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RESUMO

Nas ultimas décadas tem-se verificado avancos significativos envolvendo estudos
fitoquimicos e farmacolégicos de plantas medicinais. Spondias tuberosa Arruda
(Anacardiaceae), conhecida por “umbu” ou “imbu” € uma planta endémica da Caatinga
utilizada no tratamento de diversas patologias. O presente estudo investigou o perfil
fitoquimico (métodos espectrofotométricos, CCD e HPLC), atividades antioxidantes
(ABTS, DPPH e fosfomolibdénio), fotoprotetora e hemolitica de extratos metandlicos
e acetato de etila dos frutos, folhas e ramos e atividade gastroprotetora in vivo do
extrato metandlico dos ramos (EMR) utilizando o ensaio de toxicidade aguda e o efeito
gastroprotetor contra lesdes induzidas por etanol em camundongos Swiss. Os
resultados mostraram que EMR apresentou as maiores quantidades de compostos
fendlicos (193,95 £ 0,01), flavonoides (21,61 £ 0,7) e taninos (87,110 + 1,5). O perfil
fitoquimico mostrou: (CCD: presenca de flavonoides heterosideos, derivados
cindmicos,  triterpenos,  esteroides,  proantocianidinas  condensadas e
leucoantocianidinas. HPLC: &cido galico, acido clorogénico, acido cafeico e acido t-
ferulico). Nos ensaios antioxidantes o0 EMR também apresentou a maior atividade.
Para ABTS apresentou porcentagem de inibicdo do radical livre de 78,05 = 0,99 a
97,33 £ 0,42 % apo6s 120 min, equivalentes a TEAC de 1678,89 + 24,11 a 2145,56 +
10,18 pM trolox. Para o ensaio de DPPH apresentou: 90,29 + 0,22 % de sequestro do
radical DPPH e para fosfomolibdénio apresentou uma capacidade antioxidante total
de 34,984 + 0,0 6%. Na atividade fotoprotetora o extrato de acetato de etila dos ramos
apresentou maior fator de protecédo solar (15,50 + 0.41). No teste de toxicidade aguda
ndo houve sinais de intoxicacdo e nem alteracdes fisiolégicas quanto a ingestao do
EMR. Na atividade gastroprotetora os grupos pré-tratados com lansoprazol (30 mg,
controle positivo) e o EMR nas doses de 50, 100 e 200 mg / kg protegeram a mucosa
gastrica em 73,82%, 73,74%, 72,02% e 72,4%, respectivamente, quando comparados
ao grupo pré-tratado com solucdo de NaCl 0,9% (controle negativo). Os resultados
obtidos indicam que o umbuzeiro é fonte de compostos bioativos, sendo promissor em
estudos de novos agentes antioxidantes, fotoprotetores e gastroprotetores naturais,
servindo de base para o desenvolvimento de novos medicamentos com possivel

aplicacao na prevencao e no tratamento de diversas doencas.

Palavras-chave: Umbuzeiro. Plantas medicinais. Caatinga. Antioxidantes.



ABSTRACT

In recent decades there has been significant progress involving phytochemicals and
pharmacological studies of medicinal plants. Spondias tuberosa Arruda
(Anacardiaceae), known as "umbu" and "imbuls an endemic plant Caatinga used in
the treatment of various diseases. This study investigated the phytochemical profile
(spectrophotometric methods, TLC and HPLC) and antioxidant (ABTS, DPPH and
phosphomolybdenium), photoprotective and hemolytic activities of methanol and ethyl
acetate extracts of the fruits, leaves and branches and gastroprotective activity in vivo
of methanol extracts of branches (MEB) using acute toxicity and the evaluation of the
gastroprotective effect out against lesions induced by ethanol in Swiss mice. The
results showed that the MEB presented the highest quantities of phenolic compounds
(193.95 £ 0.01), flavonoids (21.61 £ 0.7) and tannins (87.110 £ 1.5). The phytochemical
profile showed: (TLC: flavonoids, cinnamic derivatives, triterpenes and steroids and
condensed proanthocyanidins and leucoanthocyanidins. HPLC: gallic acid,
chlorogenic acid, caffeic acid and ferulic acid-t). In the antioxidant assay the MEB
showed bighest activities, for ABTS showed inhibition percentage of free radical of
78.05 + 0.99 to 97.33 + 0.42% after 120 min, equivalent to TEAC of 1678.89 + 24.11
to 2145.56 = 10.18 pM Trolox. For the DPPH assay showed: 90.29 + 0.22 % of
scavenging DPPH and for phosphomolybdenium showed the total antioxidant capacity
of 34.984 + 0.06 %. For photoprotective activity, the ethyl acetate extract of the
branches had higher sun protection factor (15.50 + 0.41). In acute toxicity test there
was not signs of intoxication and or physiological changes. In gastroprotective activity,
the group treated with lansoprazole (30 mg, positive control) and the MEB in doses of
50, 100 and 200 mg/kg protected the gastric mucosa in 73.82%, 73.74%, 72.02% and
72.4%, respectively, when compared to the group pre-treated with NaCl 0.9%(negative
control). The results indicate that the umbuzeiro is a source of bioactive compounds,
being is promising in studies of the new antioxidants, sunscreens and natural
gastroprotective, serving as a base for the development of new drugs with potential

application in the prevention and treatment of various diseases.

Keywords: Umbuzeiro. Medicinal plants. Caatinga. Antioxidants.
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1 INTRODUCAO

O uso de plantas como recurso terapéutico vem sendo descrito ao longo da
histéria da humanidade. O Brasil possui uma grande diversidade vegetal, contando
com aproximadamente 46 mil espécies distribuidas em seus biomas, porém apenas
17% dessas espécies sao exploradas para pesquisas de compostos biologicamente
ativos (POLITI; PIETRO; MOREIRA, 2009; RODRIGUES et al., 2013).

Dentre os ecossistemas do Brasil estd a Caatinga, uma das maiores e mais
distintas formacfes vegetacionais exclusivamente brasileira, com grande parte do
patrimdnio biolégico dessa regido ndo sendo encontrada em nenhum outro lugar do
mundo. Os resultados do censo demografico realizado pelo Instituto Brasileiro de
Geografia e Estatistica (IBGE), revelaram que a populacéo residente no Semiarido
brasileiro alcangou a marca de 22.598.318 habitantes em 2010, totalizando uma
extensao territorial de 980.133,079 km, incluindo partes dos Estados do Piaui, Ceara,
Rio Grande do Norte, Paraiba, Pernambuco, Bahia, Maranhdo, Sergipe e Alagoas
(MEDEIROS, 2012).

