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RESUMO

ESTUDO DA DISTRIBUICAO DE COMPOSTOS TRITERPENICOS POR HPLC-UV
EM ESPECIES DE Cecropia E Bauhinia

AUTOR: Marcella Emilia Petra Schmidt
ORIENTADOR: Prof. Dr.Marcelo Barcellos da Rosa

O uso de plantas com finalidade terapéutica é uma das mais antigas formas da pratica
medicinal na humanidade. O uso de fitoterapicos no Brasil € bastante difundido devido a
grande biodiversidade vegetal existente e aos conhecimentos populares referentes a esta flora.
As acOes medicinais desempenhadas pelos vegetais sdo decorrentes da presenca de
metabdlitos secundarios em sua composicdo. Nos ultimos anos, pesquisas destinadas a
identificacdo de fitocompostos tem ganhado espago, como no caso dos compostos
triterpénicos, em razdo de suas inUmeras propriedades farmacoldgicas, anti-inflamatdria,
antirreumatica, gastroproterora e hepatoprotetora. Assim, este trabalho tem como objetivo
estudar os compostos triterpénicos presentes nas espécies medicinais de Cecropia palmata,
Cecropia obtusa, Bauhinia variegata var. variegata e Bauhinia variegata var. alboflava,
oriundas da Amazoénia brasileira. Além de determinar o perfil fitoquimico por cromatografia a
liquido de alta eficiéncia dos compostos triterpénicos extraidos com cloroférmio e acetato de
etila nas espécies mencionadas, avaliando a sazonalidade dos compostos, em trés diferentes
anos de coleta e a possivel existéncia de marcadores quimicos. Destaca-se a presenca de
estigmasterol, lupeol, B-sitosterol, B-amirina e a-amirina em todas as espécies estudadas. As
espécies de Cecropia obtusa e Bauhinia variegata var. variegata apresentaram maior
diversidade dos compostos em estudo. Avaliando os solventes estudados, o acetato de etila
apresenta melhor desempenho como solvente extrator dos triterpenos em estudo quando
comparado com cloroférmio. A metodologia proposta é simples, precisa e possui um bom
desempenho na determinacdo dos onze triterpenos em amostras. Além de poder ser utilizada

no controle de qualidade de plantas medicinais e marcadores quimicos.

Palavras-chave: HPLC-UV; triterpenos; Bauhinia, Cecropia, plantas medicinais



ABSTRACT

STUDY OF THE DISTRIBUTION OF TRITERPENIC COMPOUNDS IN SPECIES
OF Cecropia AND Bauhinia BY HPLC-UV

AUTHOR: Marcella Emilia Petra Schmidt
ADVISOR: Prof. Dr. Marcelo Barcellos da Rosa

The use of plants with therapeutical properties is one of the oldest forms of the
medical care practice in humanity. The use of phytotherapics in Brazil is widespread due the
vast vegetal biodiversity and to the popular knowledge regarding this flora. The medicinal
properties performed by the vegetables originate from the presence of secondary metabolites
in its composition. In the last years, research aimed the identification of phytocompounds has
gained space, which is the case for triterpenic compounds, due to their countless
pharmacological properties, anti-inflammatory, anti-rheumatic, gastroprotector and
hepatoprotector. Therefore, this work aims to study the triterpenic compounds present in
medicinal species of Cecropia palmata, Cecropia obtusa, Bauhinia variegata var. variegata
and Bauhinia variegata var. alboflava, originated from Brazilian Amazon. Besides
determining the phytochemical profile using high performance liquid chromatography of the
triterpenic compounds extracted with chloroform and ethyl acetate in the aforementioned
species, this work aims to evaluate the seasonality of these compounds in three different
collect years and the possible existence of chemical markers. The presence of stigmasterol,
lupeol, B-sitosterol, B-amirin e a-amirin in all the studied species is highlighted. The species
of Cecropia obtusa and Bauhinia variegata var. variegata presented the greater biodiversity of
the studied compounds. Overall, ethyl acetate presented better performance as the extraction
solvent when compared to chloroform. The proposed methodology is simple, precise and
shows a good performance in the determination of eleven triterpenes in samples. Besides, the
developed methodology can be utilized in quality control of medicinal plants or in the

discovery of possible chemical markers.

Keywords: HPLC-UV; triterpenes; Bauhinia, Cecropia, medicinal plants
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1 INTRODUCAO

Segundo a Organizacdo Mundial da Saide (OMS), cerca de 80% da populacdo dos
paises em desenvolvimento faz uso da medicina tradicional para sanar as necessidades de
assisténcia médica primaria (CORREA, 2006). Assim como nos paises em desenvolvimento,
o consumo de plantas medicinais é bem difundido nos paises desenvolvidos. A Alemanha, por
exemplo, é responsavel por metade do consumo de extratos vegetais comercializados em toda
a Europa (JUNIOR et al., 2005). Com mais de 50.000 espécies de plantas, o Brasil possui um
0s maiores niveis de biodiversidade no planeta, com uma das mais ricas floras do mundo,
apresentando um grande potencial medicinal (GIULIETTI et al., 2005; COELHO-
FERREIRA, 2009). Mesmo com diversidade e o uso generalizado de fitoterapicos no Brasil, 0
conhecimento cientifico sobre as propriedades dessa flora é limitado (DE FIGUEREDO et al.,
2014).

Em 2006, com o objetivo de melhorar a salde, o uso sustentavel da biodiversidade e
da investigacdo nesta area, o Ministério da Salde estabeleceu uma politica que regula a
utilizacdo de plantas medicinais e recursos fitoterapicos (PNPMP - Politica Nacional de
Plantas Medicinais e Fitoterapicos) (CORREA, 2006; COELHO-FERREIRA, 2009). Além
disso, em 2009, o Ministério da Saude publicou a Relacdo Nacional de Plantas Medicinais de
Interesse para o Sistema Brasileiro de Saude Publica (Relacdo Nacional de Plantas Medicinais
de Interesse ao Sistema Unico de Salide - RENISUS). Uma das 71 espécies de plantas
incluidas na RENISUS e estudada neste trabalno é Bauhinia variegata popularmente
conhecida no Brasil como "Pata-de-vaca™ ou "Unha-de-boi". A medicina popular relata os
usos desta planta como hipoglicemiante, anticolesterol, antibacteriano, antitumoral,
antifungico e diurético (DA SILVA e FILHO, 2002; PIZZOLATTI et al., 2003; PAREKH et
al., 2006; SILVA et al., 2007).

Outras espécies estudadas neste trabalho sdo a Cecropia palmata e Cecropia obtusa
popularmente conhecidas no Brasil como "Embatba Vermelha" e "Embadba Branca", usadas
tradicionalmente como antirreumatica (SILVA et al., 2007), anti-inflamatdria e antioxidantes
(DEL PILAR NICASIO-TORRES et al, 2012). Essa diversidade de propriedades
farmacoldgicas atribuidas a Cecropia e Bauhinia esta relacionada aos seus metabolitos
secundarios, que sdo os constituintes de plantas bioativas, como o caso dos flavondides,
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acidos fendlicos, carotendides, tocoferdis, alcaldides, lignanas, taninos, salicilatos,
glucosinolatos, triterpenos, entre outros (SZAKIEL et al., 2012).

