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RESUMO

As plantas medicinais s@o reconhecidas como essenciais para a complementa¢cdo da saude
humana, além de potenciais fontes para novos medicamentos. O uso de plantas medicinais e
medicamentos fitoterapicos tem aumentado nas Ultimas décadas, sendo que em alguns paises
até 90% da populacao faz uso dessa classe de medicamento. A autenticidade e qualidade desses
produtos é um problema real de ordem legal, econémica, de saude populacional e conservacao
da biodiversidade. Para garantir a eficacia e seguranca desse segmento farmacéutico,
legislacdes especificas, que definem o0s conceitos legais para estes produtos, além de
determinados parametros de qualidade foram estabelecidas no Brasil e no mundo. Alguns desses
parametros sdo a identificacdo da espécie vegetal e a verificacdo da presenca, pureza e
concentracdo de compostos quimicos relacionados a eficacia do medicamento. A correta
identificacdo da matéria prima vegetal utilizada para a producéo do fitoterapico representa um
desafio e 0 uso de espécies incorretas pode representar um risco para a saude humana.
Atualmente essa identificacao é feita por métodos botanicos e, em muitos casos, ela é dificultada
ou mesmo impossibilitada, dependendo do nivel de processamento da matéria prima, da parte
vegetal comercializada ou mesmo de variagBes fenotipicas presentes em alguns taxons. Em
contrapartida, a identificacdo molecular de espécies em produtos a partir da tecnologia de DNA
barcode vem crescendo no mundo. Aplicando sequéncias especificas do DNA, essa técnica vem
sendo utilizada para catalogar as espécies de seres vivos do planeta. Seu uso de forma aplicada
a identificacdo de produtos de consumo humano estad se tornando cada vez mais comum e
eficiente. A presente tese esta centrada na utilizacdo dessa técnica para identificacdo da matéria
prima vegetal de espécies utilizadas no Brasil e no mundo para a saude humana. Além disso, foi
realizada uma correlacdo da identificacdo vegetal com andlises quimicas para verificacdo de
presenca e teor dos principios ativos nas amostras analisadas. Brevemente, em dois capitulos
nés demonstramos que existe no Brasil o comércio de espécies errbneas, diferentes das descritas
na venda, potencialmente ameacadas e mesmo sem registros de eficdcia ou seguranca.
Demonstramos ainda que mesmo em espécies corretas, os padrdes quimicos podem estar
abaixo do minimo requerido para a obtencéo dos resultados esperados do tratamento. Com esses
resultados, e com a tendéncia observada mundialmente, concluimos que a adi¢cdo de uma etapa
de identificagdo molecular ao processo de producdo de fitoterapicos agregara melhoria na
gualidade desses medicamentos, além de contribuir para a conservagéo da biodiversidade ao

inibir o uso de espécies incorretas.



ABSTRACT

Medicinal plants are recognized as essential to the completion of human health, as well as
potential sources for new medicines. The use of medicinal plants and herbal medicines has
increased in recent decades, and in some countries up to 90% of the population uses this class
of drug. The authenticity and quality of these products is a real problem legally, economically, for
populational health and biodiversity conservation. To ensure the effectiveness and safety of this
pharmaceutical area, specific laws, which define the legal concepts for these products, and certain
guality parameters have been established in Brazil and worldwide. Some of these parameters are
the identification of plant species and checking for the presence, purity and concentration of
chemical compounds related to the effectiveness of the drug. The correct identification of the
vegetable raw material used for the production of herbal medicine is a challenge and the use of
incorrect species may pose a risk to human health. Currently this step is done by botanical
methods of identification and, in many cases it is difficult or even impossible to be made,
depending on the level of processing of the raw material, the marketed plant parts, or even due to
phenotypic variations present in some taxa. In contrast, the molecular identification of species in
products using the DNA barcode technology is growing in the world. Applying specific DNA
sequences, this technique has been used to catalog all the species of living beings on the planet.
Its use to the identification of human consumer products is becoming increasingly common and
efficient. This thesis focuses on the use of this technique to identify the species of vegetable raw
material used in Brazil and in the world to human health. In addition, a correlation between the
identification of plant species and chemical analysis for verification of presence and content of the
active ingredients in the samples was performed. Briefly, in two chapters we have demonstrated
that there is in Brazil trade of wrong species, different from those described in the sale, potentially
threatened and even with no records effectiveness and safety. We also demonstrated that even
in the correct species, chemical standards might be below the minimum required to achieve the
expected results of the treatment. With these results, and with the worldwide trend, we conclude
that the addition of a molecular identification step to herbal medicine production process will add
improvement in the quality of these products, and contribute to biodiversity conservation by

inhibiting the use of incorrect species.



| - INTRODUCAO
1.1 - Plantas medicinais e regulamentacao para seu uso

As plantas sdo uma das mais importantes fontes de novas substancias bioativas para o
desenvolvimento de produtos cosméticos, farmacéuticos e nutracéuticos. Estima-se que 25% dos
medicamentos modernos existentes hoje sdo derivados de produtos naturais e, no caso dos
antitumorais, esta porcentagem chega a 60% (LI & VEDERAS; SAHOO et al., 2009). O
desenvolvimento de novos produtos a partir de fonte natural vem sendo incentivado, pois calcula-
se que das 300 mil espécies de plantas existentes no planeta, apenas 15% foram submetidas a

algum estudo para avaliar suas potencialidades (DE LUCA et al., 2012).

Segundo a Organizacdo Mundial da Saude (OMS), entre 65% e 80% da populacdo dos paises
em desenvolvimento depende das plantas medicinais para as suas necessidades basicas de
saude (WHO, 2005). Em paises africanos, esse percentual pode atingir 90% (WHO, 2005). Além
do seu uso popular e caseiro, as plantas sdo também utilizadas como medicamentos, chés,
cosméticos e suplementos alimentares e a demanda por produtos oriundos de plantas vem
crescendo significativamente (CARVALHO et al., 2011). Esse setor movimenta aproximadamente
US$160 milhdes por ano no Brasil, e mais de US$21,7 bilhdes no mundo (CARVALHO et al.,
2011) e passou por uma forte ascensdo na ultima década (FEBRAFARMA, 2009). A expansao
desse setor pode ser atribuida a diversos fatores, tais como efeitos adversos de farmacos
sintéticos e a preferéncia dos consumidores por tratamentos "naturais”. Além disso, a validacéo
cientifica das propriedades farmacoldgicas de espécies vegetais e seus derivados, 0
desenvolvimento de novas formas de preparacdes e administracdes de produtos fitoterapicos,
um melhor conhecimento quimico, farmacoldgico e clinico, além do menor custo se comparado
com os farmacos sintéticos, também contribuem para essa expansédo (VIEIRA, 2001;
CANIGUERAL et al., 2003; WACHTEL-GALOR & BENZIE, 2011).

Seguindo as exigéncias da OMS e da Agéncia Nacional de Vigilancia Sanitaria (ANVISA), para a
producdo de um fitoterapico a identidade da espécie vegetal deve ser garantida, o processo de
producdo deve ser padronizado para a obteng&o do produto final, e devem ser observadas as
possibilidades de contaminacdo ou adulteracdo (WHO, 2008; CARVALHO et al.,, 2011).
LegislagBes especificas para regular a producdo de medicamentos fitoterapicos vém sendo
criadas no Brasil desde 1995 (BRANDAO et al., 2008). Atualmente esta em vigor, a Resolucéo
da Diretoria Colegiada - RDC n° 26/2014 (13 de maio de 2014) (ANVISA, 2014). Esta RDC define

conceitos legais para drogas vegetais (tais como: parte da planta desidratada e estabilizada que



contém o principio ativo e que é utilizada como matéria prima na preparacao de fitoterapicos) e
medicamentos fitoterdpicos. Além disso, determina aspectos essenciais ao seu registro e
estabelece os métodos para o controle de qualidade das drogas vegetais e seus produtos
(ANVISA, 2014).

Os métodos utilizados para avaliar a qualidade de drogas vegetais encontram-se especificados
nas Farmacopeias, sendo no Brasil a Farmacopeia Brasileira 5% Edicdo. Eles sdo divididos em
trés etapas: a primeira etapa abrange a certificacdo do material botanico. Para isto, avalia-se se
a droga vegetal em andlise corresponde a espécie descrita nos regulamentos, ou se trata de
alguma falsificacdo. A segunda etapa consiste na avaliacdo dos caracteres de pureza a partir da
verificacdo da presenca de elementos estranhos (ndo préprios da amostra) além de verificar a
ocorréncia de outras adulteracdes. A terceira etapa visa verificar a presenca e teor dos principios
ativos, necessarios para as atividades farmacolégicas de determinada espécie (BRANDAO,
2007). Para o estudo de autenticidade da espécie vegetal sdo utilizadas caracterizacfes
organolépticas, macroscépicas e microscopicas. Para o estudo de pureza sdo realizadas
verificacdo da presenca de elementos estranhos (outras partes do vegetal que ndo contem os
marcadores quimicos, ou outras sujidades) e testes de teor de umidade, ja que o0 excesso de
umidade promove o crescimento de microrganismos e a deterioracdo do material vegetal. Sado
realizadas ainda analises do perfil fitoquimico para analise de presenca e teor dos principios
ativos (BRANDAO et al., 2002).

1.2 — As dificuldades na etapa de identificacao

A autenticidade de espécies vegetais é feita por taxonomistas altamente treinados por meio da
observacdo de caracteristicas anatdmicas e morfologicas do espécime (ANVISA, 2014).
Entretanto, no caso das plantas medicinais usadas na preparagdo dos medicamentos, esta
analise é dificultada, ou até mesmo impossibilitada uma vez que a matéria-prima vegetal

encontra-se processada sob a forma de droga vegetal.

Ainda, em muitos casos, hd a comercializagcdo de partes ndo identificaveis botanicamente.
Somada a essas restrigcdes, alguns taxons apresentam alta variagcdo fenotipica, dificultando sua
correta identificacdo por observacdo morfoldgica (SUCHER & CARLES, 2008; NEWMASTER et
al., 2009). As consequéncias de tais dificuldades para a identificagdo da espécie contida em

determinada droga vegetal sdo os diversos casos de substituicbes ou fraudes encontradas no



mercado mundial de produtos de origem vegetal (SONG et al., 2009, STOECKLE et al., 2011;
WALLACE et al., 2012, NEWMASTER et al., 2013).

Por exemplo, Coghlan et al (2012) verificaram que medicamentos tradicionais chineses
apreendidos na alfandega australiana ndo sé utilizavam espécies protegidas ambientalmente,
como continham espécies toxicas, produtoras de substancias alergénicas e potencialmente
cancerigenas. Kumar et al (2011), por sua vez, mostraram a adi¢éo, ao azeite de oliva, de 6leo
de canola e de girassol. Recentemente, Brandao et al (2013) demonstraram que, dentre 252
amostras vegetais obtidas em ervanarias nas cinco regides geograficas do Brasil, apenas 126

(50%) correspondiam a espécie correta.

Esses resultados sao reflexo das dificuldades em identificar as espécies contidas nas drogas
vegetais, e revelam a necessidade da padronizacdo e validacdo de novas metodologias que

possibilitem a correta identificagao.

A necessidade de identificacdo de espécies vegetais existe em diversas disciplinas e situacoes,
além da certificacdo de medicamentos fitoterapicos. Alguns exemplos seriam: pesquisas
envolvendo os habitos alimentares de um herbivoro; pesquisas que envolvem o0 acesso a
biodiversidade de uma determinada area; controle, por agentes alfandegarios, da entrada e saida
de materiais de seus paises; analises forenses; identificacdo de espécies responsaveis por
envenenamentos; identificacdo de ingredientes de produtos alimenticios (NEWMASTER et al.,
2009).

Quando colocados em conjunto, esses cenarios geram uma demanda e uma urgéncia muito
maior que a oferta que os taxonomistas podem cobrir. Consequentemente, a falta de
metodologias de controle de qualidade adequadas, em conjunto com falhas na farmacovigilancia,
tem possibilitado que os medicamentos fitoterapicos sejam comercializados fora dos padrdes
estabelecidos pela ANVISA (BRANDAO et al., 2002).

1.3 - DNA Barcode e a identificacdo de espécies

O uso de ferramentas moleculares tem se tornado importante para a identificacdo de amostras
botanicas. Métodos de identificacdo de espécies de plantas medicinais baseados em analise de
DNA vém sendo desenvolvidos em vérias partes do mundo (SUCHER & CARLES, 2008; CBOL,;

NEWMASTER et al., 2009), e j& estdo sendo aplicados em amostras comerciais para promover



maior seguranca e confiabilidade (KUMAR et al.; LI et al.; STOECKLE et al., 2011; COGHLAN et
al., 2012). Tais métodos baseiam-se na amplificacdo do DNA presente no nucleo ou cloroplastos
de células vegetais por meio da reacdo em cadeia da polimerase (PCR). Os produtos dessas
reacbes sdo entdo analisados por eletroforese, sequenciamento ou hibridacées com sondas
espécie-especificas. As metodologias moleculares possuem, como principais atraentes, sua alta
sensibilidade e especificidade, além de uma grande escalabilidade, o que acaba por tornar todo

0 processo mais rapido e barato.

Dentre as técnicas moleculares de identificacdo genética de espécies ganha destaque o DNA
barcode. Esta metodologia consiste em um sistema capaz de empregar sequéncias de DNA
especificas de forma analoga a um cédigo de barras identificador para cada taxon (unidade de
classificagdo bioldgica), funcionando como um sistema bioidentificador global pratico, econdmico
e especifico (HERBERT et al., 2003). O rapido progresso desta técnica impulsionou a criacédo de
um consorcio mundial denominado Consortium for barcode of Life (CBOL -
http://www.barcoding.si.edu), que objetiva a geracdo de barcodes genéticos para todas as

espécies de seres vivos do planeta.

Inicialmente proposto para identificacdo de espécies animais, o0 DNA barcode para metazodrios
baseia-se na amplificacdo e sequenciamento de uma regido do gene mitocondrial codificador da
enzima Citocromo C Oxidase | (COI) (HERBERT etal., 2003; CARVALHO et al., 2008; AUSUBEL,
2009). Ja para espécies vegetais, a definicdo de uma regido gendmica adequada para o
desenvolvimento do DNA barcode revelou-se um desafio para varios grupos de pesquisa nos
altimos anos (PENNISI, 2007; AUSUBEL; CHASE & FAY; NEWMASTER et al., 2009).

O Grupo de Trabalho de Plantas do CBOL prop6s a utilizacdo de um barcode padrédo baseado
em dois loci encontrados no DNA de cloroplastos. Somente com a combinacgdo destes dois loci
foi possivel atender aos critérios de universalidade, poder de discriminagcdo entre tdxons e
potencial para sequenciamento nao-ambiguo e de qualidade requeridos para o barcode genético
(AUSUBEL, 2009). O primeiro consiste em uma regido de 599 pb localizada na extremidade 5
do gene rbcL. O segundo consiste em uma regido de 841 pb localizada no centro do gene matK
e que apresenta uma das mais rapidas taxas de evolugdo dentre as regides cloroplastideas
codificantes (CBOL, 2009; HOLLINGSWORTH et al., 2011).

