the nutritional value of Hancornia speciose are exclusively from the
mangabeira fruit (Silva et al., 2017). Concerning the chemical characteristics of mangaba pulp,
it presents 64.8 = 5.1 g-100 g of calories, 2.3 £ 0.2 g-100 g of carbohydrate, 11.6 + 0.8 g-100
g of fiber, 0.8 £ 0.1 g-100 g!' of protein, 1.7 £ 0.1 g-100 g™ of lipid, 0.6 + 0,1 g-100 g™ of ash,
3.6+0.1g100 g'of pH, 0.8 £ 1.2 g-100 g! of citric acid with titratable acidity and 15.1 £1.1°
g-100 g™! of Brix soluble solids (Cardoso et al., 2014).

The fruit presents high nutritional value because it is rich in vitamin A, B1, B2, and C,
as well as phosphorus, calcium and protein (Barros et al., 2006).
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Table 2. Chemical composition of Hancornia speciosa Gomes

Pharmacogenic

Chemical compost

Reference(s)

Leave

Quinic acid

Protocatechuic acid O-hexoside
Protocatechuic acid
(+)-Catechin

Chlorogenic acid

Caffeic acid
(—)-Epicatechin

Rutin

B-type procyanidin
3-0-(e)-P-coumaroylquinic acid
C-type procyanidin
3-0-(z)-P-coumaroylquinic acid
Quercetin 3-O-hexoside
Quercetin 3- O-pentoside
Quercetin 3- O-rhamnoside
Phlorizin

Phloretin

Eriodictyol

Luteolin

Apigenin

Kaempferol
Trihydroxy-octadecadienoic acid
Dihydroxy-octadecadienoic acid
Hydroxy-octadecatrienoic acid
Quercetin

Isoquercetrin

Kaempferol-rutinoside

Endringer et al., 2009; Pereira et al., 2015;
Santos et al., 2016 Bastos et al., 2017

Bastos et al., 2017
Pereira et al., 2015; Bastos et al., 2017
Santos et al., 2016; Bastos et al., 2017

Pereira et al., 2015; Santos et al., 2016;
Bastos et al., 2017

Bastos et al., 2017
Bastos et al., 2017

Ferreira et al., 2007b; Endringer et al., 2009;
Pereira et al., 2015; Santos et al., 2016;
Bastos et al., 2017

Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Pereira et al., 2015; Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Bastos et al., 2017
Santos et al., 2016
Santos et al., 2016
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Table 2. Chemical composition of Hancornia speciosa Gomes (cont.)

Pharmacogenic

Chemical compost

Reference(s)

Leave

Catechin- pentoside
L-(+)-bornesitol

Per-o-acetyl-11-(+)-bornesitol

Myo-inositol

Scyllo-inositol

B-d-galactoside-myo-inositol

Santos et al., 2016

Endringer et al., 2007; Endringer et al.,
2009; Pereira et al., 2012; Pereira et al.,
2015

Endringer et al., 2009
Endringer et al., 2009
Endringer et al., 2009
Endringer et al., 2009

Latex from the

Chlorogenic acid

Dos Santos Neves et al., 2016

tree trunk
Naringenin-7- O-glucoside Dos Santos Neves et al., 2016
Catechin Dos Santos Neves et al., 2016
Proanthocyanidin Dos Santos Neves et al., 2016

Fruit Chlorogenic acid Lima et al., 2015; Torrés Rego et al., 2016;

Rutin

Myricetin

Gallic acid
Catechin
Rosmarinic acid
Protocatechuic acid
P-coumaric acid
O-coumaric acid
Salicylic acid
Syringic acid
Trans-cinnamic acid
Gentisic acid
Ellagic acid
Quercetin

Catechin

Hesperetin

Dutra et al., 2017

Lima et al., 2015; Torrés Rego et al., 2016;
Dutra et al., 2017

Dutra et al., 2017
Gomes et al., 2013; Lima et al., 2015
Lima et al., 2015
Lima et al., 2015
Gomes et al., 2013; Dutra et al., 2017
Gomes et al., 2013; Dutra et al., 2017
Lima et al., 2015
Dutra et al., 2017
Dutra et al., 2017
Dutra et al., 2017
Dutra et al., 2017
Dutra et al., 2017
Dutra et al., 2017
Dutra et al., 2017
Dutra et al., 2017
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Pharmacogenic Chemical compost

Reference(s)

Fruit Kaempferol
Vanillic acid
Ferulic acid

B-carotene
B-cryptoxanthin

Ascorbic acid

Dutra et al., 2017
Gomes et al., 2013; Lima et al., 2015
Gomes et al., 2013; Dutra et al., 2017

Cardoso et al., 2014
Cardoso et al., 2014
Cardoso et al., 2014

a-, B- and y-tocotrienol Cardoso et al., 2014
a- tocopherol Cardoso et al., 2014
5-methyltetrahydrofolate (5-fthf) Cardoso et al., 2014
5-formyltetrahydrofolate (5-fthf) Cardoso et al., 2014

Tetrahidrofolato (thf) Cardoso et al., 2014

Bark Epicatechin-(43 — 8)-catechin Rodrigues et al., 2007
Epicatechin-(43 — 6)-catechin Rodrigues et al., 2007

Epicatechin-(2p — 7;4p — 8)- Rodrigues et al., 2007
epicatechin

(+)—catechin Moraes et al., 2008

Chlorogenic acid Costa et al., 2008; Moraes et al., 2008

3.6 Pharmacologic Studies
Leaves ethanolic extract of Hancornia speciosa has inhibited the angiotensin-

converting enzyme (ACE) in vitro study (Serra et al., 2005).

In vitro studies of ethanolic extract and its fractions indicate that the leaves of Hancornia
speciosa affect cancer chemoprevention (Endringer et al., 2009; Endringer et al., 2010). The
presence of rutin, bornesitol and quinic acid in ethanolic leaves extract establishes the inhibition
of nuclear factor kappa B in cells stimulated in vitro (Endringer et al., 2009).

However, in vitro assay of leaves, branches, fruits and latex of Hancornia speciosa
unripe samples with employment tetrazolyl blue thiazolyl bromide in a test against HCT-8
(colon carcinoma), MDA-MB-435 (melanoma), SF -295 (glioblastoma) and HL-60 human
tumor cell lines (pro-myelocytic leukemia) did not demonstrate anti-cancer effect (Ribeiro et

al., 2012).

A study valued the antitumor effects of the polyethylene glycol microspheres adsorbed
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through the fruit ethanolic extract of Hancornia speciosa in mononuclear blood cell culture co-
cultured with breast cancer cell MCF-7. The extract showed direct effects in the culture cell,
thus proposing the consumption of mangaba, mainly for women with breast cancer. Besides
that, due to the oxidative balance obtained in cultivated cells treated with fruit extract, was
sustained, it can be potentially used in the fighting against tumoral cells (De Aragjo et al., 2019).
The ethanolic extract of the bark indicates an antibacterial and antifungal activity attributed
to high concentrations of tannins (Costa et al., 2008) and the aqueous extract of latex exhibits
activity against the fungus Candida albicans (Silva et al., 2011).

A study by Brandao et al. (2011) indicates that stems ethanolic extract from
Hancorniaspeciosa species expose a significant activity against herpes virus type 1 (HSV-1)
(ECs0< 50 mg/mL), murine encephalomyelitis virus (ECso 50-100 pug/mL) and vaccinia virus
revealing ECso values <50 pg/mL

The leaves ethanolic extract has expressive antimicrobial activity against American
Type Culture Collection (ATCC), gram-positive and gram-negative bacteria, fungi and hospital
strains demonstrating cytotoxic activity against cells with acute myeloid leukemia mediated by
apoptosis, attributing to phenolic compounds and flavonoids present in the extract these
biological activities (Santos et al., 2016).

The widespread popular use in diabetes and weight loss can be attributed to the high
fiber content present in the mangaba fruit, with benefits to human health, improving the
glycemic index of the diet, glycemic control and weight control (Kendall et al., 2010; Cardoso
et al., 2014). Pereira et al. (2015) also noted that the ethanolic extract of the species leaves
andthe dichloromethane fraction presented potential anti-diabetic properties.

In vitro study using the scratch demonstrated healing properties of the ethanolic
extract of Hancornia speciosa leaves and isolated compounds (bornesitol and quinic acid)
(Geller et al., 2015). The ethanolic extract and standardized fraction of Hancornia speciosa
leaves significantly increased cell migration and proliferation of fibroblasts in the artificial
wound,

assigning the cicatrizant activity to the active compounds rutin and quinic acid
(Pereira et al., 2015). This biological activity may be related to the inhibition of the
production of a pro- inflammatory factor of tumor necrosis of cytokines (TNF-a), an important
target for modulationof the inflammatory process and wound healing (Geller et al., 2015; Das

et al., 2017).
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Due to the presence of natural antioxidants, the mangaba pulp presents antioxidant
potentiality in the elimination of free radicals (Rufino et al., 2009), similarly, the high levels of
these antioxidants and folates indicate that the species has the potential to minimize the risk of
the development of several chronic degenerative diseases, including cancer and
cardiovasculardiseases (Picciano et al., 2009; Cardoso et al., 2014).

A study of ethanolic extracts with leaves from the species demonstrated antioxidant
activity potential (Santos et al., 2016) and shown in the study of Penido et al. (2016) evidence
of antioxidant activity in bark extract when compared to the other five species.

A study of dos Santos et al. (2018) with leaves ethanolic extract of Hancornia speciosa,
in vitro and in vivo assay, demonstrated results that ensure the quality and microbiological
safety of leaves of the species. Further, antioxidant, antimutagenic, anti-inflammatory, anti-
Alzheimer's, anti-Parkinson, anti-hyperglycemic and anti-obesity activities of Hancornia
speciosa extract were identified.

The latex of the tree trunk obtained from Hancornia speciosa may be an important
alternative for the production of biomembranes for medical application, given the low amount
of proteins and less allergenic components of this species when compared to Hevea brasiliensis
L. (seringueira) (Malmonge et al., 2009; Medeiros et al., 2010).

Despite the worldwide call for efforts to reduce the use of animals in the investigation
of biological activity, with recognition of the representativeness and importance of efficacy and
safety tests based on alternative in vitro and in silico models, the review of pharmacological
studies carried out with Hancornia speciosa proves that in vivo tests predominate:

a) Anti-Helicobacter pylori activity, gastroprotective and antiulcer (Moraes et al., 2008; Safavi
et al., 2014), due to the high concentration of polymeric proanthocyanidins (Rodrigues et
al., 2007)

b) Relaxing-vase effect on aorta (Ferreira, et al., 2007a), due to ACE-inhibiting mechanism
with reduction of angiotensin II and an increase in the production of nitric oxide (NO)
(Silva et al., 2011), antihypertensive action (Ferreira et al., 2007b; Silva et al., 2011; Silvaet
al., 2016)

¢) Antioxidant activity (De Lima et al., 2015)

d) Antimutagenic effect and potency of the species as a functional food (De Lima et al., 2015)

e) Reduced the effects of obesity due to the presence of rutin, chlorogenic acid and quinic

acid, (Hsu et al., 2009; Panchal et al. 2011) and reduction of insulin resistance (Ghadiehet
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al., 2015)

f) Angiogenic activity without causing genotoxic and cytotoxic effects (Almeida et al.,2014),
potential in the regeneration of the bone tissue (Floriano et al., 2016), due to the presenceof
chlorogenic acid and naringenin-7-O-glycoside (Neves et al., 2016)

g) Anti-inflammatory activity (Torres-Régo et al., 2016), by inhibition of nitric acid (HNO3),
PGE2 and cytokine production (Marinho et al., 2011)

h) Intestinal laxative and anti-inflammatory properties (Reis et al., 2019).

3.7 Toxicity studies

A study by Almeida et al. (2014) with aqueous extract of latex from mangaba, in vitro
test with mouse fibroblast cells, does not demonstrate genotoxic and cytotoxic effects.

The bark and leaves ethanolic extract of Hancornia speciosa did not present cytotoxic
activity on larvae of Artemia salina (Lima Neto et al., 2015).

Ribeiro et al. (2016) in a study with the latex of the species, did not find cytotoxic and
genotoxic effects in an assay with cells of the meristematic root of Allium cepa L., suggesting
that mangaba latex does not affect human health.

In vitro assay evaluated the viability of cells obtained from the rat's calvaria under
different concentrations of the aqueous extract of Hancornia speciosa latex demonstrated that
the extract was non-toxic at concentrations less than 0.3 mg/mL, however, the extract limited
the cell viability when the concentration was greater than 0.6 mg/mL (dos Santos Neves et al.,
2016).

Other in vivo tests highlight the absence of acute toxicity (Moraes et al., 2008), absence
of toxic effects and it was not possible to determine the 50% lethal dose (LD50) (Marinho et
al., 2011) and no toxic/mutagenic effects (De Lima et al., 2015).

Therefore, despite wide use, few toxicity studies have been reported so far with
Hancornia speciosa and no toxicity was detected in the investigated pharmacogens.

3.8 Patents

Patent filings predominate records for mangaba fruit, including Mangaba sugarplum (PI
0901564-7) (Lima, 2009), Mangaba truffle (PI 0901568-0) (Lima, 2009), Mangaba cake (PI
09-1555-8) (Lima, 2009), Mangaba candy (PI 0901720-8) (Lima, 2009), Traditional liquor of
mangaba (PI 0901567-1) (Lima, 2009), Mangaba sweetmeat (PI 0901562-0) (Lima, 2009),
Mangaba sweety mixed with doce de leite (candy milk) (PT0901737-2) (Lima, 2009), Mangaba
cracker (P10900776-8) (Lima, 2009), Mangaba jelly (P1 0900777-6) (Lima, 2009).

Also, the patents entitled: Accelerated angiogenesis induced protein, compositions that
induce accelerated angiogenesis and its uses (US 20090093404) (Mrue, 2012), The process of
obtaining a new bactericide from mangabeira latex (Hancornia speciosa Gomes) (BR
102013018181 1) (Soares et al., 2013), Spidosperma pyrifolium, Hancornia speciosa, Ipomoea
sarifolia and Mimosa tenuiflora applied in the treatment of poisoning by venomous animals
(BR 1020120269589) (Pedrosa et al., 2012), Extract and standard fraction of leaves of
Hancornia speciosa and its pharmaceutical composition (PI 0802004-3) (Braga et al., 2008),
Method for the production of lipase from Aspergillus niger using residues from the processing
of mangaba pulps as a substrate (BR 102014013453 0) (Santana et al., 2014) e Mangabeira
latex composition and its use in bone regeneration (BR 1020120254182) (Novaes et al., 2012).
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3.9 Genetic conservation of the species
Despite the cultural, social and economic recognition of the species in areas of natural

occurrence, these areas are affected by factors as intense land use, monoculture production,
tourism constructions and agriculture (Mota et al., 2008).

A review study demonstrates that an inadequate exploration of the species and the

natural habitat fragmentation may compromise future generations (Silva et al., 2017).
Equally,climate changes affect the biodiversity and ecosystem functioning, consequently the
endangered species as Hancornia speciosa (Nabout et al., 2016).

Directed studies of genetic diversity and structure of the remaining populations of
mangaba are important to delineate conservation strategies to species and to germplasm banks,
which are conservative units of the genetic material for immediate use or potential future use
(Amorim et al., 2015; Soares et al., 2016; Silva et al., 2017).

Due to these factors, in Brazil are three gene banks for the conservation and maintenance
of the species. The research was carried out by the Agricultural Research Company (IPA) with
125 accessions to the gene bank (Bezerra et al., 1993), the Agricultural Research Company of
Paraiba (EMEPA) (Aguiar Filho et al., 1998, Souza et al., 2007) and the Embrapa Coastal
Tables (AGBMangaba), a repository of the species that includes 271 accessions to the gene
bank indicated according to the sampling area (Costa et al., 2011, Embrapa, 2013, Silva et al.,
2017).

4 Conclusions

Hancornia speciosa is a native species of large occurrence in Brazil, has potential for
the generation of bioproducts, with therapeutic emphasis. The efficacy as an antioxidant, anti-
inflammatory, antimutagenic, antimicrobial, antihypertensive, gastroprotective, among others,
is evidenced by several studies, which may be attributed to the presence of phenolic compounds.

The fruit of Hancornia speciosa presents nutritional potential, representing a healthy
and functional food option, contributing to the prevention of chronic-degenerative diseases
through proven antioxidant action.

The widespread therapeutic use and pharmacological potential already evidenced, as
well as the evidenced nutritional value with patent deposits in this field, should stimulate the
continuity of the validation studies, with emphasis on the elucidation of the mechanisms of
action, toxicity and botanical tests to define parameters of efficacy, safety and quality of use.
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Resumo

Diante das restrigdes dos farmacos sintéticos usuais ¢ do reconhecimento da potencialidade
dos recursos naturais com efeito antiobesidade, os estudos de validacao com espécies de
amplo uso popular terapéutico devem ser estimulados; com énfase aos estudos de
padronizacao de extratos vegetais. Este trabalho objetivou padronizar extratos de Hancornia
speciosa Gomes (Apocynaceae nome vernacular: mangaba, espécie nativa do Brasil e
amplamente empregada na pratica popular no combate a obesidade. As folhas foram coletadas
em Morros, Maranhdo, Brasil, nos meses de setembro a novembro de 2017; seguida de
secagem, moagem e extracdo (solvente: etanol a 70%) por planejamento fatorial. Nesse
estudo, foram empregadas como varidveis independentes: procedimentos extrativos
(maceragdao- M, maceracao com ultrassom- MU, percolacao- P e extragdo em aparelho de
Soxhlet- S) e relacdo de hidromddulo (1:10 e 1:15); e como varidveis dependentes:
composi¢ao quimica (teor de polifenois totais, teor de flavonoides e perfil cromatografico),
atividade antioxidante (DPPH) e atividade in vitro sobre lipase pancreética. Adicionalmente,
02 (dois) extratos foram selecionados para andlise por Cromatografia Liquida acoplada a
Espectrometria de massa (CLAE-UV-Vis) visando definicdo de marcadores de qualidade. Os
resultados demonstram que os extratos hidroetanolicos das folhas de Hancornia speciosa tém
capacidade de inibir atividade da lipase pancreatica e boa atividade antioxidante (IC50< 65
ng/mL) comprovada em todos os extratos; sendo evidenciado que procedimentos extrativos e
relagdo de hidromoédulo influenciam na qualidade dos extratos hidroetanodlicos das folhas de
Hancornia speciosa , comprovando melhores resultados nos extratos obtidos em aparelho de
Soxhlet em hidromdédulo 1:15 (S 1:15) e por maceracao com ultrassom em hidromodulo 1:10
(MU 1:10); permitindo, assim, a padronizacao da extragcdo. Os cromatogramas (CLAE-UV-
Vis) dos extratos S 1:15 e MU 1:10, identificam compostos fendlicos como: acido quinico,
acido clorogénico, rutina, kaempferol-3-glicosideo-7-raminosideo, quercetina 3-rutinosideo-
7- raminosideo e kaempferol 3-O- (4",6"-O-di-pcoumaril) -glicosideo); e acido caféico 3-
glicosideo somente em S 1:15; sendo possivel empregar rutina como marcador analitico no
controle de qualidade da espécie vegetal. Em conclusdo, esse estudo permitiu a padronizacao
da espécie, com comprovagdo da inibicdo da lipase pancredtica e presenca de substancias
quimicas com propriedade antiobesidade; evidenciando, assim, o potencial de Hancornia
speciosa na continuidade dos estudos para certificagdo de eficicia e seguranga na perspectiva
de novas opgdes terapéutica no tratamento da obesidade.

