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RESUMO
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ALGUMAS ESPECIES DA FLORA BRASILEIRA
AUTORA: CAROLINA BOLSSONI DOLWITSCH
ORIENTADOR: MARCELO BARCELLOS DA ROSA
Data e Local da Defesa: Santa Maria, 23 de julho de 2015.

As plantas sdo muito utilizadas para fins medicinais, especialmente no Brasil, principalmente
devido a sua grande biodiversidade de flora nativa. Embora a determinagédo dos fitocompostos
de vegetais seja 0 mais recorrente na literatura, vém aumentando o interesse dos
pesquisadores pela composicao inorganica de plantas, visto que os minerais podem apresentar
tanto carater nutricional, quanto toxico. Deve-se ressaltar também que a presenca desses
minerais nas plantas estd relacionado com o ambiente de cultivo. Sendo assim, o objetivo
deste trabalho foi avaliar a composicdo mineral, em termos de constituintes inorganicos
essenciais e ndo essenciais para trés anos de amostragem, das espécies amazonicas de grande
interesse medicinal Cecropia palmata, Cecropia obtusa, Bauhinia variegata L., Bauhinia
variegata L. var. alboflava, Mansoa alliacea e Connarus perrottetti var. angustifolius
cultivadas em Belém-PA, utilizando a espectrometria de absor¢do atbmica como ferramenta
analitica. Todas as espécies apresentaram concentracdes de minerais essenciais acima dos
valores diarios de ingestdo recomendados, indicando que podem auxiliar na complementacéo
de dietas alimentares, com excec¢do para o sddio, que foi encontrado em baixas concentracdes.
Dessa forma, ndo ha restricdes no consumo dessas plantas para pessoas com intolerancia a
esses minerais. Além disso, ndo foram encontrados niveis toxicos de minerais ndo essenciais
nessas plantas, porém, deve-se considerar a contribuicdo mineral de outros alimentos
ingeridos diariamente. Em relagdo aos diferentes anos de amostragem, foram observadas
variacdes nas concentracfes dos elementos, porém tais oscilacbes ndo foram uniformes.
Tendo em vista que os elementos quimicos podem sofrer influéncias ambientais, ou seja,
podem variar dependendo do local de cultivo, estudos complementares com as mesmas
espécies em outras regides sao recomendados.

Palavras-chave: Espécies amazdnicas, composicdo mineral, variacdo temporal.



ABSTRACT

Master Course Dissertation
Postgraduate Program in Pharmaceutical Sciences
Universidade Federal de Santa Maria

TEMPORAL INFLUENCE ON THE MINERAL COMPOSITION OF
SOME SPECIES OF THE BRAZILIAN FLORA
AUTHOR: CAROLINA BOLSSONI DOLWITSCH

ADVISER: MARCELO BARCELLOS DA ROSA
Defense Place and Date: Santa Maria, July 23, 2015.

Many plants are widely used for medicinal purposes, especially in Brazil. The chemical
composition of these plants arises from the environmental characteristics under which they
are grown. Lately, researches have drawn attention to the inorganic composition evaluation of
these matrices, since minerals might present either nutritional or toxic character. Hence, the
objective of this work was to obtain the mineral composition in terms of essential and non-
essential inorganic constituents for three sampling years of Amazonian species grown in
Belém/PA: Cecropia palmata, Cecropia obtusa, Bauhinia variegata L., Bauhinia variegata
L. var. alboflava, Mansoa alliacea and Connarus perrottetti var. angustifolius. The analitycal
technique used was Atomic Absorption Spectrometry. All species showed essential minerals
contents above recommended daily intake, indicating they may act as diet supplements.
Sodium was an exception, being present at low concentrations. Therefore, there are no
restrictions on the consumption of these plants for people intolerant to those minerals.
Moreover, levels of non-essential minerals were not considered toxic. However, mineral
contribution of other foods in the daily diet must be considered. Concerning the different
years of sampling, it was observed that there is a non-uniform variation on these elements
concentrations through time. Considering that such minerals contents are influenced by the
environment where they are grown, further studies with the same species cultivated in
different regions are recommended.

Key words: Amazonian species, mineral composition, temporal variation.
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1 INTRODUCAO

A utilizacéo de plantas para fins terapéuticos é uma das mais antigas formas de prética
medicinal relatadas na historia. Ha indicios que nossos ancestrais tenham percebido o poder
medicinal de algumas plantas atraves de observacGes da natureza (MARTHE, 2011).
Atualmente, o uso de plantas medicinais continua em grande expanséo, no mundo. Segundo a
Organizacdo Mundial da Saude (OMS) cerca de 80% da populagdo mundial ja fez o uso da
medicina tradicional para sanar as necessidades de assisténcia médica primaria. E entre o0s
principais fatores que levaram a populacdo a utilizar plantas como medicamentos estdo a
tradicdo cultural, falta de outra alternativa terapéutica e a crenca que os produtos derivados de
plantas, por serem naturais, sdo inofensivos a satde (VEIGA JUNIOR; PINTO; MACIEL,
2005).

Ainda que a utilizacdo de plantas para prevencdo ou tratamento de doencas tenha
iniciado de forma empirica, hoje é comprovado que elas desempenham beneficios para a
salde. Muitas das atividades farmacoldgicas das plantas responsaveis por tais beneficios
ocorrem ndo s6 pelos compostos organicos, mas também devido aos constituintes inorganicos
(TEMPLE, 2000; LIU, 2003). Sabe-se que esses constituintes ndo sdo estaveis, nem se
distribuem homogeneamente na planta e também podem variar de acordo com as
caracteristicas do ambiente.

O Brasil é considerado promissor no que diz respeito a estudos com plantas
medicinais, por possuir uma grande diversidade de flora nativa, principalmente pelo abrigo de
uma extensa area da Floresta Amazonica. Dentre as indimeras espécies com interesse
medicinal estdo a Cecropia palmata, Cecropia obtusa, Bauhinia variegata L., Bauhinia
variegata L. var. alboflava, Mansoa alliacea e Connarus perrottetti var. angustifolius. Estas
sdo encontradas na Amazonia e sdo amplamente utilizadas pela populacdo. Porém é muito
limitado o acervo bibliografico sobre essas espécies.

O clima da regido amazonica é muito peculiar, as esta¢cbes do ano sdo caracterizadas
por um periodo de estiagem entre setembro e outubro e por um periodo chuvoso entre abril e
maio, 0 que muitas vezes pode possibilitar propriedades diferenciadas as plantas, ja que
fatores ambientais podem influenciar diretamente na composicdo quimica de espécies

vegetais.
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Ultimamente vem aumentando o interesse pelos constituintes inorganicos presentes em
produtos consumidos frequentemente pela populacdo, visto que esses podem trazer, tanto
beneficios, quanto maleficios a saide (FRANCO et al., 2011). H& ainda uma preocupacao
adicional pelo fato de muitos desses produtos ndo serem industrializados, como € o caso das
plantas in natura, as quais ndo tem sua qualidade assegurada. De forma geral, as plantas
absorvem os minerais do ambiente onde vivem, os quais ficam acumulados e por sua vez véo
ser repassados para quem os consome. Alguns minerais incorporados sdo essenciais para a
salde humana até certas concentracles, Vvisto que participam de diversos processos
metabdlicos. Dessa forma, plantas contendo esses nutrientes podem ser utilizadas para
suplementar as necessidades diarias de minerais. (ALMEIDA et al., 2002; LOPES et al.,
2002; ANDRADE; ALVES; TAKASE, 2005; DELAPORTE et al., 2005). Em contrapartida,
0s vegetais também podem acumular constituintes inorganicos ndo essenciais, 0s quais,
mesmo em baixas concentragBes, muitas vezes sdo toxicos e tém a capacidade de bioacumular
no organismo (DIM et al., 2004).

Considerando que sdo limitadas as informacGes sobre essas espécies, ainda mais
englobando a composicao inorganica e sua relacdo com o ambiente. Além disso, sdo poucas
as informagdes sobre o papel desses minerais no potencial farmacoldgico e toxicoldgico das
plantas e se esses podem alterar o estado de saude de quem as consome. Assim, despertou-se
o0 interesse em obter informac@es cientificas mais consistentes sobre essas espécies a luz da
tematica, tanto da constituicdo mineral, quanto da influéncia temporal na absorcdo e/ou
fixacdo de minerais por essas plantas.

As plantas relatadas neste trabalho estdo sendo estudadas de forma consorciada com
outros grupos de pesquisa, 0 que possibilita um estudo interdisciplinar. As espécies foram
selecionadas pela ampla acdo farmacoldgica ja relatada na literatura especializada, bem como
ao apelo, tanto nutricional, quanto da medicina popular. Este trabalho esta disposto na forma
de artigos cientificos. Inicialmente é apresentada uma introducdo geral, revisdo da literatura,
objetivos gerais e especificos. Em seguida, sdo apresentados dois artigos cientificos referentes
aos resultados experimentais desse trabalho, além de uma secdo integrando a discussdo do

mesmo. Para finalizar, é apresentada a conclusdo geral da pesquisa realizada.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar a constituicdo mineral das espécies Cecropia obtusa, Cecropia palmata,
Bauhinia variegata L., Bauhinia variegata L. var. alboflava, Mansoa alliacea e Connarus

perrottetti var. angustifolius coletadas no intervalo de trés anos diferentes.

2.2 Objetivos Especificos

- Avaliar a constituicdo mineral em termos de nutrientes essenciais (K, Ca, Mg Cu, Fe,
Mn, Zn, Ni, Cr) e ndo-essenciais (Pb, Cd, Hg, As, Ni) para folhas de Mansoa alliacea e
cascas Connarus perrottetti var. angustifolius coletadas no intervalo de trés anos diferentes

correlacionando com aspectos nutricionais e toxicoldgicos.

- Estabelecer a constituicdo mineral em termos nutrientes essenciais (K, Ca, Mg Cu, Fe,
Mn, Zn, Ni, Cr) e ndo-essenciais (Pb, Cd, Hg, As, Ni) para folhas de Cecropia obtusa,
Cecropia palmata, Bauhinia variegata L. e Bauhinia variegata L. var. alboflava coletadas no

intervalo de trés anos diferentes correlacionando com aspectos nutricionais e toxicologicos.
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As caracteristicas das espécies estudadas neste trabalho estdo agrupadas no quadro 1.

Quadro 1. Caracteristicas etnoboténicas para os géneros Bauhinia, Cecropia, Mansoa e

Connarus

GENERO/ESPECIE

CARACTERISTICAS

USO POPULAR

FITOCOMPOSTOS

BOTANICAS IDENTIFICADOS
Género da familia das | Hipoglicemiantes, Acidos organicos,
Leguminosas que compreende | antibacterianas, alcaldides, cumarinas,
aproximadamente 300 | cicatrizantes,  anti- | esterdis, flavonoides,
espécies. No Brasil, as plantas | inflamatorias e | guanidina, heterosideos
do género Bauhinia sdo | expectorantes saponinicos, minerais,
L . conhecidas como “Pata-de- | (MISHRA et al, | pigmentos, taninos e
Bauhiniavariegata L. | 0 " 4 <Unha-de-boi | 2013: BANSAL et | triterpenos. (REDY et al.
(SILVA, CECHI-NEL, 2002; | al., 2015;). 2003; SHINDE et al,

BIANCO; SANTOS, 2003; dos 2012;
SANTOS et al., 2014) SARAVANAMUTTU;

Bauhinia variegata L.
var. alboflava

SUDARSANAM, 2012).