Segundo LOPES & NETO, as variagbes ambientais de temperatura, presséo,
condi¢cbes do solo, irrigacdo entre outros fatores, podem influenciar na producdo de
metabdlitos secundérios (GOBBO-NETO e LOPES, 2007) . Levando em consideracdo as
caracteristicas ambientais da regido Amazdnica, observamos um clima quente e umido, onde
0 gradientes de temperatura sdo muitos pequenos, muita nebulosidade e bastante precipitacéo
convectiva. O conceito de estagdes do ano para esta regido compreende um “periodo seco”
de julho a outubro e um “periodo chuvoso” de dezembro a maio (ANANIAS et al., 2010)

Os triterpenos estdo presentes em Gleos vegetais, cereais, frutas e cascas de arvores e
sdo comuns na dieta humana. S80 uma das maiores classes de metabolitos secundarios com
mais de 30.000 moléculas identificadas. Seus derivados pentaciclicos apresentam
propriedades farmacoldgicas promissoras como hepatoprotetora (KUMARI e KAKKAR,
2012), anti-inflamatoria, antitumoral (MARTELANC et al., 2009), antiviral (SANCHEZ-
AVILA et al., 2009) , anti-HIV(CHENG et al., 2011), antimicrobiana (MORE et al., 2012),
antifungica, antidiabética, gastroprotetora (SALEEM, 2009) , neuroprotetora, antioxidante
(GHOSH e SIL, 2013), redutora do colesterol (CHAUHAN et al., 2013) , cardioprotetora,
tripanocida (XU, X.-H. et al., 2012), entre outras.

Diversos trabalhos descrevem a deteccdo e a separagcdo de triterpenos em plantas
medicinais. Alguns métodos incluem cromatografia em camada delgada (TLC)
(MARTELANC et al., 2007, 2009), cromatografia gasosa (GC) (ZHANG et al., 2012) com a
etapa de derivacéo, eletroforese capilar (CE) (CHEUNG e ZHANG, 2008; LI, G.-L. et al.,
2011), cromatografia liquida de alta eficiéncia (HPLC) (MARTELANC et al., 2009; LI, G.-L.
et al.,, 2011; LESELLIER et al., 2012; ZHANG et al., 2012) com um detector de UV e
detector de espectrometria de massas (SANCHEZ-AVILA et al., 2009). A determinagio
simultanea de triterpenos torna-se uma tarefa dificil, considerando as suas estruturas
semelhantes, a falta de grupamentos cromdforos, sua baixa absor¢do na regido UV e
polaridade semelhante. A literatura tem mostrado métodos envolvendo HPLC-UV com a
separacdo de até seis triterpenos simultaneamente (BEDNER et al., 2008; SANCHEZ-
AVILA et al., 2009; LI, G.-L. et al., 2011; SLAVIN e YU, 2012; LI, J. R. et al., 2013).

A presente dissertacdo estd organizada na forma de artigo cientifico. Inicialmente €
apresentada uma introducdo, seguido dos objetivos e revisdo da literatura. Na sequéncia, €
apresentado o artigo cientifico referente aos resultados experimentais desse trabalho,

finalizando com uma concluséo da pesquisa realizada.



17

1.1 OBJETIVOS

1.1.1 Geral

Desenvolver e validar um método cromatografico por HPLC-UV para determinacao

de compostos triterpénicos extraidos de plantas medicinais.

1.1.2 Objetivos especificos

- Separar por HPLC os seguintes analitos, a-amirin, f-amirin, B-sitosterol, estigmasterol,
lupeol, uvaol, eritrodiol, &cido oleandlico, &cido betulinico, o &cido arjanico e acido
maslinico.

- Validar a metodologia desenvolvida segundo as normas da ANVISA RE n° 899/03.

- Estabelecer o efeito do solvente extrator que melhor se adequa a cada planta testando
cloroférmio ou acetato de etila.

- Determinar o perfil sazonal dos triterpenos encontrados nos géneros Cecropia e
Bauhinia.

- Identificar possiveis marcadores quimicos presentes nas espécies estudadas Cecropia
obtusa, Cecropia palmata, Bauhinia variegata var. variegata e Bauhinia variegata var.
alboflava.
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2 REVISAO BIBLIOGRAFICA

2.1 METABOLISMO BASICO E METABOLITOS SECUNDARIOS

Denomina-se metabolismo o conjunto de reagdes quimicas que continuamente estdo
ocorrendo em cada célula. Estas sdo catalisadas por enzimas especificas estabelecendo rotas
metabolicas como do acido chiquimico, &acido malbnico, acido mevalénico e do
metileritrodiol fosfato (SIMOES, 2001; TAIZ et al, 2010). O metabolismo vegetal
compreende dois tipos de metabodlitos, os ditos primarios, essenciais a vida, comuns aos seres
vivos e responsaveis pela producdo de celulose, lignina, proteina, lipideos e agucares. Os
secundarios responsdveis por garantir a sobrevivéncia e perpetuagdo da espécie no
ecossistema, podem ser divididos em trés grandes grupos, terpenos, fendlicos e compostos
nitrogenados (SIMOES, 2001; TAIZ et al., 2010; PEREIRA e DAS GRACAS CARDOSO,
2012), a partir do metabolismo da glicose como ilustra a Figura 1.

A partir do final do século XIX e inicio do século XX, o estudo dos metabdlitos
secundarios despertou interesse cientifico devido aos promissores usos como medicamentos,
venenos, flavorizantes e materiais industriais (TAIZ et al., 2010). O estudo e uso desses
metabolitos continuam bastante presente em decorréncia das inimeras atividades biolégicas e
do interesse farmacoldgico (PEREIRA e DAS GRACAS CARDOSO, 2012).

O ciclo do &acido chiquimico tem como metabolitos, flavondides, ligninas, estilbenos,
polifendis, comarinas, antocianinas e alcaldides. Pode-se também ter a formacdo de
compostos fenolicos pelo ciclo do acido malénico. A formacdo de terpenos se da por dois

ciclos, o do 4&cido mevalbnico e do metileritrodiol fosfato.
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Figura 1 — Visdo simplificada das principais vias dos metabolitos secundarios e suas inter-

relacbes com metabolismo primario
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Fonte: (TAIZ et al., 2010)

Terpenos (Fig. 2) sdo todos tradicionalmente, compostos derivados de unidades de

isopreno (CsHs)n, uma familia de compostos orgénicos, com estruturas diversas subdivididos

de acordo com o numero de carbonos presentes nas estruturas, hemiterpenos (Cs),

monoterpenos (Cio), sesquiterpenos (Cis), diterpenos (Cao), sesterpenos (Cas), triterpenos

(Cs0) e tetraterpenos (Cao) onde as estruturas podem ser aciclicas, ou conter um, dois, trés,
quatro ou cinco ciclos, respectivamente (DEWICK, 2002; MUFFLER et al., 2011).
Triterpenos ou triterpendides sdo termos utilizados para descrever compostos Cso, porém ha

uma diferenciacdo entre as duas expressdes, o termo triterpeno é usado como coletivo para

descrever terpenos de ocorréncia natural, ja o termo triterpendide abrange todos os produtos
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de degradacdo natural e sintética, tais como alcodis de terpeno, aldeidos, cetonas, acidos,
ésteres, epoxidos, e os produtos de hidrogenagdo (EGGERSDOFER, 2005; MUFFLER et al.,
2011).