Segundo Forzza et al. (2013) séo listadas para o dominio fitogeogréafico da
Caatinga 4.482 espécies alocadas em 1.133 géneros e 159 familias. Dentre as plantas
que se destacam nessa formacdo vegetacional estd Spondias tuberosa, conhecida
popularmente como umbuzeiro ou imbuzeiro. O umbuzeiro € uma planta endémica da
regido Semiarida brasileira, adaptada a sobreviver e produzir flores e frutos sob
condicdo de estresse hidrico (NADIA et al., 2011). Além disso desempenha um papel
em destaque no Nordeste do Brasil como um importante recurso nutricional (OMENA
et al., 2012) de grande importancia social, econémica e cultural (BARRETO, 2007).

Segundo Gomes et al. (2010) o “umbu”, o fruto do umbuzeiro, € uma fonte de
renda para as familias dos agricultores da regido Semiarida do Nordeste. O
extrativismo do umbu é a maneira mais tradicional de sua exploracdo, sendo o0s
principais estados produtores: Bahia, Pernambuco, Rio Grande do Norte, Piaui e
Paraiba. Cerca de 50% da producdo do umbu € destinada a producdo de polpa,
geleias e doces, porém 40% da producéo nédo € aproveitada. O umbu e seus derivados
sao ricos em compostos antioxidantes, sendo considerados fontes de carotenoides,

acido ascorbico, compostos fenolicos, dentre outros (BORGES et al., 2007). A espécie
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também é bastante utilizada como antimicrobiana e anti-inflamatérias, merecendo
maiores estudos sobre a comprovacdo de suas atividades biolégicas. E Através do
desenvolvimento da ciéncia e tecnologia, as plantas medicinais estdo sendo
valorizadas quanto ao seu potencial terapéutico, ndo s6 na area da pesquisa, mas
também se tornou crescente o seu uso recomendado pelos profissionais da saude.
(CARREIRA, 2010).

Muitas propriedades terapéuticas das plantas sédo relatadas pela populacao,
gue sdo posteriormente confirmadas, em sua maioria nos estudos farmacolégicos,
comprovando assim a importancia da pesquisa etnofarmacoldgica. Tais propriedades
propiciaram a descoberta de diversos principios ativos e o desenvolvimento de varios
medicamentos, entre eles a procaina, cloroquina ou ainda farmacos como vimblastina
(Velban®), vincristina (Oncovin®) e o taxol (Taxol®) (MACIEL et al.,, 2002;
HOSTETTMANN et al.,, 2003). A maioria dos principios ativos de importancia
farmacoldgica encontrada nos extratos vegetais, de modo geral, € oriunda de uma
variedade de metabdlitos secundarios produzidos pelas plantas (FERREIRA; PINTO,
2010).

A Organizacdo Mundial de Saude (OMS) recomenda que 0s paises devem usar
0S recursos naturais disponiveis no proprio territério para promover a atencao primaria
a saude e contribuir para o uso sustentavel da biodiversidade nacional. Desta forma,
a OMS reconhece a importancia da fitoterapia, sugerindo ser uma alternativa viavel e
importante também as populacdes dos paises em desenvolvimento, devido ao seu
custo diminuido (SANTOS et al., 2012).

A busca de recursos vegetais na Caatinga como fonte de novas moléculas
bioativas visa o desenvolvimento biotecnolégico da regido do Nordeste. Neste
contexto, pesquisas direcionadas a investigar 0s compostos quimicos e avaliar o
potencial bioativo de plantas tornam-se oportunos de forma que os resultados possam
contribuir com o arsenal terapéutico do Bioma servindo como alternativas para o

tratamento de doencas de forma eficaz, natural e de baixo custo para populacéo.



19

1.1 JUSTIFICATIVA

Atualmente varios grupos de pesquisadores orientados pelo uso popular das
espécies nativas estudam as atividades biolégicas de plantas medicinais originarias
de diversas regi6es do mundo. Considerando-se a necessidade da busca de novos
compostos biologicamente ativos e o0s promissores resultados mencionados pela
sabedoria popular sobre Spondias tuberosa Arruda, torna-se relevante estudar seu
perfil fitoquimico e avaliar sua atividade antioxidante, fotoprotetora e gastoprotetora.
Além disso, a busca de material na Caatinga como fonte de novas moléculas bioativas

visa o desenvolvimento biotecnoldgico da Regido Nordeste.
1.2 HIPOTESE

Spondias tuberosa Arruda € bastante utilizada na medicina popular para
diversas patologias necessitando de comprovacao cientifica para tais usos. A planta
seria antioxidante, fotoprotetora e gastoprotetora. Assim, pretendemos com o projeto
agregar valor ao rico potencial farmacolégico da Caatinga e obter conhecimento sobre

a rigueza dos compostos extraidos da espécie.

1.3 OBJETIVOS
1.3.1 Objetivo Geral

Esse estudo tem como objetivo geral o realizar o estudo fitoquimico e avaliar o

potencial bioativo de extratos de Spondias tuberosa Arruda.

1.3.2 Objetivos Especificos

e Obter os extratos acetato de etila e metandlicos de diferentes tecidos da planta;
e Realizar screening fitoquimico;

e Avaliar a atividade antioxidante dos extratos acetato de etila e metandlicos das

folhas frutos e ramos;
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Avaliar atividade hemolitica dos extratos acetato de etila e metandlicos das

folhas frutos e ramos;

Avaliar o efeito fotoprotetor dos extratos acetato de etila e metandlicos das
folhas frutos e ramos;

Avaliar a atividade gastroprotetora in vivo do extrato metandlico dos ramos.



21

2 REVISAO DE LITERATURA
2.1 PLANTAS MEDICINAIS

Durante milénios o homem aprofundou seus conhecimentos empiricamente a
fim de melhorar sua alimentacéo e tratar de suas enfermidades, criando uma inter-
relacdo entre o uso das plantas e sua evolucédo (SANTOS, 2008). A busca por alivio e
cura de doencas pela ingestédo de ervas, talvez, tenha sido uma das primeiras formas
de utilizagdo dos produtos naturais (VEIGA-JUNIOR et al., 2005). Para utilizarem as
plantas como medicamentos, 0s povos antigos usavam de suas proprias experiéncias
e da observacédo do uso das plantas pelos animais (OLIVEIRA, 2006).