Cecropia pamata

Cecropia obtusa

O género Cecropia pertence a
familia Moraceae ou Cecropia-
ceae, é nativa da América e
compreende cerca de 100
espécies, entre elas Cecropia
obtusa e Cecropia palmata as
quais sdo conhecidas popular-
mente como embadba,
embalva e arvore da preguica.
As espécies deste género sdo
arvores com tronco ereto e 0co
e de grande porte, com folhas
grandes (LUENGAS-CAICE-
DO, 2005; ROCHA et al.,
2007; NICOSAI-TORRES et
al., 2012).

Tratamento das
enfermidades das
vias respiratorias,
hepatite,  diabe-tes,
inflamagBes do Utero
e como cicatrizante
(LUENGAS-

CAICEDO, 2005;
ROCHA et al., 2007;
NI-COSAI-TORRES
etal., 2012).

alcaloides, triterpenos,
saponinas, cumarinas,
flavanoides, glicosi-deos,
resina e taninos

(LUENGAS-CAICEDO,
2005; ROCHA et al., 2007;
NICOSAI-TORRES et al.,
2012).

Connarus  perrottetti
var. angustifolius

Connarus é um género da
familia Connaraceae, o qual é
distribuido exclusivamente em
regifes tropicais e compreende
cerca de 16 espécies. As
plantas desse género sdo
popularmente conhecidas como
barbatiméo do Para
(PARACAMPO, 2011).

Tratamento de cancer
de dtero, infecgdes
geniturinarias,

hemorragia uterina,
doengas  gastricas,
cefaléias e gripe
(COELHO-

FERREIRA, 2009).

Alcaloides, triterpenos,
flavonoides (LE et al,
2005).
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Género pertencente a familia

Tratamento de gripe,

Alcaloides, acidos do tipo

Bignoniaceae, a qual inclui | febre, tosse, dor, | dialil sufidrico, taninos,
outras 11 espécies de plantas, | enj6o, inflamacéo, | saponinas triterpenoides,
que ocorrem principalmente | ansiedade, artrite e | flavonoides e flavonas
nas florestas do Brasil e da | reumatismo (ZOHGBI et al.,, 2009,
Argentina, até o sudeste do | (ZOGHBI; SOUZA-FILHO;

México. Caracteriza-se como | OLIVEIRA; NASCIMENTO, 2012;

um arbusto semi-trepador. No

GUILHON, 2009).

TIWARI et al., 2012).

Brasil, principal-mente  no
Para, a Mansoa alliacea é
conhecida como “cipd-d’alho”
devido ao cheiro caracteristico
de alho das folhas quando

Mansoa alliacea

maceradas. (ZOGHBI,
OLIVEIRA; GUILHON,
2009).

3.2 Composi¢do quimica de plantas

As plantas apresentam uma composi¢do quimica muito complexa e diversificada, e é
justamente por isso que elas exibem diversas propriedades. Embora as atividades
farmacoldgicas das plantas ocorram devido aos compostos organicos, o conhecimento da
composicao inorganica faz-se necessario, visto que se tais constituintes estiverem presentes
podem interferir na acao terapéutica, potencializando ou reduzindo sua atividade, bem como
ter valor nutricional ou ainda efeitos toxicos. As plantas absorvem os minerais do ambiente
onde vivem, esses, por sua vez, estdo presentes naturalmente no solo e em sistemas aquaticos,
e sdo caracteristicos de cada regido. Porém, tanto atividades naturais como antrépicas podem
proporcionar 0 aumento de sua concentracdo no ambiente e consequentemente nas plantas. Os
processos naturais que mais contribuem com o aumento do teor de minerais séo a lixiviagéo
do solo e decomposicédo de rochas. Ja em relacdo aos processos em que ha a acdo do homem,
destacam-se a siderurgia, o uso de fertilizantes e pesticidas (SOBRAL et al., 2011). Uma vez
presentes nas plantas, os minerais ficam acumulados e vao ser repassados pra quem 0s
consome.

O homem precisa adquirir alguns minerais essenciais através da alimentacdo em
maiores ou menores quantidades, diariamente, pois sdo indispensaveis para 0 bom
funcionamento do organismo, uma vez que atuam em diversas rotas metabolicas vitais,
incluindo sintese de proteinas, vitaminas e regulacdo de enzimas (SILVA et al., 2005).

Segundo Almeida e colaboradores (2009) vérios problemas de saude podem estar
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relacionados com a deficiéncia de determinados nutrientes essenciais. Entretanto, mesmo
sendo fundamentais para a salde, se a quantidade de consumo é maior que a dose diaria
indicada, esses podem vir a ser toxicos. E de fundamental importancia conhecer o teor de
nutrientes essenciais em plantas, visto que essas sdo consumidas frequentemente pela
populacéo.

Uma vez que a ingestdo de nutrientes essenciais € muito importante para a salde
humana e que espécies vegetais podem ser uma boa fonte desses minerais, alguns estudos
vém sendo realizados a fim de demonstrar a possibilidade de utilizar plantas medicinais para
auxiliar na suplementacédo alimentar de minerais (ALMEIDA et al., 2002; LOPES et al., 2002;
ANDRADE et al., 2005; DELAPORTE et al.,2005).

Cabe ressaltar que existem diversos trabalhos na literatura cientifica envolvendo o teor
de nutrientes essenciais em plantas medicinais, porém pouco se sabe sobre o valor nutricional
das espécies de plantas abordadas nessa dissertacao.

Vijayakumari e colaboradores (1997) determinaram o teor de Ca, Fe, Zn, Mn, Mg, Cu,
K, Na e P em sementes de Bauhinia purpurea L e constataram que essa espécie apresentou
niveis de K, P e F superiores a outras leguminosas comestiveis.

Andrade e colaboradores (2005) analisaram o teor de Cu, Fe e Zn por espectrometria de
absorcdo atbmica com chama (FAAS) em ervas medicinais incluindo a pata-de-vaca, e
constataram que o0 uso dessas ervas pode favorecer a suplementagédo de Cu, Fe e Zn.

Pinto e colaboradores (2005) analisaram sementes de Bauhinia variegata quanto aos
teores de Cu, Zn, Mn, Fe, K, Ca, Mg, P por FAAS e verificaram que elas possuem niveis
desses minerais semelhantes a outras leguminosas que sdo utilizadas na alimentagdo, sendo
adequadas para 0 consumo humano.

Santos Jr. e colaboradores (2006) analisaram o teor de Ca, Fe, Zn, Mn, Mg, Cu, K, P e
N em algumas plantas incluindo Cecropia ficifolia, Cecropia sciadophylla e constataram que
essas duas espécies contém grande quantidade de Ca.

Martins e colaboradores (2009) determinaram o teor de micronutrientes Ca, Mg, Fe, Cu
e Zn nas folhas de algumas plantas medicinais da Amazbnia, entre elas Arrabidaea
chica (Humb. & Bonpl.) B. Verl. da familia Bignoniaceae, por FAAS, e verificaram que essas
plantas contém esses nutrientes e que poderiam ser utilizados para complementar as dietas
alimentares.

Silva e colaboradores (2010) avaliaram as concentragcOes de Fe, Mn e Zn por FAAS na
casca do fruto e nas folhas de Caesalpinia ferrea. Por a planta apresentar altos niveis dos

elementos analisados, quando comparados com outras plantas medicinais, 0s pesquisadores
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concluiram que Caesalpinia ferrea pode ser uma fonte alternativa destes elementos na dieta
alimentar.

Ramos e colaboradores (2013) avaliaram o contetdo de Ca, Cu, Fe, K, Mg, Mn, Na e
Zn em chas das folhas de Cecropia palmata e concluiram que o consumo de uma Xicara de
ché padrédo ndo ultrapassa os valores do limite m&ximo toleravel.

Asghari, Palizban e Bakhshaei (2015) determinaram Ca e K, além de vitaminas A e C
em folhas e sementes de Moringa peregrina (Forssk.) Fiori, uma arvore reconhecida por suas
propriedades medicinais. O estudo revelou que o consumo diario das folhas e sementes dessa
planta pode fornecer quantidades diarias significativas tanto das vitaminas como de minerais,
ja que as amostras apresentaram quantidades relativamente altas de tais minerais.

Em contrapartida, ha a incorporacdo na dieta de elementos ndo essenciais a salde, 0s
guais mesmo em baixas concentracdes sdo prejudiciais, pois ndo desempenham nenhuma
fungdo conhecida no organismo. Tais elementos ndo sdo metabolizados e acabam
permanecendo no corpo, ou seja, sdo bioacumulados (NAVA, et al., 2011). Além disso,
segundo Fraga e Oteiza (2002) muitos metais, por possuirem elétrons ndo pareados, podem
catalisar reacbes que formam radicais livres no organismo humano, favorecendo o
desenvolvimento de tumores. Outro problema relacionado a esses elementos é a capacidade
que eles apresentam de competir com 0s minerais essenciais substituindo esses em processos
biolégicos normais, levando assim a alteragdes em alguns processos fisiolégicos
(MASSARO, 1997). A toxicidade dos elementos ndo essenciais analisados neste trabalho séo

descritas no quadro 2.

Quadro 2. Toxicidade dos elementos ndo essenciais analisados neste trabalho

Elemento Caracteristicas

Cd O cadmio € considerado carcinogénico para humanos pela Agencia
Internacional de Pesquisa (IARC) (IARC, 1993). Pode causar
hipertensdo (GOYER, 1995) e problemas renais (NORDBERG, 1999).

Pb Em humanos a exposi¢cdo ao chumbo pode causar danos neuroldgicos,
hematoldgicos, renais, reprodutivos, cardiovasculares e 6sseos. Além
disso pode ultrapassar a barreira placentaria (NOLAN; SHAIKH, 1992;
MASSARO, 1997).

Hg Além de permear a barreira placentaria, € nefrotoxico, neurotoxico e
genotdxico (COX; CLARKSON; MARSH, 1989; GOYER, 1995).
As E considerado cancerigeno para humanos segundo o IARC (IARC,

1993). Pode ocasionar patologias de pele, gastro-intestinais,
cardiovasculares, hematoldgicas, neurolégicas e reprodutivas
(MILTON et al., 2005; KWOK; KAUFMANN; JAKARIYA, 2006).
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Vérios estudos sobre a presenca de metais toxicos em plantas medicinais séo
encontrados na literatura. Porém, estudos apresentando a determinacdo desses constituintes
nas espécies descritas neste trabalho sdo ainda muito modestos e preliminares.