Figura 2 — Sintese do compostos derivados do isopreno a partir do acido meval6nico e
metileritrodiol fosfato

Acido mevalénico Metileritrodiol fosfato

\ /

OPP OPP
DMAPP IPP

Hemiterpenos (Cs)

®
A4

Monoterpenos (Cio)

IPP —i

@
=
v

Sesquiterpenos (Cis)

2 IPP —l

Cao > Diterpenos (C20)

IPP *l

[
h
v

Sesterpenos (C2s)

2x

Cso

Triterpenos (Cso)

v

A J

Cao

Tetraterpenos ou
Carotendides (Cao)

Fonte: (DEWICK, 2002)



21

Triterpenos pentaciclicos (Cso) sdo formados pela ciclizacdo da molécula de esqualeno
em estruturas basicas (oleano, ursano, lupano, damarano e eufano) da Figura 3, sdo
amplamente encontrados em plantas, frutas, grdos e materiais de resina natural
(MARTELANC et al., 2009; ROMERO et al., 2010; LESELLIER et al., 2012). Constituido
de duas unidades de pirofosfato de farnesilo (FPP), condensadas segundo 0 mecanismo
“cabeca-cabeca”, diferente do mecanismo dos terpenos mais simples,“cabeca-cauda”, a sua
ciclizacdo ocorre de forma principal pela oxidagdo seletiva de um ep6xido na posicdo 2,
originando 2,3-6xido de esqualeno, como podemos observar na Figura 4 (XU, R. et al., 2004;
NUNES, 2013)

Figura 3 - Estruturas basicas dos triterpenos derivadas do esqualeno

Eufano

Oleano

Fonte: Autoria propria



Figura 4 — Biossintese de triterpenos por meio de ciclizagdes oxidativas e ndo-oxidativas
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Estima-se que mais de 30.000 triterpenos ja foram identificados até o presente
momento (MUFFLER et al.,, 2011). Em decorréncia desta diversidade estrutural e da
abundancia desses compostos nas plantas, tem-se uma das maiores classe de metabdlitos
secundarios com atividades farmacoldgicas. Alguns exemplos de atividades farmacoldgicas
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dos triterpenos bem estabelecidas sdo gastroprotetora, hepatoprotetora, anti-inflamatdria,

antiviral, antitumorais, antimicrobianos, antioxidante e cardioprotetora (MARTELANC et al.,

2009; SALEEM, 2009; SANCHEZ-AVILA et al., 2009; DONFACK et al., 2010; ANGHEL
et al., 2013). Baseado nas estruturas basicas apresentadas da Figura 3, bem como em suas
principais atividades farmacoldgicas registradas na literatura, optou-se por estudar os 11

triterpenos que sdo apresentados no Quadro 1 com algumas de suas principais propriedades

quimicas.



Quadro 1 — Compostos triterpénicos estudados
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(continua)
CLASSE COMPOSTO FORMULA ESTRUTURAL pKs
o - amirina 15,18 + 0,70
Ursano
Uvaol 15,09 + 0,10
- amirina 15,18 + 0,70
Oleano Eritrodiol 15,09 +0,10
Acido
. 4,64+0,70
oleandico
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(continua)
CLASSE COMPOSTO FORMULA ESTRUTURAL pKs
Acido 4,63 +0,70
maslinico
Oleano
Acido arjdnico 4,43 +0,70
Lupeol 15,19 + 0,70
Lupano
Acido
. 4,61+0,70
betulinico
Damarano Estigmasterol 15,03+ 0,70
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(concluséo)

CLASSE | COMPOSTO FORMULA ESTRUTURAL pKs

Damarano | B -sitosterol 15,03 £ 0,70

Fonte: Quadro compilado segundo valores calculados utilizando Advanced Chemistry Development

(ACD/Labs) Software V11.02 (© 1994-2014 ACD/Labs) para 278 K

No Quadro 2 sdo apresentadas as principais atividades farmacoldgicas dos compostos em

estudo.

Quadro 2 - Atividade farmacoldgica dos triterpenos estudados

(continua)

Nome Propriedades bioldgicas

Anti-inflamatério, hepatoprotetor, antitumor, antimicrobiano
(MARTELANC et al., 2009), antiviral, antifungico, antidiabético,

Acido gastroprotetor, reduz niveis de lipideos no sangue (SANCHEZ-AVILA et
oleandlico | al., 2009), potencial agente antiproliferativo (MARTIN et al., 2007),
antiartritico (CLAUDE et al., 2004), antioxidante (DONFACK et al., 2010)
e age contra protozoérios (XU, X.-H. et al., 2012)

Antiviral, age contra o crescimento de parasitas, antibacteriano, anti-
Acido inflamatorio e inibe o crescimento de células cancerosas (PAI et al., 2011),

betulinico | antimicrobiano, antioxidante (MORE et al.,, 2012) e hepatoprotetor

(DONFACK et al., 2010)

Anti-HIV(CHENG et al., 2011), inibe crescimento de insetos (SANCHEZ-
Acido GONZALEZ et al., 2013), antiftingico, antidiabético, gastroprotetor, reduz

maslinico | niveis de lipideos no sangue (SANCHEZ-AVILA et al., 2009) e potencial

agente antiproliferativo (MARTIN et al., 2007)
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(concluséo)

Nome Propriedades bioldgicas

Antioxidante, antimicrobiano, antibacteriano, neuroprotetor, antidiabético,
Acido cicatrizante, anticolinesterase, inibe o crescimento de insetos, anti-
arjunico inflamatorio, antiasmatico, cardioprotetor, antifungico, antiplaquetar,
antitumor (GHOSH e SIL, 2013)

Gastroprotetor, antipruriginoso, hepatoprotetor (MARTELANC et al.,
B-amirina | 2007), anti-inflamatério e analgésico (DIAS et al., 2011), reduz a
sensibilidade a estimulos de dor (BACKHOUSE et al., 2008)

Gastroprotetor, antipruriginoso, hepatoprotetor, anti-inflamatério
(MARTELANC et al.,, 2007), antiartritico (DIAS et al., 2011) reduz
sensibilidade a estimulos de dor (BACKHOUSE et al, 2008) e
antimicrobiano (MORE et al., 2012)

a-amirina

Protetor a danos na membrana (MARTELANC et al., 2007), age contra o
crescimento de protozoérios, anti-inflamatorio, antitumor, cardioprotetor,
antimicrobial, hepatoprotetor (KUMARI e KAKKAR, 2012), antiartritico,
Lupeol antimutagénico, antioxidante e age contra malaria (SALEEM et al., 2008),
inibicdo de cristais de oxalato de calcio (YAMASHITA et al., 2002),
antidiabético, protetor da pele, nefroprotetor (SIDDIQUE e SALEEM,
2011)

Uvaol Acdo cardiovascular, antidisritimica,antileucémico (SOMOVA et al., 2004)

Antitumor (LEE et al., 2012), redutor de colesterol (CHAUHAN et al.,

Sitosterol .
2013) e gastroprotetor (QUILEZ et al., 2010)

2.2 PLANTAS MEDICINAIS

O uso de plantas ou medicamentos a base de ervas com fins medicinais € uma das
formas mais antigas no tratamento, cura e prevengdo de enfermidades (MACIEL et al., 2002;
JUNIOR et al., 2005; FRANCA et al., 2008). Para algumas comunidades e grupos étnicos
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este é o Unico recurso disponivel (SANTQOS, 2000; DE OLIVEIRA et al., 2011). No Brasil
ainda é comum a comercializa¢do de plantas medicinais em feiras e mercados populares ou o
cultivo em quintais.