Entre 1880 e 1900 foi desenvolvido o primeiro medicamento sintético, as
antipirinas, seguidas pela antifebrina e pela aspirina. Apds a Il Guerra Mundial, as
pesquisas com ervas medicinais foram um pouco esquecidas devido ao grande
avanco dos farmacos sintéticos, (FRANCESCHINI FILHO, 2004). Sendo retomadas
nos dias atuais (BRESOLIN; CECHINEL FILHO, 2010). No periodo de 1941 a 2002,
dos 90 farmacos analisados no Annual Reports of Medicinal Chemistry, 61 eram
derivados semi-sintéticos de plantas e 9 eram oriundos de produtos naturais
(SILVEIRA et al., 2009).

No Brasil, tanto nas zonas rurais como nas grandes cidades as plantas
medicinais sdo comercializadas em feiras livres, mercados populares e encontradas
em quintais residenciais. O conhecimento sobre plantas medicinais simboliza, muitas
vezes, 0 Unico recurso terapéutico de muitas comunidades e grupos étnicos
(CALDERON et al., 2009).

A grande biodiversidade da flora brasileira gera grande potencial terapéutico e
leva a um significativo consumo de fitoterapicos e preparacdes extraidas de plantas
que, através do conhecimento tradicional e tecnolégico, podem ser validadas
cientificamente. Este imenso patrimbnio genético encontrado no Brasil tem, na
atualidade, um valor econdmico-estratégico inestimavel em varias atividades
(BRASIL, 2006), mas € no campo do desenvolvimento de novos medicamentos onde
reside sua maior potencialidade, uma vez que existem inUmeros medicamentos
obtidos direta ou indiretamente a partir de produtos naturais (CALIXTO, 2003).

A Organizacdo Mundial da Saude (OMS) reconhece a importancia da

fitoterapia, sugerindo ser uma alternativa viavel e importante também as populacdes
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dos paises em desenvolvimento, devido ao seu custo diminuido (SANTOS et al.,
2012).

Muitas comunidades rurais dependem quase exclusivamente de plantas
medicinais para o tratamento de doencas, e a populacdo urbana comeca a retornar
para remédios de plantas medicinais, devido aos medicamentos convencionais
possuirem custos mais elevados (DERWICH et al., 2011; BOULANOUAR et al., 2013).

Conforme a Resolucéo da Diretoria Colegiada. RDC n° 14, de 31 de marc¢o de
2010 da Agéncia Nacional de Vigilancia Sanitaria (ANVISA), fitoterapicos séo aqueles
medicamentos preparados a partir de plantas ou partes de plantas medicinais que
possuem propriedades reconhecidas de cura, diagndstico, prevengdo ou tratamento
sintomatico de doencas, validadas em estudos etnofarmacoldgicos, documentacdes
tecnocientificas ou ensaios clinicos de fase trés.

O aumento do consumo de plantas medicinais nas ultimas décadas foi devido
a muitas pessoas acreditarem que esses produtos seriam “naturais”, ou seja, ndo
apresentariam “produtos quimicos” passando a ser sinbnimos de produtos saudaveis,
seguros e benéficos a saude. (VIEIRA et al. 2010). Segundo a ANVISA (2008), uma
das grandes preocupacdes com o0 uso de plantas medicinais como forma de
tratamento ou cura € o seu uso indiscriminado e sem comprovacao cientifica. E todos
0s medicamentos a base de vegetais assim como qualquer outro medicamento podem
causar reacoes adversas e até mesmo problemas mais sérios de saude. (VEIGA
JUNIOR, 2008). Entdo, para se obter compostos bioativos seguros a partir de
materiais vegetais é necessario realiza: extracdo, triagem farmacoldgica, isolamento,
caracterizacao e avaliacdo toxicolOgica e bioldgica (SASIDHARAN et al., 2011).

O aproveitamento adequado dos principios ativos de uma planta exige o
preparo correto, ou seja, para cada parte a ser usada, para cada grupo de principio
ativo a ser extraido e para cada doenca a ser tratada, existe forma de preparo e uso
adequados (ARNOUS; SANTOS; BEINNER, 2005). E partes da planta como raiz,
caule, folha podem fornecer substancias ativas que serdo empregadas na obtencgéo
de um medicamento (ROSA et al., 2012).

O avango de pesquisas com produtos naturais ocorrido na area cientifica
permitiu o desenvolvimento de fitoterapicos confiaveis e seguros, embora ainda faltem

estudos cientificos que comprovem a utilizacdo segura e eficaz de varias plantas
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(VIEIRA et al., 2010).

Por meio do Decreto Presidencial N°. 5.813, de 22 de junho de 2006, o Governo
Federal aprovou a Politica Nacional de Plantas Medicinais, onde as acfes decorrentes
desta politica sdo manifestadas no Programa Nacional de Plantas Medicinais e
Fitoterapicos — PNPMF. Uma de suas propostas € inserir plantas medicinais,
fitoterapicos e servigos relacionados a fitoterapia no SUS, com seguranca, eficacia e
qualidade, em conformidade com as diretrizes da Politica Nacional de Praticas
Integrativas e Complementares no SUS (BRASIL, 2006). Esses medicamentos devem
ser extraidos de espécies cultivadas no Brasil ndo ameacadas de extin¢do, seguindo
a recomendacao da Organizacdo Mundial de Saude (OMS) de que os paises devem
usar 0s recursos naturais disponiveis no proprio territorio para promover a atencéo
primaria a saude e contribuir para o uso sustentavel da biodiversidade nacional
(BRASIL, 2011).

Um levantamento bibliografico cobrindo apenas os primeiros meses de 2012
mostra a eficacia das plantas medicinais no tratamento da doenca de Alzheimer
(MAHDY et al., 2012; ORHAN et al., 2012), de doencas cardiacas (LANG et al., 2012;
XING et al., 2012), maléaria (SISODIA, et al., 2012), leishmaniose (HAZRA et al., 2012),
esquistossomose (OLIVEIRA et al., 2012), cancer (MALHOTRA et al., 2012), herpes
(ASTANI et al., 2012), artrite (LI et al., 2012), como antibiético (MULAUDZI et al.,
2012), anti-inflamatério (NIU et al., 2012), antitlcera (SILVA et al., 2012), antioxidante
(KONRATH et al., 2012), antinociceptivo (LIMA et al., 2012), antidiabético (SOUZA et
al., 2012) e antidiurético (GASPAROTTO JUNIOR et al., 2012).

2.2 CAATINGA E SUA DIVERSIDADE

A Caatinga é uma das maiores e mais distintas regifes fitogeograficas
brasileiras, distribuida em uma area de 980.133,079 km2, abrangendo parte dos
estados do Piaui, Ceara, Rio Grande do Norte, Paraiba, Pernambuco, Piaui, Alagoas,
Sergipe, Bahia e Minas Gerais, chegando a ocupar 54% da regidao Nordeste e 11%
das terras brasileiras (ANDRADE et al., 2005).