Apesar da defini¢cdo oficial desse nucleo de barcode, diversos grupos de pesquisa acreditam na
possibilidade de se encontrar uma melhor combinagcéo entre loci, que aprimoraria o barcode

vegetal, melhorando sua eficiéncia (CHEN et al., 2010; GUO et al.; LI et al., 2011). Dentre outras



potenciais regides, ganha destaque a sequéncia de ITS2. Inicialmente descrita por Chiou et al
(2007), essa regido € amplamente utilizada para reconstrugées filogenéticas a nivel de género e
espécie (SCHULTZ & WOLF, 2009).

Um dos maiores ganhos da definicAo das regides oficiais para o barcode vegetal foi a
padronizacéo, dentre os grupos de pesquisas mundiais, das sequéncias utilizadas e depositadas
em bancos de dados. Isso fez com que o nimero de sequéncias geradas aumentasse
rapidamente, permitindo a aplicacdo da tecnologia de DNA barcode de forma mais ampla
(http://v3.boldsystems.org/index.php/Public_BINSearch?searchtype=records).

Atualmente, o banco de dados do CBOL, denominado BOLD (Barcode of Life Database —
http://www.boldsystems.org/) estd em sua terceira versao e conta com o deposito de sequéncias
identificadoras para 229.379 diferentes espécies de vegetais, animais, fungos e protistas de todo
o] mundo, totalizando 3.721.329 barcodes
(http://v3.boldsystems.org/index.php/TaxBrowser_Home — acessado em 03/02/2015). Por sua
vez, o Brasil, por meio do Projeto BrBOL contribui com o BOLD realizando a identificacdo
molecular da biodiversidade brasileira em onze diferentes projetos (http://brbol.org/pt-
br/content/brbol-brazilian-barcode-life-0 - acessado em 08/02/2015).

Estudos recentes mostram o uso do nucleo de DNA barcode para espécies vegetais, associado
a sequéncias complementares, na identificacdo de espécies medicinais (LI et al., 2011;
BOONSOM et al., 2012), na identificacao de fraudes e uso de espécies em extin¢cao ou protegidas
(COGHLAN, et al., 2012) e na analise de presenca de adulterantes em produtos alimenticios
(KUMAR et al.; STOECKLE, 2011).

Considerando a necessidade de desenvolvimento de tecnologias de identificagdo de espécies
para o controle de autenticidade de plantas medicinais e fitoterapicos, propde-se neste estudo a
utilizacdo do estado da arte da metodologia de DNA barcode para a padronizagédo de testes de
identificacdo genética praticos e precisos de espécies vegetais comumente utilizadas no Brasil.
De maneira a garantir a qualidade da matéria prima utilizada para a producédo de fitoterapicos,
sugere-se 0 uso da andlise molecular acompanhada das analises quimicas exigidas na

legislacéo.



Il - OBJETIVOS

2.1 — Objetivo geral

Avaliar a eficacia do uso da tecnologia de DNA barcode para a identificacdo da matéria prima
vegetal processada (droga vegetal) de espécies utilizadas na producao de fitoterapicos no Brasil.

2.2 — Objetivos especificos

> Desenvolver e padronizar testes de identificacdo de espécies por meio da técnica de DNA
barcode para espécies vegetais de importancia comercial no Brasil.

> Analisar a eficiéncia da inclusédo da regido ITS2 no nucleo de DNA barcode vegetal para
a identificac@o das espécies selecionadas.

» Analisar o perfil fitoquimico das espécies selecionadas e cruzar os resultados com aqueles
obtidos nas analises de DNA barcode.

» Analisar a eficiéncia da incluséo da identificagcdo molecular por DNA barcode no processo

de producéo de fitoterapicos.



lll - CAPITULOS
3.1-CAPITULO 1: Uma abordagem quimica, biolégica e molecular para promover o melhor

uso e conservacao de espécies medicinais: o caso das quinas brasileiras

Nesse estudo, amostras de cascas de Quinas vendidas no comércio de Belo Horizonte foram
analisadas por DNA barcode associado a métodos quimicos e bioldgico. Quina € o nome popular
originalmente atribuido as espécies Cinchona pubescens Vahl e C. calisaya Wedd., ambas
nativas do Peru e com propriedades antimalaricas atribuidas ao alcaloide quinina. Além da
introducdo do plantio sem sucesso dessas espécies no Brasil pelos portugueses, espécies
substitutas foram encontradas, sendo as mais conhecidas Remijia ferruginea (A. St.-Hil) DC. e
Strychnos pseudoquina A. St.-Hil. A falta de informacao cientifica que confirme a seguranca e a
eficacia de espécies nativas do Brasil e usadas como substitutas € um fator preocupante, pois
tais plantas sdo amplamente comercializadas em mercados populares. Esse fato ndo s6 pode
colocar em risco a saude da populagdo como promove a erosdo genética de espécies da flora
brasileira. Vinte e oito amostras vendidas em mercados populares de Belo Horizonte com 0 nome
de quinas foram identificadas por meio de DNA barcode. Em paralelo foram determinados seus
perfis fitoquimicos e eficacia antimalérica in vitro. Os resultados mostraram que dez amostras
pertenciam ao género Strychnos, trés ao género Aspidosperma e ao género Coutarea, duas ao
género Lamanonia e uma ao género Lacmellea, Ladenbergia, Bowdichia, Machaerium e
Cissampelos. Entre essas, apenas espécies de Strychnos, Aspidosperma e Coutarea tém
representantes conhecidos como substitutas da quina verdadeira. A analise de DNA barcode
evidenciou que estdo presentes no comércio espécies sem qualquer relagcdo com a medicina
tradicional. A inconstancia observada na composi¢cado quimica desses produtos, bem como na
atividade antimalarica, confirma a baixa qualidade das amostras comercializadas nos mercados.
A analise integrada utilizando metodologias moleculares, quimicas e biologicas desses produtos
se mostrou altamente eficiente na identificagdo das drogas vegetais e precisaria ser aplicada na
identificacdo das plantas medicinais para garantir maior qualidade. Além disso, o melhor
conhecimento das espécies que sdo coletadas para suprir os mercados auxilia na definicdo de

estratégias para a sua conservacao.
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Ethnopharmacological relevance: Quina is a popular name onginally atiributed to Cinchona pubesce ns
Vahl = Cinchona swocinebra) and Cinchong. calisaya Wedd., species native from Peru that have the
antimalarial alkalid quinine. In Brazil bitter barks substinutes for the Peruvian species began to be used
centuries ago, and they still are sold in popular markets To assess the authenticity and the condi tions on
which samples of guinas have been commernialized, using the DMA barcode, chemical and biological
ABEAYE.
Materiak and methods: Starting with 28 samples of harks acquired on a popular market, 23 had their
DMA extracted successfully. The regions matk and rbel were amplified and sequenced for 15 and 23
samples, respectively. Phytochemical analyses were performed by chromatographic methods, and
biclogical esays were done by antimalarial tests in vitro.
Results: The identified species belonged to six different families, many of them endangered or with no
comelation with use in traditonal medicine as a Brazilian guina. The absence of typical bitter chemical
aubstances indicated that barks have been collected from ather species or from very young trees. The
resulis of bidegical essays confirm the lack of standandization of the sold materials.
Conclusion: The integrated approaches proved to be efficient to evaluate medicin al plants sold in popular
markets and can be wseful for promoting their better wse and oon e rvation.

& 24 Ekevier lreland Lid. All Aghits reserved.

1. Introduction

also rdated to the intermingling of cultures that has ocourred during
the previous centuries, 3 wel a the msult of the continuous

Aomording to the Workd Health Organization (WHO), between 65%
and BO% of the population in developing countries cumenty wses
medicdnal plants a8 memedies (WHO, 20011} In Brazil native species
hawe been used tor millennia by the Amerindians, and many impor-
tant medidnes, as pilocarpine, tubocurarine and emetine, wemn
identified from their knowledge (Li and Vederas, 2009; Mogueira et
al., 2010} Currently, medicinal plants ame still in use by both ruml and
urban Brazilians, but most of the plants that are used are composed of
mootic species, that were introduced to the country during the early
phases of Fumpean colonization, in the 1500s. This phenomenon is

* Cnmespanding author. Tel: +55 31 340965970 G- 2 5531 34006935
E-miml add e mibrand ao@ufmg br (MG L Brand3a)

htpe) e i oo 1L 10706/ jemp 3011106 (i)
E78-8741]& 2014 Bsevier Ireland Ltd. All rights reserved.

destruction of the rich Brazilian ecosystems. In fact, the acelerated
destruction of natve vegetation has contributed to a gradual loss of
native medicnal spedes and the traditional knowledge about them
{Shanley and Luz, 2003 ; Voeks and Leony, 2004 | Today, only 7% of the
Atlantic forest is preserved, and other emsysterms, such as the
savannas (cerrado) and atinga, are gradually being replaced by
monocubures of eucalyptus, sugarcane, soybeans and  livestodk
(Giulietti et al, 2005; Mittermeier et al, 2005) This situaton high-
lights the necessity to promote the adequate wse and onsenaton of
medidnal spedes from Brazilian biodiversity, espedally those used in
traditional medicne.

Among the old-used native medicnal plants are those named
quina. This name is originally atributed t© Onchona pubescens Vahl
{ =0nchona succrubra) and Cnchono colsowe Wedd (Fubiaceae),
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native from Peru and which bark furnishes the biter alkaloid quinine.
Besides it uses to treat malana guinine is also cumrentdy utlized as a
flavor in tonics biters, aromatized wines and other spirits (Soewart,
2013). Knowledge of the febriige dfect of the quinas barks was
assimilated from Amerindian culture by the Spanish colonizers in the
17th century (Faz-Soldan, 1941). This emedy was introduced to
Eumope in 1540 by the Jesuits (named Jesuits powder), and untl the
18th cetury, the Eumpean oountries, which at the tme were
expanding their population in tropical regions, sought to spread the
cultivation of Cmchone The Portuguese, Brazil's omlonzers, alo
followed this practice and began growing Cnchona in various African
mlonies (Ferrdo, 2005) In Bazl, however, they promoted the search
for substitutes of these barks from the native vegetation (Pedeolt, 1996;
Souza, 1951) As a consequence, several other bitter plants were
discovered, which also became meferred o as quina, and were used
as substitutes for Onchong in Brazlan traditional medicne. n a recent
study, we showed data from 29 such species that have been used
historly. The study showed that Remifio fermgnea (ASc-Hil) DC
(Rubiaceae) and Sirychnos psrudoguma A. 5t-Hil. (Logniaceae) were
the most widely used as substitute of the truoe guina from Perw

Since 1995, the Brazilian Ministry of Health, following the recom-
mendations of the WHD, started to establish a set of herbal regulations
o improve the guality of commerdal herbal products, By these
resulations, only plants with criteria of dficacy and security can be
used for preparing industrialized herbal producs. The lack of sdentific
information that confirms the efficacy and security of native Brazilian
species has led, & consequence, their intensive commerce in popular
markets. In a previous study, we showed the positive effect on the
harvesting of native spedes by phamaceutical companies, after the
establishment of these regulations | Brandao et al, 2010). The impact of
mllecting native plants sold in popular markets, howewer, is more
difficult to be estimated because they are obtained in the wild without
control or voucher herbarium samples, for acorate identfication
{Melo et al, 2009)

The use of molecular techniques has been proven to be a powertul
ol for the monomic identfication of medidnal plants, induding
species with very similar morphological and chemical chamcterisics
{Herbert et al, 2003 ; He et al, 20010; Gao et al, 20011; Zuo et al., 2011),
as well as oude wegetal drugs sold in market (Kool et al, 2012;
Neamaster et al, 2013). In this shdy, we used the moleolar
identification mtegrated to chemical and biological methods, which
authenticate and verity the conditions in which spedes named quina
hawe been mllected and commerdalized in a popular market of Brazil.
The final objective is to contribute for the better use of these remedies
and their consenation.

2. Materials and methods
21, Collection of the commerdal seamples

Twenty-eight samples of barks marketed with named of
“guina” wemr purchased from the Popular Market of Belo Hor-
izonte, a city of 2,500,000 inhabitants located in the Southwestern
region of Brazil in Minas Gerais. The samples were transported o
the laboratory at the vegetal drug collection (DATAPLAMT) of the
Museum of Matural History and Botanic Garden of Federal Uni-
versity of Minas Gerais (samples -1 o -28), where they were
registered and conditioned in an acdimatized room.

22 Reference samples

Barks of Remijiz ferruginea (ASt-Hil) DC. (Rubiaceas) and
Strychnos pseudoguing ASt-Hil. (Loganiaceae) were mllected in
Diamantina (18° 551,17/ 43° 27'51,3") and Curvelo (18° 49498/
44° 3717 47), respectively, and used as reference samples. These

Table 1
Voucher identification and GenBamk deposit number of the DNA Banmde sequences
for reference samples

Remijia ferruginea DAT2M KRG 7963 matK 505 pb
KRG 79496 rhel 524 pb
Remijia fErmuginea DAT202 KRR 3518 itk T8 pb
KRR 3525 mhel 613 pb
Remijia ferruginea DAT203 KFGa 3515 etk 78 pb
KPG8 35 26 mhel 613 pb
Remijia fErmuginea DAT204 KRG8 3520 etk T8 pb
KRR 3527 rhel 613 pb
Remijia ferruginea DAT205 KRGA3521 etk 718 pb
KRR 3528 mhel 613 pb
Srychnos peewdocpena DAT206 KRG6 964 etk 505 ph
KF67947 rhd 524 pb
Srychnos perudogquing DAT207 KRG 3522 etk 734 pb
KRR 3525 rhd 613 pb
Seychnos perudogquing DAT208 KPGA3523 etk 734 pb
KRG8 3530 rhd 613 pb
Srychnos perudogquing DAT2(9 KRG 3524 etk 734 pb
KRG 3531 rhd 613 pb

* The Vouchers are deposited in the DATAPLAMT collection - Universidade
Federad de Minas Cerais, Belo Hortzonte, Minas Gerais = Brazil

species were selected for this procedure becuse they were widely
used in the past and considered the official Brazilian quina in
Pharmacopoeia (WHO, 2005; Brand3o et al, 2008). Voucher
specimens were deposited in DATAPLAMT (DAT201-DAT209)
Following the standards recommended by the International Con-
sortium for the Barcode of Life (IBOL - www.ibolong) for DNA
Barcode identification, five samples of Remijia ferruginea and four
from Strychnos pseudoguing were used to provide DMNA barcode
reference vouchers. A total of eighteen sequences were generated
and deposited in GenBank (Table 1).