A Amaz6nia, com mais de 56.000 espécies de plantas, é uma das regides ricas em
biodiversidade do planeta. O interesse nesta regido visando explorar esta flora remonta do
inicio do século XVII quando os primeiros boténicos europeus visitaram o Brasil. Porém,
apenas em 1970 a botanica taxonémica se estabeleceu no Brasil (GIULIETTI et al., 2005). No
ano de 2006, o Ministério da Salde estabeleceu uma politica para a regularizacdo do uso de
plantas medicinais a “Politica Nacional de Plantas Medicinais e Fitoterapicos” (CORREA,
2006) que juntamente com o “Programa Nacional de Plantas Medicinais e Fitoterdpicos -
ProNPMF” de 2009 (DO NASCIMENTO JUNIOR, 2009) tem como objetivo “garantir a
populacdo brasileira 0 acesso seguro e o uso racional de plantas medicinais e fitoterapicos,
promovendo o uso sustentavel da biodiversidade, o desenvolvimento da cadeia produtiva e da
inddstria nacional”. Ratificando essa importancia, o Ministério da Saude elaborou no ano de
2009 uma Relacdo Nacional de Plantas Medicinais de Interesse para o Sistema Brasileiro de
Saude Puablica (RENISUS). Nesta relagdo encontram-se 71 espécies de plantas de interesse do
SUS, dentre elas a Bauhinia variegata (pata-de-vaca) estudada neste trabalho. Apesar de ndo
fazer parte do RENISUS, o género Cecropia apresenta atividades farmacoldgicas promissoras

e amplo uso na medicina popular.

2.2.1 Cecropia

O género Cecropia pertence a familia Moraceae/Cecropiaceae, com cerca de 75
espécies distribuidas no Brasil. Essas sdo popularmente conhecidas como Embatba, Imbatba,
Imbalva, Umbalva, Ambaiba, Embaiba, Imbaiba e Torém (Figura 4). Seus usos na medicina
popular decorrem de suas propriedades antidiabética, cicatrizante, tratamento de doencas
respiratérias, antimicrobiano e anti-inflamatéria (DE FREITAS e FERNANDES; SIMOES,
2001; AREND, 2010). Segunda a literatura, flavondides, catequinas, triterpneos, taninos,
esterdides e saponinas ja foram encontrados nessas espécies (LAMEIRA et al., 2010).
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(©) (d)

Figura 5 - Fotos das flores e folhas das espécies de Cecrocia estudadas (a) Flor de Cecropia
obtusa (b) Folha de Cecropia obtusa (c) Flor de Cecropia palmata (d) Folha de Cecropia
palmata

2.2.2 Bauhinia

As espécies pertencentes ao género Bauhinia compdem a familia Leguminosae com
aproximadamente 300 espécies (DA SILVA e FILHO, 2002; BIANCO e SANTOS, 2003)
dentre elas Bauhinia variegata var. alboflava e Bauhinia variegata var. variegata (Figura 5
(a) e (b)) popularmente conhecidas como pata-de-vaca branca e pata-de-vaca rosa . Essas
espécies sdo utilizadas na medicina popular como antifingico (REDDY et al., 2003),
antioxidante (MURILLO et al., 2007), antidiabético (PIZZOLATTI et al, 2003),
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antibacteriano (PAREKH et al., 2006). E utilizada também em casos de bronquite,
leptospirose, tumores e Ulceras (RAJKAPOOR et al., 2003).

Segundo a literatura, plantas do mesmo género apresentam metabélitos secundarios
como flavonoides, triterpenos, glicosideos esteroidicos e lactonas (DA SILVA e FILHO,
2002).

Figura 6 - Fotos das flores e folhas das espécies de Bauhinia estudadas (a) Flor de Bauhinia
variegata var. alboflava (b) Flor de Bauhinia variegata var. variegata (c) Folha de Bauhinia
variegata e alboflava

2.3 METODO DE EXTRACAO

A extracdo tem por objetivo a separacdo, isolamento e recuperagdo de substéncias a
partir de diversas matrizes, solidas ou liquidas, através de processos quimicos, fisicos ou
mecénicos (VINATORU, 2001; STALIKAS, 2007). O meio de extracdo deve ser exaustivo,
reprodutivel, rapido, simples e barato (WOJCIAK-KOSIOR et al., 2013). Dentre os métodos
de extracdo mais utilizados tém-se hidrodestilacdo, soxhlet, maceragdo, ultrassom, fluido

supercritico, extracdo acelerada por solvente, entre outros (PAI et al., 2011).
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Nos ultimos anos, com objetivo de simplificar o processo de extracdo houve um
crescimento no interesse por métodos ndo convencionais, como a extragdo assistida por
ultrassom (EAU). Este processo tem como vantagem a simplicidade de operacdo, tempo
reduzido do processo e menor quantidade de solvente utilizado (DA PORTO et al., 2013).

O processo de extracdo assistido por ultrassom ocorre baseado no fendmeno de
cavitagdo acustica no meio liquido, o qual se refere a formacdo, crescimento e imploséo de
bolhas de gas (LUQUE-GARCIA e DE CASTRO, 2003; DE CASTRO e PRIEGO-CAPOTE,
2007). O principal efeito do ultrassom na extracdo de matrizes vegetais € o aumento do
estresse mecanico das células, decorrente do colapso das bolhas de cavitagdo proximas a
parede celular. Este processo facilita a penetracdo do solvente e intensifica a transferéncia de
massa (BENELLI, 2010; AJILA et al., 2011) da planta para o solvente. Além disso, as bolhas
formadas no processo de cavitagdo aumentam o carater hidrofobico do meio extrator,
possibilitando a extracdo de componentes polares em solugdo aquosa reduzindo assim a
necessidade de meios hidrofébicos ou fortemente polares (VILKHU et al., 2008). Segundo
estudos desenvolvidos por Dal Pra e Wojciak-Kosior (WOJCIAK-KOSIOR et al., 2013; DAL
PRA et al., 2015) a extracdo assistida por ultrassom apresenta rendimentos maiores que o de
maceragdo, soxhlet e extragdo com refluxo aquecido para os &cidos oleanolico e ursélico com
solventes de diferentes polaridades (WOJCIAK-KOSIOR et al., 2013). Os rendimentos para a
EAU encontrados no referido trabalho se comparam aos encontrados nas extragdes com

micro-ondas e extragédo acelerada por solvente.
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ABSTRACT

The aim of this paper is to provide an overview on the chemical composition of
triterpenes in widespread used folk medicine species, through the development and validation
of a separation method of 11 triterpenes compounds (a-amirin, B-amirin, p-sitosterol,
stigmasterol, lupeol, uvaol, erythodiol, oleanolic acid, betulinic acid, arjunic acid and maslinic
acid) using high performance liquid chromatography with UV detection (HPLC-UV). The
compounds were separated using isocratic elution, on a RP-column (Kinetex C18, 250 mm x
4.6 mm, 1.D., 5 um) with mobile phase consisted of acetonitrile: tetrahydrofuran (90:10, v/v),
flow-rate of 0.5 mL min*? and detection in 210 nm. Diverse validation parameters, such as
linearity, LOD and LOQ, accuracy, precision, repeatability, and stability, were successfully
evaluated. The samples of Bauhinia variegata var. variegata, Bauhinia variegata var.
alboflava, Cecropia palmata and Cecropia obtusa collected in 2012, 2013 and 2014 from
Amazon were treated with two different solvents (ethyl acetate and chloroform) and analyzed
by the proposed HPLC method, using the standards addition approach. Stigmasterol, lupeol,
B-sitosterol, B-amirin and a- amirin were found in all the studied plants. Besides the presence
of marker compounds as a-amirin, 3-amirin, 3-sitosterol, stigmasterol, lupeol, oleanolic acid
and maslinic acid in the plants extracts, highlight the presence of oleanolic acid and maslinic
acid in Cecropia obtusa and Cecropia palmata extracts (more than 100 mg kg ), erythrodiol
only in Cecropia palmata, stigmasteol in Bauhinia variegata var. variegata (more than 350
mg kg 1) and a-amirin in Bauhinia variegata var. alboflava. Overall, ethyl acetate showed
better performance as the extractor solvent than chloroform. The proposed methodology was
simple, accurate and performed well in to the determination of eleven triterpenes in samples.
Moreover, it could be used for the quality control of medicinal plants and to assess potential

marker compounds.