O nome “Caatinga” é de origem Tupi-Guarani e significa floresta branca, que
certamente caracteriza bem o aspecto da vegetacdo na estacdo seca, quando as

folhas caem (PRADO, 2003). A Caatinga € um tipo de formacdo vegetal com
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caracteristicas peculiares tais como: arvores baixas e arbustos (que, em geral, perdem
as folhas na estacao das secas), alta radiagdo solar, baixa nebulosidade, baixas taxas
de umidade relativa, evapotranspiracao elevada e sistemas de precipitacao irregular
de 500 a 800 mm (BARRETO et al., 2007).

Sua paisagem € formada por arvores de troncos tortuosos, recobertos por
cortica e espinhos. As raizes cobrem a superficie do solo, para capturar o maximo de
agua durante as chuvas leves. As espécies mais comuns sdo: a umburana, a aroeira,
0 umbu, a barauna (bradna), a manigoba, a macambira, 0 mandacaru, o xiquexique,
o facheiro e juazeiro (MMA, 2010). A flora da Caatinga € bastante utilizada pelas
populacdes locais para os mais variados fins e existe um vasto conhecimento dessa
flora que tem contribuido para os cuidados basicos com a saude dessas populagdes,
visto que grande parte das cidades do Semiarido nordestino ndo tem acesso aos
avancos tecnolégicos da medicina.

Diversos estudos relatam a importancia bioldégica que este ecossistema
apresenta, com um consideravel potencial econdmico e ecoldgico (ALBUQUERQUE,
2002). Levando-se em consideracao a influéncia de fatores externos, como indice
pluviométrico, altitude, entre outros, sob o metabolismo das plantas, acredita-se que
a regido do Semiarido seja uma area que influencie na producao de variados tipos de
metabolitos secundarios com importantes atividades biologicas, como por exemplo
antioxidante (GOBO-NETO & LOPES, 2007). Desse modo, as plantas da Caatinga
possuem caracteristicas singulares, sendo excelentes alvos para a busca de novas
substancias ativas.

A Caatinga é considerada o terceiro bioma brasileiro mais degradado pelo
homem, sendo ultrapassada pela Mata Atlantica e pelo Cerrado. Essa situacdo
agrava-se ainda mais pelo numero reduzido de publicacGes relativas a catalogacao
da flora nativa, em que muitas espécies medicinais estdo ameacadas de extincdo sem
que tenham sido devidamente estudadas (REGO JUNIOR et al., 2011). Diante da
velocidade do fenbmeno de devastagdo deste bioma, torna-se mais urgente
intensificar os investimentos nessa area (LOIOLA et al., 2012). Portanto, constituem
desafios estudos nas areas de etnobotéanica, fitoquimica, agronomia, farmacologia e
biotecnologia para estas espécies endémicas (TABARELLI et al., 2004; SOUZA,
2009).
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2.3 Spondias tuberosa ARRUDA

A familia Anacardiaceae pertence a Ordem Sapindales, que compreende
aproximadamente 77 géneros e 701 espécies e 1056 taxons (THE PLANT LIST 2016),
presentes em ambientes secos a Umidos, principalmente em terras baixas nas regioes
tropicais e subtropicais, estendendo-se até regibes temperadas (LUZ, 2011). No
continente americano existem aproximadamente 32 géneros nativos, sendo que 77%
das espécies sdo endémicas do continente americano e apenas 0S géneros
Antrocaryon, Campnosperma, Cotinus, Pistacia, Rhus, Spondias e Toxicodendron
possuem representantes também em outros continentes (LUZ, 2011). No Brasil estéo
catalogados 14 géneros com 57 espécies de Anacardiaceae, sendo que 14 delas sédo
restritas ao pais (SILVA-LUZ; PIRANI, 2010).

Spondias € um género tropical da familia Anacardiaceae que abrange 18
espécies que sao distribuidas mundialmente (MICHELL; DALYSE, 2015), e dentre
estas, 4 a 7 espécies sdo encontradas nas Américas. Na Asia ocorrem cultivos
comerciais de Spondias mombin e Spondias purpurea, dentre outras 10 espécies
nativas (SILVA et al., 2014). No Brasil destacam-se as espécies S. mombin L. (Caja),
conhecida em certas regides como caja, caja-mirim ou tapereba; S. purpurea L.
(Siriguela), S. tuberosa Arr. Camara (Umbu ou imbu); S. dulcis ou S. cytherea
Parkinson (Cajarana ou caja-manga) e duas espécies taxonomicamente indefinidas,
mas consideradas hibridos naturais, caja-umbu ou umbu-caja (S. mombin x S.
tuberosa) e umbuguela (S. tuberosa x S. purpurea) (SILVA, 2009). Dentre as espécies
do género Spondias, podemos destacar a importancia comercial do umbu, caja e caja-
umbu ou umbu-caja. Seus frutos sdo comercializados in natura ou processados na
forma de polpas, sucos e outros produtos alimenticios (Lins Neto, 2010). Devido a
utilizagdo comercial destes frutos, varios estudos vém abordando as suas
caracteristicas de cultivo, assim como as caracteristicas fisico-quimicas, maturacao e
estabilidade, e os constituintes quimicos. Além do uso comercial, esta descrito na
literatura também a utilizacdo de espécies deste género na medicina tradicional em
diversas regides do mundo (AGRA et al., 2007).

S. tuberosa é uma espécie da familia Anacardiaceae, conhecida popularmente

como "umbuzeiro" ou “imbuzeiro”, sendo endémica da Caatinga e nativa do Semiarido
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brasileiro, ocorrendo desde o Piaui até o norte de Minas Gerais. O umbuzeiro € uma
planta adaptada a sobreviver e produzir sob condi¢do de estresse hidrico (GOMES et
al., 2010). Pode ser cultivada em larga escala, tanto para a alimentacdo humana,
qguanto para suplementacdo alimentar de animais. Suas raizes e folhas também
podem ser utilizadas como alimento, e a agua armazenada nas raizes é utilizada na
medicina popular (LOPES, 2007). A planta pode alcancar sete metros, possui tronco
curto e copa em forma de guarda-chuva (Figura 1). O extrativismo do umbu é a
maneira mais tradicional de exploracéo, sendo os principais estados produtores Bahia,

Pernambuco, Rio Grande do Norte, Piaui e Paraiba.