23. DNA exiraction

The DNA was extracted from the bark of plants using the
DMeasy plant mini kit (QIAGEN - catalog number G9106) with
maodifications. Approximately 20 mg of each sample was macer-
ated using a mortar at room tempemture, The powder was mixed
with 600 ul of the buffer AP1 supplied with the kit and incubated
at 65 °C and 400 rpm for 1 h in Heatblock (Eppendorf - Thermo-
mixer compact). After that, 230 ul of the bufter AF2 supplied with
the kit was added, and the samples were incubated on ice for
J0min. The lysate was centrifuged for 5 min at 200000 = g in
mitrocentrifuge (Eppendort 5417¢ Rotor FA-45-24-11 ) The lysate
was pipetted into a QlAshredder Mini spin lumn with a 2 mL
collection tube attached supplied with the kit and centrifuged tor
2 min at 200000 = g in microcentrifuge (Eppendorf 5417c Rotor FA-
45-24-11). The flow-through was transferred into a new tube,
1.5 volumes of Buffer AP3E supplied with the kit was added to it
and mixed by pipetting. A volume of 650 ul. of the mixture was
transterred into a DNeasy Mini spin column attached o a 2 mL
collection tube supplied with the kit and centrifuged for 1 min at
G000 = gin micocentrifuge ( Eppendorf 5417 ¢ Rotor FA-45-24-11)
The flow-through was discarded and this step was repeated with
the reminder of the sample. The spin column containing the DMNA
was attached to a new 2 ml collection tube and 300 ul of buffer
AW supplied with the kit was added and centrifuged for 1 min at
G000 = gin micocentrifuge ( Eppendorf 5417 ¢ Rotor FA-45-24-11)
This step was repeated two more tmes to dean the DNA. In the
last mepetibon, the column was centrifuged at 20000« g in
mirocentrifuge (Eppendorf 5417c Rotor FA-45-24-11) for two
minutes o completely dry all of the ethanol. The spin column
was transferred to a 1.5 mL microcentrifuge tube and 50 ul of
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bufter AE supplied with the kit was added tor elution. The spin
mhmn was incubated for 10 min at room temperature and
centrifuged tor 1 min at 6000 = g in microcentrifuge (Eppendort
5417c Rotor FA-45-24-11 ). Then, 5 ul of each of the extracted DMNA
samples was added to 1 pLofloading butter and visualized ona 1%
agarose gel in TAE butter with 3 ul of GelRed (Biotium). The 100 bp
DA standamd from Invitrogen was wsed for the analysis of the
menomic DNA.

24 PR and sequencing

The amplifiation of the DNA was crried out wsing primers
seleded from the Royal Botanic Gardens Kew Phase 2 Protoools and
Update on plant DNA barcoding for the matil | primers 3 F_KIM-
and 1 R_KIMH) and rhol (primers rhelaf and rbola flG34R)
regions (htp:|fwwwkeworgbarmoding/protoools.html ). The primess
sequences are F 5 — COTACAGTACTTTIGTGITIACGAG - ¥ R 5 -
ACOCACTCCATCTGGAMSTCTTGGTTC - ¥ for matk and F 5° - ATGT-
CACCACAAACACACACTAANMGC - 3 RS - GAAACCCTCTCTOCAACCCAT
-3 for rbd.

The INA was amplified in a reaction with final volume of 25 ul
mnining 2 Uof AmpliTag Gold polymerase in GenefAmp 106 PCR
Buffer II (100 mM Tris-HCI, pH 8.3; 500 mM KCI), 1,5 mM MgCI2
(Applied Biosystems, Foster City, CA), 0.2 mM dNTPs, 0,6 pM of
each primer, and 100 to 200 ng of DNA of each extracted sample.

The amplifiation was carried out in a thermocyder Genefmp
PCR System 9700 (Applied Biosystems) with the conditons as
followes: an initial denaturation step of the DNA at 95 °C for 3 min,
followed by 45 cydes of 94 *C for 30 5, 50 *C for 40 5 and 72 °C for
40 =, with a final extension period of five minutes at 72 <C. Then,
5ul of each of the resulting amplifications was added to 1 ul of
lbading bufter and visualized on a 1% agarose gel in TAE buftter
stained with GelRed (Biotium). A 100 bp DMA standard (Invitro-
gen) was used bor the analysis of the fragments.

The sequencing reactions were perfommed at Myleus Biotech-
nology (Belo Horizonte, Brazil) on an ABI3130 automated sequen-
cer (Applied Biosystems) wsing BigDye v3.1 and the same primers
that were used in the amplification reactons.

25 Do analysis

The DMNA sequences obtained were edited using the software,
SeqgScape w27 (Life Technologies) and aligned and anabyzed with
the program MEGA 52.2. The reference sequences were obtained
from the Barcode of Life Data Systems (BOLD) (http:/ w3 boldsys
tems.orgindex phpdatabases ), GenBank (http://www.nchinlm.
nih.gov/genbank/ ) and, as previously mentioned, for Remgia ferru-
gmea and Strychnos. preudogquing, sequences that wene generated
by our group.

The chosen statistcal method for the phylogenetic analyses
and tree assembly was neighbor-joining (K2P), which was mom-
mended as the standard barmoding method (BOL, 2009). The
andlyses were carried using the program, MEGA 522 (Tamum et
al, 2011 ). The query sequences were identified on the basis of the
reference sequences with which they formed a duster.

26 Chemical anafysis

The objective was to verify the presence of bitter typical
chemi@al substances in each sample, using chromatographic
methods (TLC and HPLC, respectively). The barks were pulverized
and extracted to exhaustion by percolation with 80% ethanol. The
solutions were dried in a rota-evaporator, wrapped and stored in a
freezer —4 *C. TLC was performed using silia gel plates (Merck
Darmstadt, Ref L05.721) and solvent systems and reagents specific
for alkaloids, flavonoids and tannins {Wagner and Bladt, 1996)

Quinine (Sigma Ref. 1125, 5t. Louis, MO, USA), quercetin (Sigma
Ref. 1082, 5t. Louis, MO, USA) and pirogakol (Fluka, BCBG3002V)
were used as standards.

For analysis in HPLC, an Agilent 1100 with a DAD UV detector
was used. The column used was a Lichrospher CI18 (250 um,
46 mm, Merck, Darmstadt, Germany) at 30 °C. Acetonitrile (A):
water (B) was used as the mobile phase as follows: gradient
ehition at 35-100% A for D45 min and then at 100% A for
45-50 min Rebalancing was crried out as follows: 100-35% A
for 50-55 min, then 35% A for 55 a 60 min at a flow of 1 mL/min.
The absence of quinine in all samples was confirmed by the co-
analysis with a reference standard (Sigma-Aldrichi, St-Louis, MO,
USA) The other substances were identified by analysis of their
respective UV spectra at 205 nm. The standards were prepared in
acetonitrilefwater (1:1) at a concentration of 0.5 mg/mL The
injection wolume was 40 ul.

2.7, Antmalorial assays in vitro

The obhjective was to confront the results on molecular and
chemicl analysis with the existence of antimalarial active materi-
als. Chloroquine resistant Plosmodivm feldparum strain K1 and
was used in the in vitro tests. Parasites were maintained in
montinuous culture in A+ human erythrocytes, using RPMI med-
ium supplemented with 10% human semum. The antiparasitic effect
of the compounds was measured by growth inhibiton percentage
# described by Carvalho and Krettli (1991). Briefly, trophozoite-
stages in sorbimksynchronized blood were cultured at 1-Z%
parasitaemia and 2.5% hematocrit and then incubated with the
plant extracts or isolbted compounds (maximum 1 mgiml in serial
dilutiors ), diluted with 0.02% final concentration of DMSO in
culture medium (RPMI 1640) for a total of 48 h at 37 *C A positive
mntrol with reference antimalarial drug (chloroguine and gqui-
nine) in standard concentrations was used in each experiment.
The stock solutions were further diluted in complete medium
(RPMI 1640 plus 10% human serum) to each of the wsed onoen-
trations (0.0001 up to 100 pgfml in seven dilutions). The half-
maximal inhibitory (1Cz,) responses as compared to the drug-free
controls wemre estimated by interpolation using Microcal Origin
software. Each duplicate experiment was repeated three dmes and
blood smears were read blind The data were analyzed with the
Biostat 1.0 MCT-CHNPq software package using Anova and Student’s
t-test (Andrade-MNeto et al, 2007 )

3. Results and discus sion

Mants used for the preparation of herbal medicines ame com-
mercialized as crude drugs, and the quality of these materials is
currenty wverified by a set of botanical physico-chemical and
chemicl analysis, that are established by the Pharmaoopoeias
and other offidal Compendia (Brand3o et al., 2008; WHO, 2005).
These analyses are very helpful for the authenticaton of materials
From welk-known vegetal species, which have had their criteria for
approbation established in the bibliography. However, such meth-
ods are not efficient for identifying samples from native species of
Brazilian biodiversity, for which very few or no descriptions are
awvailable. In a previous stmdy, we have already observed a
substitution of material from native species in the popular
markets, and the necessity to improve methods for their identifi-
cation (Branddo et al, 2013).

In the DNA barcode analysis performed in this study, the
sequences obtained from matk amplification had 505 bp and the
rbcl sequences obained contained 524 bp. All the sequences were
deposited on GenBank (Table 2). All of the amplified sequences
were successfully sequenced on an ABl platorm by Myleus
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Table 2
Barcode identification, acession number and percentual of similiraty between the samples and the identified species on the Barcode of life Database or GenBank.
Sample n® GenBank acession Vermacular  Putative scientific name® matk BOLD rhel BOLD 1] FNAL 1D
name® Confirmed
matK rhel BOLD Records Species Similarity BOLD reconds Species Similarity
Sample 01° KFe67923.1  Quina Remifia ferruginea Strychnos GBV]3569-11  Coutarea hexandra 99,81 Diffe rent Cotitarea
peeudoguing SEALS hexandra
Sample 03 KFo67M8.1 KF667924.1 Quing Remifia ferruginea Strychnos GEVGI679-11  Strychnos erichsonii 100 GEVX1684-13  Strychnos potatorum 99,81 Species Strychinos
pseudoguing confirmed peeudoguinag
TSA1B3-10 Strychnos henningsii 100 KFB67947 Strychnos pseudoguing 100
KFBG6 7964 Strychnos pseudoguing 100
Sample 04* KF667925.1 Quing- Remifia ferruginea Strydinos GEV[3569-11  Coutarea hexandra 9981 Diffe rent Coutarea
CPLUZEIFD pseudogiing SEMLS hexandra
Sample 05 KFB67949.1 KF667926.1 Quing rosa Remifia ferruginea Strychnos GEVGI679-11  Strychios erichsonii 998 GEVX1684-13 Serychnos potatorum 9981 Species Strchinos
peeudoguing confirmed peeudoguing
TSA1B3-10 Strychnos henningsii 998 KFB67947 Strychnos pseudoguing 100
KFB67964 Strychnos pseudoguing 100
Sample 06 KFo67950.1 KF667927.1 Quing rosa Remifia ferruginea Strychnos GEVJ4437-11  Remifa pedunculata 9941 GBV]4434-11  Remifia macronemia 9924 Diffe rent Ladenber gia spp
peeudoguing EEALS
GEVj4006-11  Lodenbergia 996 GEV]4435-11  Remifia pacimonica 99,24
acrocar pa
GEV3490-11  Cinchona pubescens 996 GEV]4439-11  Remifia wle 9924
GEVH008-11  Ladenbergia 99.62
oblongifolia
GEVH005-11  Ladenbergia 99,62
macrooarpa
GEV4004-11  Ladenbergia carua 99,62
Sample 07° KF567928.1 Quing rosa Remijia ferruginea Strydinos GEVWI1316-  Lamanomiad termata 100 Diffe rent Lamanaonia
pseudogiing 13 family [T
Sample 10 KF8679511 KF667929.1 Quing Remifia ferruginea Strydinos GEVGIE79-11  Strychnos erichsonii 9941 MHPAD1545- Strychnos guignensis 100 Genus Strychnos spp.
pseudoguing o9 confirmed
TSA1B3-10 Strychnos henningsii 9941
Sample 117 KFe67930.1 Quina Remifia ferruginea Strychnos GBV]3569-11  Coutarea hexandra 99,81 Different Coutdarea
peeudoguing EEALS hexandra
Sample 12 KFB67952.1 KFS67931.1 Quing Remijia ferruginea Strychnos GEVG1679-11  Sorydhinos erichsonii 100 GBVX1684-13  Strychnos pofoforum 99,81 Species Strycdhinos
pseudogiing confirmed peeudoguinag
TSA1B3-10 Strychinos henningsii 100 KFBG7947 Strychnos pseudoguing 100
KFBG 7964 Strychnos pseudogquing 100
Sample 13 KFB67953.1 KFS67932.1 Quing Remifjia ferruginea Strychnos GEVGS86-11 Aspidosperma 9921 GBVGS87-11  Aspidosperma 9962 Different Aspidosperma
peeudoguing FRFCETay i A FCE VAL SEALS spp.
Sample 14 KF867954.1 KF667933.1 Quing Remifia ferruginea Strychnos GEVGI679-11  Strychnos erichsonii 9921 MHPAD1545- Strychnos gulgnensis 9981 Genus Strychinos spp.
peeudoguing [1.1] confirmed
TSA1B3-10 Strychnos henningsii 9921
Sample 15 KFB67955.1 KFS67934.1 Quing- Remijia ferruginea Strychnos GEVG1679-11  Sorydhinos erichsonii 100 GBVX1684-13 Sirychnos pofatorum 9981 Species Strychinos
cruzeiro peeudoguing confirmed pseudoguing
TSA163-10 Strychnos henningsii 100 EFGE7947 Strychnos pseudoguing 100
KFB67964 Strychnos peeudoguing 100
Sample 16 KF867956.1 KF667935.1 Quing- Remifia ferruginea Strychnos GEVGI679-11  Strychnos erichsonii 99.41 MHPAD1545- Strychnos gulanensis 100 Genlis Strychinos spp.
CFUZEIrD peeudoguing [1.1] confirmed
TSA1B3-10 Strychnos henningsii 9941
Sample 17 KFB67957.1 KFSG67936.1 Quing- Remijia ferruginea Strychnos GEVG1679-11  Sorydhinos erichsonii 9921 MHPAD1545-  Strychnos guianensis 100 Genus Strychnos spp.
cruzeiro peeudoguing [1.5] confirmed
TSA163-10 Strychnos henningsii 9921

8Le
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Sample 18 KFo67958.1 KFBG7937.1