Keywords: HPLC-UV; triterpenes; Bauhinia, Cecropia, Medicinal plants
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1. INTRODUCTION

Triterpenes, presents in vegetable oils, cereals, fruits and bark of trees are widespread
in the human diet (Rhourri-Frih et al., 2009; Saleem, 2009; Siddique and Saleem, 2011;
Szakiel et al., 2012) and one of the largest classes of secondary metabolites, with more than
30.000 different triterpenes reported (Muffler et al., 2011; Thimmappa et al., 2014).

This large number of compounds is related to the versatility of their structure,
consisted of acycles, bi-, tri-, tetra- and pentacycles (Dias et al., 2011; Muffler et al., 2011).
Among those, pentacyclic triterpenes presented promising pharmacological properties (Ghosh
and Sil, 2013; Shanmugam et al., 2013; Szakiel et al., 2012) such as, anti-inflammatory
(Martelanc et al., 2009; Saleem et al., 2008) hepatoprotector (Kumari and Kakkar, 2012;
Pollier and Goossens, 2012), anti-tumor (Saleem, 2009; Shanmugam et al., 2013), anti-viral
(Kong et al., 2013; Sanchez-Avila et al., 2009), anti-HIV (Cheng et al., 2011; Wojciak-Kosior
et al., 2013), anti-microbial (Pai et al., 2011), anti-fungal (Rocha et al., 2004), anti-diabetic
(Manna et al., 2010), gastroprotective (Quilez et al., 2010; Sanchez et al., 2006), anti-
hyperlipidemic (Claude et al., 2004) , neuroprotector (da Silva et al., 2011), antiarthritic
(Siddique and Saleem, 2011), antioxidant (2010), cholesterol-reducing properties
(CHAUHAN et al., 2013), cardioprotective (Somova et al., 2003) and trypanocidal activity
(da Silva Ferreira et al., 2010).

Medicinal plants have been used for centuries in folk medicine associated with health
promotion, prevention and cure of human diseases (Laszczyk, 2009; Romero et al., 2010).
With more than 50,000 plant species, Brazil has the greatest levels of biodiversity in the
planet (GIULIETTI et al., 2005) and Amazonia is a region with one of the richest flora in the
world with a large potential discovery and research of new drugs (Coelho-Ferreira, 2009;
GIULIETTI et al., 2005). Despite the diversity and the widespread use of phytotherapics in
Brazil the scientific knowledge about these flora properties is limited (de Figueredo et al.,
2014).

In 2006, aiming to improve healthcare, the sustainable use of biodiversity and the
research in this area, Brazilian Ministry of Health established a policy regulating the use of
medicinal plants and phytotherapeutic resources (Politica Nacional de Plantas Medicinais e

Fitoterdpicos) (Coelho-Ferreira, 2009). In addition to this policy, in 2009, Brazilian Ministry
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of Health published the National List of Medicinal Plants of Interest to the Brazilian Public
Health System (Relagdo Nacional de Plantas Medicinais de Interesse ao Sistema Unico de
Salude — RENISUS). One of the 71 plant species included in RENISUS is Bauhinia variegata,
popular known in Brazil as “Pata-de-vaca” or “Unha-de-boi”. Member of the Fabaceae
family, it has been used in popular medicine as a result of their hypoglycemic (da Silva and
Filho, 2002; Murillo et al., 2007; Parekh et al., 2006; Silva et al., 2007), anti-cholesterol, anti-
elephantiasis (Silva et al., 2007), antibacterial (da Silva and Filho, 2002; Parekh et al., 2006),
anti-tumour (Rajkapoor et al., 2003), antifungal (da Silva and Filho, 2002; Rajkapoor et al.,
2003), diuretic, tonic, depurative (Pizzolatti et al., 2003) activities, while also being useful
against skin diseases and ulcers (Reddy et al., 2003), in bronchitis, leprosy (Rajkapoor et al.,
2003) and in the management of inflammatory diseases (da Silva and Filho, 2002; Rao et al.,
2008).

Another medicinal plants included in this study is Cecropia palmata and Cecropia
obtusa popularly known in Brazil as “ Embatba Vermelha” and “Embatba Branca” from the
Moraceae family, traditional used as anti-rheumatic (Silva et al., 2007), anti-inflammatory
(Costa et al., 2011; da Graca Rocha et al., 2007; del Pilar Nicasio-Torres et al., 2012; Pelaez
et al., 2013), anti-oxidant activities (del Pilar Nicasio-Torres et al., 2012), anti-tumor (da
Graga Rocha et al., 2007) act in central nervous system, including anxiolytic and
antidepressant-like activities (Costa et al., 2011; Silva et al., 2007), against asthma, high
blood pressure (Costa et al., 2011), as well used in the treatment of type 2 diabetes (da Graca
Rocha et al., 2007; del Pilar Nicasio-Torres et al., 2012; Pelaez et al., 2013).

This wide diversity of pharmacological properties reported in Cecropia and Bauhinia
is related to secondary metabolites, as flavonoids, phenolic acids, carotenoids, tocopherols,
alkaloids, lignans, tannins, salicylates, glucosinolates and triterpenes (Szakiel et al., 2012).

Several papers described the detection and separation of triterpenes in medicinal
plants. Some methods include preparative thin-layer chromatography (TLC) (Martelanc et al.,
2007, 2009), gas chromatography (GC) with derivatization step (Zhang et al., 2012), capillary
electrophoresis (CE) (Cheung and Zhang, 2008; Li et al., 2011), evaporative light-scattering
detectors (Lesellier et al., 2012), high-performance liquid chromatography (HPLC) (Lesellier
et al., 2012; Li et al., 2011; Martelanc et al., 2009; Zhang et al., 2012) with UV detector or
mass spectrometric detectors using atmospheric pressure chemical ionization (APCI)
atmospheric pressure photoionization (APPI) and electrospray ionization (ESI) (Sanchez-
Avila et al., 2009). The simultaneous determination of triterpenes render a difficult task

considering, their similar structure, lack of chromophores, very low UV absorption and
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similar polarity. According to the literature, there is only one published report that separates
more than six triterpenes in a single HPLC run (Bedner et al., 2008; Li et al., 2011; Li et al.,
2013; Martelanc et al., 2009; Sanchez-Avila et al., 2009; Slavin and Yu, 2012).