Palavras-chave: mangaba, estudos de validagdo, planejamento fatorial, rutina, antioxidante,
lipase pancreatica.
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Abstract

In view of the restrictions of the usual synthetic drugs and the recognition of the potential of
natural resources with anti-obesity effect, validation studies with species of widespread
therapeutic use should be encouraged, with emphasis on studies of standardization of plant
extracts. This work aimed to standardize extracts of Hancornia speciosa Gomes
(Apocynaceae) vernacular name: mangaba, a species native to Brazil and widely used in
popular practice to combat obesity. The leaves were collected in Morros, Maranhao, Brazil,
from September to November 2017, followed by drying, grinding and extraction (solvent:
70% ethanol) by factorial design. In this study, independent variables were used: extractive
procedures (maceration- M, maceration with ultrasound- MU, percolation- P and extraction in
a Soxhlet apparatus- S) and hydromodule ratio (1:10 and 1:15); and as dependent variables:
chemical composition (total polyphenol content, flavonoid content and chromatographic
profile), antioxidant activity (DPPH) and in vitro activity on pancreatic lipase. In addition, 02
(two) extracts were selected for analysis by Liquid Chromatography coupled to Mass
Spectrometry (HPLC-UV-Vis) in order to define quality markers. The results demonstrate
that the hydroethanolic extracts of the leaves of Hancornia speciosa have the capacity to
inhibit pancreatic lipase activity and good antioxidant activity (IC50 <65 pg / mL) proven in
all extracts; being evidenced that extractive procedures and hydromodule ratio influence the
quality of the hydroethanolic extracts of the leaves of Hancornia speciosa, proving better
results in the extracts obtained in Soxhlet apparatus in hydromodule 1:15 (S 1:15) and by
maceration with ultrasound in hydromodule 1 : 10 (A 1:10); thus allowing the standardization
of extraction. The chromatograms (HPLC-UV-Vis) of extracts S 1:15 and MU 1:10, identify
phenolic compounds such as: quinic acid, chlorogenic acid, rutin, kaempferol-3-glycoside-7-
raminoside, quercetin 3-rutinoside-7-raminoside and kaempferol 3-O- (4 ", 6 "- O-di-
pcoumaryl) -glycoside); and 3- glycoside caffeic acid in S 1:15 only, being possible to use
rutin as an analytical marker in the quality control of the plant species. In conclusion, this
study allowed the standardization of the species, with evidence of pancreatic lipase inhibition
and the presence of chemicals with anti- obesity properties, thus, evidencing the potential of
Hancornia speciosa in the continuity of studies for certification of efficacy and safety in the
perspective of new therapeutic options in the treatment of obesity.

Keywords: mangaba, validation studies, factorial design, rutin, antioxidant, pancreatic lipase.

INTRODUCAO

A obesidade ¢ uma doenga cronica nao transmissivel de etiologia complexa e
multifatorial, resultante da ingestdo excessiva de calorias e gasto reduzido de energia; com
influéncia da intera¢ao de fatores genéticos, emocionais, ambientais, fisioldgicos e do estilo
de vida; podendo estar associada a complicagdes metabolicas como resisténcia a insulina,
elevacao da pressao arterial, dos niveis de colesterol e de triglicerideos (Abeso, 2016; Chait;
Hartigh, 2020; Who, 2020) além de diversas comorbidades diretamente relacionadas ao
excesso de peso; contribuindo para aumento das taxas de morbidade e mortalidade (Klil-
Drori; Azoulay; Pollak, 2017; Who, 2020; Opas, 2020), diminuicdo da qualidade de vida
(Tavares et al., 2010; Chagas; Neves, 2015) e da expectativa de vida (Abeso, 2016; Chait;
Hartigh, 2020).

Dados da Organizagao Mundial da Satide comprovam elevada prevaléncia mundial da
obesidade em todas as faixas etarias, constatando mais de 1,9 milhdes de adultos (> 18 anos)
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com excesso de peso e cerca de 650 milhdes com obesidade; com estimativas que 38 milhdes
de criangas (< 5 anos) tenham excesso de peso ou obesidade, alertando que a obesidade
infantil esta associada a maior chance de morte prematura, obesidade e incapacidade na vida
adulta (Who, 2020).

O tratamento da obesidade ¢ complexo e multidisciplinar; com altos indices de
insucesso, em parte por estratégias equivocadas e uso de recursos insuficiente e/ou
inadequados (Misra; Jayawardena; Anoop, 2019; Pereira et al.,, 2021). Os medicamentos
sintéticos atualmente aprovados pelo Food and Drug Administration (FDA) para tratamento
da obesidade sdo: orlistate, fentermina e topiramato, bupropiona e naltrexona, e liraglutida
(Patel, 2020); e segundo diretrizes especificas da Agéncia Nacional de Vigilancia Sanitaria
(ANVISA), no Brasil os medicamentos aprovados sdo: anfepramona, femproporex, mazindol,
sibutramina, orlistate, liraglutida e lorcasserina (Brasil, 2016; Brasil, 2018). Entretanto com as
restrigdes na aquisi¢do de tais medicamentos, abandono da terapéutica e comprovados eventos
adversos, o uso de tais produtos representa problema para a saude publica mundial
(Fernandez-Quintela et al., 2016; Castilho et al., 2021).

Nesse cenario de elevada prevaléncia mundial da obesidade e sobrepeso, associada a
altas taxas de comorbidades, morbidade e mortalidade; com evidéncias das restrigdes na
comercializacao dos farmacos sintéticos e seus efeitos adversos e colaterais; além dos padroes
atuais de beleza socialmente estabelecidos focados na ditadura da magreza, tem sido
constatada a oferta de diversas alternativas para a perda de peso, com destaque a produtos de
origem vegetal comercializados como “medicamentos fitoterapicos”, muitos sem evidéncias
de seguranca, eficacia e qualidade (Apovian et al., 2015; Mopuri; Islam, 2017; Ortiz et al.,
2019). Essa tendéncia de uso de produtos vegetais para fins terapéuticos ¢, ainda, incentivada
pelo dificil acesso da populagdo aos servigos de satide e crenga empirica de propriedades
terapéuticas milagrosas atribuida a tais produtos, principalmente para as espécies de uso
popular; situacdo essa que deve incentivar os estudos de validacdo visando confirmar
cientificamente as propriedades terap€uticas relacionadas a essas espécies vegetais (Brandao,
2017; Lazzarotto- Figueiroa et al., 2021), com énfase aos estudos de padronizagdo dos
extratos vegetais (Migliato et al., 2011; Sonaglio et al., 2016; Bastos et al., 2017; Bajes et al.,
2020).

Considerando que os extratos vegetais representam as preparagdes intermediadrias ou
acabadas mais frequentemente empregadas nas formulagdes fitoterapicas, envolvendo vérias
etapas operacionais com diversas variaveis, que podem interferir na composi¢cdo quimica e,
consequentemente, na atividade terapéutica desejada, ¢ fundamental o desenvolvimento e
validacdo de metodologias para padronizagcdo dessas preparagdes; visando a definicdo das
variaveis que influenciam na extragdo, possibilitando obtencdo de produto com garantia de
eficacia, seguranca, qualidade e redu¢do de custos (Lima et al., 2020; Lazzarotto-Figueir6 et
al., 2021).

Nesse contexto, a espécie Hancornia speciosa Gomes (Apocynaceae), popularmente
conhecida como mangaba, representa espécie de grande ocorréncia em diversas regides do
Brasil, especialmente no bioma cerrado do estado do Maranhao (nordeste brasileiro) (Flora
Brasil, 2020), com estudos etnofarmacologicos indicando emprego popular das folhas na
perda de peso (Da Silva et al., 2010; Cercato et al., 2015). Estudos tém evidenciado atividade
contra diabetes (Cardoso et al., 2014; Percira et al., 2015; Dos Santos et al., 2018),
hipertensao (Silva et al., 2011; Silva et al., 2016), entre outros.

Assim, reconhecendo a problematica da obesidade e sobrepeso, bem como a tendéncia
do uso empirico de espécies vegetais na sociedade contemporanea, deve ser estimulada a
pesquisa em busca da validagdo de novas opgdes terapéuticas, com énfase as espécies vegetais
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j& empregadas popularmente. Nesse sentido, o trabalho objetiva realizar estudo de
padronizacao de extratos de Hancornia speciosa, possibilitando a definicdo de varidveis que
influenciam na composi¢do quimica e nas atividades farmacoldgicas in vitro, como
antioxidante e inibicdo da lipase pancreatica , na perspectiva de contribuir para o
desenvolvimento tecnoldgico de bioprodutos como alternativa e/ou complemento terapéutico
para perda de peso.

MATERIAL E METODOS

Coleta e identificacdo botanica

As folhas de Hancornia speciosa foram obtidas por coleta manual em habitat natural,
no municipio de Morros (latitude: -02° 51' 52" S e longitude -44° 02' 22' O), Maranhao, Brasil;
nos meses de setembro a novembro de 2017. A identificagao botanica foi realizada no Herbario
do Maranhdo (MAR) sob nimero 9.749. Foi realizado cadastro de acesso ao patrimdnio
genético e conhecimento tradicional associado no Sistema Nacional de Gestao do Patrimdnio
Genético e do Conhecimento Tradicional Associado (SisGen), identificado pelo niimero n°
AC40568.

Obtencao dos extratos

A amostra vegetal foi submetida a secagem em estufa com circulacdo de ar, em
temperatura de 38°C; seguida de trituracdo em moinho de facas, obtendo p6é moderadamente
grosso (710 um - 250 um) (Farmacopeia Brasileira, 2019).

O material seco e moido foi submetido a extragdo por procedimentos a frio (maceracao,
maceracao com ultrassom e percolagdo) e quente (extragdo por Soxhlet), empregando etanol a
70% como solvente, por 15 (quinze) dias para maceracdo (sem troca de solvente e com
agitacdo), 03 (trés) ciclos de 30 minutos com intervalo de 10 minutos para maceracdo com
ultrassom, 03 (trés) dias para percolacdo e no aparelho Soxhlet foram realizadas 02 (duas)
sifonagens completas em temperatura constante de 65°C. Nesta etapa do estudo foram definidas
como variavel dos hidromddulos, as relagdes de droga/solvente de 1:10 e 1:15 (Barros Neto,
1995; Noriega et al., 2005; Simdes et al., 2017). Os extratos obtidos foram codificados em: M
1:10 (maceragdao em hidromddulo 1:10), M 1:15 (maceragdo em hidromodulo 1:15), MU 1:10
(maceragao com ultrassom em hidromodulo 1:10), MU 1:15 (maceragdo com ultrassom em
hidromoédulo 1:15), P 1:10 (percolagdo em hidromoddulo 1:10), P 1:15 (percolagdo em
hidromodulo 1:15), S 1:10 (extragcdo em aparelho de Soxhlet em hidromddulo 1:10) e S 1:15
(extracdo em aparelho de Soxhlet em hidromodulo 1:15). As solugdes extrativas foram
submetidas a concentracdo sob pressao reduzida em rotacvaporador (Chaves; Costa, 2012;
Farmacopeia Brasileira, 2019).

Desenho experimental

Os ensaios quimicos, fisico-quimicos e biologico in vitro foram realizados a partir de
planejamento fatorial. Para avaliar a influéncia de variaveis na extra¢do, foram considerados 02
(dois) fatores: processo de extragdo em 04 (quatro) niveis (maceracdo, maceracdo com
ultrassom, percolacdo e extracdo em aparelho de Soxhlet) e relagdo de hidromddulo
(droga/solvente) em 02 (dois) niveis (1:10 e 1:15). Como parametros de analise (variaveis
dependentes) foram empregadas: composicdo quimica (teor de polifenois totais, teor de
flavonoides e perfil cromatografico obtido por cromatografia liquida de alta eficiéncia acoplado
a detector de Ultravioleta), atividade antioxidante e atividade in vitro sobre lipase pancredtica.
Adicionalmente, 02 (dois) extratos foram selecionados para analise por Cromatografia Liquida
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acoplada a Espectrometria de massa.

Atividade antioxidante

Os extratos hidroetanolicos das folhas Hancornia speciosa obtidos com as variaveis
selecionadas nesse estudo foram submetidos ao método fotocolorimétrico in vitro utilizando o
radical livre estavel 2,2-difenil-1-picrilhidrazila (DPPH), segundo Brand-Willians et al. (1995)
com modificagdes. As amostras foram diluidas em metanol P.A com diferentes concentragdes
(5, 25, 50 e 100 pg/mL), em seguida adicionados a solu¢do metanolica de DPPH (40 pug/mL).
Apos 30 minutos (min) de reacdo em temperatura ambiente ao abrigo da luz, a absorbancia foi
medida em espectrofotometro UV/VIS (Spectra Max Plus 384®) a 517 nm. Padrdo de 4cido
galico foi usado como controle positivo nas mesmas condi¢des das amostras. A porcentagem
de descoloragdao do radical DPPH foi obtida com a equacdo: Atividade antioxidante (%) =
[(ADPPH — Aamostra) /ADPPH] x 100. Onde ADPPH ¢ a absorbancia do DPPH (controle
negativo) € Aamostra ¢ a absorbancia do radical na presenca dos extratos ou dos padrdes.

Atividade in vitro da lipase pancreatica

Para a determinagao da atividade inibitoria sobre a lipase pancreatica foi empregado o
método de Bendicho et al. (2001) com modificagdes. Inicialmente, uma solugdo de lipase
pancreatica suina do tipo II (5 mg/mL) foi preparada em dimetilsulféxido (DMSO). Como
substrato, foi preparada uma solu¢do de octanoato de 4-nitrofenila (NPC, 5 mM) em DMSO.
Em seguida, foi realizada a mistura das solug¢des: 200 uL de tampao Tris-HCI(pH= 8,5), 5 uL
de NPC (5§ mM), 5 pL de cada extrato de Hancornia speciosa em diferentes concentragdes (25
— 100 pg/mL) e 5 uL da solu¢ao enzimatica. A mistura foi incubada em 37°Cpor 25minutos,
com absorbancia mensurada em leitor de placa em 412 nm. A amostra branco foi preparada
sem a enzima lipase pancreatica e como controle positivo foi utilizado orlistate até
concentrac¢do final de 20 pg/mL (Conforti et al., 2012).

Teor de polifendis totais

As concentragdes de polifendis totais foram obtidas utilizando 100 pL da solugdo dos
extratos hidroetanolicos das folhas de Hancornia speciosa (2 mg/mL), 100 pL do reagente
Folin-Ciocalteau (Merck®) e 1,0 mL da solucio de carbonato de sddio a 20%, por duas horas
em temperatura ambiente ao abrigo da luz. Acido galico (Merck®) foi utilizado como padrio.
As leituras foram realizadas em espectrofotometro UV-VIS (Lambda 35, Perkin Elmer®) a 760
nm, com resultados expressos em equivalente acido galico (EAG) (Chaillou et al., 2004; Abreu
et al., 2006).

Teor de flavonoides

As concentracdes de flavonoides foram obtidas empregando 500 pL da solugdo de cada
extrato de Hancornia speciosa (2 mg/mL) e 500 uL de solucdo metanolica de cloreto de
aluminio a 5%, por 30 minutos, em temperatura ambiente e ao abrigo da luz. Quercetina
(Merck®) foi utilizada como padrao, com leituras realizadas em espectrofotometro UV-VIS
(Lambda 35, Perkin Elmer) a 425 nm e os resultados expressos em equivalente quercetina (EQ)
(Chaillou et al., 2004; Abreu et al., 2006; Dutra et al. 2008).

Cromatografia liquida de alta eficiéncia acoplado a detector de Ultra- Violeta (CLAE-
UV-Vis)

Foi empregado cromatografo liquido de alta eficiéncia (Surveyor Plus/Finnigan®)
acoplado a detector de Ultravioleta (CLAE-UV/Vis). Foi utilizada coluna analitica Hypersil
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BDS C-18 de fase reversa (250 x 4,60 mm, 5 pm, ThermoElectron) protegida por uma pré-
coluna C-18 (4 x 3 mm, 5 um, Gemini, Phenomenex). Os compostos de cada extrato de
Hancornia speciosa foram separados em temperatura ambiente usando gradiente de eluicao
com fluxo de 0,6 mL/min. As fases moveis consistiram de agua Milli-Q contendo dgua acida
(A) e metanol (B). O gradiente linear aplicado foi: 0-2 min, 75% de A e 25% de B; 2-10 min,
60% de A e 40% de B; 10-20 min, 50% de A ¢ 50% de B; 20-30 min, 40% de A e 60% de B;
30-40 min, 30% de A e 70% de B; 40-50 min, 20% de A e 80% de B. O volume de injecao no
sistema de CLAE foide 25 puL e a deteccao no UV/Vis foi realizada a 254 nm. Antes da injecao
no sistema de CLAE, cada amostra foi dissolvida em metanol para obter concentragao final de
cerca de 1 mg/mL e, em seguida, filtrada através de filtro de nylon de 0,22 pm, com seringa da
Allcrom (Sao Paulo, SP, Brasil) (Gongalves, 2016).

Cromatografia Liquida acoplada a Espectrometria de massa com ionizacdo por
"electrospray" (LC-ESI-IT-MS)

Fundamentado na analise das variaveis dependentes anteriormente referidas (atividade
sobre lipase pancreatica, atividade antioxidante, teor de polifendis totais, teor de flavonoides e
perfil cromatografico por CLAE-UV-Vis) foram selecionados os 02 (dois) extratos com
resultados mais expressivos, priorizando aqueles que demonstraram resultados mais
promissores quanto as atividades bioldgicas (agao sobre lipase pancreatica) e antioxidante, para
andlise em cromatdgrafo liquido acoplado a espectrometro de massa (MS) (CBM-20A,
Shimadzu®) equipado com coluna Phenomenex® Luna C18 (tamanho de particula de 5 pum,
250 x 4,6 mm ID), bomba LC-20AD (Shimadzu®), forno CTO-20A (Shimadzu®), autoinjetor
SIL 20AC (Shimadzu®), detector SPD-20A (Shimadzu®) e forno a temperatura ambiente. As
fases moveis foram: agua e acido formico a 0,1% (solvente A) e metanol (solvente B),
utilizando gradiente em fluxo de 0,6 mL/min: 0,01 min, 25% B, 75% A; 2 min, 25% B, 75%
A; 10 min, 40% B, 60% A; 20min, 50% B, 50% A; 40 min, 60% B, 40% A; 50 min, 70% B,
30% A; 60 min, 100% B. O volume de injecdo foi de 2 pL. O espectrometro de massa
AmazonSpeed ETD (Bruker®) foi equipado com fonte de ionizagdo ESI (ionizagdo
electrospray) modo negativo (-) (tensao de pulverizagdo negativa de 4,5 kV e temperatura
capilar de 300°C) por injecdo indireta e analisador ion trap (IT). Nitrogénio foi usado tanto
como gas de secagem quanto gas nebulizador em taxa de fluxo de 12 L/min. Os espectros de
massa de ions negativos foram adquiridos na faixa m/z 100-2000 Da. Os cromatogramas foram
registrados a 281 e 254 nm. A identificagdao foi realizada por meio de bases de dados
(MassBank) e dados ja publicados na literatura.