Sample 19 KFG6G67959.1 KFG67938.1

Sample 20 KF667960.1 KF567939.1

Sample 217 KF367940.1

Sample 22 KFG679611 KFGG67941.1

Sample 23* KFG67942.1

Sample 24  KFB67962.1 KF567943.1

Sample 262 KFB67944.1

Sample 28° KF567945.1

Quina

Quina do
campo

Quina

Quina

Quina

Quina rosa

Quina

Quina-

cruzeiro

Quina rosa

Remifia ferruginea Strvchinos
peeudoguing

Remifia ferruginea Sirychinos
peeudoguing

Remijia ferruginea Strycfinos
peeudogiiing

Remifia ferruginea Strvcfinos
peeudogiuing

Remifia ferruginea Strvcfinos
peeudoguing

Remifia ferruginea Strvchinos
peeudoguinag

Remijia ferruginea Strychnos
peeudoguing

Remijia ferruginea Strychnos
peeudogiuing

Remijia ferruginea Strychnos
peeudoguing

GEVT961-13

GEVJ087-11

GEVGI679-11
TSA163-10
KFB67964
GEVM1945-11

GCEBVWGE44-13

GEVGS86-11
GEVG594-11
GEVGS81-11

GEVGH91-11

GCEBVG1679-11

TSA163-10
KFG6 7964

Cissampelos 99.41
andromorpha
Cissampelos pareira 9941

Strychnos erichsonii 100

Strychnos henningsti 100
Strychnos pseudoguing 100

Bowdichia virgilioides 996
Bowdichia nitida 996
Aspidosperma 996
marcgraviantm
Aspidosperma 98.81
[rifernatum

Aspidosperma G881
Crueneum

Aspidosperma 99,01
SprUCEa L

Sirychnos erichsonii 100

Strychnos henningsii 100
Strychnos pseudoguing 100

GBVJ079-11
MHPAD435-
08
GEVJ093-11
GBVJ084-11
GBVX1684-13
KEGG7347
CAATE399-11
GBVO2840-11
GBVO2407-11
GBVD2395-11
MHPACH50-
08
MHEADZ10-
08

MHPAD 722-
09
GBVGS87-11
GBVGS93-11
GBVGS82-11
GBVG590-11
GBVGE70-11

CBVGEBS-11
CBVX1684-13

KFG67947
GBVG590-11
GBVG593-11
CBVGS83-11
CEVW1314-
13

GEVW1316-
13

Cissampelos
andromorpha
Cissampelos pareir

Cissampelos
tropaeolifolia
Cissampelos
owariensis
Strychnos potatorum

Strychnos peeudoguinag
Bowdichia virgilioides

Pericopsis moonfana
Ormosia macrocabyx
Ormosia amazonio
Acosmium panamense

Machaerium
seermanii
Macdhaerium pittieri

As pidosper ma

T FCE RV L
Aspidosperma

Lriterma
Aspidosperma
CrUerm

As pidosper ma
SPrUCEantm
Laanellea panarmensis

Lacmellea aculeata
Strychnos potatorum

Strychnos pseudoguing

Aspidosperma
SPrUCEantm
As pidosper ma
CriteTTid T

As pidosper ma
CRUETILIT
Crefssois hirsuta

Lamanonia ternata

.81
9,81
.81
99.81
.81
100

9.62
9,62
99.43

99,43
99,43

100

981

99.62

9,62

9,62

9.24

9,24
99,81

100

9,62

9.62

9,62

99.62

9.62

Different
BENus

Species
confirmed

Diffe rent
ZENs

Diffe rent
family

Diffe rent
genus

Different
family

Species

confirmed

Different
family

Diffe rent
family

14

Cissampelos spp.

Strychnos
peeudoguing

Bowdichia spp.

Madhaerium spp

Aspidosperma
spp.

Lacmellea spp.

Strychnos
peeudoguing

Aspidosperma
spp.

Lamanonia spp.

*Samples that were only amplified for one of the two markers,
B Vernacular name in latinized Arabic.
£ Putative sdentific name based on vernacular names,

ZER-SI8 (F10F) 551 Aojorudpydowyy fo jouwmal /e 13 saoymd Wy
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Biotechnology. The DNA extraction protocol was successful for
82.14% of the samples (23 of 28). The five samples for which the
extraction was not effecive are descoibed as “not studied™
(Table 3). The amplification of matk yielded PR poducts for
6522% of the samples, whereas the amplifiation of rbcl was
successtul tor 100% of the samples. All of the PCR products that
were generated were sequenced. The barcode megions of the rbd
and matk genes that were obtained for each sample were com-
pared with the sequences available in the Barcode of Life Database
- BOLD, GenBank, as wal as with the sequences obtained in the
barmde development stage of this work that were deposited on
GenBank. For the majority of the samples, both rbd and mai
regions could be used in the phylogenetic analysis (Fgs. 15 and
25). For these samples, the information given by the analysis of the
two regions were mna@tenated in only one phylogenetic tree
(FAg. 35), which was used to correctly identify the samples. For the
samples 01, 04, 07, 11 21, 23, 26 and 2B, however, the mati
amplification was not successful, and only the rbod region could be
used (Fig. 25)

The molecular analysis showed that the most commeraalized
samples are spedes of Soychnos (Loganiaceae, 435%), mainly
Stychinos. pseudoguing A 5t-Hil (Table 3). The barks of & psudoguing
were intensively used in the past as febrifuge and antimalarial in the
past, and due this wide use in both tradidonal and conventional
medidne, it was included as offidal medidne in the first edition of
the Brazlian Pharmacopoeia, published in 1926 (Brandio et al,
2008). Barks of Stmychnos spp. are rich in alkaloids, such as nor

Table 3

dihydrotox iterine, which has been assodated with the bitter taste
and the febrifuge activity (Bonamin et al., 2011; Frederich et al., 1999;
Cuetin-lederog et al., 1990) All the meference samples of & pseudo-
guina showed the presence of alkaloids and tannins, while flavonoids
were absent However, three commerncialized samples (15, 19 and
24), despite be identified as Smychnos pseudogquing, have not shown
alkaloids in their compositon. This result can be a consequence of
the chemical vanability of each individual, from which the bark was
taken, or the degradation of the substances due bad conservation on
the market. The result can also signalize a worse situation in which
the barks of the plants have been extracted from young trees, when
the substances are absmits or in very low oonoentrations. Other
species of Smychnos have been also sold as showed in Table 3, and
one of them (14) has alkaloids and was active as antiplasmodial
Many Strychinos spp. are native from Cerrado, an ecosystermn found in
the surmundings of Belo Horizonte (Calabria et al, 2008; Rodrigues
and Carvalho, 2007 ) and this proximity certainly contributes for the
availability of different spedes on the market

Spedes of Rubiaceae had sparked intense interest as substitute
of the Peruvian gquina, due its similarities with the GOnchona and
among the commerdalized samples, four were identified as
Rubiaceae. Three samples are from Coutgrea hexandro (Jaog.) K
Schum (Table 3), a spedes described in traditional medidne as a
substitute for the true quina (Cosenza et al, 2013). Many studies
have shown the potental of Coutarea [atflorn (Sessé & Moc.) ex
DC. (=Hmmonia lxtiflora (Sessé &Moc ) Bullok) as an antimalarial,
and this activity was correlated to the presence of alkaloids, with

Spedes of quina identified by molealar analysis, results of phyodhemial and Antiplesmodial studies.

Cenetic identification Code Popmular names Phytodee i analyss Antiplamnodial adivity in vitm
Family amad bt amical names Samples Al kakyids Flan o ks Tanmines I = 50 g fmil.
LOCANIACEAE

Sirychmos pemidouina A St HL a3 (uina Inaxtive
Strydmospseudoguing A 5t Hil a5 (uina mosa - - Inadtive
Srydmos perudoguing A St HL 12 {Juina Inactive
Strpdmas peeadoudna A St HiL 15 aina-cruzeing - - Inactive
Shrpdmas peradogudna A St Hil 14 {mna do campao - - Inactive
Strycmos pendoguina A St Hil 24 (uina Inactive
Strychmos spp 10 {Juina - - Inadtive
Srychmaos spp 14 Quina 17 mgfml
Srypohmas spp 16 Quina-cruzeing 4 4 Inactive
Shrychmas spp 17 (uina-cruzeing - 4 Inactive
APOCYNACEAE

Aspis dosperma spp 13 Quina Inactive
Aspis dosperma spp 22 (uina - - Inactive
Aspisdosperma spp. 26 Quina-cruzsing 207 mgfmL
Lasmellea =pp. 23 (uina rema - 4 Inactive
RUBACEAE 4

Goatarea heandra (Jaog ) I Schum, 04 uina=cruzeEin Inactive
Goatarea. hewandm (Jam ) K Schum 11 Quina — 4+ 93 mg fml
Coutarea, hexandra (Jam.) K Schum 13 Juina Inactive
Ladenhengia spp. il Quina rema - 4 Inactive
CUNONACEAE

Lomanonia rmatn Vel a7 (uina msa - Inactive
Lamanonia spp. 28 Quina msa Inactive
FABACEAE -

Bowdichia spp. 20 Quina - + Inadive
Machasrium spp. 21 Quina - + Inactive
MENSPERMALCEAE

Gsompelos spp. 18 (uina Inactive
Mot sl iesd 02 Quina Inactive
Hiot st ded 08 i{Jaina mEma - Tl nadive
Mot s isd 049 (uina preta T T Inactive
Mot st desd 25 {Juina Inactive
Mot 5l i 27 {Juina Inactive

* (hlaroguine (L1 mgfml
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structures very similar to quinine (Argotte-Ramos et al, 2006} In
our study, alkaloids were detected in extracts from all Coutarea
hesmndm samples, but only one was active as antimalarial. Some
lodenbergmin (Rubiaceae) hawve been desoibed in the historical
bibliography as a Brazilian quina, and one sample was identified
as belonging o this genus. Barks of Ladenbergia hexandra Klotzch.
and [adenbergia oblongifoliz {Humb. ex Mutis) L. Andersson have
alkaloids with structures very similar to quinine (Okunade et al,
2001), but the identfied sample did not show the presence of
these substances. Spedes from Aspidosperma [ Apocynaceae) have
indole alkaloids with promising antiplas modial activity (Dolabela
et al, 2012). In our anmalysis, three samples were identfied as
Aspidosperma spp. by the molecular method, but only one of them
showed the presencoe of alkaloids and was active as an antdimalarial
(Table 3} In the historical bibliography, only Aspidosperma wnlis is
described as a Brazilian quina (Vellozo, 1799) and efforts have been
done in order to identify this active species. The results of
chemical and biokgical essays show the complete ladk of stan-
dardization in samples sold in the market and the consequences in
public health are unknown

Barks of Remiie ferruginea (A. St-Hil.){Rubiaceae) were the most
frequenthy used Brazlian quina in traditional medicdne (Cosenza et
al, 2013) and as observed tor Soychnos pseudogquing, they weme also
included in the 1stediton of the Brazilian Pharmaoopoeia (Brandao
etal, 2008 L Despite this importance, curiously, none of the studied
samples was identfied as Remijie ferrugines or any other Femnijiz
spedes. Wild populations of Remiiia ferruginea can be also easily
found in the surroundings of Belo Horzonte, and its absence in the
market shown that changes in the knowledge and use of native
medicnal plants are in course. The loss of traditional knowledge,
spedfically about plants named quina, can be also observed in
mecent ethnobotanical studies, including with descendants of Amer-
indians. Among several plants mcorded in these studies, none
Brazilian quina was mentioned (Borges and Peisoto, 2009; Britto
and Senna-Valle, 2011, 2012; Fomseca-Kroel and Peixoto, 2004;
Miranda and Hanazaki, 2008). k is currently established knowledge
and use of mative species that can subside their conservation
(Crepaldi and Peixoto, 2010; brahim et al, 2013; Joppa et al,
2013; Laersen and Olsen, 2007) It is esimated that BOE of the
Brazilian population lives in whban centers, and in these amas,
traditional medicine i practiced only in the popular markets.
Strategies for stimulating the valorization of American medicnal
plants in those plces @n oontribute for their better use and
oonservation, On the other hand, theme is a preoccupying risk that
the herbal market poses a threat to biodiversity thmough owver-
harvesting of raw materials {Moyo et al., 2013; Taylor, 2008; WHO,
2007 ) In the cse of quina, for example, the extraction of barks
leads to irreversible damage to the plant and this predation
certainty contributes for their extincbon. It is necessary to establish
strategies for improving the guality and the conservation of the
mative medidnal spedes sold in the popular markets and the
integrate approach can be a wseful tool for detecting frauds and
mecessive and inappmopriate harvesting.

The worst situation observed in this smdy was the high
proportion of samples (26%) identified as spedes that have none
relation with plants named as quina from Brazlian traditional
medicinge (Table 3). One of them is the sample 23, identified as
Locmelea spp. (Apocynaceae). Accordingly the website lising the
flora of Brazl {{www floradobrasil jbejbry), Locmellea spedes are
only found in north of South America (Milliken, 1997) This
situation highlights a gquestion: why spedes from the local
emsystems, such as Remifia feruginea, & not found in the market,
while a plant that grows five thousand kilometers away is7 Worse
still is the observation that the barks of species from other families
as Cunoniaceae | Lamanonia spp., samples 07 and 28), Fabaceae
(Bowdichia sp., 20, and Machaerium sp., 21) and Menispermaceae

[ Csampelos sp., 18) have been also sold as a Brazilian quina. Mone
of these spedes is desaribed as having utility as antimalarial and to
treat intermittent fever in traditional medicine. Indeed, except
from Menispermacoeae, species from these botanical families have
no alkaloids, flavonoids and other substances that could confer
bitter taste. The situation i worsened when we consider that
among them can be endangered spedes as Bowdichia ninde and
Machaerium ternate (Martinelli and Moraes, 20013) The reasons
why the mllectors extracted these plants from wild, and sell them
as a Brazilian quina, are obscure. These results show a worse
situation where wild populations of other native species, that have
any relation o the traditional use, are being pressured by the
commerce in popular market.

Despite being considered a local level study, our results provide
data that can complement international studies. We show that an
integrated approach is important to authenticate the species of
medicinal plants sold in the markets, as well as the conditons on
which they were collected and are commerdalized The applica-
tion of the methods @n contribute to improve the quality of plants
used in tradibonal medicine and promote the conservabon of
spedes from biodiversity, induding those endangered.
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3.2 — CAPITULO 2: Aplicac&o da técnica de DNA barcode associada ao perfil fitoquimico
para a analise de qualidade de espécies vegetais aprovadas pela ANVISA e OMS para a
producdo de fitoterapicos

Plantas medicinais sdo utilizadas em todo o mundo, sendo muitas espécies validadas pela OMS
e outros 6rgaos regulatorios para o uso como medicamentos, devido a sua validagéo cientifica
ou vasto histérico de uso tradicional. No Brasil, a ANVISA € o 6rgdo responsavel pela fiscalizacéo
dos medicamentos fitoterapicos e uma lista das espécies vegetais aprovadas para a producao
dessa classe de medicamentos se encontra disponivel na RDC n° 26/2014 (13 de maio de 2014)
(ANVISA, 2014). Grande parte das plantas medicinais aprovadas e presentes nessa lista tratam-
se de espécies utilizadas em todo o mundo, sendo consideradas no Brasil como exdticas e/ou
importadas. Por outro lado, raras sdo as espécies aprovadas pelos 6rgaos reguladores que
compdem a biodiversidade brasileira. Nesse estudo, foram analisadas 257 amostras de drogas
vegetais e produtos fitoterapicos distribuidas entre oito espécies constantes da lista da ANVISA.
Cada amostra foi identificada por meio de DNA barcode e seus marcadores quimicos analisados
guali- e quantitativamente. Os resultados obtidos sugerem que a analise do DNA barcode é uma
metodologia viavel para a identificacdo de materiais botanicos usados na preparacdo de
fitoterapicos. Porém sua eficiéncia varia de espécie para espécie, podendo néo ser til em alguns
casos. Para algumas espécies, marcadores diferentes do Barcode oficial devem ser utilizados. A
associacdo do DNA barcode com as analises quimicas revelou ser uma ferramenta poderosa
para a deteccéo de falhas na preparacao desses produtos. Os resultados mostram que a inclusao
de um passo de identificagdo molecular na identificagdo das espécies vegetais a serem utilizadas

na producao de fitoterapicos pode levar a melhoria da qualidade desses medicamentos.