In this study the development of a method for simultaneous determination of 11
triterpenes (a-amirin, B-amirin, p-sitosterol, stigmasterol, lupeol, uvaol, erythrodiol, oleanolic
acid, betulinic acid, arjunic acid and maslinic acid) with isocratic elution and UV detection
was proposed. The developed method was applied to the analysis of four different medicinal
plants from the Amazon region (Cecropia obtusa, Cecropia palmata, Bauhinia variegata var.
variegata and Bauhinia variegata var. alboflava) by HPLC with UV detection. The
confirmation of the species was carried out by performing an ultra-high-performance liquid
chromatography- atmospheric pressure photoionization source mass spectrometry (UHPLC-
APPI-MS/MS) analysis.

2. MATERIALS AND METHODS

2.1 CHEMICAL AND STANDARD SOLUTIONS

All the chemical standards used, a-amirin (98%), B-amirin (98,5%), [-sitosterol
(85%), stigmasterol (95%), lupeol (90%), uvaol (95%), erythrodiol (97%), oleanolic acid
(97%), betulinic acid (97%), arjunic acid (88%) and maslinic acid (95%) used were of
analytical grade from Sigma-Aldrich (St. Louis, MO, USA). The solvents acetonitrile (ACN),
methanol (MeOH) and tetrahydrofuran (THF) were of HPLC grade from Tedia (Fairfield,
OH, EUA). Chloroform (CHCIs) and ethyl acetate (EtOAc) were of analytical grade from
Merck (Darmstadt, Germany). Stock solutions of a-amirin, B-amirin, uvaol, erythrodiol,
oleanolic acid, arjunic acid and maslinic acid 1000 mg L, stigmasterol 481 mg L, lupeol
365 mg L7, betulinic acid 196 mg L™ and B-sitosterol 873 mg L™ were prepared in methanol.
The working analytical solutions for analytical curve were obtained by diluting the analytical
solutions in acetonitrile with the following concentrations 0.7; 6.5; 12.2; 18.0; 23.6; 29.3 and

35.0 mg L. All the solutions were stored at —20°C until analysis.
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2.2 HPLC-UV ANALYSIS

Chromatographic measurements were performed on a Dionex® model P680
(Sunnyvale, CA, USA) liquid chromatography equipped with a UV-vis detector model
UVD170U, Rheodyne® injection valve model 8125 (Cotati, CA, USA) with loop of 100 pl.
The analyses were carried out with a Kinetex reversed-phase Cig column (250 mm x 4.6 mm,
I.D., 5 um particle size; Phenomenex, Torrance, CA, USA) which was preceded by a Security
Guard Cgs.pre-column (Phenomenex, Torrance, CA, USA). The mobile phase consisted of
acetonitrile: tetrahydrofuran (90:10, v/v) and the flow-rate was set at 0.5 mL/min.
Spectrophotometry detection of analytes was performed at 210 and 254 nm wavelengths.
Evaluation and quantification were made on a Chromeleon 6.7 Workstation. A structural
confirmation of the species detected using HPLC-UV observed by ultra-high performance
liquid chromatography coupled to tandem atmospheric pressure photoionization mass
spectrometry (UHPLC-APPI-MS/MS) and described in details by Gobo (Gobo et al., 2016).

2.3 PLANT MATERIAL AND SAMPLE PREPARATION

The medicinal plant species Bauhinia variegata var. variegata (deposit n® IAN
185932), Bauhinia variegata var alboflava (deposit n° IAN 185831), Cecropia obtusa Trécul
(deposit n° IAN 185555) and Cecropia palmata Willd (deposit n° IAN 185556) were obtained
from the herbal collection of the Brazilian Agricultural Research Corporation, Embrapa
Amazbnia Oriental, Belém, PA, Brazil. The geographical location of the collection site is
1°27°21°° S latitude and 48°30°14°” W longitude. The fresh plant species were cleaned, dried
at 40 °C for 12 h, ground into a fine powder in a laboratory mill and used as a dry powdered
material. All plants were received as a fine powdered dried leaf material. Dried samples were
stored in desiccators under vacuum at room temperature until sample treatment.

The Amazon region has a hot and humid characteristic climate with small temperature
gradients. There are two well establish seasons in that region, a dry-period (July - October)

and rainy season (December - May); the months of June and November are considered
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transition periods (Ananias et al., 2010). According Gobbo-Neto (Gobbo-Neto and Lopes,
2007) there is a positive influence of rainfall on the concentration of secondary metabolites
(cyanogenic glycosides, glucosinolates, terpenes, anthocyanins and alkaloids) therefore, the
samples studied were collected during the rainy season in three different years (2012, 2013
and 2014).

Ultrasound-assisted extraction was performed in a reactor thermostatic water bath
(temperature accuracy of £1.0 °C). The experimental setup consists of an ultrasonic bath USC
1800A (Unique Inc., Brazil, BR) equipped with a transducer with longitudinal vibrations. The
ultrasonic unit has an operating frequency of 40 kHz and a maximum-rated ultrasound power
output of 132 W. The ultrasonic transducer (surface area of 282.2 cm?) is fitted at the bottom
of the bath horizontally along the length of the bath (Dal Pra et al., 2015). Samples were
weighed 0.5g and placed into a conical flask, into which 10 mL of ethyl acetate or chloroform
was added and sonicated for 30 min at 37 °C. Extraction was carried out three times with
fresh portions of solvent in the above conditions (Pai et al., 2011; Wdjciak-Kosior et al.,
2013). The extract remained was dried with N2 and dissolved in 10 mL of mobile phase. All
the samples were diluted to a 2% (m/v) and filtered through Chromafil Xtra PEFT-20/25
filters from Macherey—Nagel (Duren, Germany) before injection. For construction of the

calibration curves, seven different mixed solutions were injected in three replicates.

2.4 VALIDATION PROCEDURE

The analytical method was validated for linearity, limit of detection (LOD), limit of
quantification (LOQ), accuracy and precision following the RE n® 899/2003 (ANVISA, 2003)
and the International Conference on Harmonization (ICH) guide (GUIDELINE, 2005). The
calibration curves were prepared using seven concentrations (0.7; 6.5; 12.2; 18.0; 23.6; 29.3
and 35.0 mg L) of the 11 stock standard solutions in the range 0.21-40 mg L which were
injected in triplicate. The mean peak areas were taken for the construction the calibration
curve. The data were analyzed by linear regression least square model. The limit of detection
(LOD) was defined as the compound concentration that produced a signal-to-noise ratio of 3
(S/N = 3). The limit of quantification (LOQ) was evaluated as the concentration equal to 10

times the signal-to-noise ratio (S/N = 10). The precision was determined by intra and inter-
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day variation and the recovery were evaluated by standard addition method, the variations
were expressed by RSD % as the following formula: RSD (%) = (detected amount — original
amount)/amount spiked x 100. The inter and intraday precisions were estimated by analyzing
three and five replicates containing the spiked samples at three different concentrations (2.5,
10 and 16 mg mL™). All solutions were kept at -20°C before analysis.