Figura 1 - Spondias tuberosa Arruda

Silva, A.G (2016)

A espécie possui sistema de polinizagdo generalista, sendo polinizada por
abelhas e vespas e produz flores e frutos quando a maioria das espécies de plantas
permanece decidual (ARAUJO et al., 2007).

O umbu é fonte de vitaminas (B1, B2, B3, A e C) e minerais (célcio, fosforo e
ferro) (VIDIGAL et al., 2011) e possui atividade antibacteriana (ROCHA et al., 2013) e
anti-inflamatoria (SIQUEIRA et al., 2016). Sob o ponto de vista etnofarmacolégico, S.
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tuberosa apresenta diversos usos para o tratamento de patologias, entre estas
diabetes, inflamacdes, colicas uterinas e dores de estdmago (LINS NETO; PERONI;
ALBUQUERQUE, 2010) e prisao de ventre (AGRA et al., 2007). O uso desta planta
para diversos fins terapéuticos estar relacionado com os constituintes presentes nesta
espécie. Conforme Almeida et al., (2011), os frutos do umbuzeiro apresentaram
atividade antioxidante pela presenca de compostos fendlicos e acido ascorbico, bem
como ha relatos da presenca de flavonoides, antocianinas e carotenoides.
Tradicionalmente, a casca do ramo do umbu € utilizada para a lavagem de olhos
infectados, e também € usado como digestivo e laxativo (AGRA et al. 2007).

Pessoa et al., 2006 realizaram um estudo com atividade antitumoral de 72
extratos de espécies do Nordeste brasileiro, nesse estudo; “S. tuberosa apresentou
atividade inibitéria sobre as células malignas do tumor de Walker”.

Estudos recentes demostraram que o extrato das folhas do umbuzeiro possui
atividade antiviral contra o virus do dengue tipo 2, devido a presenca do acido elagico,
guercetina e rutina (SILVA et al., 2011).

Quanto a presenca de metabolitos secundarios, quando avaliada a presenca
de compostos fendlicos de baixo peso molecular, ou fendlicos por UFLC, constatou-
se a presenca de acido galico, clorogénico, protocatecuico, p-cumarico, vanilico e
ferdlico no extrato dos frutos do umbuzeiro (SILVA et al.,, 2014). Levando em
consideracdo a presenca de flavonoides e taninos nos frutos e casca do caule do
umbuzeiro, associado ao conhecimento popular dos seus efeitos anti-inflamatérios e
cicatrizantes, esta espécie mostra-se promissora para bioprospeccéo e descoberta de
novos farmacos (ARAUJO et al., 2008).

Quanto a classificacdo da espécie, de acordo com The Angiosperm Phylogeny
Group (APG) Ill (2009), a posicdo taxondmica de Spondias tuberosa obedece a

seguinte hierarquia:

e Reino: Plantae

e Divisdo: Angiospermae
e Clado: Eurosideas Il

e Ordem: Sapindales

e Familia: Anacardiaceae
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e Género: Spondias

e Espécie: Spondias tuberosa Arr

e Nomes vulgares por Unidades da Federacdo: em Pernambuco, imbu,
imbuzeiro, umbu e umbuzeiro, em Alagoas, imbu e imbuzeiro; na Bahia, imbu,
umbu e umbuzeiro; no Ceara, ambu, embu, imbu, imbuzeiro, ombu e
umbuzeiro; na Paraiba, imbuzeiro e umbuzeiro; no Piaui e em Sergipe,
imbuzeiro.

e Etimologia: o nome genérico Spondias significa “ameixa”; o epiteto especifico
tuberosa, é devido a essa planta apresentar tuberas ou “batatas” (MAIA, 2004).
O nome popular umbuzeiro é de origem indigena y-mb-u, que quer dizer “arvore
que da de beber”. Uma referéncia a sua caracteristica de armazenamento de
Agua, especialmente da raiz, qualidade necessaria para sobrevivéncia nos

longos periodos de seca no seu habitat natural, a Caatinga.

2.4 METABOLITOS SECUNDARIOS

A utilizacdo de produtos de origem vegetal é crescente em todo o mundo,
principalmente devido aos problemas que sao atribuidos aos produtos sintéticos que
ocasionam danos tanto para a saude quanto para o meio ambiente (MACHADO;
FERNANDES JUNIOR, 2011).

Os compostos resultantes de reacdes quimicas celulares sdo denominados
metabdlitos, sendo divididos em primarios, os quais sdo fundamentais na matéria-viva,
responsaveis pelo crescimento e desenvolvimento do organismo (DEWICK, 2002) e,
secundarios, aqueles que ndo sdo necessarios as fungdes basicas intracelulares, mas
que exercem funcdes especificas de interacdo organismo e ambiente, podendo ser
interpretados como a interface quimica entre 0 organismo e 0S outros seres Vivos
(KUTCHAN, 2001).

As vias metabdlicas vegetais ddo origem a diversas classes de compostos, tais
como, alcaloides, flavonoides, isoflavonoides, taninos, cumarinas, terpendides entre
outros, que por vezes, sao especificos de determinadas familias, géneros ou espécies,

cujas funcdes, até pouco tempo eram desconhecidas. Muitos destes compostos séo
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de importancia na area farmacéutica, pois representam uma fonte promissora para a
descoberta de novas moléculas uteis ao homem (OKUNADE; ELVIN-LEWIS; LEWIS,
2004; HAIDA et al., 2007). Sao de grande importancia também nas seguintes areas:
alimentar, agronémica e cosmética (GAMBETA, 2008).

Entre os compostos bioativos oriundos do metabolismo secundéario podemos
citar: O grupo dos compostos fendlicos que inclui os acidos fendlicos (constituidos
pelos acidos hidroxibenzdicos (por ex. acido galico) e acidos hidroxicinamicos (por ex.
Acido cafeico), estilbenos (resveratrol), flavonoides (quercetina, cianidina e catequina)
e compostos altamente polimerizados (ligninas, melaninas e taninos) (SILVA et al.,
2007).

Os flavonoides séo constituidos por um numero alargado de familias de
compostos como os flavondis, flavonas, flavandis, flavanonas, antocianidinas e
isoflavonoides (RATNAM et al., 2006). Estes compostos estdo entre as moléculas com
maior atividade antioxidante (ROBARDS et al., 1999). A posi¢cdao do grupo OH na
estrutura da molécula é crucial para as propriedades antioxidantes dos flavonoides.
Além da capacidade de doar &tomos de hidrogénio (H) ou elétrons aos radicais livres,
os flavonoides e, em particular, as isoflavonas, poderdo exercer os seus efeitos
através de mecanismos como modulacéo das vias de sinalizacéo celular, interacdes
com a mitocéndria e alterac6es na expressao genética (HERNANDEZ-MONTES et al.,
2006).