Analises estatisticas

Todos os testes foram realizados em triplicata. Na determinagdo de teor de polifenois
(mgEAG/g), teor de flavonoides (mgEQ/g) e atividade antioxidante (concentracao efetiva 50%:
CE50) os resultados foram expressos em média + desvio padrao (X £ SD) ou média + erro
padrio (X £ SEM). Os resultados da atividade sobre a lipase pancreatica, expressos em
concentragdo inibitéria 50% (IC50) foram obtidos por regressdo ndo-linear da curva dose-
resposta das porcentagens de inibigdo versus as concentra¢des. Todos os dados foram
plotadose analisados no Programa GraphPad Prism versao 5.0, sendo empregados: analise de
variancia (ANOVA) One-Way, seguida do teste de Tukey e, também, o teste F para
comparagao das variancias, onde os valores de p<0,05 foram considerados significantes.
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RESULTADOS E DISCUSSAO

Reconhecendo que, embora com referéncias do uso popular na perda de peso, atéo
momento, ndo ha estudos de certificacdo da eficacia e seguranga desenvolvidos com as folhas
de Hancornia speciosa; foi realizado esse estudo de padronizacao, com extratos das folhas de
Hancornia speciosa obtidos por diferentes procedimentos extrativos (maceragdo, maceracao
assistida por ultrassom, percolacdo e extragdo em aparelho de Soxhlet) e relagdes de
hidromoédulo (1:10 e 1:15), para avaliagdo da influéncia dessas varidveis no teor de polifenoise
flavonoides, perfil cromatografico, atividade bioldgica in vitro (inibigao da lipase pancreatica)e
atividade antioxidante.

A tabela 1 fornece resultados sobre os efeitos das variaveis e os valores do teste F,
sendo possivel verificar se os fatores (variaveis independentes) foram significativos. O p-
valorpode variar de 0 a 1, simbolizando probabilidade ou chance do efeito observado em cada
variavel resposta ser devido aos fatores que estdo sendo investigados, € ndo aos erros
randomicos que causam flutuagdes normais nos resultados. Para que os efeitos observados
sejam significativos estatisticamente, o p-valor deve ser menor ou igual a 0,05; assumindo como
margem de seguranca 5% de chances de erro.

Tabela 1. Teste ANOVA de efeito fixo para o teor de polifendis totais, flavonoides, CEso do
radical DPPH e ICso da lipase pancreatica nos extratos das folhas de Hancornia speciosa

Gomes obtidos por diferentes procedimentos extrativos e relagdes de hidromoddulo.

Polifendis totais G.L. Soma de Quadrados  Quadrado Médio Estat. F P-valor
Método extrativo 3 3105,258633 1035,086211 5,063 0,011799
Hidromodulo 1 4761,2934 4761,2934 23,2893 0,000186
Meétodo extrativo: Hidromddulo 3 3446,086633 1148,695544 5,618707 0,007944
Residuos 16 3271,060467 204,4412792
Flavonoides
Método extrativo 3 757,0189125 252,3396375 21,13485803  8,21966E-06
Hidromodulo 1 6,1509375 6,1509375 0,515175468  0,483255993
Método extrativo: Hidromodulo 3 15,0690125 5,023004167 0,420704734  0,740663644
Residuos 16 191,032 11,9395
CEso do radical DPPH
Método extrativo 3 434,0392125 144,6797375 122,8533111  2,94179E-11
Hidromodulo 1 46,4538375 46,4538375 39,44579835  1,09573E-05
Método extrativo: Hidromodulo 3 5,741045833 1,913681944 1,624983342  0,223054231
Residuos 16 18,8426 1,1776625
ICso da lipase pancreatica
Meétodo extrativo 3 4,582961125 1,527653708 432,1356977  1,62029E-15
Hidromodulo 1 0,200385375 0,200385375 56,68409886  1,20766E-06
Método extrativo: Hidromodulo 3 0,468645458 0,156215153 44,18942832  5,74434E-08
Residuos 16 0,056562 0,003535125

G.L. - graus de liberdade; Estat. F — valor do teste F; IC— concentra¢do de inibicao sobre a lipase
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A andlise de efeito dos valores das variaveis independentes dos extratos analisados
(tabela 1), demonstra que ambos os fatores (método extrativo e hidromodulo), bem como a
interacdo entre eles foram estatisticamente significativos para essa variavel resposta (p < 0,05).
Como a interagdo entre as variaveis independentes foi significativa, ndo ¢ possivel estudar
isoladamente os efeitos dos fatores método extrativo e hidromddulo. Assim, o procedimento
seguinte entdo consistiu em uma analise de variancia dos efeitos principais mais a interagao
entre os fatores envolvidos.

Para avaliar o potencial dos extratos das folhas de Hancornia speciosa na perda de peso
foi investigado a acdo dos extratos sobre a inibi¢do da lipase, mensurada pela hidrolise do p-
NPB, que libera um cromégeno amarelo (p-nitrofenol) (tabela 2); sendo constatado que todos
os extratos das folhas de Hancornia speciosa tém capacidade de inibir a atividade enzimatica;
com valor de ICso da lipase pancreatica menor significativamente (p < 0,05) quando a extragao
¢ realizada em aparelho de Soxhlet no hidromodulo 1:15 (tabela 2).

Tabela 2. Atividade antioxidante (expressa em valor de CEso), atividade sobre lipase
pancreatica (expressos em ICso), teor de polifenois (expressos em mg de equivalentes de acido
galico - EAG por grama de extrato) e teor de flavonoides (expressos em mg de equivalentes de
quercetina - EQ por grama de extrato) dos extratos das folhas de Hancornia speciosa Gomes
obtidos por diferentes procedimentos extrativos e relagdes de hidromodulo.

i Atividade . . . Teor de Teor de
Método . , . . Atividade lipase e e .
extrativo Hidromédulo antioxidante ICs0 (mg/mL) polifenois flavonoides
CEso (ng/mL) (mgEAG/g) (mg EQ/g)
Maceracio 1:10 7,86 £ 1,39bA 0,070 + 0,0005bA 247,26 +£ 25,6aA 53,8+ 0,23bA
1:15 9,1 £1,33bA 0,073 £0,025bA 257,26 £10,6aA 52,92 +2,18abA
Maceragio por 1:10 236t 1,11cA 0,044 £0,007bA 262,52+ 18,77aA 47,87 + 4,85bA
Ultrassom 1:15 6,24 +1,19cB 0,068 +0,015bA 227,66+ 16,6aA 49,32 + 4,07abA
Percolacio 1:10 12,63+ 0,98aA 1,406 £0,152aA 264,56 + 8,67aA 51,78 £ 3bA
1:15 15,37+ 0,64aB 0,746 + 0,055aB 232 +3,49aB 48,94 + 5,14bA
Soxhict 1:10 13,07+ 1,2aA 0,123 £0,013bA 251,16 £4,73aA 64,02 + 1,42aA
1:15 16,33 +£0,42aB 0,024+ 0,005bB 195,01 = 11,59bB 62,24 +2,94aA

* Valores representados por média + desvio padrio; letras mintisculas iguais na mesma coluna ndo diferem estatisticamente
entre si (p<0,05) quando comparados 0 mesmo hidromddulo em diferentes métodos extrativos e letras maitisculas iguais na
mesma coluna nao diferem estatisticamente entre si (p<0,05) quando comparados o mesmo método extrativo em
hidromddulos diferentes, analise de variancia ANOVA one-way, seguido de teste Tukey.

Os lipidios da dieta representam a maior fonte de calorias indesejadas e sdo compostos
de, aproximadamente, 90% de triglicerideos; portanto uma importante abordagem para
tratamentos de reducdo de peso ¢ inibir a digestdo e absor¢ao de triglicerideos, inibindo a lipase
pancredatica, que ¢ a enzima responsavel pela hidrélise e posterior absorcao de lipidios (Almeida
et al., 2009). Consequentemente, a inibi¢do da lipase pancredtica ¢ um dos mecanismos mais
amplamente estudados para determinar o potencial de produtos naturais como agentes para
perda de peso (Bajes et al., 2020; Santos et al., 2010; Souza et al., 2012; Mohamed et al., 2014).
O reconhecimento que a obesidade representa uma das maiores ameacgas para a saude
mundial, associada a potencialidade de novas opg¢des terapéuticas a partir de produtos naturais,
bem como a constatacdo dos escassos estudos para exploracao desse potencial, tem estimuladoa
pesquisa com espécies vegetais. Nesse sentido os ensaios in vitro de avaliagdo da inibi¢ao
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daatividade da lipase pancreatica tém fornecido subsidios para prosseguimento dos ensaios in
vivo (Bajes et al., 2020).

Estudo de Conforti et al. (2011) avalia a atividade in vitro de inibi¢do da lipase
pancreatica de extratos etanoOlicos obtidos por maceracdo de Amaranthus retroflexus L.,
Anchusa azurea Mill., Asparagus acutifolius L., Cichorium intybus L., Diplotaxis tenuifolia
(L.) DC., Foeniculum vulgare Miller subsp. piperitum (Ucria) Coutinho, Mentha spicata L. ssp
glabrata (Lej. et Court.) Lebeau, Origanum vulgare L. subsp. viridulum (Martin-Donos)
Nyman, Papaver rhoeas L. subsp. rhoeas, Portulaca oleracea L., Raphanus raphanistrum L.
subsp. landra (DC.) Bonnier Layens, Rosmarinus officinalis L., Rubus caesius L., Rumex
conglomeratusb Murray, Silene vulgaris (Moench) Garcke, Smyrnium olusatrum L., Sonchus
asper (L.) Hill. e Sonchus oleraceus L., comprovando que 09 (nove) espécies apresentaram
valor de IC50 < 10 mg/mL.

Screening de avaliacdo do efeito de extratos das folhas de 28 espécies vegetais sobre
inibicdo da lipase pancreatica indica potencialidade em Memecylon edule Roxb., Garcinia
vilersiana Pierre, Cryptolepis elegans Wall. e Phyllanthus chamaepeuce Ridl. com valores de
90,97%, 92,04%, 94,64% e 95,38%, respectivamente; atribuindo tal potencial a presenga de
alcaloides e flavonoides; sinalizando para a explora¢do de tais espécies como suplemento
dietético ou nutracéuticos para perda de peso (Dechakhamphu; Wongchum, 2015).

Dos Santos et al. (2018) demonstraram que o extrato etandlico das folhas de Hancornia
speciosa (EHHS) teve maior atividade inibidora sobre lipase pancreatica (3,3 = 0,3 pug/mL) que
os flavonoides isolados (isoquercetina, catequina e rutina); porém com menor atividade quando
comparado ao orlistate (paddo de referéncia), sugerindo que o EEHS e os flavonoides
promovem interacdo com a enzima lipase; como ja referido por Oliveira et al. (2009), afirmando
que flavonoides, incluindo rutina e quercetina, podem interagir com a lipase formando um
complexo enzima-flavonoide, principalmente através de interagdes hidrofobicas e hidrofilicas,
diminuindo ou inibindo a atividade da enzima.

Analisando esses trabalhos aos resultados do nosso estudo, comprovamos que todos os
extratos das folhas de Hancornia speciosa t€ém capacidade de inibir a atividade da lipase
pancreatica (IC50 0,024 £ 0,005 a 1,406 + 0,152 mg/mL) (tabela 2). Esses resultados evidenciam
que sobre a inibicdo enzimatica nao ha diferenca entre os extratos obtidos por maceragao,
maceragdo assistida por ultrassom e em aparelho de Soxhlet nas 02 (duas) relacdes de
hidromodulos empregadas nesse estudo; mas constatamos nos extratos obtidos por percolacao
(P1:10 e P 1:15) valores menos expressivos, diferenciados tanto em relagdo ao procedimento
quanto em relagdo ao hidromdédulo.

Os valores de polifenois nos extratos das folhas de Hancornia speciosa obtidos por
diferentes procedimentos extrativos e relagdes de hidromodulo analisados nesse estudo
variaram de 195,01 £ 11,59 a 262,52 + 18,77 (mgEAG/g) (tabela 2), enquanto flavonoides
variaram de 47,87 £ 4,85 a 64,02 + 1,42 (mg EQ/g) (tabela 2); comprovando que em todos os
extratos analisados apresentaram resultados superiores ao estudo de Santos et al. (2016),
realizado com extrato etanolico das folhas de Hancornia speciosa obtido por maceracao, com
valores para fendis de 179 £ 2,9 mg EAG/g extrato e para flavonoides 29 = 1,1 mg EQ/g extrato.

Mas na avaliacdo da influéncia das variaveis independentes no extrativo de polifenois
totais foi constatado que o teor de polifenois totais dos extratos das folhas de Hancornia
speciosa em estudo diminui significativamente (p < 0,05) quando o processo extrativo da
espécie vegetal foi realizado em hidromddulo 1:15, nos métodos de percolacdo e em aparelho
de Soxhlet (tabela 2); podendo-se inferir que, em relagdo ao extrativo de polifenois, a
temperatura ndo influencia. J4 em relacdo ao teor de flavonoides os melhores resultados foram
obtidos na extragdo em aparelho de Soxhlet, logo com emprego de calor, independente do
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hidromdédulo empregado.

A atividade antioxidante dos extratos das folhas de Hancornia speciosa analisados nesse
estudo pelo método DPPH, variou de CE50 de 2,36 1,11 a 16,33 +0,42 ug/mL (tabela 2), com
constatacdo de melhores resultados na inibigdo dos radicais livres no extrato obtido por
maceragao assistida por ultrassom, em hidromédulo 1:10; mas sendo evidenciado boa atividade
antioxidante (IC50< 65 pg/mL) em todos os extratos (Melo et al., 2010).

Estudo de Santos et al. (2016) de avaliagao da atividade antioxidante com extrato das
folhas de Hancornia speciosa, obtidos por maceracdao 1:10, em etanol a 96%, foi constatado
valor de IC50 de 9,4 = 0,8 pg/mL. Comparando esse valor ao resultado obtido no extrato por
macera¢ao no nosso estudo, com mesma relagdo de hidromédulo, podemos inferir que valores
diferentes entre os dois estudos, podem estar relacionados ao solvente hidroalcoolico
empregado na extracdo e/ou a origem do material vegetal; ja que a maior propor¢ao de agua no
liquido extrator confere polaridade mais alta, com maior extracao de polifenois e, portanto,
maior poder antioxidante (Oliveira et al., 2016).

Extratos que apresentam potente atividade antioxidante podem ser empregados no
combate ao estresse oxidativo (Diaz et al., 2012); atuando como agentes redutores, doador de
hidrogénio, extintor de oxigénio singleto e, também, quelantes de ions metalicos, evitando a
formagdo de radicais catalisados por metal (Galleano et al., 2010; Ghasemzadeh e
Ghasemzadeh, 2011).

Importante lembrar que a peroxidacao lipidica presente na obesidade existe por pelo
menos 03 (trés) mecanismos conhecidos como a producao de espécies reativas de oxigénio, a
lesdo celular progressiva e cumulativa devido a pressao pela grande massa corporal e através
de uma dieta hiperlipémica alterando o metabolismo do oxigénio (Franga et al., 2013). Assim,
o combate ao estresse oxidativo através de antioxidantes naturais, a exemplo de espécies
vegetais ricas em tais constituintes, pode trazer resultados promissores no combate a obesidade.
Estudo de Rufino et al. (2009) atribuiram a presenga de antioxidantes naturais, o potencial
da polpa da mangaba na elimina¢do de radicais livres. Além disso, os altos niveisdestes
antioxidantes e folato da polpa do fruto da mangaba indicam que a espécie podeminimizar
o risco de desenvolvimento de varias doengas degenerativas cronicas, como cancer e doengas
cardiovasculares (Picciano et al., 2009; Yang e Suh, 2013; Cardoso et al., 2014).

Estudo de Avelar et al. (2015) demonstraram que a sindrome metabdlica, representando
uma conjuncao de fatores de risco cardiometabdlicos, a exemplo da obesidade, hiperglicemia,
hipertrigliceridemia, dislipidemia e hipertensao; sofre influéncia da condi¢ao oxidativa causada
pela superproducao de espécies reativas de oxigénio.

Os estudos de padronizagdo de extratos vegetais fundamentados no teor de polifenois,
flavonoides e atividade oxidante como varidveis resposta, compravam a influéncia de diversas
variaveis, tais como: a) carga de firmaco no extrator, relagdo solvente (etanol/agua) e tempo de
extragdo interferem nos teores de polifenois, flavonoides totais, quercetrina, afzelina e atividade
antioxidante dos extratos das folhas Copaifera langsdorffii Desf. (Costa-Machado; Bastos;
Freitas, 2013); b) os extratos das folhas de Anacardium occidentale L. obtidos em diferentes
procedimentos extrativos e hidromodulo apresentaram resultados mais expressivos no
hidromodulo 1:10, obtidos nas extracdes a frio por percolacdo (polifenois) e maceragdo
(flavonoides); ja atividade antioxidante teve melhores resultados na percolagdo nos
hidromoédulos 1:10 e 1:12 (Trabulsi Filho et al., 2013); ¢) teores de fendlicos totais, flavonoides
e atividade antioxidante de extratos das folhas de Ilex paraguariensis A.St.-Hil sdo
otimizadospelo efeito da temperatura (90 ° C) e tempo (10 minutos) (Bassani et al., 2014); d)
Otimizagaodos extrativos de polifenois no extrato das folhas de Arum dioscoridis obtido em
etanol, enquanto flavonoides e atividade antioxidante tiveram melhores resultados
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empregando metanol como solvente (Karahan et al., 2014); e) concentragdo de etanol ¢ o fator
determinante na otimizacao dos teores de fenois, flavonoides e atividade antioxidante dos
extratos das folhasde Melaleuca bracteata F. Muell. (Hou et al.; 2016).

Ja estudos empregando teores de polifenois e flavonoides como variaveis respostas
indicam: a) melhor resultado para polifenois, nos extratos das folhas de Ipomoea batatas L.
obtido com emprego de alcool como solvente e, ainda, a influéncia do calor e pressao na
extracdo; mas na extragdo de flavonoides, especificamente antocianinas, foi constatado
diminui¢do no contetido das antocianinas em extratos obtidos com emprego de calor (JOSE;
Carvalho; Wiest, 2015); b) temperatura e solvente influenciam nos teores de polifenois e
flavonoides nos extratos das raizes de Sanguisorba officinalis L., com melhor resultado no
extrato obtido com emprego de dgua a quente (Kim et al., 2018).

Padronizagao de extratos de Fagopyrum esculentum Moench fundamentada em teor de
flavonoides (rutina) e atividade antioxidante demonstra que concentracdo de solvente,
temperatura e tempo de extracdo influencia nessas variaveis, com melhores condig¢des
extrativas no material foi obtido por macera¢ao em etanol 30% a 60°C, por 2 horas (Hinneburg;
Neubert, 2005).