3. RESULTS AND DISCUSSION

3.1 HPLC-UV ANALYSIS

Based in methods reported in the literature (Li et al., 2013; Martelanc et al., 2007,
2009; Sanchez-Avila et al., 2009; Yang et al., 2009), chromatographic conditions were
optimized in order to obtain the best separation of the analytes in the shortest time. The main
variables evaluated in the chromatographic separation were ratio of the mobile phase, flow-
rate of mobile phase, temperature of the operational room and detection wavelength. Table 1
shows these variables, the ranges studied and their optimum values as well as the solvents
used in the optimization of the mobile phase composition.
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Table 1 - Optimization of the chromatographic conditions for separation of triterpenic
compounds

Variable Tasted value Optimum value
Flow rate (mL . min™) 0.5;0.8and 1.0 0.5
Room temperature °C 21.0and 23.0 21.0

Composition mobile phase

90:10 (v/v) (pH 3.0)

MeOH:H,0
80:20 (v/v) (pH 3.0)
ACN: H0 90:10 (v/v) (pH 3.0) ACN:THF (90:10; v/v)
THF:ACN:H,0O 30:60:10 (v/v)
ACN: THF 90:10 (v/v)
200; 205; 210;
Wavelength (nm) 210
220 and 225

Acetonitrile — ACN; Methanol — MeOH; Tetrahydrofuran — THF; Water — H,O

The best mobile phase was ACN/THF (90:10; v/v). The optimum flow rate and room
temperature were 0.5 mL min™ and 21 °C, respectively. The detection wavelength was chosen
at 210 nm accordingly to experimental data (Table 2) and the literature (Holen, 1985; Romero
et al., 2010; Schneider et al., 2009; Slavin and Yu, 2012; Xu et al., 2012; Zhang et al., 2012)
due to better absorption at the selected wavelength. The representative chromatogram for
standard solutions under the proposed conditions is shown in Figure 1. It is noteworthy to
mention that the complete separation of the eleven triterpenes could be achieved in 45 min,
compared to other separation methods, it can be said that the new methodology developed
separates more compounds than the others reported in literature on isocratic mode (Avila et
al., 2007; Cheung and Zhang, 2008; Liu et al., 2003; Razborsek et al., 2007).
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Figure 1 - Chromatographic separation of 11 triterpenes standard by HPLC-UV (1) arjunic
acid, (2) maslinic acid, (3) betulinic acid, (4) oleanolic acid, (5) erythrodiol, (6) Uvaol, (7)
lupeol, (8) B - amirin, (9) a —amirin, (10) stigmasterol and (11) B — sitosterol (analytical
solutions concentration of 10 mg L) . Column: Kinetex C18 250 mm x 4.6 mm, (5.0 pm).
Mobile phase: 90:10 (v/v) ACN/THF 0.5 mL min at 21+2 °C.

3.2 METHOD VALIDATION

The calibration curves showed good linearity and the correlation coefficients were
found in the range of 0.990-0.996 for all of the tested compounds. The recoveries of the 11
analytes were in the range of 85 — 110 %. The relative standard deviation (RSD) between
sample measurements was used as precision, varying from 2.01 to 9.37 % for intraday
precision and from 1.84 to 4.04 % to interday for precision. Overall, these results demonstrate
that the developed method has enough accuracy, precision, and sensitivity for the
simultaneously quantitative analysis of the 11 compounds. The recovery results for evaluating
the accuracy of the method were satisfactory according to the ANVISA, which allows a range
of 80-120 %, likewise the RSD, accepted up to 20%. The obtained validation parameters such

as correlation coefficient, linear range, recovery, LOD and LOQ are summarized in Table 3.



Table 3- Analytical parameters for the validated method by HPLC-UV
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Compound LOD LOQ Linear range Correlation Intra-day Inter-day Accuracy
(mg .kg ) (mg .kg ™) (mg .kg™h)  coefficient (r?) precision precision (%)
(RSD %) (RSD %)
a-amirin 0.104 0.312 0.74-40.0 0.996 3.602 3.210 95-110
B-amirin 0.104 0.312 0.74-40.0 0.996 2.727 2.155 100-105
Oleanolic acid 0.104 0.312 0.74-35.0 0.990 8.916 3.647 98-102
Betulinic acid 0.104 0.312 0.74-35.0 0.996 9.379 3.402 93-97
B-sitosterol 0.212 0.636 0.74-40.0 0.992 3.952 3.186 97-110
Stigmasterol 0.104 0.312 0.74-40.0 0.991 2.014 2.123 85-96
Lupeol 0.104 0.312 0.74-40.0 0.996 2.434 2.539 92-102
Uvaol 0.104 0.312 0.74-35.0 0.991 2.377 2.290 95-108
Arjunic acid 0.104 0.312 0.74-35.0 0.990 4.011 3.749 97-103
Maslinic acid 0.104 0.312 0.74-40.0 0.996 4.386 4.404 96-99
Erythrodiol 0.104 0.312 0.74-35.0 0.994 2.165 1.846 90-96

LOD, limit of detection; LOQ limit of quantification; RSD, relative standard deviation
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3.3 APPLICATION METHOD TO PLANT EXTRACTS

Previous studies in phytochemical analysis reported the presence of glycosides,
triterpenes, flavonoids, lactones, steroids, alkaloids, coumarins and saponins in Bauhinia
species (da Silva and Filho, 2002; Pizzolatti et al., 2003; Rajkapoor et al., 2003; Rao et al.,
2008). Sample analysis (Figure 2) indicated the presence of six (maslinic acid, stigmasterol,
lupeol, B — sitosterol, B-amirin and o — amirin) out of the eleven compounds in the Bauhinia
species agreeing with the UHPLC-APPI-MS/MS analysis in the same samples (Gobo et al.,
2016). Bauhinia variegata var. variegata shows greater amounts of triterpenes in comparison
with Bauhinia variegata var. alboflava. The use of ethyl acetate enabled to extract higher
concentrations of stigmasterol (+85%), lupeol (+35%) and B-sitosterol (+13%) in comparison

with the chloroform.
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Figure 2 - Triterpenic compounds found in the Bauhinia species via HPLC-UV (a) Bauhinia
variegata var. variegata and (b) Bauhinia variegata var. alboflava

Regarding the studied compounds, Cecropia obtusa (Figure 3) exhibited a greater
diversity when compared to the other species of the same genus analyzed Cecropia palmata.
Among the eleven triterpenes separated in this method oleanolic acid, maslinic acid, B-amirin,
stigmasterol, lupeol and B-sitosterol were found in these samples. Noteworthy is the presence
of PB-sitosterol (+55%), a-amirin (+60%), B-amirin (+60%) and oleanolic acid (+20%),
increasing concentrations along the years, and the ethyl acetate was 20% better extract solvent
than chloroform for these compounds. This observation can be a result of some environmental
factors such as ultraviolet radiation, rainfall, temperature (Gobbo-Neto and Lopes, 2007).
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Figure 3 - Triterpenic compounds found in the Bauhinia species via HPLC-UV (a) Cecropia

obtusa and (b) Cecropia palmata

The concentration of triterpenes in the extracts is summarized in Table 2, the

range values from 6.19 to 2.248 mg kg?. The founded compounds (a-amirin, B-amirin,

oleanolic acid, pB-sitosterol, stigmasterol, lupeol and maslinic acid) can be considered

chemical markers for the studied species, being the oleanolic acid and maslinic acid only for

Cecropia species.