Os taninos sdo compostos fendlicos de grande interesse econdmico e ecolégico
e tem sido alvo de diversos estudos, pois possuem grande capacidade de interagir
com as proteinas salivares, dando origem a complexos insolUveis que provocam a
sensacao de adstringéncia (SOARES et al., 2012). De acordo com a sua estrutura
guimica distinguem-se dois grandes grupos de taninos: os hidrolisaveis e o0s
condensados (OKUDA, 2005). Os taninos condensados sdo muito mais comuns que
os taninos hidrolisaveis (SANTOS-BUELGA; 2000).

A variedade e complexidade de metabdlitos sintetizados pelas plantas sofrem
a influéncia dos estimulos ambientais, bastante variaveis, de natureza quimica,
fisiologica e bioldgica, resultando na sintese de moléculas de estruturas complexas e
com grande diversidade de esqueletos e grupos quimicos funcionais (RISSATO;
ALMEIDA; SILVA, 2004).
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2.5 AVALIACAO DA ATIVIDADE ANTIOXIDANTE

Os compostos antioxidantes podem ser definidos como substancias que,
quando presentes em pequenas concentracdes em relagéo ao substrato oxidavel, sdo
capazes de retardar ou mesmo inibir substancialmente a oxidacao do substrato (NIKI,
2010).

A oxidagao € a transferéncia de elétrons de um atomo a outro e representa uma
parte fundamental do metabolismo aerdbio, sendo o oxigénio o ultimo aceptor de
elétrons num sistema de fluxo de elétrons que produz energia na forma de adenosina
trifosfato (ATP). (DAL'BELO, 2008).

Os radicais livres sdo espécies quimicas que contém um ou mais elétrons
desemparelhados, devido a isto eles séo altamente instaveis e causam danos a outras
moléculas através da captacdo de elétrons, a fim de alcancar a estabilidade. As células
geram espécies reativas de oxigénio (ROS) como resultado das alteracdes fisioldgicas
e processos bioquimicos. (DEEPA et al., 2012).

A formacdo de radicais livres pelo organismo em condi¢cdes normais é
inevitavel, pois sdo necessarios no processo de respiracdo celular nas mitocéndrias.
Os radicais livres podem ser gerados no citoplasma, nas mitocondrias ou na
membrana e o seu alvo celular (proteinas, lipideos, carboidratos e DNA) esta
relacionado com o seu sitio de formacao (CASTROGIOVAN; CASTROGIOVANNI;
IMBESI, 2012).

No sistema imunoldgico, os radicais livres tém papel importante, pois
apresentam acao bactericida, fungicida e virética, agindo como uma barreira de defesa
do organismo frente a presenca de microrganismos (RAHMAN, 2007). Além disso, sdo
encontrados envolvidos na fagocitose, regulacédo do crescimento celular, sinalizacéo
intercelular e sintese de substancias bioldgicas (SILVA et al 2011).

Segundo Sun et al. (2011), a producdo excessiva de espécies reativas de
oxigénio (ROS) e reacdes que levam a producéo de radicais livres podem levar ao
estresse oxidativo celular, podendo causar doencas degenerativas e outras
patologias. Radicais livres, como o anion superoxido (0O2), radical hidroxila (OH-) e o
radical peroxila (ROO-) séo particularmente reativos e conhecidos por serem produtos
bioldgicos na reducéo molecular do oxigénio (BIGLARI; ALKARKHI; EASA, 2008).
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O estresse oxidativo induzido por radicais livres é considerado um fator primério
no desenvolvimento de doencas neurodegenerativas como Alzheimer e Parkinson
(GOMEZ-PINILLA; NGUYEN, 2012), cancer (BARNETT et al., 2006), doencas
cardiovasculares como a aterosclerose (VOKURKOVA et al., 2007; BHATTACHARYA
et al., 2011), processos inflamatorios e envelhecimento (WANG et al., 2009), sendo
também a causa principal da morte celular e lesfes tecidulares resultantes de infarto
do miocérdio (IDE et al., 2001). Mais recentemente, foi demonstrado que o estresse
oxidativo também pode ser a causa da diabetes tipo Il (DOGRU et al., 2012). Exemplos

de espécies reativas de oxigénio sdo mostrados na tabela 1.

Tabela 1- Espécies reativas de oxigénio (ROS)

ROS Espécies reativas de oxigénio
Oz *- Radical superéxido
OH* Radical hidroxila
NO Oxido nitrico
ONOO- Peroxinitrito
Q Radical semiquinona
O2 Oxigénio singlete
HO2* Radical peridroxil
H202 Peroxido de hidrogénio
RO* Radical alquila

Préprio autor (2016)

A formacéo de radicais livres pode ser ocasionada por fatores endogenos
(respiracdo celular, inflamacdes, peroxissomos, enzimas do citocromo P450, dentre
outros) e exégenos (0zbdnio, radiacdes gama e ultravioleta, dieta alimentar, tabagismo,
alcoolismo, dentre outros fatores).

A acao dos antioxidantes é de grande importancia para que nao haja o excesso
de formacao de radicais livres. Naturalmente, alguns antioxidantes sdo produzidos
pelo corpo humano e outros podem ser adquiridos pelo consumo de alimentos
(ARAUJO, 2004). Sao considerados duas categorias de compostos antioxidantes, 0s

de origem natural e os designados sintéticos (CHEUNG et al., 2003). Os antioxidantes
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naturais dividem-se em dois grandes grupos, 0s enzimaticos e 0os ndo enzimaticos
(Figura 2). Os antioxidantes enzimaticos incluem as principais enzimas antioxidantes,
como a superoxido dismutase, catalase e glutationa peroxidase. Alguns exemplos de
antioxidantes ndo enzimaticos incluem a vitamina C, compostos fendlicos e compostos

lipossoluveis (vitamina E e carotenoides) (NDHLALA et al., 2010).