A extragdo de compostos fenolicos das folhas de Cordia myxa sofre influéncia da
relagdo droga: solvente, tempo e temperatura de extracdo (Samavatia; Lorestanib;
Joolazadehca, 2014). J4 a extracdo desses compostos dos frutos de Ganoderma lucidum (Curtis)
P. Karst. foi otimizada utilizando extragdo assistida por ultrassom, por 40 minutos, com
poténcia de 100,0 W e 89,5% de etanol (Oludemi et al., 2018).

Empregando teor de flavonoides como variavel resposta, estudos de padronizagdo das
condicdes extrativas de espécies vegetais demonstram influéncia de diversas variaveis
dependentes, tais como: a) extragdo de flavonoides (rutina, isoquercitrina, quercertina,
quercetina e hyperina) das folhas de Hypericum perforatum (St. John’s Wort) tem melhores
resultados em temperatura elevada (Liu; Ang; Springer, 2000); b) extracao de isoflavonas de
espécies Trifolium L. sofrem influéncia do procedimento extrativo, natureza do solvente,
temperatura e numero de ciclos de extracdo (Zgorka, 2009); ¢) pH dos extratos de frutos de
Fragaria x ananassa Duch.) influencia no teor de antocianinas (Bordignon Jr., 2009); d) a
extra¢do de rutina e quercetina a partir de extratos dos talos de Euonymus alatus (Thunb.) é
otimizada na extragdo em micro-ondas, com emprego de etanol a 50% (v/v), em 40 mL de
solvente, poténcia de micro-ondas de 170 W e o tempo de irradiagdo ¢ de 6 minutos (ZHANG
et al.; 2009); e) a partir de extratos obtidos inflorescéncias de Calendula officinalis L. com
diferentes solventes, foi comprovado que o extrato hidroglicolico € mais seletivo para a extracao
de flavonoides (Borella et al., 2012); f) a concentragdao do solvente (etanol e dgua) ¢ a principal
variavel na extracao de flavonoides a partir de extratos das folhas de Passiflora alata Curtis e
Passiflora edulis Sims, (NORIEGA et al., 2012); g) flavonoides, expressos em valores de
quercetina, obtidos de extratos de partes aéreas de Ipomoea pes-caprae (L.) R. Br. sofrem
influéncia do tempo da extracao e da relagao droga: solvente (Vieira et al., 2013).

Para avaliar a influéncia das variaveis independentes na composi¢do quimica dos
extratos em estudo foi obtido o perfil cromatografico por cromatografia liquida de altaeficiéncia
acoplado a detector de Ultra- Violeta (CLAE-UV-Vis) (figuras 1 - 4).



Figura 1. Cromatogramas dos extratos
hidroetanolicos das folhas de Hancornia
speciosa Gomes obtidos por diferentes
procedimentos extrativos e relagoes de
hidromddulo, analisados por CLAE-UV/Vis
no comprimento de onda 254 nm. A: M 1:10
(maceragdo em hidromédulo 1:10); B: M 1:15
(macerag@o em hidromodulo 1:15)
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Figura 2. Cromatogramas dos extratos
hidroetanolicos das folhas de Hancornia
speciosa Gomes obtidos por diferentes
procedimentos extrativos e relagdes de
hidromodulo, analisados por CLAE-UV/Vis
no comprimento de onda 254 nm. A: MU 1:10
(macerag@o com ultrassom em hidromoédulo 1:10);
B: MU 1:15 (maceragdo com ultrassom em
hidromodulo 1:15)




Figura 3. Cromatogramas dos extratos
hidroetanolicos das folhas de Hancornia
speciosa Gomes obtidos por diferentes
procedimentos extrativos e relagoes de
hidromddulo, analisados por CLAE-UV/Vis
no comprimento de onda 254 nm. A: P 1:10
(percolagdo em hidromodulo 1:10); B: P 1:15
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Figura 4. Cromatogramas dos extratos
hidroetanolicos das folhas de Hancornia
speciosa Gomes obtidos por diferentes
procedimentos extrativos e relagdes de
hidromodulo, analisados por CLAE-UV/Vis
no comprimento de onda 254 nm. A: S 1:10
(extracdo em aparelho de Soxhlet em hidromodulo

1:10); B: S 1:15 (extragdo em aparclho de Soxhlet
em hidromodulo 1:15)

(percolagao em hidromoédulo 1:15)

A
A
B B

b L)
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A andlise dos cromatogramas das figuras 1 - 4, com énfase nas diferencas entre os 08
(oito) extratos em estudo, permite evidenciar que procedimento extrativo e hidromodulo
interferem significativamente na composi¢do quimica, principalmente no quantitativo. Em
todos os métodos selecionados para extragdo, os compostos nos tempos de retengdo de
aproximadamente 14 e 26 min prevaleceram com maior intensidade de absor¢ao no detector
UV/vis quando comparado aos demais picos. Analisando todos os cromatogramas observa-se
que esses picos foram mais intensos nos extratos obtidos por maceragao assistida por ultrassom
em hidromédulo 1:10 (MU 1:10) e em aparelho de Soxhlet em hidromodulo 1:15 (S 1:15).

Estudo de Pereira (2012), em extrato etanolico obtido por percolacao das folhas de
Hancornia speciosa coletadas no Banco de Germoplasma Ativo de Mangaba (BAG-Mangaba),
em Joao Pessoa, Paraiba, Brasil, evidencia rutina como um dos constituintes majoritarios.
Pereira et al. (2015), em extratos obtidos por percolacdo das folhas de Hancornia speciosa
também oriundo do BAG-Mangaba, Jodo Pessoa, Paraiba, Brasil, demonstra a presenga de
substancias como bornesitol, dcido quinico, rutina e acido clorogénico; constituintes estes
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relacionados a sua atividade antidiabética.

Fundamentado nos resultados até aqui obtidos, os extratos S 1:15 ¢ MU 1:10 foram
selecionados para identificagdo de compostos quimicos. O perfil de compostos fenolicos
identificados por espectrometria de massa com ionizagao electrospray (ESI) no modo negativo
dos extratos hidroetanolicos S 1:15 e MU 1:10 das folhas de Hancornia speciosa estao descritos
na tabela 3; os cromatogramas de caracterizacdo de compostos fendlicos desses extratos estao
demonstrados na figura 5.

Com base na desreplicacdo dos espectros de massas obtidos para cada pico foi
possivel identificar 07 (sete) compostos na extragdo em aparelho de Soxhlet (S 1:15) e 06
(seis) compostos no extrato obtido por maceracdo com ultrassom (MU 1: 10) sendo esses 06
(seis) compostos todos presentes no extrato S 1:15.
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Tabela 3. Perfil de compostos fenolicos identificados por espectrometria de massa com ionizagao electrospray (ESI) no modo negativo dos extratos
hidroetanolicos de Hancornia speciosa Gomes, obtidos em aparelho de Soxhlet em hidromoédulo 1:15 (S 1: 15) e por maceragdo com ultrassom

em hidromodulo 1:10 (MU 1:10)

Extrato/ Nimero Tempo de Férmula
Relacgao de . retenciao [M-H] (m/z) MS" (m/z) Proposta estrutural
do pico molecular
hidromoédulo* (min)
1 5,0 C15sH1509 341 281; 179 Acido cafeico 3- glicosideo
2 53 C7H 1205 191 - Acido quinico
3 14,7 Ci6H 1309 353 191 Acido clorogénico
4 26,2 C27H30016 609 301; 255; 179 Rutina
S 1:15 5 30,7 CxHiO1s 593 327; 285 Kaempferol-3-glicosideo-7-
raminosideo
6 349 ClLiO 755 609: 301 Quercetina 3-rutinosideo-7-
’ 3314020 ’ raminosideo
7 40,7 CioH32015 739 593; 453; 395; 328; 285 Kaempferol 3-0-(47.6"-0-di-
pcoumaril)-glicosideo
2 5,3 C7H120¢ 191 - Acido quinico
3 14,6 CisHi509 353 191 Acido clorogénico
4 26,2 C27H30016 609 301; 179 Rutina
5 30.7 CorHaiO 503 ) . Kaempferol-3-glicosideo-7-
MU 1:10 , 27030015 327; 2855 229 raminosideo
6 341 CysHuoO, 755 609: 301 Quercetina 3-rutinosideo-7-
’ 3300 ’ raminosideo
7 40,7 C3oH3015 739 593; 453; 327; 285 Kaempferol 3-0-(4",6"-O-di-

pcoumaril)-glicosideo

* S 1:15 (extragao em aparelho Soxhlet em hidromoddulo 1:15) e MU 1:10 (macerag@o com ultrassom em hidromédulo 1:10)
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Figura 5. Cromatograma de ions totais de caracterizacdo em 281 nm obtido por espectrometria de massa com ionizagdo electrospray (ESI)
acoplado ao cromatodgrafo liquido no modo negativo de compostos fenolicos dos extratos hidroetanolicos S 1:15 e MU 1:10 das folhas de
Hancornia speciosa Gomes. Compostos identificados: pico 1- 4cido caféico 3-glicosideo, pico 2- acido quinico, pico 3-acido clorogénico, pico 4-
rutina, pico 5- kaempferol-3-glicosideo-7-raminosideo, pico 6- quercetina 3-rutinosideo-7-raminosideo e pico 7- kaempferol 3-O-(4",6"-O-di
pcoumaril) -glicosideo. A: S 1:15 (extracdo em aparelho de Soxhlet em hidromddulo 1:15); B: MU 1:10 (maceragdo com ultrassom em
hidromédulo1:10).
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No extrato hidroetandlico S 1:15, o pico 1, eluido a 5,0 min, apresentou 341 [M-HJ
como ion molecular e fragmento 179 correspondente a perda da unidade de glicose. Com base
nesses dados o composto foi identificado como &cido caféico 3-glicosideo (Jiménez-Aspee et
al., 2015; Bastos et al., 2017); sendo evidenciado apenas no extrato obtido em aparelho de
Soxhlet; o que pode ser explicado pelo fato de usar aquecimento no processo o que facilita a
extragdo de compostos de alta polaridade.

Estudos tém demonstrado que o &cido cafeico e seus derivados previnem a obesidade e
a sindrome metabdlica em modelos experimentais de obesidade (Bocco et al., 2016), por
suprimirem enzimas como a lipase pancreatica e a acumulacdo lipidica hepatica (Liao et al.,
2013); bem como por induzirem a oxidagdo de acidos graxos pela fosforilagdo da proteina
quinase ativada por adenosina monofosfato (AMPK) e posterior reducao da atividade de acetil-
CoA carboxilase (ACC) (Pang; Choi; Park, 2008).

Branco (2019) observou que o tratamento com acido cafeico de forma concomitante ou
apos o desenvolvimento da obesidade, demonstra ser eficaz na reducao do peso e a deposicao
de gordura abdominal, bem como efeito hipoglicémico em camundongos alimentados com
dieta hipercaldrica. O mesmo promoveu ainda redugdo do acimulo de lipidios e apresentou
atividade antioxidante em cultivo celular de adipdcitos 3T3-L1; ressaltando que acido cafeico
desponta como uma substancia com elevado potencial terapéutico no ambito das doencgas
relacionadas aos metabolismos glicémico, lipidico e obesidade.

O composto de razdo massa carga (m/z) 191 em S 1:15 e MU 1:10 corresponde ao acido
quinico, também identificado por Bastos et al. (2017) e Biazotto et al. (2019). O ion m/z 353
com fragmento m/z 191 em S 1:15 e MU 1:10 apresenta perfil de fragmentagao de acido
clorogénico (Santos et al., 2016; Bastos et al., 2017; Biazotto et al., 2019), sendo constituido
por uma unidade de acido quinico esterificado com o acido caféico (Martucci et al., 2014).

Cho et al. (2010) estudaram os efeitos da suplementacdo de 4cido cafeico ou acido
clorogénico em camundongos, por 08 (oito) semanas e ao final do periodo experimental, tanto
os animais tratados com acido cafeico quanto com acido clorogénico apresentaram menor
ganho de peso, adiposidade, menores niveis séricos de colesterol total, triglicérides, acidos
graxos livres, leptina e insulina.

O composto 4 em S 1:15 e MU 1:10 apresentou como ion molecular m/z 609 e uma
perda de massas correspondente a glicose + raminose, cujo ion produto foi de m/z 301; com
perfil de fragmentagdo corresponde a rutina. Esse flavonoide ¢ referido em varios estudos
comas folhas de Hancornia speciosa (Ferreira et al., 2007; Endringer et al., 2009; Pereira et
al., 2015; Santos et al., 2016; Bastos et al., 2017).

O pico 5 apresentou m/z 593 em S 1:15 e MU 1:10 corresponde ao kaempferol-3-
glicosideo-7-raminosideo, sendo um composto ja descrito por Santos et al. (2016); o seu ion
fragmento m/z 285 ¢ atribuido a perda de um residuo rutinosideo. No tempo de retengao 40,7
minutos, o composto quimico de massa 739 em S 1:10 e MU 1:15 corresponde ao kaempferol 3-
0-4",6"-O-di-p-coumaril) - glicosideo com o ion produto m/z 285 correspondentes a aglicona
do kaempferol (Kaffarnik et al., 2005).

O ion m/z 755 em S 1:15 e MU 1:10 corresponde a quercetina 3-rutinosideo-7-
ramnosideo com fragmentacdo similar no estudo de Karar et al. (2016).

Acidos fenélicos (acido quinico e acido clorogénico) e flavonoide (rutina), presente
também na composicao quimica dos extratos hidroetanolicos de Hancornia speciosa, t€ém sido
descritos com a¢ao antiobesidade (Hsu et al., 2009; Cho et al., 2010; Lim et al., 2013, Yang et
al., 2020).

Estudos in vivo desenvolvidos com compostos quimicos (rutina, acido clorogénico,
acido quinico, quercetina e kaempferol) mostraram que sdo compostos que reduzem os efeitos
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da obesidade em animais experimentais (Pang; Youngshim; Taesun, 2008 ;Lima; Rios; Ha-Ck,
2008; Arcari et al, 2009; Hsu et al., 2009; Panchal et al., 2011; Nascimento, 2018), reducado da
resisténcia a insulina, tolerancia a glicose e perda de peso corporal em ratos alimentados com
uma dieta rica em gordura (Gao; Ma; Liu, 2013; Ghadieh et al., 2015).

Ono et al. (2006), observaram que os flavonoides apresentam significativa atividade
antiobesidade em ratos, especialmente pela inibicdo da aamilase e lipases pancreaticas;
concluindo, ainda, que a rutina pode atuar como inibidora da lipase pancredtica devido a
alteracdo conformacional gerada na proteina ap6s sua ligagao (Tao et al., 2015).

Ha na literatura relatos sobre os efeitos benéficos da rutina para a satide humana,
inclusive na prevencdo da obesidade. Estudo in vifro desenvolvido por Choi et al. (2006)
mostrou que a rutina suprimiu a diferenciagao celular de pré-adipdcitos 3T3-L1, de maneira
dose-dependente; na fase de indugdo da adipogénese, a rutina suprimiu a atividade do glicerol-
3-fosfato desidrogenase e a atividade de fatores adipogénicos como o PPAR-y em células 3T3-
L1 e na fase in vivo, a suplementacao de rutina durante 4 semanas em camundongos resultou
em reducdo do ganho de peso, em compara¢do com os animais ndo tratados com rutina.
Ademais, fracao etandlica proveniente do extrato bruto das folhas de Morinda citrifolia L.,
contendo flavonoides como quercetina e rutina, reduziram ganho de peso, adiposidade visceral,
colesterol total, colesterol LDL, triglicérides, insulina e leptina séricos, com relagao aos animais
ndo tratados, que receberam a mesma dieta (Jambocus et al., 2016).

Estudo investigou as atividades antioxidante, antidiabética (por inibicao das enzimas o-
amilase e a-glicosidase) e inibidora da lipase pancreatica in vitro, revelando que os melhores
resultados para todas as atividades citadas, foi provavelmente do extrato com maior quantidade
de flavonoides e polifenois (Mopuri; Islam, 2017). Wang et al. (2017) também demonstraram
o efeito antiobesogénico da rutina, em estudo in vivo, comprovando menor peso corporal dos
animais tratados com rutina.

Estudo com extrato etanolico das folhas de Hancornia speciosa e seus compostos
quimicos (rutina, catequina e isoquercetina) demonstra inibi¢do da enzima lipase pancreatica,
estratégia para reduzir a absor¢do de gordura e diminuir a obesidade; além disso inibiram as
enzimas o-amilase e a-glucosidase; demostrando alto potencial antidiabético, reduzindo o nivel
de glicose no sangue de animais submetidos a sobrecarga de glicose; assim os achados nos
testes in vitro e in vivo confirmaram opapel do extrato no controle da hiperglicemia pos-prandial
(Dos Santos et al., 2018).

Na obtengao e monitorizacdo de extratos padronizados € necessario a determinagdo de
marcador(es), representando constituintes ou grupos de constituintes quimicamente definidos,
presentes em drogas, suas preparagoes, fitoterdpicos ou outros medicamentos a base de ativos
de origem vegetal (Brasil, 2019). Assim, fundamentado nos resultados obtidos nesse estudo
podemos sugerir rutina como marcador analitico para a espécie.

Diante do exposto, com a constatagdo que extratos das folhas de Hancornia speciosa
apresentam constituintes quimicos passivies de contribuirem na perda de peso, o que também
foi evidenciado na atividade sobre a lipase pancredtica; mas reconhecendo que os extratos
sofrem influencia das variaveis empregadas nesse estudo, ¢ necessario a continuidade dos
estudos de validagdo, visando avaliar eficdcia e seguranca, mas a serem desnvolvidos com
extrato padronizado das folhas de Hancornia speciosa, otimizado pela extracao em aparelho de
Soxhlet na relagdo de hidromodulo de 1:15 (S 1:15), empregando a rutina como marcador
analitico de qualidade.
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CONCLUSAO

O desenho experimental empregado nesse estudo possibilitou definir as varidveis que
interferem nos extrativos das folhas de Hancornia speciosa, indicando que procedimentos
extrativos e relagdo de hidromoédulo influenciam na qualidade dos extratos, comprovando
melhores resultados nos extratos obtidos em aparelho de Soxhlet em hidromoédulo 1:15 e por
maceracdo com ultrassom em hidromédulo 1:10; permitindo, assim, a padronizagdao da
extracao.

Na garantia da qualidade de extratos das folhas de Hancornia speciosa, além da adogao
dessas varidveis para otimizacgdo, a rutina pode ser empregada como marcador analitico no
controle de qualidade da espécie vegetal.