O artigo referente a este capitulo foi submetido para a revista PlosOne no dia 05 de janeiro de

2015 e encontra-se em analise pelos revisores.
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Abstract

Medicinal plants are used throughout the world, and the regulations defining their proper use, such as
identification of the correct species and verification of the presence, purity and concentration of the
required chemical compounds, are widely recognized. Herbal medicines are made from vegetal drugs,
the processed products of medicinal species. These processed materials present a number of
challenges in terms of botanical identification, and according to the World Health Organization (WHO),
the use of incorrect species is a threat to consumer safety. The samples used in this study consisted
of the dried leaves, flowers and roots of 257 samples from 8 distinct species approved by the WHO for
the production of medicinal herbs and sold in Brazilian markets. Identification of the samples in this
study using DNA barcoding (matK, rbcL and ITS2 regions) revealed that the level of substitutions may
be as high as 71%. Using qualitative and quantitative chemical analyses, this study identified situations
in which the correct species was being sold, but the chemical compounds were not present. Even more
troubling, some samples identified as substitutions using DNA barcoding contained the chemical
compounds from the correct species at the minimum required concentration. This last situation may
lead to the use of unknown species or species whose safety for human consumption remains unknown.
This study concludes that DNA barcoding should be used in a complementary manner for species
identification with chemical analyses to detect and quantify the required chemical compounds, thus

improving the quality of this class of medicines.
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Introduction

The global market of products derived from plants is estimated at $83 billion US and continues to
grow [1]. Furthermore, it is estimated that approximately 25% of modern drugs and as many as 60%
of antitumor drugs [2] are derived from natural products [3]. According to the WHO, between 65% and
80% of the populations of developing countries currently use medicinal plants as remedies [1]. The
development of new products from natural sources is also encouraged because it is estimated that of
the 300,000 plant species that exist in the world, only 15% have been evaluated to determine their
pharmacological potential [4]. Studies demonstrating the efficacy and importance of medicinal plants
are being carried out worldwide in countries that span a wide range of developmental stages [5-9].
Due to the widespread use of medicinal plants, the WHO published the Monographs on Selected
Medicinal Plants volumes 1 through 5 from 1999 to 2010; these volumes contain a list of species with
recognized medicinal benefits and the accepted means to correctly use them [10-14]. In addition to
following WHO recommendations, Brazil has its own agency that regulates the use of medicinal plants,
the National Health Surveillance Agency (from the Portuguese ANVISA — Agéncia Nacional de
Vigilancia Sanitaria). ANVISA also has its own list of approved species for manufacturing herbal
medicines [15]. Although Brazil is rich in biodiversity and medicinal plants, most of these plants on this
list are exotic species that were introduced to the country during the early phases of European
colonization in the 1500s [16-18].

To guarantee the quality of herbal medicines, certain steps established in the Pharmacopoeias
must be followed, including correct identification of the plant species, analysis of the purity and
confirmation of the presence and minimum concentration of the active ingredients (chemical marker(s))
[19]. In this regard, one of the main challenges encountered in the herbal medicine industry is ensuring
unequivocal species identification of the raw material that will be used to manufacture the herbal
medicine. There are several plant identification techniques, but in many cases, the identification is

based mainly on botanical analysis, that can be problematic due to the high phenotypic variation
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among taxa, the commercialization of processed raw plant material and/or unidentifiable plant parts
and the lack of highly trained professionals in plant taxonomy [20-22]. Furthermore, quality control for
herbal drugs is currently performed according to a set of pharmaceutical analyses, beginning by direct
observation of the morphological, sensory and microscopic characteristics of each type of plant
material. If the identity of the plant part is verified, the sample is submitted for chemical characterization
using chromatographic methods to verify the presence of specific substances in comparison with a
chemical profile in the literature or found in standard samples [23-27]. Misidentification and
substitutions are a reality, with confirmed reports from several countries [7, 28-30], including a recent
study from our group in which we demonstrated substitutions of species of “quina” (Cinchona spp.) in
Brazilian markets [31]. These issues are of high concern because they may cause fatalities among
users [32, 33]. Under these conditions, DNA barcoding may be a powerful tool. The DNA barcode
consists of one or more short, standardized DNA region(s) that can be used to identify a species [34].
and is a powerful tool that can be applied to address the problems in botanically identifying highly
processed plant materials [35-38] in addition to other uses, such as the identification of endangered
species and the use in forensic DNA researches [39, 40]. Since 2009 the Plant Working Group from
the Barcode of Life project established that the official regions for DNA Barcodes of plants are rbcL
and matK [41]. Despite this, those regions are not 100% efficient in discriminating plant species and
other regions are used by different researchers to improve the efficiency of the official DNA Barcode
[42-44].

Here we propose the use of DNA barcoding technology to identify the raw material used to
manufacture herbal medicines. Along with the CBOL recommendations and based on previous
studies, we evaluated the addition of the nuclear ITS2 region to the barcode core of matK and rbcL
[20]. After the initial identification step, our group carried out chemical analyses to demonstrate the
presence and concentration of the essential chemical compound of the herbal medicine. Our results

indicate that DNA barcoding should be used as a screening step during the herbal medicine
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manufacturing process, and only samples that are correctly identified should proceed to chemical

validation. This proposed workflow would improve the safety, speed and reliability of this process.

Materials and Methods

Sample collection

A total of 257 samples from eight species that are recognized by the WHO and ANVISA as
medicinal species and approved for use in the preparation of remedies were purchased in the Central
Market (19° 55' 22.465" S 43° 56' 35.058" W ) in the city of Belo Horizonte in the state of Minas
Gerais, Brazil. Belo Horizonte’s metropolitan region holds approximately 6 million inhabitants and
possesses a large traditional popular market as well as several drugstores and pharmacies specialized
in phytoterapy and medicinal plants. The collectors purchased the samples, as regular customers,
from 20 stores, during the years of 2012 to 2014. Products sold as dried plant parts or as powdered
tissues, either simply packed or encapsulated, were sampled. Samples were stored in an acclimatized
and humidity free room before DNA extraction. The studied species, popular names and used parts
were Hamamelis virginiana L. (Hamamelis - leaves), Matricaria recutita L. (Chamomile, flowers),
Maytenus ilicifolia Mart. Ex Reiss (Espinheira Santa, leaves), Mikania glomerata Spreng. (Guaco,
leaves), Panax ginseng C. A. Mey (Asian Ginseng, roots), Passiflora incarnata L. (passion flower,
leaves), Peumus boldus Molina (Boldo-do-Chile, leaves) and Valeriana officinalis L. (Valerian, roots)

(Table 1).

Characteristics of the samples

The acquired samples included, flowers, leaves and roots. The samples were collected in two
forms, as the dried parts described above and as powdered tissues. No mixtures were analyzed due
to limitations inherent to the Sanger sequencing method. In the laboratory, each sample was recorded
and kept under uniform conditions in a climate-controlled room at DATAPLAMT (Aromatic, medicinal

and poisonous center for data and sample storage at the Universidade Federal de Minas Gerais).
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DNA extraction

DNA was extracted from the leaves, flowers and roots of the plants using the DNeasy plant
mini kit (Qiagen, Venlo - Netherlands) with modifications. Approximately 20 mg of each sample was
pulverized using a mortar at room temperature. The powder was mixed with 600 pL of buffer AP1
supplied with the kit and incubated at 65 °C and 400 rpm for 1 hour in a heat block (Thermomixer
compact; Eppendorf, Germany). After incubation, 230 pL of buffer AP2 from the DNeasy kit was added,
and the samples were incubated on ice for 30 minutes. The later steps of the extraction were carried
out following instructions from the manufacturer (DNeasy plant handbook, Qiagen, Venlo -
Netherlands). After extraction, the DNA samples were visualized on a 1% agarose gel stained with
GelRed (Biotium, California, USA). The 100-bp DNA standard from Invitrogen (California, USA) was
used for the analysis of the genomic DNA. Eighteen samples did not present the total DNA band on
the agarose gel and, consequently, did not yield any amplicon in the subsequent PCR reaction. These
samples could not be analyzed as the correct species or a substitutions, leaving the final dataset with

a total of 239 samples.

PCR and sequencing

DNA amplification was carried out using primers selected from the Royal Botanic Gardens Kew

Phase 2 Protocols and Update on Plant DNA Barcoding as follows: for matK, forward 5’
ACCCAGTCCATCTGGAAATCTTGGTTC - 3 (primer 1R _KIM-f) and reverse 5 -
CGTACAGTACTTTTGTGTTTACGAG - 3 (primer 3F_KIM-r); for rbcL, forward 5 -
ATGTCACCACAAACAGAGACTAAAGC - 3 (primer rbcLa f) and reverse 5 -

GAAACGGTCTCTCCAACGCAT - 3 (primer rbcLa_jf634R); and for ITS2, forward 5'

ATGCGATACTTGGTGTGAAT - 3' (primer ITS-S2F) and reverse 5' - GACGCTTCTCCAGACTACAAT
- 3' (primer ITS3R) (http://www.kew.org/barcoding/protocols.html).
The PCR reactions were performed using a final volume of 25 pL containing 2 U of AmpliTaq

Gold polymerase in GeneAmp 106 PCR Buffer Il (100 mM Tris-HCI, pH 8.3; 500 mM KCI), 1.5 mM
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MgCl: (Applied Biosystems, Foster City, CA), 0.2 mM dNTPs, 0.6 uM of each primer, and 100 to 200
ng of DNA.

The amplification was carried out in a GeneAmp PCR System 9700 Thermocycler (Applied
Biosystems, Foster City, CA) using the following conditions: matk - an initial denaturation step at 98
°C for 2 minutes; followed by 40 cycles at 98 °C for 10 seconds, 52 °C for 30 seconds and 72 °C for
40 seconds; with a final extension period at 72 °C for 10 minutes; rbcL - an initial denaturation step at
95 °C for 3 minutes; followed by 45 cycles at 94 °C for 30 seconds, 50 °C for 40 seconds and 72 °C
for 40 seconds; with a final extension period at 72 °C for 5 minutes; ITS2 - an initial denaturation step
at 95 °C for 5 minutes; followed by 40 cycles at 94 °C for 30 seconds, 56 °C for 30 seconds and 72 °C
for 45 seconds; with a final extension period at 72 °C for 10 minutes. After amplification, the DNA
samples were visualized on a 1% agarose gel stained with GelRed (Biotium, California, USA). Six
samples did not yield any amplicon in the subsequent PCR reaction. These samples could not be
analyzed as the correct species or a substitutions, leaving the final dataset with a total of 233 samples.
The sequencing reactions used 2 pL containing 10 pmol of the same amplification reaction primers.
Bi-directional sequencing was performed by Myleus Biotechnology (Belo Horizonte, Brazil) using an

ABI3130 automated sequencer (Applied Biosystems, Foster City, CA) with BigDye v3.1.

Data analysis

The obtained DNA sequences were edited using the SeqScape v2.7 software program (Applied
Biosystems, Foster City, CA). Bases with a QV lower than 15 (i.e., a probability of error of 3.2%) were
manually edited, and samples for which the entire sequence (or the majority of it) had a lower QV were
discarded due to the high probability of error and/or impossibility of analyses [45]. Samples that
amplified high-quality sequences from any one of the three genes (rbcL, matK or ITS2) were included
in the analyses. The sequences produced in this work were submitted to GenBank (accession numbers
KJ750965 through KJ751173 for matK sequences, KJ751175 through KJ751402 for rbcL sequences

and KM519459 through KM519583 for ITS2 sequences). Some of the sequences for ITS2 (61
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sequences/32,97% of the total ITS-2 dataset) had fewer than 200 base pairs and could therefore not
be deposited in GenBank. Those sequences are available as supporting information (File S1).

The reference sequences used to identify the generated sequences were mined from the
Barcode of Life Data Systems (BOLD) (http://v3.boldsystems.org/index.php/databases) for the matK
and rbcL regions and from GenBank (http://www.ncbi.nlm.nih.gov/genbank/) for the ITS2 region.
BOLD archives are today the more reliable databases regarding DNA barcodes for reference species,
since the criteria for a researcher to deposit a sequence is carefully reviewed and the specimen must
be taxonomically identified by an expert. Some of the criteria include the deposit of at least five
specimens vouchers of the reference species, the personal information of the botanist that made the
identification of the specimens and several metadata that brings more security as to the correct
identification. Since the official DNA barcode regions chosen for plant are matk and rbcL, GenBank
had to be used for the ITS2 region, but when possible the ITS2 region was mined from BOLD. The
reference sequences included every species from the eight genera analyzed in this study. Every query
sequence that did not group with one of these genera was submitted to a Plant Identification via BOLD
and to a MEGABLAST search on GenBank; the genera returned from these identifications were added
to the phylogenetic analyses. The phylogenetic analyses and tree assembly were performed using the
neighbor-joining (K2P) statistical method [41] in MEGA 5.2.2 [46]. The query sequences were identified
according to the reference sequences with which they formed a cluster with a 98% similarity cutoff.
Samples that grouped with a genus other than the eight target genera were promptly classified as
substitutions.

To better identify the samples grouped within the 8-genus set of this study, the barcode gap
approach was used [34]. For the barcode gap, the pairwise distance for each of the 8 genera was
calculated individually using MEGA 5.2.2. The result was then exported to PAST [47], and a frequency
histogram was assembled. The barcode gap was calculated for each of the three genes individually,
for matK and rbcL together, and for matK, rbcL and ITS2 together. For each calculation, a barcode

gap was considered to exist if the frequency histogram showed a clear distinction between the intra-
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and interspecific genetic variation. When this distinction was unclear, no barcode gap was said to exist.
Samples that presented a genetic variation higher than the maximum intraspecific variation were
considered to be substitutions, and samples that presented genetic variation lower than the maximum

intraspecific variation could not be identified as either a substitution or the correct species.