Dim e colaboradores (2004) analisaram os elementos Al, Ba, Br, Ca, Co, Cr, Fe, K, Mg,
Mn, Na, Rb, Sc, Sr, V e Zn em Ageratum conyzoides, uma planta medicinal amplamente
usada na Nigéria. Foi detectada a presenca de elementos essenciais a saude, bem como
elementos potencialmente toxicos. Esses resultados apontaram que o consumo dessa planta
ndo deve ser feito de forma indiscriminada.

Caldas e Machado (2004) determinaram o teor de Cd, Hg e Pb em plantas medicinais
brasileiras. Em algumas delas foram detectados esses metais 0 que pode ser motivo de
preocupacdo para quem os ingere em grande quantidade e a longo prazo.

Basgel e Erdemoglu (2005) determinaram Cd, Cr e Pb, em Matricaria chammomile L.,
Foeniculum vulgare, Tilia vulgaris, Urtica dioical, Rosa caninae, Salvia officinalis e Cassia
anqustifolia na Turquia. Os autores ndo observaram a presenca de elementos toxicos nessas
ervas medicinais, porém ressaltam que dependendo das condicGes de cultivo e processamento,
as ervas podem ser facilmente contaminadas.

Franco e colaboradores (2011) determinaram o teor de metais, entre eles, Pb e Cd, em
plantas medicinais comercializadas na regido de Umuarama-PR, incluindo Bauhinia forficata,
planta do género Bauhinia. No estudo ndo constatou-se a presenca de Pb e Cd em nenhuma
das amostras, sendo seguro 0 consumo das espécies.

Leal e colaboradores (2013) avaliaram a presenca de Al, As, Au, Ba, Br, Ca, Ce, ClI, Co,
Cr, Cs, Fe, Hf, Hg, K, La, Mg, Mn, Na, Rb, Sb, Sc, Se, Sm, Sr, Th, V e Zn em dez plantas
medicinais altamente consumidas no Brasil, incluindo Erythrina velutina da familia
Fabaceae. O estudo revelou a presenca de varios elementos ndo essenciais, entre eles As, Au ,
Ba, Ce, Co, Cr, Cs, Hf, La, Rb, Sb, Sm ,Sr, Th e V. Segundo os autores, 0 consumo dessas
plantas a longo prazo pode gerar toxicidade.

Mahmood e colaboradores (2013) determinaram o teor de alguns metais incluindo Cd,
Cr e Pb, em plantas medicinais indigenas utilizadas no Paquistao e verificaram altos niveis de
Pb. Os pesquisadores destacaram que a ingestdo prolongada de plantas medicinais pode
causar um acumulo cronico de varios elementos que podem causar graves efeitos na saude.

Muller e colaboradores (2015) determinaram As, Cd, Hg e Pb em Passiflora incamata
L., Paulinia cupana, Maytenus ilicifolia e Peumus boldus. Passiflora incamata L. apresentou

a maior concentragdo de Pb, proximo ao limite recomendado na farmacopeia americana.
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Segundo os autores, o resultado mostra que é necessario fazer o controle deste elemento em

plantas medicinais.

3.3 Espectrometria de absorgédo atomica

A espectrometria de absor¢do atdbmica € considerada uma técnica analitica bem sucedida.
E uma das técnicas mais utilizadas devido a sua alta especificidade, sensibilidade, robustez,
baixos limites de deteccdo para vérios elementos em diferentes amostras e baixo custo
(FRESCHI et al., 2000; AMORIM, 2008). Baseia-se na absorcdo da energia radiante pelas
espécies atdbmicas neutras, ndo-excitadas, em estado gasoso. Na absorcao atdmica, o elemento que
se deseja determinar é levado a uma condicao de dispersdo atbmica gasosa, através da qual se faz
passar o feixe de radiacdo de uma fonte apropriada. O atomo num estado de menor energia
(estado fundamental) absorve luz e passa para um estado de maior energia (estado excitado) e
logo em seguida esta mesma energia € emitida e o &tomo volta para 0 mesmo estado energético
(WELZ, SPERLING, 1999). A quantificacdo se da pelos principios da lei de Beer. De acordo com
essa lei, quanto maior a quantidade de atomos presentes no estado fundamental no atomizador,
maior seré a absorcao observada.

O principio de um espectrometro de absorcdo atbmica é sempre 0 mesmo nas diferentes
técnicas, as diferencas baseiam-se na forma como a amostra é atomizada. 1sso pode ocorrer

através de uma chama, forno de grafite ou gerador de hidretos.

3.3.1 Espectrometria de absorgéo atbmica com chama (FAAS)

z

E uma técnica de facil operacdo e manutencdo, baixo custo e de curto tempo de
analise. Porem utiliza um volume de amostra relativamente grande. A faixa de trabalho é na
ordem de mg.L™. Para a realizacdo desta técnica a amostra a ser analisada precisa estar na
forma de uma solucgéo. Pra realizacdo do procedimento, um nebulizador introduz a amostra
liquida e a transforma num aerossol, transportando-a até a chama do queimador (SKOOG et
al., 2008). Essa técnica tem uma sensibilidade limitada por fatores como: pequeno tempo de

permanéncia dos atomos no caminho oOptico, pelo carater dindamico da chama, baixa eficiéncia
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do processo de introducdo da amostra, no méximo 10% da amostra atinge a chama, diluicéo
da nuvem atomica nos gases da chama e diminuicdo da temperatura da chama, pois essa deve
possuir uma temperatura suficiente para vaporizar a amostra e atomizar o elemento (WELZ,
SPERLING, 1999).

3.3.2 Espectrometria de absorcéo atdbmica com forno de grafite (GFAAS)

Em relacdo ao custo, facilidade de operacdo e manutencdo é oposta a chama, além de
necessitar uma quantidade de amostra muito pequena, pode ser até 1000 vezes menor que a
anterior. E utilizada na determinacéo de elementos traco (concentracdo na ordem de pg.L™)
devido a sua seletividade e sensibilidade. Além disso, hd a possibilidade da analise sem
nenhuma preparagdo da amostra. Em relagdo ao aumento de sensibilidade, ele ocorre porque
toda a amostra € atomizada em um curto intervalo de tempo e o tempo de residéncia dos
atomos no caminho éptico é maior. Também, as amostras sdo introduzidas no forno e ficam
confinadas, o que significa que ndo sao diluidas, como acontece na chama (SKOOG et al.,
2008).

3.3.3 Espectrometria de absorcdo atbmica com geracdo de hidretos (HGAAS)

E usada para um nimero limitado de elementos, ja que eles precisam ser capazes de
formar hidretos volateis. A geracdo do hidreto ocorre pela reducdo do analito através de um
forte agente redutor. Os hidretos formados sdo carreados da solucdo para a camara de
atomizacdo (célula de quartzo) com o auxilio de uma corrente de gas inerte (TAKASE et al.,
2002).

Nesta técnica o analito é separado da amostra, 0 que evita possiveis interferéncias de
contaminantes, pois como apenas ele é a espécie volatil e so ele é transferido para a célula de
atomizacdo. Apresenta baixos limites de deteccdo, pois o sistema de introducdo da amostra é
muito eficiente, pode chegar a 100%, ao mesmo tempo que a densidade e a permanéncia de
atomos no caminho Optico € grande ja que o vapor atdmico € confinado na célula de quartzo
(TAKASE et al., 2002).
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Para o elemento Hg, a técnica utilizada é muito semelhante, porém é denominada
espectrometria de absorcdo atdmica com geracdo de vapor frio, j& que a atomizacdo do Hg
ocorre a frio, pois esse elemento possui alta pressdo de vapor a temperatura ambiente, ou seja,
a forma atbmica esta presente na forma de vapor a temperatura ambiente (WELZ,
SPERLING, 1999).

3.3.4 Espectrometria de absorcéo atbmica de alta resolucdo com fonte continua (HR-CS
AAS)

Os equipamentos contam com lampada de arco curto de xendnio de alta intensidade
como fonte de radiagdo, monocromador de alta resolugédo e como detector dispositivo com
arranjo de carga. Essas mudancas possibilitam além do alto poder de resolucédo, visualizacdo
do ambiente espectral da linha do analito, tornando possivel, desta forma, a correcdo da
variagdo da intensidade da fonte, da absor¢do de fundo, das interferéncias. Dentre as
vantagens estdo uma melhora na razdo sinal/ruido devido a elevada intensidade da fonte de
radiacdo, resultando em melhor precisdo e limites de deteccdo. Como a lampada € multi-
elementar novos elementos podem ser determinados, para os quais fontes de radiacdo ainda
ndo sdo disponiveis (WELZ et al., 2003).
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3 ARTIGO 1

MINERAL COMPOSITION OF Connarus perrottetii var. angustifolius AND Mansoa

alliacea
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Abstract

This paper provides an overview of mineral composition of the medicinal species Connarus
perrottetii var. angustifolius and Mansoa alliacea collected in 2012, 2013 and 2014, using
atomic absorption spectrometry as analytical technique. We intend to establish a discussion in
terms of reference daily intake as well as maximum permitted intake. Both species presented
low sodium levels and have potential to supply the daily need of K, Na, Ca, Mg, Zn, Fe,
Mn and Cu, once the concentration of these minerals is above the daily recommended intake
limits. Connarus  perrottetii var. angustifolius  and Mansoa alliacea also showed low
concentrations of metals that may be toxic above specific concentrations (Cr, Ni, As, Pb, Cd
and Hg). Accordingly, a normal consumption of these species cannot cause intoxication. On

the other hand, we should consider the mineral contribution of other foods on the daily diet.

Keywords: Connarus perrottetii var. angustifolius; Mansoa alliacea; mineral composition;

toxicology.
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1. Introduction

The use of plants for therapeutic purposes, whether used for the prevention, treatment
or cure of diseases, is one of the oldest forms of medical practice reported in history.
According to the World Health Organization (WHO), approximately 65-80% of the
population living in developing countries resort to the use of medicinal plants to address their
health care needs (Veiga Junior; Pinto & Maciel, 2005).