A comprovagdo da inibigdo da atividade da lipase pancredtica e da presenga de
substancias quimicas com propriedade antiobesidade evidenciam o potencial da espécie na
continuidade dos estudos para certificagdo de eficacia e seguranga na perspectiva de novas
opgoes terapéuticas no tratamento da obesidade.
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Resumo

Relevincia etnofarmacologica Estudos etnofarmacoldgicos referem Hancornia
speciosa Gomes (Apocynaceae), popularmente conhecida como mangaba, de grande
ocorréncia no Brasil, como espécie vegetal nativa de uso popular na perda de peso,
mas sem evidéncias de estudos de validagdo para certificacdo de seguranga e eficacia,
devendo estimular o desenvolvimento dos estudos com a espécie, com énfase aos
estudos de avaliagdo de toxicidade. Objetivo Avaliar a toxicidade subcronica do
tratamento oral com extratos hidroetanolicos das folhas de Hancornia speciosa
Gomes (EHs) em camundongos. Material e métodos Camundongos Swiss foram
distribuidos em 04 (quatro) grupos (n=5/grupo), administrados diariamente EHs nas
doses de 5 (EHs5), 50 (EHs50) e 250 mg/kg/dia (EHs250), por via oral durante 15
dias; e o grupo controle recebeu apenas dgua; com analise dos parametros: peso,
consumo de alimentos, dgua, sinais de toxicidade e mortalidade. Apo6s 15 dias de
tratamento diario, os camundongos foram eutanasiados e amostra de sangue foi
coletada para avaliar pardmetros hematologicos e o soro para analise bioquimica. Foi
feita coleta dos orgaos (baco, peritoneo e medula Ossea) para quantificacdo das
células linféides e de o6rgdos vitais (pulmao, coragdo, figado, rins, intestino, bago e
cérebro) para avaliacdo do peso destes e andlise do aspecto microscopico
(histopatologico) do figado e rins. Resultados No tratamento subcronicocom EHs250
ocorreu tanto a variagdo ponderal do peso corporal dos animais quanto 01 (uma)
morte no sétimo dia de tratamento. No grupo EHs5 ocorreu redu¢cdo na contagem
total de leucocitos; porém nenhuma das doses utilizadas induziu alteragdes na
contagem diferencial; enquanto nos grupos EHs50 e EHs250 houve diminui¢do da
quantificagdo das células do baco. Alteragdes nas analises bioquimicas foram
observadas nos grupos EHs50 e EHs250, relacionadas principalmente a
nefrotoxicidade e hepatotoxicidade e também alteragdes microscopicas significativas
foram observadas no figado e rins no grupo EHs250; bem como aumento no peso
relativizado dos rins. Conclusdo Sugere-se que o tratamento subcronico comextratos
hidroetanolicos das folhas de Hancornia speciosa ¢ indicativo de toxicidade na dose
de 250 mg/kg, com lesdes especialmente no figado e rins, alertanado para risco ao uso
indiscriminado da espécie vegetal.

Palavras- chave: Hancornia speciosa Gomes, mangaba, estudos de validacdo,
seguranca, perda de peso, uso popular.



Abstract

Ethnopharmalogical relevance Ethnopharmacological studies refer to Hancornia
speciosa Gomes (Apocynaceae), popularly known as mangaba, of great occurrence in
Brazil, as a nativeplant species popularly used in weight loss, but without evidence of
validation studies for safety and effectiveness certification and should stimulate the
development of studies with the species, with an emphasis on toxicity assessment
studies. Aim of the study To evaluate the subchronic toxicity of oral treatment with
hydroethanolic extracts from the leaves of Hancornia speciosa Gomes (EHs) in mice.
Material and methods Swiss mice were distributed in 04 (four) groups (n =5 /
group), administered daily EHs in doses of 5 (EHs5), 50 (EHs50) and 250 mg / kg /
day (EHs250), orally for 15 days; and the control group received only water; with
analysis of the parameters: weight, food consumption, water, signs of toxicity and
mortality. After 15 days of daily treatment, the mice were euthanized and a blood
sample was collected to evaluate hematological parameters and the serum for
biochemical analysis. Organs were collected (spleen, peritoneum and bone marrow)
for quantification of lymphoid cells and vital organs (lung, heart, liver, kidneys,
intestines, spleen and brain) to assess their weight and analyze the microscopic aspect
(histopathological) of the liver and kidneys. Results In the subchronic treatment with
EHs250, both the weight variation of the animals' body weight and 01 (one) death
occurred on the seventh day of treatment. In the EHs5 group there was a reduction in
the total leukocyte count; however, none of the doses used induced changes in the
differential count, while in groups EHs50 and EHs250 there was a decrease in the
quantification of spleen cells. Changes in biochemical analyzes were observed in the
EHs50 and EHs250 groups, mainly related to nephrotoxicity and hepatotoxicity and
also significant microscopic changes were observed in the liver and kidneys in the
EHs250 group, as well as an increase in the relative weight of the kidneys. Conclusion
It is suggested that subchronic treatment with hydroethanolicextracts of the leaves of
Hancornia speciosa is indicative of toxicity at a dose of 250 mg/ kg, with lesions
especially in the liver and kidneys, alerting to the risk of indiscriminate use of the
plant species.

Keywords: Hancornia speciosa Gomes, mangaba, validation studies, safety, weight
loss, popular use.

1. Introducio

170

Espécies vegetais podem representar fonte de novas alternativas e/ou complementos
terapéuticos, com potencial para avangar na pesquisa ¢ desenvolvimento (P & D), porém, o
uso popular de espécies vegetais sem comprovagdo de eficicia e seguranca pode representar
riscos, dados os efeitos colaterais e/ou toxicidade. Entre as espécies referidas em varios
estudos etnofarmacoldgicos destaca-se a espécie Hancornia speciosa Gomes (Apocynaceae),
popularmente conhecida como mangaba (Rodrigues; Carvalho, 2001; Macedo; Ferreira, 2004;
Da Silva et al., 2010a; Santos et al., 2013; Ferrao et al., 2014; Cercato et al., 2015; Penido et
al., 2016), espécie nativa do Brasil, tipica do cerrado brasileiro (Koch et al., 2015; Flora do

Brasil, 2020).
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Os estudos tém evidenciado atividade bioldgica contra diabetes (Cardoso et al., 2014;
Pereira et al., 2015; Neto et al., 2020), hipertensao (Silva et al., 2011; Silva et al., 2016),
cicatrizante (Geller et al., 2015), anti-inflamatorio (Marinho et al., 2011; Torres-Régo et al.,
2016; Dos Santos et al., 2018), antimicrobiano e antifungico (Costa et al., 2008; Silva et al.,
2010; Chagas et al., 2017), anti-Helicobacter pylori, gastroprotetor e antiulcerogénico (Moraes
et al., 2008) e antiobesidade (Da Silva et al., 2010a; Da Silva et al., 2010b; Santos et al., 2013;
Cercato et al., 2015; Dos Santos et al., 2018).

Nesse sentido, Hancornia speciosa ¢ citada como promissora espécie para perda de
peso, especialmente suas folhas (Pereira et al., 2015; Dos Santos et al., 2018), corroborando
com dados do estudo etnofarmacoldgico desenvolvido pelo nosso grupo de pesquisa da
Universidade Federal do Maranhdao (UFMA), evidenciando que a decoc¢do ou infusdo das
folhas foram as formas mais comuns de uso popular da espécie para tratamento da obesidade
(dados ndo publicados). Vale enfatizar que pesquisas com metabolitos encontrados em partes
das folhas da espécie como acido cafeico e rutina, &cido clorogénico, acido quinico
(compostos fendlicos) demonstraram potencial para obesidade em animais (Hsu et al., 2009;
Panchal et al.,2011; Bocco et al., 2016; Wang et al., 2017; Yang et al., 2020), além de
reduzirem resisténcia a insulina, tolerancia a glicose e perda do peso corporal de ratos (Gao;
Ma; Liu, 2013; Ghadiehet al., 2015; Branco, 2019).

E importante ressaltar, ainda, que até o momento, nio foram evidenciados estudos de
validacdo para o uso da espécie, com poucos dados disponibilizados dos possiveis efeitos
toxicos desta planta (Cercato et al., 2015). Assim, para garantir a seguranca da espécie no uso
na perda de peso ¢ de extrema importancia desenvolver ensaios de toxicidade pré-clinicos e
clinicos, entre eles a avaliagdo da toxicidade subcronica (Bedrood et al., 2018). Diante do
exposto, o objetivo desse estudo foi avaliar a toxicidade subcronica do tratamento oral com
extrato hidroetandlico das folhas de Hancornia speciosa Gomes em camundongos, para definir
paramétros de seguranga ao uso da espécie na perda de peso.

2. Material e métodos

2.1 Coleta do material vegetal e preparo do extrato

As folhas de Hancornia speciosa Gomes (Apocynaceae) foram obtidas por coleta
manual em habitat natural, no municipio de Morros (latitude: -02° 51' 52" S e longitude -44°
02' 22' O), estado do Maranhdo, Brasil; nos meses de setembro a novembro de 2017. A
identifica¢do botanica foi realizada no Herbario do Maranhdo (MAR) sob niimero 9.749. E
realizado o cadastro de acesso ao patrimonio genético e conhecimento tradicional associado no
Sistema Nacional de Gestdo do Patrimonio Genético e do Conhecimento Tradicional Associado
(SisGen), identificado pelo nimero n® AC40568.

O material vegetal foi, em separado, seco em estufa com circulagdo de ar a 38° C;
seguida de trituragdo em moinho de facas (p6 moderadamente grosso: 710 pm e a 250 um)
(Farmacopeia Brasileira, 2019). O material seco e moido das espécies, em separado, foi
submetido a extragdo padronizada em aparelho de Soxhlet hidromédulo 1:15 (dados nao
publicados). O extrato hidroetandlico padronizado das folhas de Hancornia speciosa (EHs) foi
filtrado, concentrado em rotoevaporador, seco e liofilizado; com rendimento de 14,28%.

2.2. Animais

Foram utilizados camundongos Swiss machos, com idade entre 8 e 9 semanas, com peso
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médio de 42 g, provenientes do Biotério Central da UFMA. Os animais foram mantidos a
temperatura média de 23 + 2°C e umidade relativa de 44 - 56%, sob ciclos normais de claro e
noite de 12 horas e livre acesso a rag¢do e dgua. O uso de animais foi aprovado pela Comissao
de Etica sobre o uso de animais (CEUA), com processo 23115.007168/2016-20.

2.3 Avaliag¢do da toxicidade subcronica de Hancornia speciosa

Os animais foram pesados e distribuidos em 04 (quatro) grupos experimentais
(n=5/grupo) e tratados por gavagem, diariamente, durante 15 dias com 4gua no grupo controle
(CTRL) ou EHs nas doses de 5 (EHs5), 50 (EHs50) e 250 (EHs250) mg/kg de peso corporal,
dissolvido em tampao fosfato-salino (PBS), com administracdo de 500 puL a cada animal
(Pereira et al., 2010). Para cada grupo foram oferecidos 250 g de alimento e 350 mL de agua
filtrada, a cada 3 dias, com registro desse consumo e observagdo dos animais até 15 dias apos
inicio do tratamento. Nesse periodo, os seguintes parametros foram monitorados: consumo de
alimentos, agua, sinais de toxicidade e mortalidade. Os camundongos foram pesados em
balanca digital antes do desenvolvimento do experimento (Pi= peso inicial) e apos os 15 dias
de tratamento (Pf= peso final). A variacdo ponderal foi obtida pela diferenca entre Pf e Pi
(Pereira et al., 2010).

2.4 Avaliagdo dos parametros hematologicos e bioquimicos

Apos 15 dias do tratamento, os animais foram pesados, em seguida anestesiados com
cloridrato de xilazina (Rompum®) (10 mg/kg) e cloridarto de ketamina (Vetanarcol®) (100
mg/kg) intraperitoneal, para coleta de amostra de sangue, coletada do plexo retro orbital. Do
sangue total foi realizada a contagem global de leucocitos em cAdmara de Neubauer e a contagem
diferencial em lamina com coloracdo panotica, ambos utilizando microscopio 6tico de luz
comum. E a analise bioquimica foi realizada no soro centrifugado a 1500 rpm/10min., para
determinagdo da concentracdo de glicose (GLI), ureia (URE), creatinina (CREA), aspartato
transaminase (AST), alanina transaminase (ALT), fosfatase alcalina (FAL), gama
glutamiltranspeptidase (GGT), colesterol total (COL) e triglicerideos (TRI), em equipamento
automatizado Analyser BA400 (BioSystems®).

2.5 Necropsia dos orgaos

Apos coleta do sangue os animais foram eutanasiados com altas doses de anestésicos
(150 mg/kg cloridrato de ketamine-Vetanarcol®, e 120 mg/kg cloridrato de xilazina-
Rompum®) (Oliveira et al., 2019), para remocao dos 6rgaos: pulmao, coracao, figado, rins,
intestino, bago e cérebro. Todos os 6rgaos foram pesados e o peso relativo do 6rgdo (peso do
orgao como propor¢ao do peso corporal total de cada animal) foi calculado e comparado com
o valor do controle; e submetidos a analise macroscopica. A avaliacdo do aspecto microscopico
(histopatologico) foi realizado no figado e rins, fixado em 10% formalina e colocado em
parafina, para posterior analise histopatologica. Foram obtidas sec¢des de 5 pm de diametro e
corado com hematoxilina eosina.

2.6 Células do lavado peritoneal, medula ossea e bago

Orgdos como bago, peritonio ¢ medula 6ssea foram utilizados para quantificagio do
numero de células linfoides. A cavidade peritoneal dos animais foi lavada com 5 mL de PBS
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estéril e a suspensdo celular obtida por aspiragdo com seringa e agulha. As células da medula
ossea foram obtidas por perfusdo do fémur com 1 mL de PBS e uma parte do bago pesada e
triturada em 1mL de PBS, o material obtido foi colocado em tubos de polipropileno com fundo
conico (Costar®). Apos a coleta, 90 uLL das suspensdes celulares foram fixadas e coradas em
10 pL de uma solugdo contendo 0,05% de cristal violeta diluido em acido acético 30% em tubos
tipo eppendorf. As células foram contadas em camara de Neubauer com auxilio de um
microscopio 6tico de luz comum.

2.7 Analises estatistica

Os resultados foram analisados com auxilio do software GraphPadPrism, versao 5.0,
pela analise de variancia unidirecional (ANOVA) seguida do teste de Kruskal Wallis, utilizando
p< 0,05 como nivel de significancia. Dados foram expressos com média + erro padrao da média
(E. P.M) de 5 animais por grupo.

3 Resultados

3.1 Efeito do tratamento oral na variagdo ponderal do peso corporal, consumo de dgua e
alimentos, e mortalidade

A administragdo do EHs nas doses de 5 e 50 mg/Kg nao alterou a variagao ponderal de
massa dos camundongos tratados frente ao seu respectivo controle, ja no grupo tratado na dose
250 mg/Kg observou-se diminui¢do de peso corporal (Tabela 1). Nao houve alteragdao no
consumo de agua, mas alterou o consumo de alimentos no grupo EHs5 (Tabela 2).

No 7° dia de tratamento dos animais com extrato de Hancornia speciosa observou-se a
morte de um camundongo no grupo tratado EHs250.

Tabela 1. Efeito do tratamento oral subcronico com extrato hidroetanolico padronizado das
folhas de Hancornia speciosa Gomes sobre variagdo ponderal da massa corpdrea (peso final-
peso inicial)

Variagao CTRL EHs5 EHs50 EHs250
ponderal
Peso (g) 0.68 = 0.66 186 £ 111 174122 2.02%0.79%

Camundongos Swiss (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por 15
dias. O controle recebeu apenas agua. Os dados sdo expressos como média + E.P.M. * p< 0,05 em relagdo ao
grupo controle.

Tabela 2. Efeito do tratamento oral subcronico com extrato hidroetandlico padronizado das
folhas de Hancornia speciosa Gomes sobre consumo de dgua (mL) e alimento (g)

Consumo CTRL EHs5 EHs50 EHs250
Agua (mL) 2044 £5,5 243 + 18,6 234+ 16,5 1975+ 1,7
Alimento (g) 115,77+ 3,1 126,5 £ 6,5 126,1 +£5,6 100,2 + 8.9

Camundongos Swiss (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por 15
dias. O controle recebeu apenas agua. Os dados sdo expressos como média = E.P.M.

3.2 Efeito do tratamento oral nos parametros hematologicos e bioquimicos

Em relagdo a andlise hematologica, foi observada alteragdo estatistica significativa na
contagem de leucocitos totais apenas dos camundongos tratados com EHs na dose de 5 mg/Kg
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em relagdo ao grupo controle (Figura 1). E quanto a contagem diferencial dos leucdcitos nao
houve alteracdo (Tabela 3).

Figura 1. Efeito do tratamento oral subcronico com extrato hidroetandlico padronizado das
folhas de Hancornia speciosa Gomes sobre parametros hematoldgicos. Apds 15 dias de

tratamento diario, os camundongos foram eutanasiados e o sangue coletado para realizar a
contagem de leucdcitos totais (mm?)
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Camundongos Swiss (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por 15

dias. O controle recebeu apenas dgua. Os dados sdo expressos como média = E.P.M. * p< 0,05 em relac¢io ao grupo
controle.

Tabela 3. Efeito do tratamento oral subcronico com extrato hidroetandlico padronizado das
folhas de Hancornia speciosa Gomes sobre parametros hematoldgicos. Apds 15 dias de
tratamento diario, os camundongos foram eutanasiados e o sangue coletado para realizar a
contagem diferencial de células sanguineas

Parametros CTRL EHs5 EHs50 EHs250
hematologicos

Neutrofilos 45,6 4.4 428=+1,0 422 +1,7 36,75+2,0

Linfocitos 544+44 57,2+ 1,0 57,8 +1,7 63,75+2,0

Camundongos Swiss (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por
15 dias. O controle recebeu apenas agua. Os dados sdo expressos como média + E.P.M.

E apos os 15 dias de tratamento, houve aumento da enzima AST e alteracdo da uréia nos
grupos de doses de 50 e 250 mg/kg. Houve ainda reducao da creatinina no grupo EHs250; nao
sendo diferencas estatisticamente significantes nos demais parametros bioquimicos (Tabela 4).
Nao foi possivel analisar GGT, pois os valores foram inferiores ao detectavel no equipamento.
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Tabela 4. Efeito do tratamento oral subcronico com extrato hidroetanélico padronizado das
folhas de Hancornia speciosa Gomes nos parametros bioquimicos séricos de camundongos

Parametros CTRL EHs5 EHs50 EHs250
GLI (mg/dL) 158+ 12,7 169,2+15,6 185,4 +8,2 168 £17,1
URE (mg/dL) 58 +2.6 60,8 +1,3 67 +0,9* 50 £+ 1,0%*

CREA (mg/dL) 0,11 +0,009 0,09 +0,01 0,10 + 0,009 008 £ 0,005*

AST (IU/L) 82,9+29 82,1 +3,8 96,0 £ 4,1* 99,6 +2.4*

ALT (IU/L) 17,5+22 18,1 £0,9 20,1+ 1,0 22,6 +0,7
COL (mg/ dL) 102,8 £9,3 93,2+4,6 106,6 £2,3 101,3+2,6
TRI (mg/ dL) 1992 +12,2 199,7+54 2287+ 16,0 212,6 £17,8
FAL (mg/ dL) 50,3+7,2 522+5.7 57,5+3,4 64,9 + 6,8

Camundongos Swiss (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por 15
dias. O controle recebeu apenas agua. Os dados sdo expressos como média = E.P.M. *p< 0,05 em rela¢ido ao
grupo controle.

3.3 Efeito do tratamento oral na necropsia dos orgaos e na celularidade

Nao houve alteracdes macroscopicas nos orgaos analisados, entretanto pode-se
observar alteragdes microscopicas no figado, como lesdo tecidual no grupo tratado EHs 250
quando comparado ao grupo CTRL e infiltrado no grupo tratado EHs50 quando comparado
ao EHs5 (Tabela 5) e nos rins alteracdo significativa quanto ao edema no grupo tratado
EHs250 comparado ao CTRL e ao grupo EHs5 (Tabela 6).