Table 2 - Variation of triterpenoids concentration considering all the years of sampling and the two solvents
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Compound Bauhinia variegata Bauhinia alboflava Cecropia palmata Cecropia obtusa
(mg kg™) (mg kg™) (mg kg™) (mg kg™)

a-amirin 46.05 — 346.50 98.62 — 598.80 - 267.59 —1344.55
B-amirin 15.38 - 95.29 63.88 37.84 20.96 - 613.25
Oleanolic acid - - 99.07 —284.95 99.13 - 350.21

p-sitosterol 367.92 — 800.68 671.04 1055.05 339.74 -2848.77

Stigmasterol 108.42 —2221.87 166.65 56.01 678.64

Lupeol 12.07 - 46.23 328.96 20.03 6.19 — 113.07

Maslinic acid 142.46 - 111.39 - 301.19

143.52 - 426.22
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4. CONCLUSIONS

A new analytical method has been developed for the simultaneous identification and
quantification of triterpenes compounds using HPLC-UV and isocratic elution, to analyze
these compounds in Cecropia and Bauhinia species. The HPLC-UV method is effective to
separate and quantify the medicinal plants extracts with good validation parameters, such as
linearity, LOD, LOQ, recovery, accuracy, precision and repeatability. Although triterpenoids
contribute significantly to the bioactivity and pharmacology of Bauhinia and Cecropia, no
study was reported so far for the quantitative determination of these compounds in these folk
medicine plants. Based on the results, the species with the highest variety of compounds and
concentration were Bauhinia variegata var. variegata and Cecropia obtusa. Triterpenes
compounds such as a-amirin, B-amirin, oleanolic acid, B-sitosterol, stigmasterol, lupeol and
maslinic acid were found as major compounds in chloroform and ethyl acetate extracts as
chemical markers. Furthermore, the presence of these triterpenic compounds in the extracts
reinforces the pharmacological action, and the medical use of such plants in folk medicine.
The present method developed can be used in research of chemical markers in medicinal
plants as well as in the quality control of herbal medicines widely used in Brazil and in folk

medicine.
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Figure S 1 — Molar absorptivity coefficient of triterpenes studied in this work
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Figure S 2 - Chromatogram of a Cecropia obtusa sample with standard addiction. Conditions
as described under Materials and Methods.

1 - Marcella2 #102 [medified by S27M01, 5 peaks manually assigned] Uv VIS 3
2 - Marcella2 #104 [modified by S27M01] 2016-jan-07 B12 P2 uv vis 3
3 - Marcella2 #106 [modified by S27M01] 2016-jan-07 B12 P3 uv_Vis_3
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Figure S 3 - Chromatogram of a Cecropia palmata sample with standard addiction.
Conditions as described under Materials and Methods.

1 - Marcella2 #247 [modified by S27MD1] 2016-jan-25 B34 P1 Uy VIS 3
2 - Marcella2 #249 [modified by S27M01] 2016-jan-25 B34 P2 uv_wvis 3
3 - Marcella2 #251 [modified by S27M01] 2016-jan-25 B34 P3 Uy vis 3
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Figure S 4 - Chromatogram of a Bauhinia variegata var. variegata sample with standard
addiction. Conditions as described under Materials and Methods.

1 - Marcella2 #164 [modified by S27M01]

2016-jan-15 B22 P1 uv VIS 3
2 - Marcella2 #166 [modified by S27M01] 2016-jan-15 B22 P2 UV VIS 3
3 - Marcella2 #168 [modified by S27M01] 2016-jan-15 B22 P3 Uv_VIS 3
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Figure S 5 - Chromatogram of a Bauhinia variegata var. alboflava sample with standard
addiction. Conditions as described under Materials and Methods.

1 - Marcella2 #129 [modified by S27M01] 2016-jan-12 B18 P1 Uv VIS 3
2 - Marcella2 #131 [medified by S27M01] 2016-jan-12 B18 P2 U VIS 3
3 - Marcella2 #133 [modilied by S27M01] 2016-jan-12 B18 P3 Uv_Vis_ 3
10&14 - Marcella2 #135 [modified by S27M01, 3 peaks manually assigmned] UY VIS 3
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4 CONCLUSAO

o Este trabalho prop6e uma metodologia analitica para determinagdo de 11 triterpenos
por HPLC-UV com eluicéo isocrética e inje¢cdo manual;

. O método cromatografico foi validado obtendo valores de seletividade, linearidade,
LOD, LOQ, curva de calibragdo, exatiddo e precisdo dentro dos intevalos aceitos pela
ANVISA RE n° 899/03

o Destaca-se 0 acetato de etila como melhor solvente extrator para acido oleandlico,
lupeol, B — amirina e a—amirina nas amostras de Bauhinia estudadas.

o A distribuicdo dos triterpenos foi avaliada comparando-se Cecropia obtusa, Cecropia
palmata, Bauhinia variegata var. variegata e Bauhinia variegata var. alboflava;

. As espécies C.obtusa e Bauhinia variegata apresentaram as maiores concentragdes e
variedade de compostos;

. Estigmasterol, ac. maslinico, p- sitosterol, - amirina maior influéncia dos anos

o Identificacdo de marcadores quimicos presentes nas espécies estudadas Cecropia
obtusa, Cecropia palmata, Bauhinia variegata var. variegata e Bauhinia variegata var.
alboflava. o — amirina, p — amirina, &cido oleandlico (para Cecropia), p — sitosterol,
estigmasterol e lupeol

. O metodo proposto pode ser utilizado, tanto na pesquisa de marcadores quimicos de

interesse farmacoldgico nas plantas medicinais, quanto no seu controle de qualidade.
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APENDICE

Apéndice 1 - Cromatograma da separacdo dos padrfes de acido maslinico, &cido oleandlico,
eritrodiol, p-amirina e estigmasterol por HPLC-UV (10 mg L) em 210 nm. Fase mo6vel 80:20
MeOH/H20 1.0 mL min™.
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Apéndice 2 - Cromatograma da separa¢do dos padrdes de &cido arjunico, &cido oleandlico,
eritrodiol, uvaol, B-amirina e estigmasterol por HPLC-UV (10 mg L) em 210 nm. Fase
mével 90:10 MeOH/H20 1.0 mL min™.,
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Apéndice 3 — Cromatograma da separacdo dos padrdes de acido maslinico, acido oleandlico,
eritrodiol e uvaol por HPLC-UV (10 mg L?) em 210 nm. Fase movel 30:60:10

THF/ACN/H20 1.0 mL min™.
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Apéndice 4 - Cromatograma da separacdo dos padrbes de acido maslinico, &cido oleandlico,
eritrodiol e uvaol por HPLC-UV (10 mg L?) em 210 nm. Fase movel 30:60:10

THF/ACN/H20 0.5 mL min*
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Apéndice 5 — Absortividade molar (g (L mol™ cm™)) dos triterpenos em diferentes
comprimentos de onda

Compounds oo S oo
Oleanolic acid 1.60 - 10° 9.72- 10* 5.38- 10*
Maslinic acid 2.25-10° 1.50 - 10° 7.08- 10*

B —amirin 1.34 - 10° 4.63- 10* 2.42-10*
Erythrodiol 7.08- 10* 2.87- 10* 1.16- 10*
Stigmasterol 1.09 - 10° 5.04- 10 2.76- 10
Lupeol 1.25-10° 6.08- 10* 3.14- 10*
[ — sitosterol 1.36- 10* 7.18- 10* 4.30- 10*
Uvaol 1.13 - 10° 5.08- 10* 2.93- 10*

Avrjunic acid 2.40- 10* 1.65- 10* 6.41- 10°

Betulinic acid 5.05- 10° 5.67- 10° 2.23-10°

o - amirin 1.40 - 10° 8.09- 10* 4.70- 10
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