Despite the development of synthetic pharmaceuticals, the use of herbal medicine is
currently in expansion. The lack of hospital access, health checks and medication, especially
for the socially disadvantaged, combined with the tradition of using products derived from
medicinal plants, relying on the fact that these can be easily accessed and on the belief that,
for having natural origin, they will not be noxious, lead to the use of such alternative medicine
(Veiga Junior et al., 2005)

Brazil is home to an extensive area of the Amazon rainforest, which has a wide variety
of native flora. Hence, the use of alternative medicine is widespread in this country. Although
Amazonian plants are extensively used by the population with medical purpose, scientific
knowledge on mineral composition and its influence on the phytochemical properties of the
species is still modestly approached. This often leads to an unfounded consumption enabling
changes on their pharmacological properties (Almeida, Lopes, Nogueira, Magalhdes & de
Morais, 2002; Veiga Junior et al., 2005)

The species Connarus perrottetii var. angustifolius Radlk. (Connaraceae) and Mansoa
alliacea (Lam.) A. Gentry (Bignoniaceae) are amongst the many vegetable classes of
medicinal interest. Both are extensively used by the population, but the scientific data on
these species is limited. Flavonoids are a group of secondary metabolites produced by plants.
They are one of the most studied class of organic compounds, due to their confirmed anti-
inflammatory, anti-carcinogenic and antioxidant action (Farhan et al., 2013) Although works
concerning the identification, determination and quantification of such organic constituents in
these species are commonly found in literature, they do not include any information about
their mineral composition (Itokawa, Matsumoto, Morita & Takeya, 1992; Rocha, Oliveira,
Souza Filho, Lombardi & Braga, 2004; Zoghbi, Oliveira & Guilhon, 2009; Paracampo, 2011).
Connarus perrottetii var. angustifolius is an Amazon rainforest native species as well as an
endemic species of Brazil. It is often administered in the form of tea, syrup, bath or an

infusion composed by a mix of different plants (“garrafada”). It is popularly used to the
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treatment of genitourinary infections in women, uterine bleeding, vaginal discharge,
headache, gastric disorders and cough (Coelho-Ferreira, 2009)

Another Amazon rainforest native species is Mansoa alliacea, whose extracted
compounds present anti-inflammatory (Dunstan et al., 2006), antimicrobial, antifungal,
antiviral (Zoghbi et al., 2009), and antirheumatic action (ltokawa et al., 1992). It is also
regularly used for the treatment of fever (Hasrat, De Backer, Vanquelin & Vlietinck, 1997)
and malaria (Pérez, 2002), as analgesic for headaches (Branch & Silva, 1983) and as a
condiment (Zoghbi et al., 2009).

The pharmacological properties of plants are generally related to their chemical
composition, i.e. their organic and inorganic constituents (Cai, Lou, Sun & Corke, 2004).
These compounds are not evenly distributed throughout the plant. Furthermore, it is known
that they can vary according to many factors, such as weather conditions (rain or drought),
stage of development (flowering, fruiting), plant age (phenological stage), type of soil and the
contamination (presence or absence) in the environment where the plant is inserted (Gobbo-
Neto & Lopes, 2007).

The interest on the analysis of inorganic constituents by determining the content of
elements under nutritional perspective has increased over the past years. These elements can
be incorporated into the organism that consumes the plant containing them, promoting health
benefits or risks. Some minerals serve as cofactors in several metabolic pathways, being
considered essential to human health in certain concentrations (Maiga, Diallo, Bye & Paulsen,
2005; Franco, Caetano, Caetano & Dragunski, 2011). Thus, plants containing these nutrients
may be used as food supplement aiding the replacement of daily mineral needs (Almeida,
Lopes, Nogueira, Magalhdes & de Morais, 2002; Lopes, Almeida, Nogueira, de Morais &
Magalhdes, 2002; de Andrade, Alves & Takase, 2005; Delaporte, Guzen, Takemura & de
Mello, 2005). Nevertheless, these plants may also accumulate non-essential inorganic
constituents, such as toxic metals. These can alter various normal physiological functions,
especially in the nervous system, liver and kidney, being also potentially carcinogenic
(Aghamohammadi, Faraji, Shahdousti, Kalhor & Saleh, 2015). Whereas the population
consumes these vegetables in the daily diet and for various other purposes, e.g. for their
pharmacological activity, the knowledge of their mineral composition is essential. Also, the
paucity of data relating to these species reinforces the need of this evaluation.

This study aims to determine the contents of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni,
As, Pb, Cd and Hg in the species Connarus perrottetii var. angustifolius e Mansoa alliacea.

The samples were produced and collected in the experimental area of Embrapa Eastern
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Amazon (Belém, PA) in the period 2012-2014. The concentrations were determined by
atomic absorption spectrometry and a discussion in terms of reference daily intake as well as

maximum permitted intake is established.

2. Materials and methods

2.1. Sampling

Barks of Connarus perrottetii var. angustifolius and leaves of Mansoa alliacea
were provided by Embrapa Eastern Amazon (Belém, PA, at 1 27 21 S and 48 30 14 W, at an
altitude of 10 m and an average annual temperature of 30 °C). Both samples were collected
during the rainy season (April/May) of 2012-2014 and were received properly prepared (dried
and grounded). The authorization for access and shipment of genetic heritage components
from CNPq is under the number 010529/2014-1. Connarus perrottetii var. angustifolius (IAN
184389) and Mansoa alliacea (IAN 184394) were deposited with the Loyal Depositary
Herbarium Institution IAN of Embrapa Eastern Amazon Botany Laboratory (Belém, PA).

2.2. Reagents

The reagents used were of analytical grade. The bidistilled HNO3; (65%) and the
bidistilled HCI (37%) were supplied by Vetec Fine Chemicals Ltd, while the H,O, (30%) was
produced by Merck. The standard solutions of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As, Pb,
Cd and Hg were obtained by dilution of a NIST (National Institute of Standards and
Technology) stock solution of 1000 mg/L. Ultrapure water (MilliQ Millipore, Bedford, MA,

USA) was used for all dilutions.
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2.3 Digestion Procedures

For the digestion of the plants and the obtainment of the mineral forms of K, Na, Ca,
Mg, Zn, Fe, Mn, As e Hg, 1.0 g of sample was dissolved in 6 mL of HNO3, 2 mL of H,O, and
2 mL of HCI and heated in a block digester at approximately 100 °C, as described in EPA
3050B with some modifications. The mixture was then brought to a volume of 50 mL with
ultrapure water.

The mineral forms of Cu, Cr, Ni, Pb and Cd were obtained by the addition of 2 mL of
HNO3, 4 mL of H,0, and 3 mL of ultrapure water to approximately 0.5 g of sample, followed
by heating on a microwave oven. The procedure consisted of two steps, based on EPA 3051.
At first stage, only HNO3 and H,O were added to the sample and the mixture was heated up to
220 °C during 25 minutes (at 800 W) and left in this condition for 15 minutes. Next, it was
cooled for 30 minutes and the vessels were opened to release the vapors. The second stage
consisted on the addition of H,O, to the mixture, which was taken to a temperature of 180 °C
during 10 minutes (at 800 W) and left at this temperature for another 10 minutes.
Subsequently, the samples were cooled for 30 minutes and diluted to 25 mL with ultrapure
water.

A blank digest was carried out the same way for both procedures. The analytical

parameters are shown in Table 1.

2.4 Apparatus

All glassware was cleaned by soaking in dilute HNO3 (1%) for 24 hours and rinsed
with ultrapure water prior to use. Reagents and samples were weighed in electronic analytical
balance (SHIMADZU/AUY 220) with accuracy of 0.1 mg.

The mineralization of samples was held either in a block digester (CIENTEC) or in a
microwave oven (Mars, CEM), with 12 high-pressure vessels (50 mL capacity) of modified
polyethylene (TFM).

K, Na, Ca, Mg, Zn, Fe and Mn were determined in the plants by Flame Atomic
Absorption Spectrometry (FAAS — nova 300, Analytik Jena). Cr, Ni and Pb measurements
were carried out in a graphite furnace (GFAAS —ZEEnit 600, Analytik Jena). Cu and Cd were
determined by High Resolution Continuum Source Atomic Absorption Spectrometry (HR-CS
AAS — contra 700, Analytik Jena). As and Hg contents were also determined by Atomic



32

Absorption Spectroscopy. The former with Hydride Generation (HG AAS — nova 300,
Analytic Jena) and the latter with Cold Vapor (CV AAS — nova 300, Analytik Jena).

2.5 Recovery assays

In order to verify the efficiency of digestion procedure, two aliquots of the samples
were fortified with a stock solution (1000 mgL™) containing the minerals of interest. The
same digestion procedure previously reported was conducted in these samples and their

mineral concentrations were quantified by the appropriate technique.

3 Results and discussion

The literature review, conducted by consulting the database available in the last 30
years, revealed the existence of some works aiming the study of organic compounds present
in Connarus perrottetii var. angustifolius and Mansoa alliacea (Itokawa et al., 1992; Rocha et
al., 2004; Zoghbi et al., 2009; Paracampo, 2011). However, these studies do not include
information about the mineral composition of these plants.

3.1  Limits of detection of the analytical method and recovery tests

The limit of detection (LD) was calculated, for each element determined, as three
times the standard deviation of ten measurements of the analytical blank divided by the slope
of the calibration curve used for that element’s determination. Similarly, the limit of
quantification (LQ) was calculated as ten times this ratio (Table 1). The Pearson correlation
coefficients (r) indicate the methods present a good linearity in the concentration ranges
evaluated, i.e. r>0.99, as recommended by Brazilian Health Surveillance Agency (Anvisa).
Both limits of detection and quantification have proved suitable for the determination and
quantification of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As, Pb, Cd and Hg in the studied
species (BRASIL, 2003). As presented in Table 1, recovery test results ranged among 80 and
120%, remaining within the acceptable deviation of + 20%. This is a confirmation of the
validity of data collected in this study (BRASIL, 2003).
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Table 1 — Instrumental technique used and values observed for K, Na, Ca, Mg, Zn, Fe, Mn,
Cu, Cr, Ni, As, Pb, Cd and Hg determination in samples of Connarus perrottetii var.

angustifolius and Mansoa alliacea

Mineral Technique A r LD_l LQ_l

(nm) (mgL™) (mgL™)
K FAAS 766.5 0.9973 0.01401 0.04244
Na FAAS 589.4 0.9971 0.00203 0.00615
Ca FAAS 422.7 0.9997 0.02868 0.08692
Mg FAAS 285.2 0.9982 0.00434 0.01315
Zn FAAS 213.9 0.9956 0.00563 0.01705
Fe FAAS 248.3 0.9996 0.08212 0.24884
Mn FAAS 279.5 0.9928 0.01740 0.05274
Cu HR-CS AAS 324.8 0.9988 0.00013 0.00038
Cr GF AAS 357.9 0.9991 0.00027 0.00083
Ni GF AAS 232 0.9953 0.00302 0.00914
As HG AAS 193.7 0.9995 0.00113 0.00343
Pb GF AAS 283.3 0.9937 0.00023 0.00069
Cd HR-CS AAS 228.8 0.9969 0.00002 0.00006
Hg CV AAS 253.7 0.9970 0.00019 0.00058

FAAS, HR-CS AAS, HG AAS, GF AAS e CV AAS: Flame Atomic Absorption
Spectrometry, High Resolution Continuum Source AAS, Hydride Generation AAS, Graphite
Furnace AAS and Cold Vapor AAS, respectively. A: wavelength. r: Pearson correlation

coefficient. LD: limit of detection. LQ: limit of quantification.
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3.2 Mineral composition over different years of collection

According to data presented in Figures 1 and 2, most elements contents did not vary
considerably among the evaluated years. As expected, a difference in mineral levels was
observed when comparing different elements, since these can or not be essential to the plant
development.

Potassium concentrations varied for both plants, increasing by somewhat around 63%
from 2012 to 2014 for Connarus perrottetii var. angustifolius. For Mansoa alliacea, K
concentration rose by approximately 30% from 2012 to 2013, remaining nearly unchanged
from 2013 to 2014.