Figura 2 - Classificacao dos antioxidantes

Antioxidantes
' |
Antioxidantes enzimaticos | . » o
| Antioxidantes ndo enzimaticos
Minerais Vitaminas
. ]
| Zinco, Selénio ACEeK
A 7
Enzimas Pnmanas i Carotenoides | Conpostos
- —— OTZaN0SsUIUrAd0S
superoxido dismtase, catalase. | e — ]
glutationa peroxidase i - Hcopene J
Enzimas Secundirias .'—\nt1f)x.1dﬂnte de Ct_)faqores
: baixa massa —— antioxidantes
glutationa redutase molecular ]
S et e
Compostos fendlicos
Flavonoides Taninos
Flavondis Flavandis Flavanonas | )
,,,,,,,,,,,,,,, | Acidos hidroxicindmicos
IIIIIIIIIIIIIIIIIIIIIIIIIII l.
Isoflavonoides Antocianidina Flavonas . . .
i J ) Acidos idroxibenzoicos

Ratnam (2006)
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De acordo com Sun et al. (2011), atualmente existem disponiveis muitos
antioxidantes sintéticos tais como butilhidroxianisol e butil-hidroxitolueno, entretanto,
estes podem se acumular no organismo resultando em lesdo hepatica e
carcinogénese. Por esta razdo, como um esforco para protecdo do ser humano aos
radicais livres e retardamento do progresso de muitas doencas crbnicas tem se dado
grande atenc¢do aos antioxidantes naturais.

Antioxidantes naturais sdo obtidos a partir de recursos vegetais incluindo ervas
aromaticas, especiarias, frutas, legumes, oleaginosas e produtos (SHAHIDI; ZHONG,
2010). Alguns estudos mostraram que a ingestéo de frutas e verduras reduz a taxa de
doencas cardiacas, cancer, e outras doencas degenerativas, e que este fato pode ser
atribuido a presenca de antioxidantes naturais nestes alimentos (MOTAMED,;
NAGHIBI, 2010).

De acordo com Niki et al. (2010) as evidéncias que implicam o estresse
oxidativo no desenvolvimento de diversas doencas e desequilibrios conduzem ao
reconhecimento do papel dos antioxidantes na preservacdo da saude humana e na
prevencao e ajuda no tratamento de doencas. A diversidade quimica existente entre
0S compostos antioxidantes, em especial entre os compostos fendlicos, impde a
necessidade de avaliar a capacidade antioxidante por diversos ensaios, com
diferentes mecanismos de acdes. Neste sentido, varias metodologias tém sido
desenvolvidas, as quais diferem tanto em relacdo ao mecanismo de reacdo, como no
gue se referem as espécies-alvo, as condicbes em que ocorre a reacdo e na forma de
expressar os resultados. Dentre os métodos que determina a habilidade dos
antioxidantes em sequestrar radicais livres, destacam-se: Método de Complexacédo do
Fosfomolibdénio, DPPH (2,2-difenil-1-picrilhidrazila), ABTS (2,2-Azino-Bis-(3
Ethylbenzothiazoline)-6-Sulfonic Acid), Método de Reducéo do Ferro (Ferric Reducing
Antioxidant Power — FRAP), entre outros.

As vantagens e desvantagens dos métodos para avaliacdo da atividade
antioxidante tém sido discutidas em termos de simplicidade, instrumentacéo

necessaria, mecanismos, método de quantificacdo e relevancia biologica (NIKI, 2010).
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2.5.1 Fosfomolibdénio

Atualmente, este € um dos métodos preconizados para avaliar a capacidade
antioxidante atravées do poder redutor de extratos de amostras vegetais (PRIOR et al.,
2005). O método de complexacdo do fosfomolibdénio, descrito por Prieto (1999),
fundamenta-se na reducéao do molibdénio (VI) a molibdénio (V) ocorrida em presenca
de determinadas substancias com capacidade antioxidante, com formacdo de um
complexo verde entre fosfato/molibdénio (V), em pH &cido, o qual é determinado
espectrofotometricamente a 695 nm. A solugao teste inicial possui coloragao amarela,
tornando-se verde a medida que a solucédo de fosfato de molibdénio se reduz. Este
método possui a vantagem de avaliar a capacidade antioxidante tanto de

componentes lipofilicos quanto de hidrofilicos (Prieto et al., 1999).

2.5.2 DPPH

O teste de DPPH é um dos métodos mais antigos para determinar a atividade
antioxidante, sendo sugerido originalmente em 1950 para se descobrir os doadores
de hidrogénio em produtos naturais. Uma caracteristica desse método € que ele ndo
envolve condicBes drasticas de temperatura e oxigenacédo (BORGES et al, 2011). O
método de DPPH é muito utilizado para se determinar a atividade antioxidante em
extratos e substancias isoladas como: compostos fendlicos (SOUSA et al, 2007),
fenilpropandides, flavonéides (LEJA et al, 2007), cumarinas (VOGEL et al, 2005),
quitosana com diferentes pesos moleculares (KIM; THOMAS, 2006), antocianinas,
antocianidinas (DE LIMA et al, 2007) e carotendides (AJILA et al, 2007). Este ensaio
possui muitas vantagens, tais como uma boa estabilidade na auséncia da luz,
simplicidade e viabilidade (DENG, CHEN, YANG, 2011). O DPPH é reduzido formando
difenil-picril-hidrazina, com consequente desaparecimento da absorcéo, esta reducéo
pode ser verificada mediante espectrofotometria entre 515 a 516 nm, com simultanea
mudancga de coloracédo violeta escura original, para amarela clara (KOLEVA et al.,
2002). Ele é um radical livre estavel que, na presenca de um antioxidante doador de

hidrogénio, pode ser reduzido em meio alcoolico (OLIVEIR, 2015).
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2.5.3 ABTS

Outro método bastante utilizado para medir a atividade antioxidante é atraves
da captura do radical 2,2 -azinobis (3-etilbenzotiazolina-6- acido sulfénico) (ABTS™),
que pode ser gerado através de uma reagdo quimica, eletroquimica ou enzimaética.
Com essa metodologia, pode-se medir a atividade de compostos de natureza
hidrofilica e lipofilica (KUSKOSKI et al, 2005). Na presenca de antioxidantes doadores
de hidrogénio, pode medir-se a diminuicdo da formacdo deste radical por
espectrofotometria num comprimento de onda de 734 nm. Esse radical pode reagir de
forma enérgica com compostos doadores de hidrogénio, como compostos fendlicos,

sendo convertido em uma forma nao colorida de ABTS".

2.5.4 Antioxidantes como Fotoprotetores

Os antioxidantes sdo um dos principais principios ativos usados em
formulac6es cosméticas para combater os radicais livres. (ROSSI, 2000). Além das
vitaminas nos produtos cosméticos com a propriedade antioxidante, os extratos
vegetais ricos em compostos fendlicos também séo utilizados em cosméticos, tendo
sua eficacia comprovada (GUARATINI, MEDEIROS e COLEPICOLO, 2007; RIBEIRO,
2010).