Chemical analysis

The objective of these analyses was to verify the presence of chemical markers using thin layer
chromatography (TLC) with silica gel plates (Merck Darmstadt, Ref 1.05.721). After TLC analysis, the
concentration of the substances was determined using high-performance liquid chromatography
(HPLC) or ultra-violet (UV) spectroscopy. The latter was performed only for a subset of the samples to
demonstrate that the correctly identified samples may not have the minimum required concentration
of the target chemical compounds and that samples identified as substitutions may have the chemical
compounds at the minimum required concentration. Because each species has its own approved
method for certification, the chemical analyses and the results interpretation followed the methods
described on the American (P. ginseng), Brazilian (M. ilicifolia and M. glomerata) and British
Pharmacopoeias (H. virginiana, M. recutita, P. incarnata, P. boldus and V. officinalis). Those methods

are briefly detailed in Table 2.

Results

DNA barcoding efficiency

Among the 257 samples used in this study, the protocols for DNA extraction, PCR and
sequencing worked for 209 (81.32%), 228 (88.72%) and 185 (71.98%) of the samples for the markers
matK, rbcL and ITS2, respectively. These proportions varied greatly among the various species, with
M. ilicifolia and M. glomerata yielding the best results and V. officinalis generating the worst ones

(Figure 1). With the exception of P. boldus, the ITS2 marker had the fewest samples that passed
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through the steps of DNA extraction, PCR and sequencing, whereas the rbcL region had the most
samples passing through these steps (Figure 1).

In particular, the DNA barcoding protocol did not work properly for herbal medicines acquired
from drugstores (M. glomerata sample 16, P. ginseng sample 07, P. incarnata sample 08, and P.
boldus samples 14 and 17 through 20), with the exception of sample 08 from P. incarnata.

Samples that failed during the DNA barcoding protocol during the DNA extraction step,
amplification step, or sequencing step were labeled as “No sequence” and were not considered in

further analyses.

Molecular markers efficacy

The matK, rbcL, and ITS2 markers and their combinations achieved various levels of
identification success for each of the eight medicinal species studied here (Figure 2). In many cases,
identification at the species level was not possible for the species assayed in this work and with the
markers used, considering the current amount of species reference sequences (DNA barcodes
vouchers) deposited at BOLD and GenBank (Table S1) because the genetic diversity within the genus
was not sufficient to correctly identify a given sample at the species level. Because most of the
substitutions found here involved species from different genera or even families, this result did not
negatively impact the substitution analyses of this study. When samples were grouped within one of
the eight medicinal genera, a barcode gap analysis was applied (Table 3). In some of these cases, it
was possible to reach a final conclusion regarding the species identification, e.g., samples from
Matricaria recutita. However, in other cases, the identification remained inconclusive, again because
the genetic variation within the genus was not high enough (lower than 1 %), even after applying the

barcode gap.

Molecular identification and species substitution

The phylogenetic analyses applied to the sequences retrieved from the DNA barcoding

methodology revealed that all eight analyzed medicinal species, with the exception of M. glomerata,
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had samples that were substituted with other species, genera or even other families (Supporting
Figures S1 through S40).

From the samples that passed through the DNA barcoding protocol, 42.06% belonged to the
expected genus but could not be identified to the species level; these samples were therefore classified
as “inconclusive” in terms of substitutions. The remaining samples were classified as either substitute
(71.11%) or authentic (28.89%), depending on the concordance between the expected and observed
species (Figure 3). The proportion of samples classified as substitutions varied greatly among the eight
species. For example, 100% of the samples presented as P. ginseng were actually from the genus
Pfaffia, a Brazilian ginseng, whereas only 3.45% of the samples presented as P. boldus were
substitutions (Figure 3).

For H. virginiana, half of the samples (16) belonged to the genus Hamamelis
(Hamamelidaceae), and one sample belonged to the same family but was from a genus that could not
be defined. Five samples could not be identified, and the remaining ten samples were distributed
among another seven different families. It is interesting to note the presence of samples identified as
Brazilian native species, such as Solanum and Lantana, as well as the presence of other species that
are also imported to Brazil, such as Tilia.

All of the samples from M. recutita (Asteraceae) corresponded to the correct genus, but twenty
samples presented a certain level of genetic diversity for the marker matK (Supporting Figure S26).
When the barcode gap analysis was applied, these samples were assigned to a species other than M.
recutita. Despite these observations, those samples were not linked to any other species and their
genetic diversity was found to be extremely low (lower than 0,01%).

Although some of the samples labeled as M. ilicifolia (Celastraceae) were found to belong to
the genus Maytenus, the majority were identified at the family level (Fabaceae) as one of two species,
Zollernia ilicifolia or Lecointea peruviana, and one sample was identified as the genus Roupala
(Proteaceae), which includes species that are native to Brazil but morphologically distinct from M.

ilicifolia and with no previous reports of use in folk medicine (Supporting Table S1).



30

Neither of the sequences for M. glomerata (Asteraceae) was successful as a tool able to identify
substitution because it was impossible to distinguish between M. glomerata and M. laevigata.

In the case of P. ginseng, a species that originated in Asia and was imported to Brazil, most of
the samples were identified as Pfaffia spp. (Amaranthaceae). This genus contains the species Pfaffia
glomerata, a plant that is native to Brazil and popularly known as Brazilian ginseng. The only exception
for this group was one sample that was identified only at the family level (Amaranthaceae) but could
not be distinguished among the genera Pfaffia, Hebanthe and Pseudoplantago.

In the analyses of P. incarnata (Passifloraceae), two clear substitutions were found of the
species Senna alexandrina (Fabaceae). All other samples belonged to the genus Passiflora.

Most of the samples of Peumus (Monimiaceae), a genus with only one species (P. boldus,
http://www.theplantlist.org/browse/A/Monimiaceae/Peumus/), were identified as the correct species.
One exception was identified as Vernonia colorata (Asteraceae) (Supporting Table S1).

For V. officinalis, the whole process of DNA extraction, amplification and sequencing did not
work well and the sequences obtained were mostly low quality. From thirty-five samples, only nineteen
(54,28%) could be analyzed using DNA barcoding. Of these, thirteen belonged to the genus Valeriana
but could not be identified at the species level. Two samples that were identified only at the family level
belonged to Asteraceae. One sample was identified as belonging to a different genus (Cissampelos).
Two other samples were identified as different species: Ageratum conyzoides and Stellaria vestita.

One sample could not be identified.

Chemical analysis

For most of the studied species, TLC, HPLC and UV analyses confirmed the molecular findings
for samples identified as not being the true plant; many samples did not contain the expected chemical
marker for the labeled medicinal species. In some cases (H. virginiana, M. Recutita, M. ilicifolia and V.
officinalis), some substitutions showed a chromatography pattern resembling that of the correct

species. In these cases, only molecular analysis made the correct identification possible. For P.
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ginseng, all samples were negative for the expected chemical marker. However, all samples labeled
as M. recutita and M. glomerata contained the expected chemical marker (Figure 4).

The simple presence of the chemical markers is not sufficient to validate an herbal medicine
preparation, but it is mandatory that a minimal concentration of the chemical marker is present. As
expected, the samples that showed negative results via TLC also showed negative results via HPLC
or UV. However, for some samples that were positive via TLC, the chemical marker was not present
at the minimum concentration required for validation. This finding was true for samples from M. recuitita,

M. glomerata P. incarnata and V. officinalis (Table 4).

Molecular and chemical comparison

In some cases, samples that were identified as substitutions using molecular analysis actually
did contain the expected chemical marker from the labeled species. That was the case for samples
from H. virginiana, M. recutita and M. ilicifolia (Figure 4). On the other hand, every sample that matched
the labeled species according to molecular identification was also positive on the TLC analyses (Figure
4).

During the final step of concentration analyses, HPLC or UV, two interesting points arose. First,
the presence of the correct chemical marker(s) in a sample does not mean that the sample contained
the minimum concentration required. This result was observed for samples of M. recutita, M. glomerata
and P. incarnata (Table 4). Second, some samples that were identified as substitutions using DNA
barcoding but contained the expected chemical marker from the medicinal species also presented the
minimum concentration required for validation on HPLC or UV (Table 4). This result was observed for
samples from H. virginiana, M. ilicifolia and V. officinalis.

Overall, V. officinalis was the most difficult species to work with during these analyses. The
medicinal part of V. officinalis plants is the roots. V. officinalis root cells contain a light brown resin [10]
that was most likely responsible for the unsatisfactory results of the genetic analyses because it

completely inhibited the PCR or generated problems during the amplification process. Modifications
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made to the protocols to attempt to resolve this problem were not effective. Only nine samples were
positive according to TLC, and of the samples submitted to HPLC, only one (sample 29) met the
minimum required concentration. Curiously, this sample was identified from DNA barcoding as

belonging to the Cissampelos genus. (Table 4).

Discussion

Plants used to prepare herbal medicines are marketed as crude drugs, and the quality of these
materials is currently verified by a set of botanical, physicochemical and chemical analyses that have
been established by Pharmacopoeias and other official compendia [48]. Those methods, however, are
not completely reliable for species identification, and several studies have revealed species
substitutions [19, 22, 31, 49].

DNA-based methods, such as the use of specific DNA sequences as markers for species
identification, are used in a range of field, including agriculture [50-52] and zootechny [53-55], and
comprise various methods, such as RAPF, AFLP, PCR-DGGE, real-time PCR and sequencing-based
systems, such as SSR [50, 56-59]. Choosing the most appropriate method depends on several factors,
including the focus of the study [60]. However, the availability of a variety of methods and approaches
can also hamper research; the lack of standardization and universality decreases the reproducibility of
studies. However, the proposed goal of the DNA barcode project [34] to catalogue universal markers
for all life on Earth has the potential to unify DNA-based methods used for species identification.

Using common sets of primers, databases and standards to catalogue species by research
groups all around the world increases the level of reliability and the number of species available for
study (which has reached the greatest level ever achieved by the scientific community) while also
making it possible to identify an ever-growing number of species. The definition of an official DNA
barcode for plants was a crucial step, and the sequences chosen have already proven themselves to
be of great value [9, 60, 61]. The discovery of universal primers for the DNA barcode would be the

perfect scenario, but this goal may not be achieved. Small nuances in different families, orders and



33

species are responsible for different levels of amplification and in some cases the use of different
primers might be the best strategy to follow to make the amplification and sequencing more efficient.

Processed samples, such as the ones analyzed on this study, are often hard-working, since
the isolation of good-quality DNA may be difficult to achieve [62]. Even though we were able to analyze
the majority of the samples (233 from 257) using at least one of the three markers, better ways to work
with processed samples are becoming available and will be applied in future studies [43]. An example
is the DNA mini-Barcode, based on the analyses of smaller regions. A DNA mini-barcode for rbcL is
already available [63].

This study demonstrated that it is not always necessary to work with both sequences matkK
and rbcL when the purpose of the study is not to catalogue new species but rather to identify species
from a collection of samples; this study also demonstrated that the DNA barcode approach has
limitations. For all of the samples, the use of the rbcL and matk sequences together only improved
species identification in two cases, one for Hamamelis (sample 16) and one for Peumus (sample 6);
in both of these cases, the samples could be identified to the species level only when the two markers
were used together (Supporting Figures S4 and S34).

The use of the DNA barcoding technology enabled us to detect several substitutions among
the analyzed samples. Most substitutions involved species from different genera (or even a different
family) than those of the expected medicinal species. When analyzing multiple species within the same
genus, matK and rbcL were only rarely able to correctly identify the samples. That was the case for
samples belonging to some of the analyzed species. For example, the markers could not distinguish
between M. glomerata and M. laevigata. Both species are used in folk medicine in Brazil and have the
same geographical distribution and several morphological and chemical similarities. For these
reasons, it is believed that M. laevigata, which is not included in the ANVISA list of approved species
for herbal medicines, is frequently used as a substitute for M. glomerata [64]. For M. ilicifolia, most of
the samples belonged to Zollernia ilicifolia or Lecointea peruviana. These species share similar

morphology and like M. ilicifolia, belong to the clade Lecointea, together with the closely related genera
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Exostyles, Harleyodendron and Holocalyx [65, 66]. Most of the P. incarnata samples belonged to the
genus Passiflora but could not be identified at the species level. The matK region showed promising
results for differentiating species within the genus Passiflora (Supporting Figure S26), but our analysis
was ultimately unsuccessful because none of the databases contained this sequence for P. incarnata.
Brazil is one of the greatest producers of Passiflora species for food [67], and it is likely that some of
that production ends up being marketed as herbal medicine.

The difficulty in differentiating closely related species is supported by the fact that the
methodologies used to perform distance-based species discriminations based on DNA barcodes are
still being worked out [68, 69]. Furthermore, the difficulty in identifying closely related species is
especially pronounced in plants [70]. For this reason, the barcode sequences were only recently
defined, and the search for better loci continues [43, 69]. In this study, we attempted to use the ITS2
region to improve the accuracy of species identification. However, our attempt was not successful,
primarily due to difficulties encountered in working with the sequence and the fact that it did not add
additional variability compared with analysis based on matK and rbcL.

Some of the substitutions that we identified, such as the genera Solanum and Lantana for H.
virginiana or the genera Ageratum and Cissampelos for V. officinalis, are most likely a consequence
of the ease of obtaining samples of the substitutes, which are native to Brazil. In fact, Hamamelis is
native to North America, and V. officinalis is native to Europe; it is necessary to import both plants for
use in Brazil. The same is also true for P. ginseng, but in this specific case, a mistake may have
occurred because the Brazilian ginseng (Pfaffia glomerata) and the Asian ginseng (P. ginseng) are
both known as ginseng. Another case of substitution due to popular name confusion may have
occurred when the genus Sorocea (Moraceae), to which the species Sorocea bonplandii belongs, was
used as a substituted for M. ilicifolia; Sorocea bonplandii has the same popular name as M. ilicifolia in
Brazil (Espinheira santa) and a similar morphology [65]. Finally, a similar explanation might be

responsible for the only substitution found for P. boldus. The genus Vernonia contains the species V.
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condensata, which is known in Brazil as “Boldo baiano” and regularly used as a substitute for P. boldus,
despite their complete lack of similarity [71].

Curiously, we also detected Tilia among the samples of Hammamelis. This plant does not occur
in Brazil, and its presence in the market here indicates that substitutions are sometimes occurring
outside Brazil, which may also be the case for the sample of S. alexandrina that was found among the
samples sold as P. incarnata. This species is popularly used in certain countries (including Brazil) for
constipation, but recent studies have revealed toxic effects in mouse models [72, 73].

The parallels between the genetic and chemical analyses proved that it is possible for a sample
to pass quality control tests even if it does not belong to the correct species. This result was observed
for samples that were identified as substitutions using DNA barcoding but exhibited similarity with the
correct species according to TLC and contained concentrations of chemical markers that were above
the required minimums (H. virginiana samples 08 and 17, M. ilicifolia sample 06, and V. officinalis
sample 29). These results may be attributed to the specificity of the chemical markers; even though
some of these chemicals substances used as markers, such as valerenic acid, are very specific, others
(such as tannins) are common to a large variety of plants. However, these analyses also demonstrated
that correct species identification is not sufficient because the active compound may not be present in
the samples or may be below the minimum required concentration. Thus, when taking into account the
results of DNA barcoding, TLC and HPLC or UV, the complementarity of the tests becomes clear.