From 2012 to 2013, sodium concentration increased by 392% in Connarus perrottetii
var. angustifolius. This considerable variation was not observed in the next year to this plant
or during the entire period for Mansoa alliacea, for which Na contents remained nearly
constant.

An inverse relationship between levels of K and Na can be observed in both species.
According to Subbarao, Wheeler, Stutte and Levine (1999) the difference between K and Na
levels may be linked to a partial reduction in absorption capacity of one of them when both
are present. Since these elements can replace each other in some osmotic and metabolic
functions in plants, higher concentrations of K leads to lower concentrations of Na, without
any harm to the vegetable (Subbarao et al., 1999; Inocencio, Carvalho & Furtini Neto, 2014).

According to de Lima, Severino, Cazetta, de Azevedo, Sofiatti and Arriel (2011)
calcium presents low mobility in plants, granting higher stability in its concentrations. This
was verified by the results obtained in this study, considering that Ca levels remained fairly
constant in 2012 and 2014. However, in 2013, the concentration of Ca decreased by 66% in
relation to the previous year to Connarus perrottetii var. angustifolius, while it increased by
83%, in the same period, to Mansoa alliacea.

Similarly to the relationship between Na and K, an inverse trend is noticed for Zn, Fe,
Cu, Mn and Ni. While a progressive increase on Zn, Fe and Cu levels is observed, there is
also a progressive decrease on Mn and Ni content. Both relationships can be bound to a
competitive ion absorption by the plant, where the increase in concentration of a given cation
competitively inhibit the absorption of another one (Veloso, Muraoka, Malvolta & de
Carvalho, 1995; Subbarao et al., 1999).
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Figure 1 — Variation in mineral composition (K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Se, Cr, Ni, As,

Pb, Cd and Hg) of Connarus perrottetii var. angustifolius in 2012-2014.
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Figure 2 — Variation in mineral composition (K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Se, Cr, Ni, As,

Pb, Cd and Hg) of Mansoa alliacea in 2012-2014.
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In the year of 2013, there was a decrease of 19% in Mg concentration for Connarus
perrottetii var. angustifolius. This drop was counterbalanced by an increase of 15% in the
following year, so that, in the entire period, levels of this element remained nearly unchanged.
In contrast, it was noticed a raise of 101% in 2013, followed by a 36% decrease in 2014 in the
concentration of this element for Mansoa alliacea.

Levels of Fe in Connarus perrottetii var. angustifolius were 32% higher in 2014 when
compared to 2012. For Mansoa alliacea, levels of this element presented variations of 26%
(decrease) in 2013 and 68% (increase) in 2014.

Zinc concentrations in Connarus perrottetii var. angustifolius declined throughout the
period evaluated, being in 2013 60% lower than in 2012. In Mansoa alliacea, on the other
hand, Zn levels remained almost constant over the three years investigated.

A progressive increase in Mn content is observed for Connarus perrottetii var,
angustifolius, presenting a peak in 2013 with relation to 2012 (181% of increase). For Mansoa
alliacea, Mn levels were fairly close in all three seasons, being the most marked variation a
decrease of 22% from 2013 to 2014.

As previously reported by Veloso et al. (1995), the inverse relationship between Fe
and Mn concentrations was observed for Mansoa alliacea. The concentration of Fe in 2013 —
the lowest among the evaluated years — is greater than the maximum concentration of Mn
(37%) in the same year.

The Cu levels in Connarus perrottetii var. angustifolius presented a 34% decrease in
2013 when compared to 2012, remaining unchanged until the next year. For Mansoa alliacea,
the harvesting season affected this element concentration, presenting a loss in 21% in 2013,
which was recovered in the following year. Both plants showed lower levels of Cu when
compared to other essential nutrients, such as Fe, Mn, K and Zn. Amarante, Miller, Dantas,
Alves, Miller and Palheta (2010) believe this may be due to the local soil, which is
notoriously poor in this mineral. Veloso et al. (1995) have studied the influence of Mn on
Pipernigrum L. (a black pepper species), reporting an inverse relationship between the
concentrations of Cu and Mn. According to them, a Cu deficiency in vegetables leads to an
increase in Mn content (Veloso et al., 1995). Additionally Amarante et al. (2010) evaluated
soil samples from Melgaco (a city located 290 km from the capital city Para), detecting a low
or medium variation on levels of Cu in that soil.

Nickel concentrations showed an increasing trend in Connarus perrottetii var.
angustifolius over the assessed period. This was also observed for Mansoa alliacea, in which
Ni concentrations had a 57% boost in 2013, when compared to 2012 and 2014.
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As showed in Figure 2, Mansoa alliacea presented high levels of K, Na, Ca, Mg, Mn
and Ni in 2013, relative to the other years evaluated. It is possible that the plant, during the
collection period of 2013, was at flowering stage, characterized by the increment on some
elements concentrations (Pessanha, Viana, Carvalho & Oliveira, 2010; Lima et al., 2014)

In Connarus perrottetii var. angustifolius, Cr and Pb levels nearly did not change in
2012 and 2013, increasing by 80% and 93% respectively from 2013 to 2014. The
measurements for Pb in Mansoa alliacea were below the detection limit. Cr was also not
detected in the first year of evaluation of this plant, but an increase of somewhat near 143%
was detected from 2013 to 2014.

The concentrations of As in Mansoa alliacea remained virtually constant along the
studied period, being 17% the largest difference observed. In Connarus perrottetii var.
angustifolius, on the other hand, there was a 60% decrease in concentrations of that element in
2013, followed by an increase of 41% in the next year.

Cadmium levels declined in 33% in 2013 in Mansoa alliacea, remaining almost
unchanged in the following year. A different behavior was found in Connarus perrottetii var.
angustifolius, where Cd levels continuously decreased over the three years, being 90% lower
in 2014 than in 2012.

No variations in Hg levels were detected for Mansoa alliacea during the studied
period, while for Connarus perrottetii var. angustifolius, this concentration rose about 120%
in 2013 and, after that, was maintained.

By and large, the presence of toxic metals was detected throughout the analyzed
period with some variation in respect to their concentrations. According to Carvalho, Macel,
Mulder, Skidmore and van der Putten (2014) mineral balance variations may derive from
herbivore attack. Furthermore, they may be a consequence of environmental stimuli, such as
solar radiation and water availability, as these change the content of secondary metabolites.

Secondary metabolites have the ability to coordinate with some metals, modifying its
bioavailability (Pessanha et al., 2010). Environmental stimuli and their influence in the
biosynthesis of secondary metabolites is so far well established in literature. According to
Morais (2009), water in excess may modify the opening and closing mechanism of stomata,
photosynthesis, vegetable growth and leaf expansion, which can change secondary
metabolites contents. Also, solar radiation promotes photosynthetic processes, providing
molecules to secondary metabolites production (de Freitas, da Silva, Bezerra, de Lacerda,
Pereira Filho & de Sousa, 2010)
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It is well-known that constant and intense rain can promote mineral loss in leaves and
flowers (Pessanha et al., 2010). Although rains in the state of Pard present these
characteristics, there was no marked influence of rainfall on mineral concentration. Data on
precipitation provided by the National Institute of Meteorology (INMET) indicated that
rainfall remained almost constant in the months and years of study (466 mm, 500 mm and 483
mm for 2012, 2013 and 2014 respectively).

3.3 Mineral levels in studied plants

By analyzing and comparing the results in Table 2, it can be seen that both species
showed high levels of K, Ca, and Mg, which indicates they can assist in supplementing diets
(Almeida et al., 2002; Lopes et al., 2002; de Andrade et al., 2005; Delaporte et al., 2005). For
Connarus perrottetii var. angustifolius the lowest K concentration was close to the adequate
intake (Al), while the maximum concentrations for this species as well as results obtained for
Mansoa alliacea remained above the Al. Even though results are in agreement with Franco et
al. (2011) it is difficult to infer whether these levels present poisoning risk since no
information was found about maximum intake for this element.

Both species presented amounts of Ca and Mg above the Tolerable Upper Intake Level
(UL). Thus, the excessive consumption of these plants may favor the body accumulation of
these minerals. However, results for these elements are similar to the ones demonstrated by
Diniz, Dantas Filho, Muller, Fernandes and Palheta (2013) who determined them in
Amazonian herbs, including a species of Bignoniaceae family. Also, they showed levels of Na
below the Al, indicating that consumption of these plants contributes little to supply its daily
requirement.

Connarus perrottetii var. angustifolius presented Zn concentration close to the Dietary
Reference Intake (DRI), without exceeding the maximum value. Mansoa alliacea expressed
slightly larger quantities of Zn than maximum recommended daily intake. These

concentrations are similar to that reported by Maiga et al. (2005) in medicinal plants of Mali.
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Table 2 — Dietary Reference Intake (DRI) or Adequate Intake (Al) values and
Tolerable Upper Intake Level (UL) to macro-minerals, micro-minerals and toxic elements.
Concentrations in samples of Connarus perrottetti var. angustifolius and Mansoa alliacea

DRI ou Al* (mg) UL (mg) Concentrations in samples (mg Kg™)
Minerals Connarus perrotteti Mansoa alliacea
Females | Males | Females | Males var. angustifolius

min. max. min. max.

K? 4700* 4700* ND? ND? 4440.1 7250.0 12329 | 16117
Na' 1500" 1500* 2300" | 2300 39.695 19548 | 161.77 | 2333
Ca' 1000* 1000* 2500* | 2500 5857.4 17371 8035.4 | 13524
Mg 400* 310 350 350* 1085.1 13454 | 25350 | 37518
Zn 11° g 40* 40* 7.5680 23.110 | 3.6665 | 44.833
Fe g* 18* 45* 45° 52.516 69.625 | 48.477 | 81.037
Mn* 2.3 1.8 11* 11* 15.754 56.003 | 32.161 | 41.253
Cu 0.9* 0.9 10* 10* 3.0400 4.8200 | 7.5400 | 9.7800
crt 0.0035* | 0.0025* ND? ND? 0.3170 0.5710 | 0.0230 | 0.0560
Ni ND? ND? 1.0 1.0 0.294 0.9590 | 0.4210 | 0.6610
As ND? ND? 0.15° 0.15° 0.104 0.2630 0 0.0010
cd! 0.008° | 0.008° 0.07° 0.07° 0.0011 0.0110 | 0.0080 | 0.0120
Pb ND? ND? 0.245° | 0.245° 0.122 0.2510 <LD® | <LD®
Hg ND? ND? 0.05° 0.05° 0.02 0.0440 | 0.0440 | 0.050

Values related to dietary reference intake for youths/adults (19-50 years old).
YAl: values of adequate intake, which do not correspond to dietary reference intake (DRI).

’ND: not established.
3LD: Detection limit for Pb (0.00023 mgL™).

* Values are taken from Institute of Medicine.
®Values are taken from WHO.