Tabela 5. Analise histopatoldgica do figado de camundongos que receberam tratamento oral
subcronico com extrato hidroetanolico padronizado das folhas de Hancornia speciosa Gomes
por gavagem nas doses de 5, 50 e 250 mg/ kg. O controle recebeu apenas agua

Parametros analisados ? CTRL EHs5 EHs50 EHs250
Infiltrado 1,2+04 1,8+04 1 +0* 1,25+0,5
Necrose 0 0 0 0

Lesdo Tecidual 1.4+0,5 1,8§+0,4 240 2,75+ 0,5
Esteatose 1,6 £0,5 1,6 £0,5 2+0,7 2,25+0,5
Edema 1,2+0,4 1,8+0,4 1,8+ 0,4 1,75+ 0,5

(a) As alteragdes teciduais foram pontuadas como: 0 para ausente, 1 para escasso, 2 para moderado e 3 para
intenso. Os dados representam a média + E.P.M. de 5 animais por grupo. (*) p < 0,05 em relagdo ao grupo
controle. (#) p < 0,05 em relagdo ao grupo Smg/kg.

Tabela 6. Analise histopatologica do rim de camundongos que receberam tratamento oral
subcronico com extrato hidroetandlico padronizado das folhas de Hancornia speciosa Gomes
por gavagem nas doses de 5, 50 e 250 mg/ kg. O controle recebeu apenas dgua

Parametros analisados ? CTRL EHs5 EHs50 EHs250
Infiltrado 0,2+0,4 0,2+0,4 1,4+£0,5 1,5+0,5
Necrose 0 0 0 0
Lesao Tecidual 0,8+0,8 0,8+0,4 1,8+0,4 1,75+0,5
Edema 0 0 1£0,7 1,75+ 0,5
Hemorragia 0 0 0,6+0,5 0,5+0,5

(a) As alteragodes teciduais foram pontuadas como: 0 para ausente, 1 para escasso, 2 para moderado e 3 para
intenso. Os dados representam a média + E.P.M. de 5 animais por grupo. (*) p < 0,05 em relagdo ao grupo
controle. (#) p < 0,05 em relagdo ao grupo Smg/kg.
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Houve alteracdes significativas no peso de alguns 6rgaos, especialmente no intestino,
rins € pulmao, mas isso ndo foi observada com todas as doses e quanto ao peso relativo do
orgdo, observou- se diminui¢do no peso do intestino nas doses de 50 e 250 mg/kg, nos rins
aumento do peso na dose de 250 mg/kg e do pulmao aumento do peso nas dose de 50 e 250
mg/kg, quando comparados ao controle (Tabela 7).

Tabela 7. Efeito do tratamento oral subcronico com extrato hidroetandlico padronizado das
folhas de Hancornia speciosa Gomes sobre 6rgaos vitais de camundongos

CTRL EHs5 EHs50  EHs250  CTRL EHs5 EHs50 EHs250

Peso o6rgaos (g) Peso 6rgaos relativizados (g por 100g peso)
Bago 0,50+£0,5  0,40£0,29 0,30+0,0 0,30+0,08 0,01=0,01 0,01=0,01 0,006+ 0,000 0,007+ 0,002
Intestino  j 36,04 1,06£0,00 0,8240,1° 0,82+0,09° 0,03£0,01 0,02+ 0,00 0,018+ 0,002 0,019 0,002
Figado 2,42£0,1  2,92+0,46" 2,70£03 2,60+ 0,35 0,05£0,01 0,070,001 0,062+0,010 0,062+ 0,011
Rins 0,74+ 0,1  0,86+0,11° 0,88+ 0,1° 0,80+ 0,08 0,01+0,00 0,02+ 0,00 0,019+0,003 0,020+ 0,002"*
Pulmdo 90101  028+0,08 030£0,1 035+0,05 0,004=0,00 0,01=0,00 0,006+ 0,002° 0,008+ 0,001
Cérebro (484 0,0  046+0,05 048£0,1 045+0,05 0,01£0,00 0,01+0,00 0,010+0,002  0,010% 0,001
Coragdo (28401  0,26+0,05 024+0,1 025£0,05 0,006=0,00 0,01=0,00 0,005+ 0,001 0,005+ 0,002

Camundongos Swiss (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por 15
dias. O controle recebeu apenas agua. Os dados sdo expressos como média = E.P.M. *p < 0.05; **p < 0.01;

**%p <0.001 em

Houve aumento no numero de células do baco em EHs50 e EHs250. Entretanto no
numero de células na medula 6ssea nao houve diferenca estatistica; nem diferenga no nimero
de células peritoneais dos grupos tratados com EHs quando comparados ao grupo controle
(Figura 2).
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Figura 2. Efeito do tratamento oral subcronico com extrato hidroetandlico padronizado das
folhas de Hancornia speciosa Gomes sobre a celularidade nos 6rgaos linfoides e cavidade
peritoneal. Apds 15 dias de tratamento diario, os camundongos foram eutanasiados e
quantificado o nimero de células do bago (x107/ mL), medula éssea (x10% mL) e peritonio
(x10% mL)
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Camundongos (Swiss) (n = 5/ grupo) receberam EHs nas doses de 5, 50 e 250 mg/ kg por gavagem diaria por 15
dias. O controle recebeu apenas 4gua. Dados representam média + E.P.M de 5 camundongos/grupo. * p< 0,05 em

relagdoao grupo controle.
4. Discussao

A espécie vegetal Hancornia speciosa tem sido amplamente referida em estudos
etnobotanicos, utilizada pela populagdo para perda de peso entre outras finalidades, no entanto,
estudos que validem a seguranca do seu uso sdo escassos € se fazem necessarios, 1SS0 porque
as espécies vegetais podem apresentar toxicidade e levar riscos a populacao (Da Silva et al.,
2010; Cercato et al., 2015; Penido et al., 2016).

Os resultados obtidos na presente pesquisa sugerem que o tratamento subcronico com
extrato hidroetanolico das folhas de Hancornia speciosa apresenta indicios de toxicidade
especialmente na dose de 250 mg/kg/dia.

Em estudos de toxicidade subcronica e cronica, os sinais de toxicidade sistémica sdo
definidos a partir da redu¢do na massa corporal dos animais experimentais (Tofovic; Jackson,

1999; Raza et al., 2002; Wang et al., 2019). Além da reducdao do desenvolvimento
ponderal, a toxicidade sistémica se manifesta através da redugdo nos consumos de dgua e
ragdo, alteracdesde comportamento, apatia e mé condi¢ao da pelagem, como a presenca de
piloerecao (Mello, 2001), e ainda segundo Wang et al. (2019) sinais de toxicidade, incluindo
tempo de inicio, intensidade, duracao dos sintomas toxicoldgicos e mortalidade. Nesse estudo
de toxicidade subcronica do extrato de Hancornia speciosa foi observado no grupo tratado
com o EHs na dose de 250 mg/kg alteragao com relagdo a variagdo ponderal do peso corporal
apos 15 dias detratamento, no entanto ndo foram observadas alteragdes no consumo final de
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dgua e alimento, e ndo foi demonstrada alteragdes comportamentais ou sinais clinicos de
toxicidade como, piloeregdo, sialorreia, tremor, erecdo da cauda, convulsdo ou movimentos
estereotipados, em nenhuma das nas doses de EHs avaliadas (5, 50 e 250 mg/kg). Entretanto,
uma morte foi registrada no 7° dia de tratamento no grupo EHs250.

Para investigar os principais aspectos de toxicidade subcronica avaliamos a celularidade
total e diferencial nos 6rgaos linfoides e no sangue, assim como a interferéncia do EHs no perfil
bioquimico e as possiveis lesdes em Orgdos vitais como figado e rim a partir da analise
histopatologica, sendo que alteragdes nesses parametros representam sinais relevantes de
toxicidade (Gonzalez and Silva, 2003). A partir das andlises aplicadas constatamos que o EHs
nao alterou a contagem diferencial de leucocitos em nenhum dos grupos tratados, mas na dose
de 5 mg/kg levou a uma diminui¢do da contagem total de leucocitos dos animais desse grupo.

Quanto aos parametros bioquimicos observou-se aumento na concentracao sérica da
enzima hepatica AST nos grupos tratados EHs50 e EHs250, o que pode sugerir uma possivel
hepatotoxicidade. O dano hepatico esta associado, entre outros, ao aumento dos niveis séricos
de muitos compostos bioquimicos marcadores (como: AST, FAL, bilirrubinas, triglicérides e
colesterol) (Subramaniam et al., 2015; Brown, 2017; Wang et al., 2019). A literatura confirma
que as analises enzimaticas hepaticas t€ém sido utilizadas como sinais de lesdo tecidual e
toxicidade (Adegoke; Gbadegesin; Odunola, 2017; Wang et al., 2019). Fato que corrobora com
a lesdo hepatica observada no grupo tratado com a dose de 250 mg/kg atraves da analise
histologica, mostrando possivel indicador de toxicidade subcronica (Sulaiman et al., 2014).
Noentanto, ndo houve diferenga estatistica com relacdo ao peso relativizado do figado.

Em relacdo aos biomarcadores renais, observou-se alteracdo pontual nos niveis de
creatinina no grupo EHs250 e alteragdes siginificativas da uréia nos grupos tratados EHs50 e
EHs250, aumento significativo do peso relativizado do 6rgao no grupo EHs250, ratificando
com a andlise histologica que também constatou edema renal no grupo EHs250, sugerindo
possivel nefrotoxicidade; condi¢gdo que leva a diminui¢do da funcdo renal, com aciimulo de
agua e eletrolitos nos rins (Singh; Prakash, 2011; Rad; Mohebbati; Hosseinian, 2017).

A avalia¢do dos parametros bioquimicos descreve o perfil metabdlico dos animais
submetidos a toxicidade, além de indicar quais 6rgaos, tecidos e até mesmo qual a parte do
metabolismo do animal esta sendo afetado (Abdel-Barry, 2000). Quanto aos niveis séricos de
glicose, colesterol e triglicérides ndo sofreram alteragdo pelo tratamento com EHs.

O figado ¢ normalmente o 6rgdo mais afetado devido sua posi¢do anatdmica e
importancia funcional, a hepatotoxicidade pode ser definida como dano hepatico provocada
pelo uso de farmacos, produtos a base de plantas ou qualquer substancia que conduz a alteracao
das provas hepaticas (Subramaniam et al., 2015; Ahsan et al., 2009; Seif, 2016). E o rim € o
segundo 6rgdo mais afetado por substancias, atuando como uma rota obrigatéria de eliminacao
de drogas, no qual poderd haver acumulo de compostos tdxicos, com consequente
nefrotoxicidade (Singh; Prakash, 2011; Alencar et al., 2013; Souza, 2013). A toxicidade renal
induzida por especies vegetais pode ser evidenciada por defeitos na funcao tubular, hipertensao
sist€émica, necrose renal e disturbios hidroeletroliticos (Vivekanand Jha, 2010).

Quanto a celularidade, o nimero de células da medula 6ssea ndo foi alterado, sugerindo
que nao possui efeito estimulante do EHs sobre as células hematopoiéticas. O numero de células
peritoniais também nao sofreu alteracdao. Por outro lado, houve diminuicdo do numero de
células do bago nos grupos EHs50 e EHs250, entretanto, ndo houve alteracdes significativas
com relagdo ao peso relativo do bago. Sinais de imunotoxicidade podem se expressar pela
alteracdo da andlise da celularidade e também do peso relativo de 6rgdos linféides como timo,
baco e linfonodos (Suttie, 2006; Mattos, 2014).

Em conclusdo, o tratamento subcronico com extrato hidroetandlico padronizado das
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folhas de Hancornia speciosa em modelo in vivo induziu alteragdes significativas em diferentes
parametros, especialmente no figado e rins, na dose de 250 mg/kg/dia; que podem estar
relacionados a possivel toxicidade hepatica e renal. Observou-se ainda uma morte no grupo
EHs250. Sugerindo que o extrato hidroetanolico das folhas de Hancornia speciosa pode indicar
toxicidade, principalmente na dose de 250 mg/kg, ratificando o risco ao uso indiscriminado da
espécie vegetal. Vale enfatizar que nossos resultados sugerem a necessidade de estudos mais
aprofundados de toxicidade, para uma provavel exclusdo ou ndo da espécie no
desenvolvimento de fitoterapicos, € que deve-se estimular como alternativa estudos de
bioprospecc¢ao com substancias isoladas, visando possivel fitofarmaco.
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5 CONSIDERACOES FINAIS

O estudo etnofarmacologico, que fundamenta a nossa proposta de validagdo de
espécies vegetais empregadas popularmente na perda de peso em Sao Luis, Maranhao, permitiu
evidenciarmos que, embora o estudo tenha sido realizado em populacao nao tradicional de area
urbana, ocorre alta prevaléncia do uso de plantas na amostra de faixa etdria mais baixa e nivel
de escolaridade mais elevado, o que pode estar relacionado ao objeto do estudo que ¢
investigacao de recurso para perda de peso, indicando que a mesma ¢ um desejo de todos, nao
s0 de pessoas obesas ou com sobrepeso, mas a populagdo em geral, sinalizando para uso
indiscriminado de plantas, expondo, assim, a populagdo a riscos.

A preservacdo ou resgate do conhecimento popular de plantas como alternativa e/ou
complemento para perda de peso, com identificagdo de espécies vegetais nativas e exoticas,
com evidéncias de toxicidade, demonstra a necessidade de priorizar medidas, tanto no setor
publico como no setor privado, visto que este conhecimento tradicional sobre plantas comfins
medicinais ndo ¢ isento de riscos e perigos; sugerindo-se, assim, a¢gdes educativas efetivasde
Farmacovigilancia em Fitoterapia junto a populacdo e autoridades competentes no sentido de
divulgacdo dos riscos inerentes a utilizacdo destas espécies vegetais, dado aos possiveis
efeitos adversos intrinsecos e extrinsecos decorrentes do uso de material vegetal semestudo de
validagdo, logo sem certificacdo de seguranca, eficacia e qualidade.

Os estudos de revisdao que alicercam nossa pesquisa permitiram constatar que dentreas
espécies vegetais mais referidas de uso popular na perda de peso, a saber: Annona muricatal,
Baccharis trimera (Less) DC, Camellia sinensis (L.) Kuntze, Cynara scolymus L. e
Hancornia speciosa Gomes; embora apresentem alguns parametros de eficicia e seguranga
terapéutica para possivel uso como alternativa e/ou complemento terapéutico no sobrepeso,
obesidade e/ou suas comorbidades; tais estudos ainda ndo sdo conclusivos, logo nao permitem
validar tal uso.

Nesse sentido, enfatizamos que os estudos de validacdo, de ambito inter e
multidisciplinar, devem ser estimulados, para defini¢ao de parametros de eficdcia, seguranga e
qualidade ao uso, o que deve estimular continuidade dos estudos, na perspectiva de obter
bioprodutos.

Com o estudo de padronizacdo de Hancornia speciosa Gomes, espécie selecionadapor
ser amplamente empregada na perda de peso e de grande ocorréncia local, verificamos que

procedimentos extrativos e relacdo de hidromodulo sao variaveis que influenciam na qualidade
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dos extratos, na inibi¢ao da atividade da lipase pancreatica e extrativo de substancias quimicas
com propriedade antiobesidade; o que evidencia a representatividade dos estudos de
padronizacdo de extratos vegetais, estimulando, assim, a continuidade dos estudos com a
espécie a serem realizados com extrato padronizado.

Na perspectiva de continuidade desses estudos, no nosso delineamento experimental,
optamos por iniciar a investigagdo com os ensaios de toxicidade, comprovando que o
tratamento subcronico com extrato hidroetanolico padronizado das folhas de Hancornia
speciosa em modelo in vivo induziu alteragdes significativas em parametros, especialmente do
figado e rins; sugerindo, assim, que o extrato de Hancornia speciosa pode indicar toxicidade
na dose de 250 mg/kg, ratificando o risco ao uso indiscriminado da espécie vegetal. Vale
enfatizarque tal resultado pode sinalizar para exclusdao da espécie como possivel fitoterapico,
mas deve estimular os estudos de bioprospec¢do com substancias isoladas, visando possivel
fitofarmaco.

Por fim, com os resultados obtidos esperamos ainda, contribuir na definicdo da
sequéncia das etapas metodologicas de estudos de validacao de espécies vegetais; com énfase
a representatividade da realizagdo dos estudos de padronizagao, ensaios in vitro de eficacia
terapéutica, seguido dos estudos de seguranga, com testes de toxicidade in vitro e/ou in vivo; e,
assim, indicar potencial para continuidade ou ndo com estudos de eficacia in vivo.

Vale, ainda destacar, que nosso estudo evidencia a abrangéncia da pesquisa
etnofarmacoldgica, com seu ja tao divulgado potencial na contribui¢do no dificil processo de
selecdao de espécies vegetais para estudos de validacao, bem como para nortear agdes efetivas
de Farmacovigilancia, na perspectiva real de minimizar riscos e perigos associados ao uso

irracional de plantas para fins medicinais.
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APENDICE A. Modelo de Termo de Consentimento Livre e Esclarecido empregado na
pesquisa intitulada “Estudo de validagdao de espécies vegetais da flora
maranhense como alternativa e/ou complemento terapéutico na perda de peso”

Projeto: “Estudo de validacao de espécies vegetais da flora maranhense como alternativa e/ou
complemento terapéutico na perda de peso”

Instituicao: Universidade Federal do Maranhao

Pesquisador Responsavel: Prof* Dr* Flavia Maria Mendonga do Amaral

A pesquisa que contamos com a sua participagdo, constitui parte de um projeto da
Universidade Federal do Maranhao, envolvendo diversos Departamentos, Cursos deGraduacao
e P6s-Graduacao, contando com participagdo de varios professores, pesquisadorese alunos,
sem beneficios financeiros ou econdmicos para qualquer pessoa ou instituicdo envolvida;
visando resgatar junto a populacdo maranhense o conhecimento sobre espécies vegetais
empregadas para perda de peso.

Nessa etapa da pesquisa, usaremos entrevistas em forma de perguntas, conversas
informais e observacdes; garantindo-se que nenhuma etapa ocasionard constrangimento ou
embarago ao entrevistado. Vale esclarecer que todas as técnicas a serem empregadas foram
previamente avaliadas e aprovadas por profissionais especializados na area.

Caso vocé aceite em participar desse estudo como entrevistado, devera responder as
perguntas, sozinho e/ou com nosso auxilio, sobre o uso terapéutico de espécies vegetais
empregadas para perda de peso, caracterizacdo da maneira que utiliza (formas de preparagao,
parte(s) utilizada(s), forma de obtencdo, origem da informacdo, cuidados na guarda e
conservacao da preparacao, conhecimento sobre possiveis efeitos colaterais e contraindicagao);
além dos dados socioecondmicos. Garantimos a vocé protecao de sua identidade, sem fazermos
qualquer referéncia pessoal a nome, data de nascimento, enderego entre outros; bemcomo a
liberdade de desisténcia da pesquisa a qualquer momento.

Enfatizamos que os pesquisadores e a UFMA, assumem o compromisso de retornar os
resultados da pesquisa a sociedade.