In addition to the health implications of the correct use of the approved medicinal species,
another factor that should be considered is the possible environmental impacts to these plants. It is
estimated that one in every five plant species in the world is threatened. It has been suggested that
the herbal market poses a threat to biodiversity through the over-harvesting of raw materials [31, 74-
76]. In a previous study, our group demonstrated positive results regarding the inhibition of native
species collection in the wild by pharmaceutical companies following the establishment of rules from
the Brazilian Health Ministry [77]. The impact of the use of native materials sold in popular markets,

however, is difficult to estimate because these materials are obtained from various suppliers and from



36

unmanaged forests. If the findings of this study are cross-referenced with the Official List of
Endangered Species of the Brazilian Flora [78], the genera Solanum (one species), Maytenus (four
species), Mikania (six species), Pfaffia (three species), Passiflora (five species), and Vernonia (fifteen
species) are all represented, demonstrating that correct species identification is required to prevent

the use of threatened species.

Conclusions

The present study showed a great number of species substitutions and mislabeling,
demonstrating that the current surveillance methods are not being efficient to control he herbal
medicine market. Also, we showed that the traditional methodologies of species identification using
chemical analysis are, in the majority of cases, not adequate to correctly identify a plant species. Thus,
we propose the use of DNA barcode as a powerful first screening step. Applying the DNA barcode
technique to the quality control of herbal medicine production will make the process safer, more
reliable, and cheaper because substitutions will be promptly discarded without requiring more

expensive chemical analyses that are otherwise necessary.
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Supporting information captions

Figure S1: Phylogenetic tree Hammamelis virginiana matK. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
1.47656508 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 442 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 205 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S2: Phylogenetic tree Hammamelis virginiana rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.67568534 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn

to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
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the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 370 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 215 positions
in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S3: Phylogenetic tree Hammamelis virginiana ITS2. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.71702123 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 207 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 13 positions in

the final dataset. Evolutionary analyses were conducted in MEGASB.

Figure S4: Phylogenetic tree Hammamelis virginiana matK + rbcL. The evolutionary history
was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
= 0.86650001 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 189 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 620 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S5: Phylogenetic tree Hammamelis virginiana matK + rbcL + ITS2. The evolutionary
history was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length = 0.51134035 is shown. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (500 replicates) are shown next to the branches. The tree
is drawn to scale, with branch lengths in the same units as those of the evolutionary distances
used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum

Composite Likelihood method and are in the units of the number of base substitutions per site.
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The analysis involved 54 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There
were a total of 726 positions in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S6: Phylogenetic tree Matricaria recutita matK. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.00478244
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 36 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 631 positions

in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S7: Phylogenetic tree Matricaria recutita rbcL. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.00211645
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 36 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 473 positions

in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S8: Phylogenetic tree Matricaria recutita ITS2. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.12287265
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis

involved 27 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
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positions containing gaps and missing data were eliminated. There were a total of 191 positions
in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S9: Phylogenetic tree Matricaria recutita matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.00363776 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 36 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 1104 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S10: Phylogenetic tree Matricaria recutita matK + rbcL + ITS2. The evolutionary history
was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
= 0.00534820 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 24 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 1319 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S11: Phylogenetic tree Maytenus ilicifolia matK. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.39435507
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Compaosite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 112 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 98 positions in

the final dataset. Evolutionary analyses were conducted in MEGAS.
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Figure S12: Phylogenetic tree Maytenus ilicifolia rbcL. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.16105704
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Compaosite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 84 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 370 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S13: Phylogenetic tree Maytenus ilicifolia ITS2. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 1.85107254
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 77 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 100 positions

in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S14: Phylogenetic tree Maytenus ilicifolia matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.22908763 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 75 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 518 positions

in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S15: Phylogenetic tree Maytenus ilicifolia matK + rbcL + ITS2. The evolutionary history

was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
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=0.31908268 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 39 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 858 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S16: Phylogenetic tree Mikania glomerata matK. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.00738890
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 46 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 679 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S17: Phylogenetic tree Mikania glomerata rbcL. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.00755703
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 47 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 531 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S18: Phylogenetic tree Mikania glomerata ITS2. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.21453668
is shown. The percentage of replicate trees in which the associated taxa clustered together in the

bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
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branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 49 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 220 positions
in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S19: Phylogenetic tree Mikania glomerata matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.00165371 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 45 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 1210 positions

in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S20: Phylogenetic tree Mikania glomerata matK + rbcL + ITS2. The evolutionary history
was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
=0.02267872 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 41 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 1435 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S21: Phylogenetic tree Panax ginseng matK. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.24952737
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the

phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
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Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 180 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 490 positions
in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S22: Phylogenetic tree Panax ginseng rbcL. The evolutionary history was inferred using
the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.10182289 is
shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Compaosite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 72 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 360 positions

in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S23: Phylogenetic tree Panax ginseng ITS2. The evolutionary history was inferred using
the Neighbor-Joining method. The optimal tree with the sum of branch length = 1,22004815 is
shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 234 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 78 positions in

the final dataset. Evolutionary analyses were conducted in MEGAB.

Figure S24: Phylogenetic tree Panax ginseng matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.27861795 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis

involved 72 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
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positions containing gaps and missing data were eliminated. There were a total of 850 positions
in the final dataset. Evolutionary analyses were conducted in MEGADS.

Figure S25: Phylogenetic tree Panax ginseng matK + rbcL + ITS2. The evolutionary history
was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
=0.29889235 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite
Likelihood method and are in the units of the number of base substitutions per site. The analysis
involved 65 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 935 positions

in the final dataset. Evolutionary analyses were conducted in MEGAS.

Figure S26: Phylogenetic tree Passiflora incarnata matK. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.83753081
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved
191 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 530 positions in the final

dataset. Evolutionary analyses were conducted in MEGADB.

Figure S27: Phylogenetic tree Passiflora incarnata rbcL. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.64321259
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved
234 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 512 positions in the final

dataset. Evolutionary analyses were conducted in MEGADS.
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Figure S28: Phylogenetic tree Passiflora incarnata ITS2. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 2.20614488
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved
259 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 77 positions in the final

dataset. Evolutionary analyses were conducted in MEGADS.

Figure S29: Phylogenetic tree Passiflora incarnata matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.46000144 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 64
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 1045 positions in the final

dataset. Evolutionary analyses were conducted in MEGAS.

Figure S30: Phylogenetic tree Passiflora incarnata matK + rbcL + ITS2. The evolutionary
history was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length = 0.49341320 is shown. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (500 replicates) are shown next to the branches. The tree
is drawn to scale, with branch lengths in the same units as those of the evolutionary distances
used to infer the phylogenetic tree. The evolutionary distances were computed using the Kimura
2-parameter method and are in the units of the number of base substitutions per site. The analysis
involved 46 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
positions containing gaps and missing data were eliminated. There were a total of 1191 positions

in the final dataset. Evolutionary analyses were conducted in MEGADb.

Figure S31: Phylogenetic tree Peumus boldus matK. The evolutionary history was inferred

using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.46390557
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is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 53
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 421 positions in the final

dataset. Evolutionary analyses were conducted in MEGAD.

Figure S32: Phylogenetic tree Peumus boldus rbcL. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length =0.13298911
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 53
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 502 positions in the final

dataset. Evolutionary analyses were conducted in MEGAS.

Figure S33: Phylogenetic tree Peumus boldus ITS2. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.40028624
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 92
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 65 positions in the final

dataset. Evolutionary analyses were conducted in MEGAS.

Figure S34: Phylogenetic tree Peumus boldus matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.22642831 is shown. The percentage of replicate trees in which the associated taxa clustered

together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
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to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 48
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 928 positions in the final
dataset. Evolutionary analyses were conducted in MEGAD.

Figure S35: Phylogenetic tree Peumus boldus matK + rbcL + ITS2. The evolutionary history
was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length
=0.17636441 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 31
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 998 positions in the final

dataset. Evolutionary analyses were conducted in MEGAS.

Figure S36: Phylogenetic tree Valeriana officinalis matK. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 1.06223373
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved
125 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 525 positions in the final

dataset. Evolutionary analyses were conducted in MEGADS.

Figure S37: Phylogenetic tree Valeriana officinalis rbcL. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 0.45263449
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the

phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
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method and are in the units of the number of base substitutions per site. The analysis involved
155 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 474 positions in the final
dataset. Evolutionary analyses were conducted in MEGAD.

Figure S38: Phylogenetic tree Valeriana officinalis ITS2. The evolutionary history was inferred
using the Neighbor-Joining method. The optimal tree with the sum of branch length = 1.70998580
is shown. The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (500 replicates) are shown next to the branches. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer the
phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved 31
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 50 positions in the final

dataset. Evolutionary analyses were conducted in MEGAS.

Figure S39: Phylogenetic tree Valeriana officinalis matK + rbcL. The evolutionary history was
inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length =
0.74255654 is shown. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (500 replicates) are shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter
method and are in the units of the number of base substitutions per site. The analysis involved
113 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions
containing gaps and missing data were eliminated. There were a total of 1001 positions in the final

dataset. Evolutionary analyses were conducted in MEGAS.

Figure S40: Phylogenetic tree Valeriana officinalis matK + rbcL + ITS2. The evolutionary
history was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch
length = 0.48881377 is shown. The percentage of replicate trees in which the associated taxa
clustered together in the bootstrap test (500 replicates) are shown next to the branches. The tree
is drawn to scale, with branch lengths in the same units as those of the evolutionary distances
used to infer the phylogenetic tree. The evolutionary distances were computed using the Kimura
2-parameter method and are in the units of the number of base substitutions per site. The analysis

involved 18 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All
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positions containing gaps and missing data were eliminated. There were a total of 1121 positions
in the final dataset. Evolutionary analyses were conducted in MEGADS.

Tables



Table 1: Species analyzed in this study and their therapeutical recommendations.
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Species Recommended uses Number of
samples
H. virginiana L. Topically for minor skin lesions, bruises and sprains, local inflammation of the skin and mucous 32
membranes, hemorrhoids and varicose veins [11]
Internal uses External uses Inhalation
M. recutita L. Symptomatic treatment of digestive  Inflammation and irritations of the skin Symptomatic relief on 31
ailments, treatment of restlessness and mucosa, including irritations and irritations of the respiratory
and insomnia due to nervous infections of the mouth and gums, and  tract due to common cold
disorders [10] hemorrhoids [10] [10]
M. ilicifolia Mart. Ex Treatment of dyspepsia, gastritis and gastroduodenal ulcer [15] 33
Reiss
M. glomerata Bronchodilatador and expectorant [15] 31
Sprengl.
P. ginseng C. A. Mey Prophylactic and restorative agent for enhancement of mental and physical capacities, in cases of 31
weakness, exhaustion, tiredness, and loss of concentration, and during convalescence [10]
P. incarnata L. Mild sedative for nervous restlessness, insomnia and anxiety. Treatment of gastrointestinal disorders of 30
nervous origins [12]
P. boldus Molina Treatment of functional dyspepsia and gastrointestinal disorders, cholagogue and choleretic [15] 34
V. officinalis L. Mild sedative and sleep promoting agent. Often used as a milder alternative or a possible substitute for 35

stronger synthetic sedatives in treatment of nervous excitation and anxiety-induced sleep disturbances [10]




Table 2: Conditions used for the chemical analyses
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Species TLC HPLC uv
Mobile phase Developer Mobile phase Diluent and
solution absorbancy
H. Formic acid anidrous : water : Ferric chloride Phosphomolybdotu
virginiana ethyl acetate (10:10:80) - ngistc
760 nm
M. recutita  Ethyl acetate : toluene (5:95) Anisaldehyde  Phase A (Phosphoric acid : water) 0,5:99,5
Phase B (Phosphoric acid : acetonitrile) 0,5:99,5 )
M. ilicifolia Ethyl acetate : Formic acid : Vanillin Phase A (water : trifluoroacetic acid 0,05%)
water (90:5:5) sulfuric Phase B (Acetonitrile trifluoroacetic acid -
0,05%)
M. Toluene : dicholomethane Ethanolic KOH Methanol : water (47:53)
glomerata  acetone (45:25:30) (50%) )
P.ginseng  Butyl alcohol : ethyl acetate : Anisaldehyde Phase A (water)
water (10:2,5:5) in glacial Phase B (Acetonitrile : water) 4:1
acetic  acid i
plus methanol
P.incarnata Anhydrous formic acid : water : Diphenyl boric Methanol (a0
methyl ethyl ketone ethyl acid amino volumes) : Glacial
acetate (10:10:30:50) ethyl ester in acetic acid (100
methanol plus volumes) : Boric
macrogol in - acid 25 g/L (10 mL)
methanol : oxalic acid (20 g/L)
in  formic  acid
anidrous
401nm
P. boldus Diethylamine : metanol : toluene Potassium Phase A (0,2 mL Diethylamine : 99,8 mL
(10:10:80) iodobismutate  acetonitrile) -
Phase B (0,2 mL Diethylamine : 99,8 mL water)
V. officinalis  Glacial acetic acid : ethyl acetate Anisaldehyde @ Phase A (Acetonitrile R1 + Phosphoric acid

: cyclohexane (2:38:60)

solution 5 g/L) 20:80

Phase B (Phosphoric acid solution 5 g/L +
Acetonitrile R1) 20:80




Table 3: Barcode gap analyses
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SPECIES MAXIMUM INTRASEPECIFIC DIVERGENCE
matK rbcL ITS2 matK + rbcL matK + rbcL + ITS2

Hamamelis 0,026 X 0,019 0,026 0,033
virginiana
Matricaria recutita 0,00042 0,00068 0,0058 0,00024 0,0014
Maytenus ilicifolia X 0,016 X 0,028 X
Mikania glomerata 0,0017 0,0005 0,02 0,0005 0,0058
Panax ginseng 0,024 0,021 X 0,028 0,046
Passiflora incarnata X X X 0,035 0,038
Peumus boldus Not applicable*
Valeriana officinalis X X 0,08 X 0,046

The numbers represent the maximum intra-specific divergence. Values above this number were considered as a different species.

X — The Barcode Gap was not calculated because there was no clear division between intra- and interspecific genetic divergence.

*The genus Peumus possess only one specie, which makes the Barcode Gap not applicable.