Levels of Mn and Fe were rather high in both plants, exceeding the maximum daily

intake. Plants investigated can, therefore, be a great source of these minerals, as previously

reported by Gupta and Gupta (2013). Nevertheless, attention should be paid to the regular

consumption of such vegetables, as even essential minerals may, when in excess, be toxic.

Both plants exhibited concentrations of Cu above the recommended daily requirement, but not

exceeding the maximum intake level.

Chromium concentrations in Mansoa alliacea was very close to the Al value. In

Connarus perrottetii var. angustifolius, this metal content was slightly above the amount
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limited by legislation, but did not exceed the tolerable upper intake. Concentrations of Ni and
Hg for both plants were considerably close to UL while Cd levels were well below the
maximum recommended intake, indicating that normal consumption of such plants can not
cause poisoning by these metals. Nonetheless, contribution of other diet foods should be also
considered in this analysis. Connarus perrottetii var. angustifolius presented maximum levels
of As (0.263 mgkg™) and Pb (0.251 mgkg™) greater that the maximum intake values
established in literature (0.15 mgkg™ for As and 0.205 mgkg™ for Pb). This data may seem
alarming at first sight, but it must be considered that these values are present in 1 kg of plant,
which is hardly daily consumed. In addition, values found are below the maximum limit
permitted by Anvisa for tees and derivatives (1 mgkg™) (Brasil, 1965). Anvisa does not settle
a maximum permitted content of Pb in this matrix, but Pb concentrations determined in this
study are consistent with other works concerning medicinal plants (Lin & Jiang, 2013). The
concentration of As in Mansoa alliacea is lower than the UL and, for the same plant, Pb could
not be detected, indicating that the contribution of these minerals on the diet through this plant
would be very small.

Although toxic metals concentrations found in these samples are considered small,
such information require attention, due to the toxicology of these elements. Possible
contamination of plants studied by the toxic elements determined may be related to human

activities.
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4 Conclusion

This paper provides an overview on mineral composition of Connarus perrottetii var.
angustifolius and Mansoa alliacea in three different years.

Both plants present great potential to enhance the ingestion of Ca, Mg, Zn, Cu, Mn
and Fe, since these minerals are in concentrations that exceed the daily recommended intake
values. Also, levels of Na are low in these species, eliminating the risk of an excessive intake
of this element by consumption of such plants.

Connarus perrottetii  var. angustifolius and Mansoa alliacea showed low
concentrations of metals (Cr, Ni, Cd, Hg, As and Pb), indicating that only the consumption of
these plants is not capable of causing poisoning by these elements. However, mineral
contribution from other foods consumed daily should be considered, as well as the
accumulation of these metals by the organism.

Dependence of concentration with year of collection could not be verified for most
elements evaluated. However, variation on contents of Na, Mg, Mn, Cr and Hg could be
clearly observed over the period assessed, indicating that such relationship exists.

Considering that the elements present in these plants can vary according to the
environment where they are cultivated, further studies on the mineral composition of such

species cultivated at other locations are necessary.
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ABSTRACT

This work provides an overview about mineral composition of the medicinal species Cecropia
palmata, Cecropia obtusa, Bauhinia variegata and Bauhinia variegata L. var. alboflava
collected in 2012, 2013 and 2014, using atomic absorption spectrometry as analytical
technique. A discussion in terms of reference daily intake and maximum permitted intake was
established. All species presented low sodium level and have potential to supply the daily
needs of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, once the concentration of these minerals are above
the daily recommended intake limits. All four species also showed low concentrations of
metals that might be toxic above certain concentrations (Cr, Ni, As, Pb, Cd and Hg).
Thereafter, a normal consumption of these species cannot cause intoxication. On the other
hand, we must consider the mineral contribution of other foods in the daily diet.

Key words: Cecropia palmata, Cecropia obtuse, Bauhinia variegata and Bauhinia variegata

L. var. alboflava; mineral composition; toxicology.
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1. INTRODUCTION

Humankind has been using plants as health resort since its beginnings. By that time,
such practice was the only way to treat diseases. Today, even with the industrialization of
medicine, the use of medicinal plants is still one of the most important therapeutic resources
in many Brazilian regions. Economics and cultural issues, along with the belief that natural
products do not negatively affect health, are the factors that contribute most to the
employment of said alternative medicine.

In Brazil, plants are widely used in medicine mainly because of the existence of the
Amazon rainforest, which has the biggest flora diversity on the planet. Despite the extensive
popular use of Brazilian plants, scientific knowledge about their chemical composition is
limited, which often results in consumption with little or no evidence of pharmacological
properties.

Most of the recent studies about medicinal plants approach their organic composition,
in order to establish their pharmacological properties, and thereby, there are only few works
about their mineral composition. However, the knowledge about the elemental composition of
plant species is necessary since they may interfere with the therapeutic action, be toxic or
present nutritional value. Furthermore, the chemical composition of herbaceous plants may
vary according to many factors, such as weather conditions, type of soil, anthropic actions,
stage of development, plant age and plant organ.

Metals may interfere on the pharmacological action through modification of the
antioxidant activity, resulting from their complexation with flavonoids (KOSTYUK et al.,
2007; PEREIRA et al., 2007). The toxicity of many components is due primarily to the fact
that they interact with enzymes and cell membranes, affecting the normal functioning of the
cell and numerous physiological processes (MOREIRA & MOREIRA, 2004). Some minerals
may be used to replace mineral needs due to their ability to serve as cofactors in various
biological pathways that contribute to the proper functioning of the organism.

Cecropia palmata, Cecropia obtusa, Bauhinia variegata, and Bauhinia variegata L.
var. alboflava are amongst the numerous species of medicinal interest. Such plants are
extensively used by the population, but the scientific data on these species is scarce. Some
studies report the chemical composition of the aforementioned species (SILVA et al., 2007,
RAMOS et al., 2013), however, the ones involving mineral composition and its relationship

to weather conditions are limited.
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Plants belonging to the Cecropia genus are used to treat cough, bronchitis, high blood
pressure and heart problems (Ramos et al., 2013). In addition, there is information about
antirheumatic, anti-inflammatory, soothing and antioxidant activities (FREITAS, 2006;
SILVA et al., 2007).

Regarding the Bauhinia genus, it was found that plants present antibacterial (Ahmed,
2012), anticarcinogenic (SONAM et al., 2009), antioxidant (RAJANI and ASHOK, 2009),
anti-inflammatory (KOTESWARA et al., 2008) and hypolipidemic (RAJANI & ASHOK,
2009).

Whereas the population incorporates these plants in its diet, for various purposes, the
knowledge about their mineral composition is crucial. This rises from the paucity of data in
the literature about the mentioned species, as well as from the fact that these elements are
incorporated in the human diet under nutritional and pharmacological aspects.

Given this scenario, this work aims to determine the concentrations of potassium (K),
sodium (Na), calcium (Ca), magnesium (Mg), zinc (Zn), iron (Fe), manganese (Mn), copper
(Cu), chromium (Cr), nickel (Ni), arsenic (As), lead (Pb), cadmium (Cd) and mercury (Hg)
present in Cecropia palmata, Cecropia obtusa, Bauhinia variegata and Bauhinia variegata L.
var. alboflava. The samples were produced and collected in the experimental area of Embrapa
Eastern Amazon (Belém, PA) in the period of 2012-2014. The concentrations were
determined by atomic absorption spectrometry and a discussion in terms of reference daily

intake and proper intake quantity was established.

2. MATERIALS AND METHODS

2.1. Reagents

For the digestion of the samples and preparation of the standard solutions, bidistilled
HNO; (65%) and bidistilled HCI (37%), both supplied by Vetec Fine Chemicals Ltd, were
used. The H,O, (30%) used was produced by Merck. All these reagents were of analytical
grade. The standard solutions of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As, Pb, Cd and Hg
were obtained by dilution of a stock solution of 1000 mg/L from NIST (National Institute of
Standards and Technology). Ultrapure water (MilliQ, Millipore, Bedford, MA, USA) was

used for all dilutions.
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2.2. Apparatus

All glassware was cleaned by soaking in diluted HNO3 (1%) for 24 hours.

The samples were weighed in an electronic analytical balance (SHIMADZU/AUY
220) with accuracy of = 0.0001 g.

The sample mineralization for K, Na, Ca, Mg, Zn, Fe, Mn and As was held in block
digester (CIENTEC). For Cu, Cr, Ni, Pb and Cd the process was held in a microwave oven
(Mars, CEM) with 12 high-pressure vessels of modified polyethylene (TFM) with 50 mL
capacity.

The concentrations of K, Na, Ca, Mg, Zn, Fe and Mn were determined via Flame
Atomic Absorption Spectrometry (FAAS — novAA 300, Analytik Jena); Cr, Ni and Pb
measurements were carried out by Graphite Furnace Atomic Absorption Spectrometry (GF
AAS -ZEEnit 600, Analytik Jena); As and Se were analyzed via Hydride Generation Atomic
Absorption Spectrometry (HG AAS — nova 300, Analytic Jena); Cu and Cd were determined
by High Resolution Continuum Source Atomic Absorption Spectrometry (HR-CS AAS —
contra 700, Analytik Jena); and Hg by Cold Vapor Atomic Absorption Spectrometry (CV
AAS —nova 300, Analytik Jena).

2.3. Sampling

The leaves of Cecropia palmata, Cecropia obtusa, Bauhinia variegata and Bauhinia
variegata L. var. alboflava were collected Both samples were collected during the rainy
season (April/May) of 2012, 2013 and 2014, and were provided by Embrapa Eastern Amazon
(Belém, PA, at 1 27 21 S and 48 30 14 W, at an altitude of 10 m and an average annual

temperature of 30 °C). All samples were received properly prepared (dried and grounded).

2.3.1 Digestion (sample mineralization)

The decomposition of organic matter for obtaining the mineral to be analyzed was
held by acid digestion. For K, Na, Ca, Mg, Zn, Fe, Mn, As and Hg, approximately 1.0 g of
plant tissue was digested with 6 mL of HNO3, 2 mL of H,O, and 2 mL of HCI in a block
digester at a temperature of approximately 100 °C, according to EPA 3050B with some
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modifications. After digestion, the samples were diluted to 50 mL in volumetric flasks. For
Cu, Cr, Ni, Pb and Cd, pre-treatment consisted of the digestion of approximately 0.5 g of
plant tissue with 2 mL of HNOj3, 3 mL of ultrapure water and a subsequent addition of 4 mL
of H,O, in a microwave system. Samples were then diluted to 25 mL in volumetric flasks.
The microwave-assisted acid digestion program consisted of three stages (Table 1) based on
EPA 3051A.

Table 1 — Microwave-assisted acid digestion program.