Tendo lido e compreendido o objeto e finalidade desse estudo, caso concorde em
participar, por favor, assine seu nome abaixo.

Gratos pela colaboragao.

Sdo Luis, [/

Assinatura do participante

Camila Arguelo Biberg Dr? Flavia Maria Mendonga do Amaral
(98)98480- 5738 (98)98114- 7738
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APENDICE B. Modelo da entrevista para etapa de coleta de dados etnofarmacoldgicos que serd
empregada na pesquisa intitulada “Estudo de validacdo de espécies vegetais da
flora maranhense como alternativa e/ou complemento terapéutico na perda de

NUMERO DA ENTREVISTA:
DATA: / /

1. Dados do Usuario

1.1 Unidade de atendimento: o publica 0 privada
1.2 Sexo: o0 feminino 0 masculino

1.3 Idade: anos

1.4 Bairro de residéncia:

1.5 Nivel de escolaridade:
1° grau incompleto o 1° grau completo o 2° grau incompleto
2° grau completo O superior incompleto O superior completo

goutro

1.6 Faixa salarial familiar:
omenos de 2 salarios minimos O 2 a 4 salarios minimos
5 a 10 salarios minimos 0O acima de 10 salarios minimos
1.7 J& utilizou ou utiliza plantas para fins medicinais?
Osimo nao

Cite algumas:

1.8 Ja utilizou ou utiliza espécies vegetais para perda de peso?
Osimo ndo

Cite algumas:




210

1.9 Em caso negativo:
1.9.1 Por que ndo utilizou?
ondo conhece O ndo acredita O dificuldade de acesso
osé utiliza medicamento prescritos pelo médico

goutro

1.9.2. Embora ndo utilizando vocé tem conhecimento de alguma espécie vegetal para perda de peso?

Se sim, qual?

osim O nao

(sendo a resposta do item 1.7 positiva, prosseguir com o questiondrio referente ao uso terapéutico
da espécie vegetal)

2. Dados sobre o uso terapéutico de espécies vegetais para perda de peso
2.1 Como obteve informagao sobre o uso terapéutico da espécie?
ofamilia/amigosto profissional da satide (médico, farmacéutico, enfermeiro)

omeio de comunicagdo (televisdo, radio, internet, folhetos, jornais ou revistas)

goutros

2.2 Forma de preparacao utilizada:

2.3 Forma de obtengao:

2.4 Onde vocé adquire a espécie vegetal?

omercado/feira livre O farmdacia/drogaria O ervanaria O outro
2.5 Onde vocé guarda a preparagao obtida em sua casa?

ona geladeira 0O no armario O outro

2.6 Qual o utensilio que vocé costuma usar para guardar a preparagao?
oem lataso em depositos de plasticoso em depdsitos de vidro

gem qualquer recipiented outro
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2.7 Qual a frequéncia de emprego da preparagao?
ol vez por diad2 vezes por dian3 vezes por dia

omais de 3 vezes por diao outro

2.8 Durante quanto tempo foi utilizado a(s) espécie(s) para perda de peso?
_ dias.  semanas __ meses
2.9 Qual o nivel de satisfagcdo com o tratamento?
ootimoo bomo ndo surtiu efeito

2.10 Quando vocé e/ou seu familiar utilizou planta no tratamento pela tltima vez, houve algum efeito

prejudicial a satide? (pode assinalar mais de uma opg¢ao)
onenhum efeito O dor de cabecano tonturan altera¢do no coragdonazia
oenjood colicas abdominaiso gosto amargo e/ou metalico na bocao ma digestao

ooutros

2.11 Voceé ja ouviu alguma referéncia sobre toxicidade, perigo ou risco no uso da planta que vocé

empregou na perda de peso?
Osimo nao

Se sim, quais?

2.12 Durante o periodo do tratamento com a preparacdo da planta foi utilizado outro produto ao mesmo

tempo?
Osimo nao

Se sim, quais?

2.14 Durante o periodo do tratamento com a preparacao da planta foi feita alguma restri¢ao a alimentos,

bebidas, atividades fisicas ou outros?
Osimo nao

Se sim, quais?
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Estudo de validagéo de espécies vegetais da flora maranhense como alternativa e/ou
complemento terapéutico na perda de peso

Pesquisador: Camila Arguelo Biberg

Area Tematica:

Versao: 1

CAAE: 65523017.0.0000.5087

Instituicao Proponente: Universidade Federal do Maranhao

Patrocinador Principal: FUNDACAO UNIVERSIDADE FEDERAL DO MARANHAO

DADOS DO PARECER

Numero do Parecer: 1.999.641

Apresentacdo do Projeto:

O projeto "Estudo de validacao de espécies vegetais da flora maranhense como alternativa e/ou
complemento terapéutico na perda de peso" tem como pesquisador responsavel a docente da Universidade
Federal do Maranh&o Camila Arguelo Biberg. O aumento de peso como sobrepeso ou obesidade é descrito
como uma epidemia global, com mais de 1,9 bilhdo de adultos acima do peso e mais de 600 milhdes com
obesidade, condicdo que proporciona aumento das taxas de morbidade e mortalidade, representando sérios
problemas de saude publica. Como o tratamento farmacolégico é cada vez mais dificil, leva-se a busca por
alternativas entre as quais destaca-se os recursos de

origem vegetais. O potencial de produtos naturais para alteragcbes de peso esta em exploragao, porém,
ocasionam preocupacao dada as comprovadas adulteragdes e riscos toxicoldégicos pelo uso continuo,
ressaltando a importancia da realizagdo de estudos para comprovagao da segurancga, eficacia e qualidade.
Nesse sentido, os estudos etnofarmacoldgicos, com objetivo de testar as hipdteses sugeridas
tradicionalmente, tém fornecido importantes subsidios no estabelecimento de critérios de inclusao e/ou
exclusdo de espécies vegetais para desenvolvimento dos estudos de validagao, possibilitando o
desenvolvimento de fitoterapicos a partir de espécies vegetais selecionadas por inquérito etnofarmacolégico.

Enderego: Avenida dos Portugueses, 1966 CEB Velho

Bairro: Bloco C,Sala 7, Comité de Etica CEP: 65.080-040
UF: MA Municipio: SAO LUIS
Telefone: (98)3272-8708 Fax: (98)3272-8708 E-mail: cepufma@ufma.br
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Continuagao do Parecer: 1.999.641

Trata-se de estudo observacional, transversal analitico para coleta de dados etnofarmacolégicos; sera
realizada a coleta nos bairros da cidade de Sao Luis, Maranhéo, divididos em 07 (sete) distritos sanitarios
(Bequimao, Centro, COHAB, Coroadinho, Itaqui Bacanga, Tirical e Vila Esperanga), sera empregado como
procedimento metodolégico entrevistas estruturadas e semiestruturadas com foco na abordagem das
espécies vegetais empregadas em reducao de peso; em seguida a identificagcdo botanica das espécies
vegetais mais referidas de emprego em perda de peso a partir da analise dos dados etnofarmacoldgicos;
seguida do estudo experimental: analises quimicas, fisicas, fitoquimicas e bioldgicas para avaliagao da
atividade in vitro, in vivo e ex vivo dos extratos das espécies selecionadas.

Para a coleta dos dados etnofarmacolégicos sera empregada amostra de conveniéncia, sendo selecionados
individuos adultos, usuarios de servigo de saude publico (das esferas administrativas federal, estadual e
municipal), nos setores de nutrigdo, nutrologia, endocrinologia e pediatria, do municipio de Sao Luis/ MA,
conforme a divisdo em distritos sanitarios, selecionados por amostragem aleatéria simples. Fundamentado
em estudos etnofarmacoldgicos locais (AMARAL, 2007; NEIVA et al., 2014; VIEIRA et al., 2014) sera
considerada prevaléncia de 30% do uso de plantas, erro de 5% e intervalo de confianca de 90% para
delineamento do tamanho amostral. Serdo excluidos desse estudo os portadores de deficiéncia mental e/ou
com qualquer comprometimento no nivel de consciéncia, que impossibilite resposta clara e objetiva. Os
individuos que concordarem em participar serdo esclarecidos do objeto do estudo e terdo que assinar Termo
de Consentimento Livre e Esclarecido (TCLE), os analfabetos que desejarem participar da pesquisa poderao
fazé-lo confirmando o consentimento mediante registro das impressdes digitais no TCLE. Coleta e analise
dos dados etnofarmacolégicos. Na primeira etapa da investigagdo sera empregado como procedimento
metodoldgico entrevistas estruturadas e semiestruturadas com foco na abordagem das espécies vegetais
empregadas em reducdo de peso. Aos entrevistados que referirem o uso de plantas serdo avaliadas como
variaveis: forma(s) de preparagao(des), a(s) parte(s) utilizada(s), forma de obtencédo, origem da informacéo,
cuidados na guarda e conservagao da preparagao, conhecimento sobre possiveis efeitos colaterais e contra
indicacao; além dos dados socio-econdmicos para caracterizagéo dos entrevistados.

Objetivo da Pesquisa:
Este estudo tem como objetivo a validacado de espécies vegetais da flora maranhense para emprego como
alternativa e/ou complemento terapéutico na perda de peso corporeo.

Enderego: Avenida dos Portugueses, 1966 CEB Velho

Bairro: Bloco C,Sala 7, Comité de Etica CEP: 65.080-040
UF: MA Municipio: SAO LUIS
Telefone: (98)3272-8708 Fax: (98)3272-8708 E-mail: cepufma@ufma.br
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Avaliagao dos Riscos e Beneficios:

Riscos:

Assegura-se que a identidade dos participantes sera confidencial e que os dados coletados serdo utilizados
exclusivamente para atender aos objetivos da pesquisa. A conduta de coleta que sera através de um
questionario, o qual foi elaborado sem inclusdao de perguntas pessoais e/ou constrangedoras; portanto
espera-se que os (as) entrevistados (as) nao sofram riscos ou danos morais e/ou pessoais. Mas, embora
com o cuidado na elaboracao desse instrumento, pode, sim, ocorrer de algum entrevistado n&o se sentir a
vontade ou constrangido para responder algum item contemplado na entrevista. Sendo assim, o (a)
entrevistado (a) tem a liberdade total de recusar a participagéo ou retirar seu consentimento em qualquer
fase da pesquisa. Ressalta-se também que o (a) entrevistado (a) nao tera qualquer custo financeiro diante
da pesquisa.

Beneficios:

Entre os beneficios, o desenvolvimento do estudo etnodirigido aqui proposto possibilitara obtermos dados
da(s) forma(s) de preparagao(des), a(s) parte(s) utilizada(s), forma de obtencéo, forma de preparagao,
origem da informacgéo, cuidados na guarda e conservagao da preparacao a base de espécies vegetais para
perda de peso, conhecimento sobre possiveis efeitos colaterais e contraindicagéo; além dos dados sdcio-
econbmicos; possibilitando, assim, a caracterizagdo do uso espécies vegetais para perda de peso na
amostra em estudo. A analise desses dados juntamente permitira o gerenciamento de agdes inter e
multidisciplinares relacionadas ao aproveitamento seguro e racional desse recurso como insumo produgao
de fitoterapicos e cosméticos, enfocando a promocgé&o e apoio.

Comentarios e Consideragoes sobre a Pesquisa:

O presente estudo busca resgatar e valorizar o conhecimento tradicional de plantas empregadas
terapeuticamente pela populagdo maranhense, com énfase na redugéo de peso garantindo a populagao o
acesso a fitoterapicos com seguranca, eficacia e qualidade na perspectiva da integridade da Atengao a
Saude e contribuicao efetiva nas acdes

de Farmacovigilancia em Fitoterapia.

Consideragoes sobre os Termos de apresentagao obrigatéria:
Todos os termos foram apresentados

Recomendagoes:
Sem recomendacdes
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UF: MA Municipio: SAO LUIS
Telefone: (98)3272-8708 Fax: (98)3272-8708 E-mail: cepufma@ufma.br

Pagina 03 de 04



UFMA - UNIVERSIDADE
FEDERAL DO MARANHAO

Continuagao do Parecer: 1.999.641

Conclusées ou Pendéncias e Lista de Inadequacgdes:
Sem pendéncias

Consideragoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informacdes Basicas| PB_INFORMACOES BASICAS DO _P | 03/03/2017 Aceito
do Projeto ROJETO 854579.pdf 15:58:42
Projeto Detalhado / | Projetodetalhado.pdf 03/03/2017 |Camila Arguelo Aceito
Brochura 15:58:12 | Biberg
Investigador
Projeto Detalhado / | Projetodetalhado.docx 03/03/2017 |Camila Arguelo Aceito
Brochura 15:57:59 |Biberg
Investigador
TCLE / Termos de | TCLE.docx 03/03/2017 |Camila Arguelo Aceito
Assentimento / 15:56:32 | Biberg
Justificativa de
Auséncia
Folha de Rosto folhaderostoCamila.pdf 05/02/2017 | Camila Arguelo Aceito

11:56:11 Biberg
Outros declaracao.PDF 05/02/2017 |Camila Arguelo Aceito
11:29:22 | Biberg
Outros anuencia.PDF 05/02/2017 |Camila Arguelo Aceito
11:28:53 | Biberg
Situacao do Parecer:
Aprovado
Necessita Apreciagdo da CONEP:
Nao
SAO LUIS, 04 de Abril de 2017
Assinado por:
FRANCISCO NAVARRO
(Coordenador)
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09. O autor podera sugerir nomes de consultores para opinar sobre o artigo.

10. A Revista fornecera 10 separatas, por artigo, para os autores, livre de
taxas.

11. Antes de sua publicacao os artigos serao revisados pelo(s) autor(es).

12. Os casos omissos serdo resolvidos pela Comissao Editorial da CIENCIA
E NATURA.



Alternative Therapies in Health and Medicine

INFO FOR AUTHORS

Alternative Therapies in Health and Medicine (ATHM) is an international scientific forum for the
dissemination of peer-reviewed information indexed in the National Library of Medicine to healthcare
professionals regarding the use of complementary and alternative therapies in promoting health and
healing.

Topics on this page include the following. Click on a link below to scroll to that section.

Writing for Alternative Therapies in Health and Medicine
Types of Manuscripts to Submit

Manuscript Formatting and Other Details

Submitting Manuscripts/Manuscript Processing

ATHM Contact Information

Checklist for Authors

WRITING FOR ALTERNATIVE THERAPIES IN HEALTH AND MEDICINE

The editors of Alternative Therapies in Health and Medicine invite authors to submit original papers
for consideration. Papers most likely to be published are those that present authoritative information
and important new ideas on emerging therapies in health and medicine and their integration into the
healthcare system for the promotion of health and wellness as well as the prevention and treatment
of iliness. Our readers are primarily physicians and other licensed healthcare practitioners. When
submitting a manuscript to ATHM, please consider this audience. One way to determine if your
paper is likely to be published is to show a draft of your manuscript to members of the medical
community whose area of expertise is discussed in your paper. If they have difficulty understanding
your paper, so, in all probability, will our editors and our readers. Emerging therapies in health and
medicine include topics such as the following:

* Acupressure  Herbal medicine/phytotherapy » Osteopathic medicine

« Anthroposophy * Homeopathy * Psychoneuroimmunology

* Ayurveda * Hypnotherapy » Psychotherapy

* Bioelectromagnetic therapy * Imagery » Reflexology

« Biofeedback * Indigenous medical practices * Reiki

« Chiropractic » Massage/manual therapies » Relaxation/stress reduction
« Craniosacral therapies » Meditation « Spiritual healing

« Creative therapies » Medical acupuncture * Tibetan medicine

* Diet and nutrition * Mind-body therapies « Traditional Chinese medicine
* Environmental medicine * Naturopathy * Unani

* Health promotion * Oriental medicine *Yoga

TYPES OF MANUSCRIPTS TO SUBMIT
Following is an overview of the types of articles ATHM publishes.

PEER-REVIEWED SUBMISSIONS

ORIGINAL RESEARCH MANUSCRIPTS

Original Research—Original research is often but not always a randomized clinical trial (RCT).
Intervention studies, cohort studies, case-control studies, epidemiologic assessments, observational
studies reported according to the STROBE guidelines (www.strobe-statement.org), and surveys are
other examples of original research. A clinical trial is a study that prospectively (and often randomly)
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assigns human participants to intervention or comparison groups to evaluate the cause-and-effect
relationship between an intervention and an outcome. All clinical trials must be registered before
submission of a manuscript based on the trial, and the registration information should be included
along with the submission. Trial registries include but are not limited to the following:
http://www.actr.org.au/; http://www.clinicaltrials.gov; http://isrctn.org/; and

http://www trialregister.nl/trialreg/index.asp. All randomized clinical trials should include a CONSORT
flow diagram and checklist (available at http://www.consort-statement.org/index.aspx?0=1030).
Original research manuscripts should include an abstract that states one or more study objectives;
the study setting, participant information with inclusion and exclusion criteria; the key features of any
intervention(s); the primary outcome measures; the study results; discussion (including limitations)
placing the results in context with the published literature; and conclusions. Data included in
research reports must be original and should be as timely as possible. A structured abstract is
required. See instructions for preparing structured abstracts below. Recommended length: 3000 to
5000 words (not including abstract, tables, figures, and references).

Brief Reports and Pilot Studies—These are short reports of original studies or evaluations or
unique reports of case series. A structured abstract is required. Recommended length is between
750 and 2000 words (not including abstract, tables, figures, and references). They should include
approximately 10 to 20 references and no more than 4 tables/figures. Authors should follow all
requirements for original research manuscripts (see above) when submitting brief reports or pilot
studies, including the understanding that they have not been published or submitted elsewhere.

REVIEW MANUSCRIPTS

Narrative Reviews—Narrative reviews usually address broad topic areas rather than a few tightly
formulated questions. Narrative reviews often do not have a Methods section to describe the
process of selecting the studies that the author discusses in the text. Narrative reviews tend to
lecture about a topic and may suggest future research.

Systematic Review (Including Meta-analysis)—Systematic reviews educate by describing
evidence to the reader. They are critical assessments of research literature pertaining to clinical
topics, emphasizing factors such as cause, diagnosis, treatment, and therapy. Articles or data
sources should be systematically reviewed according to clear criteria, preferably with a protocol
written in advance. The data sources should be current and a structured abstract is required. If a
meta-analysis is done it should follow QUORUM (www.consort-

statement.org/mod product/uploads/QUOROM%20checklist%20and%20flow%20diagram%201999.
pdf) or MOOSE (www.consort-

statement.org/mod product/uploads/MOOSE %20Statement%202000.pdf) guidelines.

CASE REPORTS

Case reports generally use one (or more) specific case(s) to illustrate an interesting outcome, most
commonly with a unique or innovative treatment. Case reports are designed to inform and offer
innovative therapeutic approaches. Practitioners should present a clear diagnostic situation
whenever possible and then explain the treatment. The case report should include the history,
examination, investigations, case management, and outcome. The discussion section that follows
should educate the reader about the treatment that was used. Case reports usually range from 600
to 1500 words and contain between 5 and 10 references. Pictures or graphs may be helpful.
Consent for publication must be obtained from the patient.