Table 4: Molecular identification versus TLC, HPLC and UV analyses
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Species, minimal [ ] of chemical markers Sample Molecular identification Chemical Markers
and method of dosage S TLC Content
01 Hamamelis spp. Present 3,59%
02 Betula spp. Not Present 0,57%
07 Tilia spp. Not Present 0,23%
H. virginiana 08 Sola_mum;pp. Present 4,22%
(3' 0% of tannins/ UV) 09 Unldent_lfled Not Present 0,61%
' 12 Hamamelis spp. Present 4,04%
17 Lantana spp. Present 4,43%
22 Persicaria spp. Not Present 0,84%
23 Sterculia urens Not Present 0,20%
28 Hamamelis spp. Present 4,13%
05 Matricaria spp. Present 0,005%
M. recutita 20 Matricaria spp. Present 0,001%
(0,25% Apigenin 7-glucoside/ HPLC) 24 Matricaria spp. Present 0,001%
27 Matricaria recutita Present 0,002%
06 Roupala spp. Present 26,32 mglg
oo 10 Maytenus spp. Present 79,80 mg/g
M. ilicifolia ffinis Not Present -
(2,8 mg/g of Epicatechin, HPLC) 22 Sorocea a
24 Fabaceae Not Present -
28 Maytenus spp. Present 107,44 mg/g
M. glomerata 2‘51 mﬂlzan?a SPp. Eresen: 88232;0
. ikania spp. resen , 0
(0,1% of Cumarin, HPLC) 26 Mikania spp. Present 0,011%
05 Pfaffia dunaliana Not Present -
P. ginseng 08 Pfaffia dunaliana Not Present -
(0,2% ginsenoside Rg: and 0,1% 10 Amaranthaceae Not Present -
ginsenoside Rbi, HPLC) 13 Pfaffia dunaliana Not Present -
25 Pfaffia dunaliana Not Present -
01 Passiflora spp. Not Present 0,126%
03 Passiflora spp. Present 1,614%
P incarnata (1)2 iass?;:ora spp. Eresen: 018538;@
. assiflora spp. resen , 0
(1,5% of total flavonoids, UV) 18 Senna alexandrina Not Present 0,154%
21 Passiflora spp. Present 0,97%
29 Senna alexandrina Not Present 0,229%
06 Vernonia colorata Not Present -
P. boldus 08 Peumus boldus Present 0,33%
(0,1% of total alkaloids, HPLC) 26 Peumus boldus Present 0,72%
31 Peumus boldus Present 0,29%
02 Ageratum conyzoides Not present -
04 No sequence Not present -
06 Valeriana spp. Not present -
V. officinalis gg VUIniqentified mo: presen: -
. . aleriana spp. ot presen -
(0,05% of valerenic acid, HPLC) 24 Valeriana spp. Prgsent 0,037%
25 Asteraceae Present 0,023%
29 Cissampelos spp. Present 0,050%
32 Valeriana spp. Not present -
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Figure 1: Percentage of samples analyzed according to species and genetic marker.
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Figure 2: Identification levels for the analyzed samples when using each or a combination
of the chosen markers. No sequence: samples for which the DNA barcoding protocol did not
work. Unidentified: samples that could not be identified. The sequences from these samples did
not show similarity levels above 98% to any of the sequences within the databases. Family:
samples that could be identified at the family level. The sequences from these samples showed
equal similarity levels to database sequences from multiple species belonging to the same family.
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Genus: samples that could be identified to the genus level. The sequences from these samples
showed equal similarity levels to database sequences from multiple species belonging to the same
genus. Species: samples that could be identified to the species level. The sequences from these
samples showed similarity levels above 98% to database sequences from a unique species.

M Total of samples Authentic species M Inconclusive B Substitution

233

98 gp

39
32 31 32 30 30 30 30 30 33 2928
22

17 20 19

15 11 10 13 .
mi-10:l : 02 0n

[ | - _ -

Hamamelis Matricaria  Maytenus Mikania Panax Fassiflora Peumus Valeriana TOTAL
virginiana recutita ilicifolia glomerata ginseng incarnata boldus officinalis

Figure 3: DNA final barcode identification of the analyzed samples.
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H. virginiana M. recutita M. ilicifolia M. glomerata P, ginseng P incarnata P. boldus V. officinalis
Barcode TLC | Barcode TLC | Barcode TLC | Barcode TLC | Barcode TLC | Barcode TLC | Barcode TLC | Barcode TLC

0 S ok W N =

Figure 4: Comparison between the DNA barcode and TLC findings. ID: sample number.
Green: samples that were identified as the expected medicinal species using DNA barcoding and
that contained the expected chemical marker from the medicinal species according to TLC.
Yellow: samples that were not identified within the genus of the medicinal species using DNA
barcoding. Red: samples that were identified using DNA barcoding as a genus or family that varied
from the expected one and that did not contain the chemical marker according to TLC. X: samples
that did not generate any sequence using DNA barcoding or that could not be tested using TLC.
-: absent samples.
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IV — DISCUSSAO

As plantas medicinais séo utilizadas em diversas culturas em todo o mundo, seja na forma de
medicamento fitoterapico ou na forma de produtos fitoterapicos relacionados a conhecimento
popular. Desde a década de 70, a Organiza¢do Mundial da Saude (OMS) reconhece o valor das
plantas medicinais como recurso terapéutico importante, e vem estimulando os paises ricos em
biodiversidade a elaborar politicas e desenvolver produtos de qualidade para uso em saude
publica. Desde entdo as plantas medicinais estdo sendo reconhecidas como essenciais para a
complementacao da saude humana, além de potenciais fontes para novos medicamentos, o que
tem incentivado estudos de identificacéo e validacdo de mais e mais espécies medicinais (WHO,
2013).

O Brasil tem uma das floras mais diversas do planeta, constituida de cerca de 40.000 espécies,
o que corresponde a 20% da flora mundial. A Floresta Amazénica é conhecida no mundo por sua
vastiddo ainda intocada e a Floresta Atlantica e o Cerrado brasileiro sédo considerados hotspots
de biodiversidade. Esses biomas estédo incluidos entre os mais ricos de vida animal e vegetal no
planeta (CONSERVATION INTERNATIONAL, 2010). A Caatinga e o Pantanal abrangem quase
15% do territério brasileiro e também contém vasta diversidade biolégica. Diferentes
ecossistemas produzem uma variedade enorme de substancias, com estruturas quimicas
diferentes, que podem ser (teis para os mais variados fins, o que faz do Brasil um dos paises de
maior potencial biotecnolégico no mundo. A despeito de toda esta riqueza, a maioria dos
medicamentos fitoterapicos comercializados aqui provém de espécies exoticas e, ou importadas
(ANVISA, 2014). Esse fato evidencia a falta de investimentos em pesquisas cientificas que
poderiam contribuir na descoberta de espécies medicinais e padronizagdo de medicamentos

fitoterapicos a partir delas.

Somado a falta de pesquisas nessa area, o0s resultados reportados no Capitulo 1 (Tabela 2), que
trata mais especificamente de espécies nativas da nossa flora, apontam que o conhecimento
popular, adquirido e transmitido desde a época da colonizacgdo brasileira, pode estar se perdendo.
Essa hipotese é corroborada pelos resultados de outro trabalho (BRANDAO et al., 2013) no qual
verificou-se que 50% de um total de 252 amostras de 40 espécies nativas da flora brasileira e
comercializadas em mercados de todo o pais tratavam-se de espécies identificadas
incorretamente. Outra hipdtese que deve ser considerada é a substituicdo intencional de

espécies.
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Desde a primeira edicdo da Farmacopeia Brasileira, quando foram estabelecidos os primeiros
critérios para a garantia da qualidade no uso de espécies medicinais, diversos avancos foram
feitos. Apesar disso, a etapa de identificacdo das espécies componentes de determinado produto
continua dependendo de métodos quimicos, como o perfil cromatografico e métodos botanicos
classicos. Na ultima década, a ascensao das metodologias de identificacdo genética como uma
alternativa tornou as fraudes mais evidentes e comuns (KUMAR et al.; STOECKLE et al., 2011;
COGHLAN et al.; WALLACE et al., 2012; SEETHAPATHY et al., 2014). Associado a esses e
outros trabalhos publicados em todo o mundo, nossos resultados sugerem que o DNA barcode é
uma técnica que, se incluida no processo de producao de fitoterapicos, levara a uma melhoria na

gualidade e seguranca desses medicamentos.

Os resultados obtidos demonstram a eficacia dos processos de extracdo do DNA, amplificacéo e
sequenciamento para as mais diversas espécies trabalhadas (Tabela 3 — Capitulo 1 e Figura 1 —
Capitulo 2), principalmente em se tratando do marcador rbcL. Apesar de o DNA barcode
empregar oficialmente duas regifes distintas (matK e rbcL), ficou demonstrado que nem sempre
as duas regides sdo necessarias (Figuras suplementares — Capitulos 1 e 2). Sendo assim, é
possivel padronizar qual sequéncia € mais eficiente para determinada espécie, tornando o

processo ainda mais rapido e barato.

Apesar de a metodologia de DNA barcode ter sido eficaz na deteccao de um alto percentual de
substituicGes de espécies nas amostras analisadas (Tabela 2 — Capitulo 1 e Figura 3 — Capitulo
2), os resultados levantam um problema: a identificacdo de espécies dentro de um mesmo
género. A maioria das substituicbes confirmadas ocorreu com espécies de géneros ou familias
diferentes da espécie esperada, o que tornou mais facil a detecgéo destas substituicdes (Figuras
suplementares — Capitulo 2). Ja a diferenciagdo entre espécies muito proximas mostrou-se mais
dificil (Tabela 2 — Capitulo 1 e Figuras suplementares — Capitulo 2). Mesmo utilizando analises
de Barcode gap para espécies dentro de um mesmo género, as variabilidades intra e
interespecifica mostraram, em alguns casos, uma sobreposicdo que impossibilitou a
diferenciagdo (Tabela 3 — Capitulo 2). Sendo assim, melhorias no processo de diferenciacdo entre
espécies proximas sao uma necessidade (RUBINOFF et al.,, 2006, BHARGAVA & SHARMA,
2013). Dentre as espécies estudadas, o guaco (M. glomerata) chama a atencg&o, pois é o melhor
exemplo de que a busca por marcadores para identificacdo de espécies deve sempre continuar.
O guaco é uma espécie nativa do Brasil utilizado para o tratamento de dispepsias, gastrites e
Ulcera gastroduodenal (ANVISA, 2008). Nenhum dos marcadores utilizados, individualmente ou

em associagoes, foi capaz de diferenciar entre as espécies M. glomerata e M, laevigata, sendo
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gue ambas obtiveram sempre 100% de identidade entre elas. Nesse ponto, andlises de outras
sequéncias, incluindo possivelmente o sequenciamento cloroplastideo dessas espécies para

identificar uma regido mais eficiente na diferenciacao entre essas duas espécies.

De fato, o DNA barcode tem sido foco de estudo e aprimoramento constante dos pesquisadores
da rede mundial, pois existe uma necessidade de maior eficiéncia no depdsito de sequéncias
provenientes de novas espécies (HAJIBABAEI et al., 2011; KVIST, 2013). Isso abriu caminho
para o emprego de metodologias de sequenciamento de larga escala na tentativa de melhorar o
processo como um todo. Dentre as diversas vantagens do uso de tais metodologias, esta a
possibilidade de se analisar diversos marcadores de uma s6 vez, o que possibilita 0 aumento da
resolucao da técnica com relagdo as espécies muito proximas filogeneticamente. Outra questédo
relevante, principalmente para analises em casos de misturas de duas ou mais espécies
diferentes, que impulsionou a padronizacdo do sequenciamento de nova geracédo para o DNA
barcode é a limitacdo da técnica de Sanger para a identificacdo de espécies em produtos
industrializados, pois esse método de sequenciamento impossibilita a identificagdo em amostras

compostas por mais de uma espécie (TILLMAR et al., 2013).

A correlacdo entre as andlises de identificacdo molecular e as andlises quimicas reportada nesse
estudo apresentou resultados alarmantes. Diversas amostras que apresentaram, na analise de
identificacdo molecular, espécies diferentes das esperadas, apresentaram, nas analises
guimicas, os marcadores esperados para a espécie declarada (Tabela 2 — Capitulo 1 e Figura 4
— Capitulo 2). Em alguns casos, como para a espécie Roupala spp., a espécie identificada pela
analise molecular ndo possuia nenhum registro de utilizacdo prévia como planta medicinal ou
registros de testes de seguranca para o consumidor. Isso significa que tais amostras podem ter
passado por andlises quimicas, que resultaram positivas para a espécie esperada, apesar de
conterem outras espécies. Ainda na analise comparativa, foram observadas espécies corretas
gue nao apresentaram os efeitos bioldgicos esperados (Tabela 3 — Capitulo 1) ou que
apresentaram os marcadores quimicos corretos, porém em concentracdes abaixo do minimo
exigido (tabela 4 — Capitulo 2). Esses resultados sugerem que o preparo, ou mesmo as condi¢cdes
de armazenamento das drogas vegetais estdo fora dos padrdes. Isso comprova a necessidade
da integracdo entre as técnicas de identificacdo molecular e as técnicas quimicas de

comprovacao de pureza, presenca e concentragdo dos principios ativos.

A aplicacdo de metodologias moleculares para identificacdo de espécies em produtos de

consumo humano néo s6 é uma realidade em outros paises do mundo, com casos de sucesso
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como melhorias no processo ja estdo sendo implementadas (GALIMBERTI et al.; NEWMASTER
etal.; TILLMAR etal., 2013). O DNA barcode ja ndo € apenas presente em publicacdes cientificas
e vem sendo empregado por governos em alguns paises para a identificacdo de espécies em
produtos processados de origem animal ou vegetal utilizados tanto para consumo humano quanto
animal. Nos Estados Unidos, o 6rgdo de fiscalizagdo Food and Drugs Administration (FDA)
adotou oficialmente o DNA barcode para a identificacdo de pescados (YANCY et al., 2008).
Recentemente, a procuradoria geral do Estado de Nova York (EUA) utilizou a identificacdo por
DNA barcode para impedir a comercializacao de suplementos a base de vegetais naquele Estado.
Nao s6 os suplementos continham espécies diferentes das anunciadas como também continham
espécies potencialmente  toxicas  (http://www.iflscience.com/health-and-medicine/herbal-
supplements-dont-contain-what-they-claim - acessado em 08/02/2015). Na China, metodologias
moleculares para a certificacdo de vegetais utilizados na producdo de medicamentos s&o
recomendadas desde 2010 na Farmacopeia oficial do pais (LI et al., 2011). No Brasil o DNA
barcode foi utilizado para identificacdo de pescados comercializados na cidade de Floriandpolis
em uma acao que resultou na multa, pelo PROCON, de estabelecimentos que comercializavam
espécies diferentes das rotuladas (CARVALHO et al., 2014).

Por fim, os resultados aqui apresentados indicam ndo s6 que a identificacdo molecular deve ser
implementada no processo de producédo de fitoterdpicos, como também que mais estudos
voltados para a melhoria desse processo e, principalmente para catalogar a biodiversidade nativa

do Brasil, devem ser abordados de uma forma mais rapida e eficiente.
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