Microwave . Temperature .
Ramp time Hold time
Stage Reagents  Potency (min) (Max) (min)
(W) (°C)
HNO;
1 +H,0 800 25 220 15
2 - - - - 30
3 H,0, 800 10 180 10

2.4. Recovery Assays

In order to verify the efficiency of the used digestion procedure, two aliquots of the
samples were fortified, one with a stock solution (1000 mg/L) of K, Na, Ca, Mg, Zn, Fe, Mn,
Se, As and Hg, and the other one with a stock solution (1000mg/L) of Cu, Cr, Ni, Pb and Cd.
Both samples were submitted to the same digestion procedures previously related and their
mineral concentration was quantified by the appropriate technique. A blank digest was carried
out the same way for both procedures. Table 2 shows the parameters used in each technique

for the quantification of the studied minerals.
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Table 2 — Analytical parameters for the determination of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr,
Ni, As, Pb, Cd and Hg in samples of Cecropia palmata, Cecropia obtusa, Bauhinia variegata
and Bauhinia variegata L. var. alboflava.

: A LOD LO

Element Technique (nm) r (mg.LY) (mg.l?‘l)
K FAAS 766.5 0.9947 0.01401 0.04244
Na FAAS 589.4 0.9943 0.00203 0.00615
Ca FAAS 422.7 0.9995 0.02868 0.08692
Mg FAAS 285.2 0.9965 0.00434 0.01315
Zn FAAS 213.9 0.9912 0.00563 0.01705
Fe FAAS 248.3 0.9993 0.08212 0.24884
Mn FAAS 279.5 0.9857 0.01740 0.05274
Cu HR-CS AAS 324.8 0.9976 0.00013 0.00038
Cr GF AAS 357.9 0.9983 0.00027 0.00083
Ni GF AAS 232 0.9906 0.00302 0.00914
As HG AAS 193.7 0.9990 0.00113 0.00343
Pb GF AAS 283.3 0.9874 0.00023 0.00069
Cd HR-CS AAS 228.8 0.9939 0.00002 0.00006
Hg CV AAS 253.7 0.9940 0.00019 0.00058

FAAS, HR-CS AAS, HG AAS, GF AAS and CV AAS: Flame Atomic Absorption
Spectrometry, High Resolution Continuum Source Atomic Absorption Spectrometry, Hydride
Generation Atomic Absorption Spectrometry, Graphite Furnace Atomic Absorption
Spectrometry and Cold Vapor Atomic Absorption Spectrometry. A: wavelength. r: Pearson
correlation coefficient. LOD: limit of detection. LOQ: limit of quantification.

3 RESULTS AND DISCUSSION

3.1 Mineral composition over different years of collection

Given the conditions in which this study was held and according to data shown in
Figures 1, 2, 3 and 4, it is possible to observe that, in a general way, the elements do not seem
to vary significantly amongst the evaluated years. As expected, a difference in mineral levels
was observed when comparing different elements, since these can or not be essential to the

plant development.
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Concentrations of K varied for all four plants. For Bauhinia variegata, it has
diminished around 27% from 2012 to 2014. For Bauhinia variegata L. var. alboflava, K
concentration also decreased around 25% from 2013 to 2014. Regarding Cecropia obtusa and
Cecropia palmata, K levels have increased 121% from 2013 to 2014 and 37% from 2012 to
2014, respectively. Na concentration for Bauhinia variegata has remained nearly constant
between 2012 and 2013, presenting a decrease of 47% from 2013 to 2014. Cecropia obtusa
has presented similar behavior with a higher decrease of 375% instead. For Cecropia palmata,
sodium concentrations varied very little in the period of study, being an increase of 27% from
2012 to 2013 the greater variation observed. Na levels in Bauhinia variegata L. var. alboflava
have shown a great increase of around 850% from 2012 to 2014.

An inverse relationship between levels of K and Na can be observed in studied
species. According to Subbarao et al. (1999), the difference between K and Na levels may be
linked to a partial reduction in absorption capacity of one of them when both are present.
Since these elements can replace each other in some osmotic and metabolic functions in
plants, higher concentrations of K leads to lower concentrations of Na, without any harm to
the vegetable (SUBBARAO et al., 1999; ASHLEY, GRANT & GRABOV, 2005;
INOCENCIO, CARVALHO & FURTINI NETO, 2014). According to Faquin, Ca presents
low mobility in plants, granting higher stability in its concentrations (SILVA, SANTOS &
PAIVA, 2998; BASTOS et al., 1999; FAQUIN, 2005). This was verified by the results
obtained in this study, where the Ca levels remained fairly constant. Bauhinia variegata L.
var. alboflava showed the most marked variation in calcium levels. During all three years of
collection, K concentrations did not present significant variations for the studied species,
except for Cecropia obtusa, which had a raise of 107% from 2013 to 2014.
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Figure 1 — Variation in mineral composition of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As,
Pb, Cd and Hg (from 2012 to 2014) for Cecropia obtusa.
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Figure 2 — Variation in mineral composition of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As,
Pb, Cd and Hg (from 2012 to 2014) for Cecropia palmata.
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Figure 3 — Variation in mineral composition of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As,
Pb, Cd and Hg (from 2012 to 2014) for Bauhinia variegata L. var. alboflava.
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Figure 4 — Variation in mineral composition of K, Na, Ca, Mg, Zn, Fe, Mn, Cu, Cr, Ni, As,
Pb, Cd and Hg (from 2012 to 2014) for Bauhinia variegata.
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Concerning Fe concentrations, it is possible to state that the results obtained for all
species, in all three years of study, did not present an expressive variation. Bauhinia variegata
has shown the greater concentration in the second year of collection, around 78% higher than
in the two other years. Bauhinia variegata L. var. alboflava exhibited the peak concentration
for this mineral in 2012, around 59% greater than in the two next years. Fe concentration in
Cecropia obtusa rose about 63% from 2013 to 2014. On the other hand, Cecropia palmata
presented the lowest Fe concentration in 2012, around 41% less than in 2013. Zn levels in
Bauhinia variegata and Bauhinia variegata L. var. alboflava had the same behavior: greater
values in 2012, followed by a decrease in 2013 and then by a slight increase in 2014, without
significant variations. For Cecropia obtusa, Zn concentrations reached the lowest values in
2013, 145% less than in 2014. Cecropia palmata has shown a peak in Zn levels in 2013 (60%
greater than 2012).

Regarding Mn levels, Cecropia obtusa and Cecropia palmata presented fairly constant
concentrations of this element in the first two years of collection, followed by a decrease in
the third. For Bauhinia variegata, Mn levels were 45% higher in 2013 than in 2014. Bauhinia
variegata L. var. alboflava presented a variation of 49% (decrease) from 2012 to 2014. Both
species of Cecropia had their Cu concentrations plateaued throughout the three years studied.
However, for Bauhinia species, the year of collection seemed to affect this metal levels.
Bauhinia variegata had a 300% variation (decrease) from 2012 to 2014, while for Bauhinia
variegata L. var. alboflava this difference was only about 120%. In all plants investigated,
copper levels were the lowest when compared to other micronutrients such as Fe, Mn and Zn.
According to Amarante et al. (2009) this may be due to the local soil, which is notoriously
poor in this mineral.

It may be seen that there was significant variations in the concentrations of essential
minerals. According to Inocencio; Carvalho; Furtini Neto (2014); Faquin (2005) and Veloso
et al. (1995) this oscillations may be related to the absorption competitiveness of ions by the
plant, where the rise in concentration of a given cation inhibits the absorption of another.
Besides, there is the possibility that the plants would be at a different stage of development
for different years of collection, such as flowering, characterized by the increase of some
elements (PESSANHA et al., 2010; HERNANDES et al., 2011; LIMA et al., 2014).

The concentrations of Ni varied considerably for all species. For Bauhinia variegata
L. var. alboflava there was a decline of 390% in Ni levels from 2012 to 2013. Cecropia
obtusa showed the lowest concentration of this metal in 2013, with a follow raise of 130% in

2014. Cecropia palmata, on the other hand, presented a peak in 2013: 210% and 67% greater
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than 2012 and 2014, respectively. In 2012, it was not possible to determine the concentration
of Ni for Bauhinia variegata because it was below the limit of detection (0.00302 mgL™), but
from 2013 to 2014 there was an increase of 230% in levels of this metal.

For all species, Pb concentrations were influenced by the year of collection. Cecropia
obtusa showed increasing levels of Pb through years evaluated, with a difference of 199%
from 2012 to 2014. On the other hand, Bauhinia variegata L. var. alboflava presented
declining levels in the same period (161% decrease). Bauhinia variegata and Cecropia
palmata showed peak concentrations in 2013. For the following year, it was detected a
decline of around 64% for the former and 105% for the latter. Now regarding the
concentrations of Cr, Bauhinia variegata L. var. alboflava and Bauhinia variegata showed
similar conduct, which consisted of a decrease in levels of this metal along the years studied:
they presented reductions of 63% and 94%, respectively. For As levels, Cecropia obtusa,
Bauhinia variegata L. var. alboflava and Bauhinia variegata presented analogous behaviors,
characterized by a raise in concentration (34%, 37% and 211% respectively) from 2012 to
2014. Differently, for Cecropia palmata the peak concentration was observed in 2012. It was
not possible to detect Cd concentrations for any of the species, since the values were below
the limit of detection (0.00002 mgL™). Hg concentrations for Cecropia palmata and Cecropia
obtusa remained stable between 2012 and 2014, with increases of 87% and 44% respectively,
in 2013. The most marked variation of this element in Bauhinia variegata L. var. alboflava
was detected in 2012, followed by a decrease of about 46% in the next year, remaining
constant in 2014. Bauhinia variegata presented roughly constant Hg concentrations from
2012 to 2013, with a 110% decrease for the next year.

By and large, significant variations in metals concentration for all species in the
sampling years were verified. According to Carvalho et al (2014), it might have happened due
to herbivorous attacks. Besides, such oscillations may be arising from environmental stimuli,
since they may alter secondary metabolites activity, which have the ability to coordinate to
some metals, modifying their bioavailability (MORAIS, 2009).

Regarding the rainfall influence, it is known that constant and heavy rains may favor
mineral losses in soils and plants (MORAIS, 2009). Although rains in the state of Para present
this characteristic, there was no marked influence of rainfall on metals concentration. Data on
precipitation provided by the National Institute of Meteorology (INMET) indicated that
rainfall remained almost constant in the months and years of study (466 mm, 500 mm and 483
mm for 2012, 2013 and 2014 respectively).
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3.2 Mineral levels in studied plants

From data shown in Table 3, it is noticeable that Bauhinia variegata e Bauhiina
variegata L. var. alboflava present similar and high levels of K, Ca e Mg. The same behavior
is observed for Cecropia obtuse and Cecropia palmate, suggesting that these species may
assist in dietary complementation, what was expected since these elements are
macronutrients. The minimum concentrations of K found for the four species are above the
adequate intake (Al). However, it is not possible to infer whether these concentrations might
cause harmful health effects, since the tolerable upper limits (UL) for this element is not
related (to our knowledge) in literature so far. Furthermore, our results are similar to those
reported by Pinto et al. (2005), who determined several minerals, including K, in Bauhinia
variegata seeds. The four species showed levels of Ca and Mg above the UL, suggesting that
an excessive consumption of these plants may favor the accumulation of these metals in
organism. The results for Ca are in agreement with the ones determined by Diniz et al (2013)
in Amazonian medicinal herbs, including species of the Bignoniaceae family. Likewise, the
results for Mg resemble concentrations determined by Martins et al (2009), also in
Amazonian medicinal plants. All species showed concentrations of Na below the Al,
indicating that consumption of these plants contributes little to the daily requirement of this
metal.