RESEARCH LETTERS

Research letters reporting original research should not exceed 900 words of text and 10 references
and may include a table or figure. They are not required to include an abstract but should follow the
guidelines listed above for clinical trials. These research letters are peer reviewed.
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HYPOTHESES

Critical assessments of emerging therapies discussing potential mechanisms of action and
implications for the practice of medicine and the integration of emerging therapies into the healthcare
delivery system are encouraged. Manuscripts usually contain between 3000 and 6000 words and
are accepted for consideration with the understanding that they have not been published or
submitted elsewhere. These manuscripts are peer reviewed.

NON-PEER REVIEWED SUBMISSIONS

LETTERS TO THE EDITOR

Letters discussing a recent article will be considered if they are received within 6 weeks of the
article’s publication. Letters may have no more than 5 authors and should not exceed 500 words of
text and 7 references unless approved by the editor in advance. The letter should include the names
and academic degrees (if any) for all authors, as well as the e-mail address for the corresponding
author. Letters will be published at the discretion of the editors and shortened or edited for style and
content.

AUTHOR REPLY LETTERS
Replies by authors should not exceed 600 words of text and 8 references and should be submitted
by one of the original authors of the manuscript.

BOOK REVIEWS
Book reviews are written by request, are generally from 300 to 400 words, and follow the structured
format outlined below.

1. Audience: In a phrase or two, describe the field of medicine to which the book applies (eg,

clinical research, oncology, cardiology) and the types of health professionals who would most

benefit from reading the book.

Purpose: A brief overview indicating the author’s goal in writing the book.

Overview/Highlights: A general summary of the contents of the book, focusing on where the

book succeeds in relating new and valuable information to readers.

4. Limitations: A brief summary of the book’s weaknesses, such as information that should have
been covered, unsubstantiated claims, cumbersome writing style.

5. Commentary: Final thoughts on the book, perhaps including other books of interest on the same
topic and a discussion of how this book compares to those. Information already addressed in the
book review should not be repeated here.

wn

MANUSCRIPT FORMATTING AND OTHER DETAILS

Manuscript Content

Your manuscript should be formatted according to the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals (www.icmje.org). You may also find the Consolidated Standards of
Reporting Trials (CONSORT) statement helpful for describing a randomized, controlled trial
(www.consort-statement.orq).

Authorship

Disputes over authorship, and multiauthorship in particular, are better resolved early on, preferably
before a study begins. The author who is designated as "corresponding author" when the manuscript
is submitted will be asked to approve editorial changes to the article on behalf of all authors prior to
publication of the article.
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Ethics

When human experimentation is being reported, include a statement to confirm that the work was
done in accordance with the appropriate institutional review body and carried out with the ethical
standards set forth in the Helsinki Declaration of 1975. When laboratory animals are used, there
should be a statement that the work was carried out according to the National Research Council's
protocol for, or any national law on, the care and use of laboratory animals.

Abstracts

Abstracts should be approximately 250 to 300 words for original research and reviews and are used
to summarize the paper. Abstracts are not required for hypotheses, research letters, case reports,
editorials, columns or commentaries, book reviews, or other intermittent special publications.
Abstracts for original research and reviews should include the following headings whenever
possible: Background/Context, Objective, Methods/Design, Setting, Participants, Interventions,
Primary Outcome Measures, Results, Conclusions, and Trial Registry information. The structure for
abstracts is as follows:

* Background: One or two sentences explaining why this study is necessary and important.

* Primary Study Objective: What are the primary study objectives?

* Methods/Design: Outline the key elements of the study design, including a sample size
calculation.

» Setting: Where the study was done (how many sites, what kind of sites, etc).

e Participants: Who participated in the study as well as their key demographic characteristics, the
dropout rate, adverse events, etc.

* Intervention: The key features of the intervention must be described. Trademarked product
names should not be used.

* Primary Outcome Measures: What outcome measures were used to measure the primary study
objectives. These should be specified in advance (in the trial registry, for example).

* Results: The results of the primary outcomes of the study, such as risk, confidence intervals,
numbers needed to treat, or P-values, should be quantified and reported.

* Conclusion: Conclusions supported by the results should be discussed as well as the clinical
implications.

References

Start references on a separate page following the text, and number them consecutively in the text by
order of appearance. In the text, designate reference numbers either as superscript or on the line in
parentheses. (Do not use the footnote or endnote function in Word.) Abbreviate journal titles
according to Index Medicus. If in doubt, cite complete journal name. Follow the format and
punctuation set forth in the AMA Manual of Style, 10th ed, as illustrated in the following examples.
Do not use periods in abbreviations of journal titles. List all authors, but if the number exceeds 6, list
the first 3 names followed by “et al.”

Journal article
Pert CB, Dreher HE, Ruff MR. The psychosomatic network: foundations of mind-body medicine.
Altern Ther Health Med. 1998;4(4):30-41.

Book chapter
Schiffman JD. Immunology of influenza. In: Cane MB, ed. Viruses and Influenza. Orlando, FL:

Academic Press; 1990:191-196.
Book

Avery GB. Neonatology: Pathophysiology and Management of the Neonate. 3rd ed. Philadelphia,
PA: JB Lippincott; 1987.
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Tables
Number and title tables consecutively in the order in which they are mentioned in the text. Each
column within a table should have a heading. Define abbreviations in the legend.

Figures

If you are unable to submit figures electronically, submit 1 copy by post. On the back of the copy
note the figure number, last name of the primary author, and orientation (top/left/right). Include the
name of the photographer or illustrator, if applicable. In clinical photographs in which the patient can
be recognized, include a release signed by the patient or guardian granting permission to publish the
photograph. If permission is not obtained, the photograph will be edited to ensure anonymity.

Permissions

If any material in the manuscript is from a prior copyrighted publication, a letter of permission from

the copyright holder to reproduce the material should be included. If a photo or illustration does not
belong to the author, it must be accompanied by a letter of permission from the copyright holder to
reproduce it. Those cited in personal communications (verbal or written) also must grant the author
written permission for the use of their names and/or material.

Proprietary Interest

Authors with financial or proprietary interest in the subject matter or materials discussed (eg,
employment, stock ownership, honoraria, etc) will be asked to submit a statement for publication on
the first page of the article.

Drug Names
Use full generic names only, including inactive moiety. The trade name of a drug may be cited in
parentheses the first time the generic name appears.

Abbreviations and Symbols

With the exception of standard units of measurements, avoid abbreviations. Do not use
abbreviations in the title or abstract. When using a large number of abbreviations, list them in a
table.

Reprints

Upon publication, authors will receive 2 complimentary copies of the issue in which their article
appears. If you wish to purchase additional copies or reprints, notify the managing editor when you
grant final approval of your edited article.

SUBMITTING MANUSCRIPTS/MANUSCRIPT PROCESSING

All manuscripts must be submitted electronically to athmsubmissions@innovisionhm.com. They are
usually acknowledged and assigned a manuscript number within a week of receipt in our office. The
manuscript number should be used in all future communications with InnoVision Health Media.

Include your mailing address, phone number, and fax number in your e-mail message as well as an
electronic version (Microsoft Word preferred) of each item listed in the checklist below. Tables and
figures should be included as attachments if possible. If they cannot be sent as attachments, please
send a high-quality hard copy by post.

Manuscripts should be submitted as a series of files including a cover letter, the manuscript
(including title page, the abstract, manuscript text, and references), and all tables, figures, and
legends. Please submit a signed copy of the copyright transfer form. Most submissions are subject
to peer review (see details below). Presentation of data at scientific meetings does not preclude
submission.
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Peer Review

The majority of manuscripts submitted to us are put through peer review. The time from receipt of
initial submission to final editorial decision takes an average of 3 to 6 months. Manuscripts that our
editors believe warrant rapid publication (most commonly original research) will be peer-reviewed as
quickly as possible, with a goal of publication of within 2 months after receipt of the manuscript. We
follow the International Committee for Medical Journal Editors (www.icmje.org) on publication
guidelines and encourage authors to follow their recommendations if possible.

One of the journal’s editorial staff will read your paper to assess the validity, originality, and
significance of the work presented. Our acceptance rate is low; an important feature of our selection
process is that many papers are turned away on the basis of in-house evaluation alone. That
decision will be communicated quickly. Positive in-house reviews by the editorial staff are followed
by peer review. If the manuscript is sent out for peer review, you will be informed by the editorial
coordinator. Reviews are blinded; that is, authors and reviewers are not identified by name during
the review process. After the manuscript has been reviewed, you will be informed whether it has
been accepted for publication, rejected, or requires revision.

Revisions

Revisions may be requested for submissions that pass the initial review stages. This does not
constitute acceptance for publication but is an invitation to strengthen your paper for further scrutiny.
After revision, your paper may again be subjected to a full peer review, usually by the same
reviewers. The reviewers’ comments must be answered or rebutted in the text of the manuscript
(where applicable) and in a separate, accompanying letter to facilitate the review of your revised
manuscript. Some of the comments will be technical and some substantive; all should be addressed.

Decision
You will be notified via e-mail of the final decision about your submission.

Accepted Manuscripts

At the time your paper is accepted for publication, you may refer to it as being “in press.” No
publication date will be set at this time; an edited version of your manuscript will be sent to you for
approval, and you will be notified when a publication date has been established. We increasingly
publish articles online ahead of print publication. You will be informed at least a week in advance of
the online publication dates. The online article is identical to the print version and is citable by the
digital object identifier (DOI).

Rejected Manuscripts

Sometimes we make mistakes in rejecting a manuscript, and if you think we have, we would like to
hear an appeal from you for us to reconsider our decision. In your appeal, please tell us why you
think our decision to reject your manuscript was mistaken and set out your specific responses to
comments you feel are the main reason for your manuscript being rejected.

OUR CONTACT INFORMATION

Alternative Therapies in Health and Medicine
Attention: Submissions

2995 Wilderness Place, Suite 205

Boulder, CO 80301

Phone: (303) 565-2014

Fax: (303) 440-7446
E-mail; athmsubmissions@innovisionhm.com
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CHECKLIST FOR AUTHORS

Cover Letter

With each manuscript submitted, include a cover letter that explains why you think this journal in
particular should publish your paper. The paper may be longer than requested; please take this

opportunity to say what concessions you might be prepared to make (eg, omission of a table or

shortening of the methods).

Copyright Transfer

e All authors are required to sign a transfer of copyright agreement. To download a copy of this
form, click here. If you have trouble printing this document on a Mac, click on and hold the
link. When a menu displays, select the option to save the link to disk. On a PC, right click on
the link, then select the option to save the link to disk.

*  We accept that certain authors (eg, government employees in some countries) are unable to
transfer copyright. However, such open-access policies do not give anyone other than
Alternative Therapies in Health and Medicine the right to make in any form facsimile copies
of the version printed.

Manuscript
Please send an electronic version of your manuscript, including the following:

e Title page, to include
o Title of manuscript
o Running title
o Authors’ full names in publishing order, with degrees, ranks, credentials, and
affiliations
o Corresponding author's name, address, and telephone numbers, fax numbers, and
e-mail address
o Institution(s) in which the work was performed
o Grants or other financial support used for the study
e Abstract, on a separate page, including title, structured abstracts up to 250 words,
unstructured up to 150 words
e Text, starting on a new page, printed on one side of each page only
* References, starting on a new page, numbered consecutively as they appear in the text, and
following the format of the most recent edition of the AMA Manual of Style—currently the
10th edition
* Tables, including title and legend, if applicable
e Figures (if submitting a hard copy, 1 copy of each, labeled on the back with primary author's
last name, figure number, and orientation, eg, top/left/right), including figure title and legend
* Permissions (eg, for personal communications or reproduced figures)
* Acknowledgments (obtain written permission from each person listed in this section)
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DESCRIPTION

The Journal of Herbal Medicine is a peer reviewed journal which aims to serve its readers as an
authoritative resource on the profession and practice of herbal medicine. The content areas of the
journal reflect the interests of Medical Herbalists and other health professionals interested in
the clinical and professional application of botanical medicines. The objective is to strengthen the
research and educational base of herbal medicine with research papers in the form of case studies,
original research articles and reviews, monographs, clinical trials and relevant in vitro studies. It also
publishes policy statements, opinion pieces, book reviews, conference proceedings and profession
related information such as pharmacovigilance reports providing an information source for not only
the Herbal Practitioner but any Health professional with an interest in phytotherapy.

Potentially the premier journal in its field, the journal welcomes papers that stimulate research and
interest in herbal medicine education and practice that disseminate information about its clinical
tradition, best practices, skills and knowledge, e.g. in the area of

eTraditional medicine, ethnobotany and western herbal medicine

eHerbal therapeutics, phytomedicine and herbal preparations

eMedicinal plants in healthcare, clinical trials and pilot studies

eBiological and pharmacological effects of plant extracts

eMedicinal plants and their anti-inflammatory, anti-cholesterol, hypotensive,
antispasmodic, anti-diabetic, anticancer, antiviral, antibacterial and antifungal activity

We do not publish papers
e whereby the focus and primary experimental method involves the use of animals
e that only focus on in vitro studies relating to antioxidant activity

AUDIENCE

medical herbalists, pharmacologists, toxicologists, pharmacists, pharmacognosists, phytotherapists
(clinicians), biochemists, botanists, general practitioners, CAM practitioners, allied health
professionals
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P. K. Mukherjee, School of Natural Product Studies, Department of Pharmaceutical Technology, Jadavpur
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GUIDE FOR AUTHORS

INTRODUCTION

The Journal of Herbal Medicine is a peer reviewed journal which aims to serve its readers as an
authoritative resource on the profession and practice of herbal medicine. The content areas of the
journal reflect the interests of Medical Herbalists and other health professionals interested in the
clinical and professional application of botanical medicines. The objective is to strengthen the research
and educational base of herbal medicine with research papers in the form of case studies, original
research articles and reviews, monographs, clinical trials and relevant in vitro studies. It also publishes
policy statements, opinion pieces, book reviews, conference proceedings and profession related
information such as pharmacovigilance reports providing an information source for not only the Herbal
Practitioner but any Health professional with an interest in botanical medicine.

Potentially the premier journal in its field, the journal welcomes papers that stimulate research and
interest in herbal medicine education and practice that disseminate information about its clinical
tradition, best practices, skills and knowledge.

We do not publish papers:

Whereby the focus and primary experimental method involves the use of animals. We also will not
publish articles that only focus on in vitro studies relating to antioxidant activity. Where the evidence
base of the research paper focuses primarily on animal models and actual descriptions of animal
studies are used as the main evidence. In review papers, citations of animal studies should be limited
as far as possible.

You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
e E-mail address
e Full postal address

All necessary files have been uploaded:

Manuscript:

e Include keywords

e All figures (include relevant captions)

e All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided
¢ Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

¢ All references mentioned in the Reference List are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

e A competing interests statement is provided, even if the authors have no competing interests to
declare

e Journal policies detailed in this guide have been reviewed

e Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.
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Identifying information, including patients' names, initials, or hospital numbers, should not be
published in written descriptions, photographs, and pedigrees unless the information is essential
for scientific purposes and the patient (or parent or guardian) gives written informed consent for
publication. Images of patients or volunteers should not be used unless the information is essential
for scientific purposes and explicit permission has been given as part of the consent. When informed
consent has been obtained it should be indicated in the published article.

Studies on humans require local organizational ethics committee approval. When reporting
experiments on human subjects, authors should indicate whether the procedures followed were
in accordance with the ethical standards of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000 (5). If doubt
exists whether the research was conducted in accordance with the Helsinki Declaration, the authors
must explain the rationale for their approach, and demonstrate that the institutional review body
(ethics committee) explicitly approved the doubtful aspects of the study.

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Taxonomy - voucher specimens

It is general practice that in research involving plant material voucher specimens should be deposited
in a recognised herbarium. These voucher specimens need to be fully cited within the article
(herbarium reference number) along with the origin of the plant material, method of authentication
(e.g. expert botanist) and form of the plant material being used.

Authors are requested to check the taxonomic validity of the plant names using one of the international
data bases, and preferably http://www.theplantlist.org. These requirements are often ignored in
clinical studies of herbal preparations. Authors are referred to the following paper that clearly indicates
that correct taxonomic nomenclature is an essential requirement in such studies: Rivera et al. J.
Ethnopharmacology 2014

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see '"Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy.
Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
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gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible
to avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodology; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More details and an example

In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
more suitable in one of our other participating journals, then you may be asked to consider transferring
the article to one of those. If you agree, your article will be transferred automatically on your behalf
with no need to reformat. Please note that your article will be reviewed again by the new journal.
More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Please visit our Open Access page for more information.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submssion address
Please submit your article via https://www.editorialmanager.com/hermed/default.aspx (available as
of early 2011).

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

PREPARATION

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

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

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Subdivision - numbered sections

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

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

Material and methods

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

Results
Results should be clear and concise.

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

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

Appendices

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

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

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

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
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e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that capture the
novel results of your research as well as new methods that were used during the study (if any). Please
have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Structured abstract:

The abstract should be structured with four sub-headings: Introduction (which should include the
aim of the study), Methods (materials used, methodology), Results, Discussion/Conclusions. The text
should not exceed 250 words and has to be presented at the beginning of the paper. Unsubstantiated
speculation should not be included. Footnotes may not be used. References must provide complete
publication data.

Graphical abstract

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

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

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

Abbreviations

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

Acknowledgements

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

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

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

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

If no funding has been provided for the research, please include the following sentence:
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This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in SI.

Footnotes

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

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disclosed
in the figure legend.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

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

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

e Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

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

e Submit each illustration as a separate file.

e Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

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

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

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

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

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

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

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

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

Citation in text

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

Web references

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

Data references

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

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

Reference management software

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

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/journal-of-herbal-medicine

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

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

AUTHOR INFORMATION PACK 27 Aug 2020 www.elsevier.com/locate/hermed 11



Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59. https://doi.org/10.1016/j.5¢c.2010.00372.

Reference to a journal publication with an article number:

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

Reference to a book:

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

Reference to a chapter in an edited book:

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

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak
wilt disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
Xwj98nb39r.1.

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

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

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

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

Data linking

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

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

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

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

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

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

Data statement

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

Writing a review article

A review article is a critical, constructive, scientific analysis of the literature in a specific field that relies
on previously published literature or data. It is a stand-alone publication. Literature reviews as part of
undergraduate/Masters and doctoral theses are not acceptable. Reviews submitted to the Journal of
Herbal Medicine must show relevance to herbal practice. The introduction should give theoretical or
practical justification for the need for a review and provide information about the context, indicate the
motivation for the review, define the focus, the research question and explain the text structure. All
reviews must have a methods section. The methods section contains for example: information about
data sources (e.g. bibliographical databases), search terms and search strategies, selection criteria
(inclusion/exclusion criteria) the number of studies screened, and the number of studies included,
statistical methods of meta analysis. Systematic reviews and meta-analysis should follow the PRISMA
guidelines. A review article should include a critical analysis of the data presented in a discussion and
conclusion, this should include implications of the findings and needs to highlight the achievements
and specific scientific gaps in our knowledge and identify what further research is the priority.

AFTER ACCEPTANCE

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof
corrections within two days. Corresponding authors will receive an e-mail with a link to our online
proofing system, allowing annotation and correction of proofs online. The environment is similar to
MS Word: in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by allowing
you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Author Services. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

AUTHOR INFORMATION PACK 27 Aug 2020 www.elsevier.com/locate/hermed 13



You can also check the status of your submitted article or find out when your accepted article will
be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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