The species Cecropia obtusa and Bauhinia variegata var. alboflava presented Zn
concentrations near to the recommended daily intake, without exceeding maximum intake. On
the other hand, levels of Zn in Cecropia palmata and Bauhinia variegata are higher than the
DRI, but only exceeded the UL for the latter. Even though, these concentrations are in
accordance with Maiga et al. (2005), who determined Zn in medicinal plants. The levels
found for Mn and Fe in all plants were considerably high, exceeding the maximum daily
intake. Hence, these plants may be considered as a source for these minerals, as reported by
Amarante et al. (2011); Gupta & Gupta (2013). However, caution must be taken on regular
consumption of these plants, since Mn and Fe may be toxic above certain concentrations.
Regarding Cu, it may be noticed that both Bauhinia species and Cecropia obtusa exceeded
DRI, but without exceeding the UL. On the other hand, Cecropia palmata has shown
maximum value slightly above the UL. Despite the fact that these results go beyond the levels
set out by the legislation, they are in accordance with many works in the literature, such as
Ozcan (2004); Andrade, Alves and Takase (2005); Basgel & Erdemoglu (2006).
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Tabela 3 — Daily Reference Intake (DRI) or Adequate Intake (Al) and Upper Limits (UL) for macronutrients, micronutrients and toxic elements.
Mineral composition of Cecropia obtusa, Cecropia palmata, Bauhinia variegata and Bauhinia variegata L. var. albofava.

DRI or Al*(mg) UL (mg) Determined concentrations (mg/kg)

. . . - . Bauhinia variegata

Mineral Wormen Men Wormen Men Ref Cecropia obtusa Cecropia palmata Bauhinia variegata L var. albofla?va

min max min max min max min max

K* 4700 4700 ND ND Q) 8521.0 18869 13392 18414 9249.4 11745 9298.0 11598
Na* 1500 1500 2300 2300 (1) 120.57 573.72 117.10 149.08 62.521 93.367 4.4531 130.652
Ca* 1000 1000 2500 2500 (1) 8696.6 10083 13688 18226 7754.2 10514 5566.2 11.974
Mg 400 310 350 350 (2) 2900.3 6023.2 3556.1 4751.1 2599.4 3687.2 2127.7 2748.7
Zn 11 8 40 40 (2) 10.356 25.511 18.848 30.006 31.645 37.104 12.239 15.912
Fe 8 18 45 45 (2) 64.793 108.01 83.708 117.97 58.722 104.53 67.659 107.54
Mn* 2.3 1.8 11 11 (1) 40.165 72.395 38.894 45.847 27.814 40.391 47.977 71.802
Cu 0.9 0.9 10 10 (2 6.9600 8.4100 10.110 10.740 1.1500 4.9800 1.2600 2.7800
Cr 0.0035 0.0025 ND ND (2 0.6050 1.1930 0.7880 1.1670 0.4190 0.6830 0.1700 0.3270
Ni ND ND 1 1 (2) 0.0760 0.1760 0.1320 0.4100 0.0810 0.2670 0.1450 0.7130
As ND ND 0.15 0.15 1) 0.0949 0.1522 0.1337 0.1787 0.0451 0.1403 0.1444 0.1976

Cd 0.008 0.008 0.07 0.07 ) <LD <LD <LD <LD <LD <LD <LD <LD
Pb ND ND 0.245 0.245 (2) 0.1110 0.2430 0.1110 0.2280 0.0810 0.1330 0.0650 0.1700
Hg ND ND 0.05 0.05 (2) 0.0285 0.0411 0.0415 0.0775 0.015 0.0315 0.0329 0.0482

Values related to dietary reference intake for youths/adults (19-50 years old); “Al: values of adequate intake, which do not correspond to dietary reference intake (DRI); ND:
not established; LD: Detection limit for Cd (0,00002 mgL™); (1) Values are taken from Institute of Medicine; (2)Values are taken from WHO.
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Cr contents found for all four species studied were above the daily intake values set
out by legislation. It is not possible to conclude whether these values are toxic or not, since it
was not found in literature the safe intake limit for this element. Nonetheless, these results are
in agreement with Basgel & Erdemoglu (2006) and Saidelles et al. (2010). Ni and Pb
concentrations for all species did not reach the UL. The results found for Cd were below the
limit of detection, which is not above the value stated by legislation. Although this indicates a
regular consumption of these plants may not cause intoxication by these metals, the mineral
contribution from other foods must be considered. The As concentrations for Bauhinia
variegata were below the limit permitted by legislation. A contrario, Cecropia obtusa,
Cecropia palmata and Bauhinia variegata L. var. alboflava exhibited maximum values of this
element slightly above the intake limit established in literature. Even though this data is
worrying, we have to stress that this quantity is present in 1 kg of plant and this quantity will
very unlikely be part of the daily diet. Besides, the values detected are below the As
maximum limit stated for teas and derivatives by the Brazilian Health Surveillance Agency
(ANVISA) (1 mg/Kg) (BRASIL, 1965). Regarding the Hg concentrations, only Cecropia
palmata has exceeded the UL, but the results found are in accordance to what is reported by
Caldas & Machado (2004), who determined cadmium, mercury and lead in Brazilian
medicinal herbs.

Although the concentrations found in the samples are considered low, such data
warrant attention, not only because they may be significant, but also, by virtue of their chronic
toxicity potential. Possibly, the contamination of these species by these metals is due to

anthropic action.
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4 CONCLUSION

This paper provides an overview about the mineral composition of Cecropia obtusa,
Cecropia palmata, Bauhinia variegata and Bauhinia variegata L. var. alboflava, which are of
medicinal interest and are extensively used by the population.

All four species presented great potential to supply needs of Ca, K, Mg, Zn, Cu, Mn
and Fe, once they showed concentrations of these minerals above the daily recommended
intake values. All plants presented low levels of Na, which indicates there is no risk of
excessive ingestion of this element by consuming such plants.

Plants in question exhibit small oscillations on Cr, Ni, Cd, Hg, As and Pb
concentrations, which imply that the consumption of these species solely is not capable of
causing intoxication by these elements. Nevertheless, one must consider the mineral
contribution of other foods, as well as the cumulative effect of these metals in the organism.

Although plants have presented constant behavior for most minerals over the period
monitored, its dependence with the year of collection was clearly verified for Na, Cu, Ni, As
and Pb.

Since the chemical elements present in plants may vary accordingly to the
environment where they are grown, further studies about the mineral composition of these

species in different locations are necessary.
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6 DISCUSSAO INTEGRADA

Este trabalho forneceu um panorama da composicdo quimica mineral de Mansoa
alliacea, Connarus perrottetti var. angustifolius, Cecropia obtusa, Cecropia palmata,
Bauhinia variegata e Bauhinia variegata var. alboflava.

Para a realizacdo do trabalho fez-se 0 uso de quatro técnicas analiticas, as quais
apresentaram sensibilidade adequada para determinacdo da concentracdo da maioria dos
elementos presentes.

Pode-se verificar uma variagdo no teor dos elementos para 0s trés anos de
amostragem, porém sem apresentar um comportamento uniforme. Em geral as maiores
variacdes observadas foram na concentracdo dos minerais quando comparados entre si, ja que
uns séo requeridos em maiores e outros em menores concentragoes.

Todas as espécies apresentaram concentracGes satisfatdrias de minerais essenciais a
salde, tornando-as potencialmente aplicaveis para complementacdo alimentar. Além disso,
essas espécies apresentaram pequenas concentracdes de Na, indicando que tais plantas podem
ser consumidas mesmo por pessoas com restrigdo a este elemento.

Em relacdo aos minerais ndo essenciais, as espécies analisadas ndo sdo capazes de
causar intoxicacao a curto prazo. Porém deve-se considerar a contribuicdo de outros alimentos
consumidos diariamente. Embora alguns elementos tenham excedido os limites maximos
estabelecidos na literatura, os resultados estdo em concordancia com outros estudos.

Dentre as plantas analisadas as espécies do género Cecropia foram as que
apresentaram maiores concentra¢fes pra maioria dos elementos, sendo que Cecropia obtusa
apresentou maior valor para K, Na, Mg, Mn e Cr. Ja para Cecropia palmata os maiores
valores foram encontrados para Ca, Fe, Cu e Hg. Os maiores valores verificados para Zn e Cd
foram na Mansoa alliacea. Connarus perrottetti var. angustifolius apresentou maiores
concentracdes de de Ni, As, Pb. As espécies do género Bauhinia ndo apresentaram
concentra¢fes maximas para nenhum elemento.

Tendo em vista que os elementos quimicos presentes nas plantas podem variar de
acordo com o ambiente onde elas s&o cultivadas, mais estudos sobre a composi¢do mineral

destas espécies em diferentes regides sao necessarios.
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7 CONCLUSAO

- A analise da constituicio mineral da Mansoa alliacea e Connarus perrottetti var.
angustifolius revelou que as espécies tém potencial de suplementar as necessidades de Ca, K,
Mg, Zn, Cu, Mn e Fe, uma vez que apresentaram concentracdes destes minerais essenciais
acima dos valores diarios de ingestdo recomendados. Em relagdo ao Na, as espécies
apresentaram baixos teores desse elemento, indicando que ndo ha risco de ingestdo excessiva
do elemento pelo consumo de tais plantas. Tambeém, as plantas estudadas exibiram pequenas
concentragcdes dos metais Cr, Ni, Cd, Hg, As e Pb, indicando que o consumo de tais espécies,
isoladamente, ndo é capaz de causar intoxicacdo por estes elementos a curto prazo. Em
relacdo aos diferentes anos de amostragem foi verificado variacdes no teor dos elementos,

porém as oscilacdes ndo apresentaram um comportamento uniforme.

- A analise da constituicido mineral de Cecropia obtusa, Cecropia palmata, Bauhinia
variegata L. e Bauhinia variegata L. var. alboflava angustifolius revelou que as espécies
podem auxiliar na suplementacdo de Ca, K, Mg, Zn, Cu, Mn e Fe, uma vez que apresentaram
concentracOes destes minerais essenciais acima dos valores diarios de ingestdo recomendados.
Além disso, as espécies apresentaram baixos teores de Na, indicando que ndo ha risco de
ingestdo excessiva desse elemento pelo consumo de tais plantas. Também, as plantas
estudadas exibiram pequenas concentracdes dos metais Cr, Ni, Cd, Hg, As e Pb, indicando
que o consumo de tais espécies vegetais, isoladamente, ndo € capaz de causar intoxicacdo por
estes elementos a curto prazo. Em relacdo aos diferentes anos de amostragem foi verificado

variacdes no teor dos elementos, porém as alteracGes foram heterogéneas.
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