A pele é a primeira barreira de defesa (SCOTTI; VELASCO, 2003) e a excessiva
exposicdo da pele aos ROS tem um papel importante no desenvolvimento de céncer,
imunossupressao cutanea e envelhecimento prematuro (BALOGH, 2011). Além disso,
0 estresse oxidativo é capaz de produzir danos celulares na pele, tais como:
peroxidacao lipidica, desnaturacdo proteica e alteracbes no DNA (NICHOLS et al.,
2010).

Na pele, a radiacdo UV desencadeia reacdes fotoquimicas a partir da excitacao
de elétrons em moléculas croméforas, podendo interagir diretamente com substratos
moleculares, como o DNA (reacOes de foto-sensibilizagéao tipo I) ou indiretamente,
gerando oxigénio molecular (reac¢des de foto-sensibilizacao tipo Il) e produzindo ROS
(WONDRAK et al., 2006). Nos sistemas bioldgicos, a luz pode interagir tanto com

moléculas fotossensiveis exogenas, originarias de farmacos ou cosmeéticos, quanto
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enddgenas, como 4cidos nucléicos e proteinas. Dependendo do tempo de exposicéao,
comprimento de onda e da regido exposta, essas interagdes podem produzir, direta
ou indiretamente, efeitos citotoxicos e genotoxicos nas células da pele (DE GRUIJL,
2002, FRUET, 2015).

Os cosméticos possuem ativos antioxidantes com o propdsito de proteger a
pele das radiagbes solares UVA e UVB, impedindo a acdo dos radicais livres e a
oxidacdo das células evitando os danos ao DNA e fibroblastos, resultando em uma
protecdo geral, retardando o envelhecimento e prolongando a boa qualidade e
aparéncia da pele (GALVEZ et al., 2010). Diversos compostos de origem vegetal tém
recebido especial atencdo para uso como agentes fotoprotetores (TOMARINO et al.,
2006). As plantas que absorvem na regido ultravioleta tém na sua composicao
grandes guantidades de metabolitos secundarios, tais como os compostos fenélicos
(flavonoides, taninos), antraquinonas e alcaloides (DI MAMBRO & FONSECA 2006).

Os compostos fendlicos apresentam fotoprotecdo relacionado a sua
propriedade antioxidante (NICHOLS et al, 2010). A presenca de grupos hidroxilas no
anel aromatico e de grupamentos doadores de protons (como exemplo hidroxilas,
carboxilico, tiol) sdo estruturas que permitem aos compostos fendélicos apresentarem
atividade antioxidante (LEE et al., 2013). Compostos derivados do &cido cinamico
como os acidos rosmarinico (AR) e clorogénico (ACG) séo de grande importancia na
fotoprotecdo devido a semelhancas estruturais com substancias com conhecida
atividade fotoprotetora como, por exemplo, o metoxicinamato de octila (EDREVA et
al.,, 2005). Antioxidantes aplicados topicamente ou administrados oralmente
apresentam uma perspectiva promissora de prevencado de doencas cutaneas ao

enriguecer o sistema antioxidante cutaneo endégeno (ROPKE et al., 2003).

2.6 ULCERAS PEPTICAS

Ulcera é uma lesdo profunda, onde componentes do tecido epitelial e conectivo,
incluindo miofibroblastos subepitelias, células do musculo liso, vasos e nervos, podem
estar destruidos (MILANI E CALABRO, 2001). Ulceras pépticas s&@o lesbes
caracterizada pela perda circunscrita de tecido que ultrapassa os limites da camada

muscular da mucosa que pode desenvolver-se na porcéo inferior do esbéfago, no
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estbmago e no duodeno (SILVA, 2014). Se as Ulceras pépticas sdo encontradas no
estbmago, elas sdo chamadas de Ulceras géastricas. A Ulcera péptica gastroduodenal
€ uma doenca heterogénea, com multiplos fatores envolvidos na sua génese. Dados
epidemiologicos mostram que a Ulcera gastrica é uma doenca que cresce
continuamente em todo o mundo. Aproximadamente 10% da populagdo que vive em
paises industrializados € afetada em algum estagio da doenca. Ela possui uma
tendéncia em se tornar crénica perdurando por 20 anos ou mais, com episodios de
cicatrizac&o e re-exacerbacéo (KLEIN-JUNIOR et al., 2012; ZAGHLOOL et al., 2015).

Mesmo com grandes avancos no conhecimento da doenca ulcerosa péptica, a
sua etiopatogenia nao é totalmente conhecida. O entendimento dos eventos chave no
desenvolvimento do processo de ulceracdo € crucial para a elaboracdo de novas
drogas com ampla margem de seguranca (KLEIN-JUNIOR et al., 2012; SZABO,
2014). Dentre as hipdéteses mais aceitas como causa dessa patologia, sdo citados:
fatores genéticos, fatores enddégenos (disturbios fisiopatoldgicos) e fatores exdégenos
(estresse, tabagismo, dieta alimentar, uso de anti-inflamatorios ndo esteroidais
(AINESs), ingestao de alcool, fumo e infec¢do por Helicobacter pylori) (CARVALHO,
2000). Por outro lado, o organismo possui potentes mecanismos de defesa (barreira
muco-bicarbonato, fosfolipidios da superficie epitelial de revestimento, camada
lipoproteica da membrana, fluxo sanguineo, sintese de prostaglandinas (PGs), oxido
nitrico (NO) e sistema antioxidante) que protegem a mucosa de possiveis lesdes
(POTRICH, 2009).

Um fator de grande importancia no desenvolvimento de Ulceras géastricas é o
consumo de alcool pela populacdo, que pode produzir erosdo gastrica aguda
hemorragica. A ingestédo excessiva pode resultar em gastrite caracterizada por edema,
hemorragia sub-epitelial, esfoliacdo celular e infiltracdo de células inflamatérias na
mucosa gastrica (JAHOVIC et al., 2007). Aléem disso, em modelos experimentais o
etanol tem efeito ulcerogénico e necrotizante que resulta em dano direto da mucosa
(ROZZA et al., 2013) O etanol também induz liberacdo de endotelinas, degranulacéo
de mastdcitos, inibicdo da sintese de prostaglandinas (PGs) e consequente redugéo
da producédo de muco, além de provocar danos no endotélio vascular da mucosa
gastrica, desordem da microcirculacdo e isquemia, aumentando a producao de ROS
(PAN et al., 2008).
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O trato gastrointestinal tem a capacidade de produzir grandes quantidades de
ROS pelos processos de oxidagdo na mucosa, dentre 0os quais participam: xantina
oxidase, amina oxidase, aldeido oxidase, bem como a nicotinamida adenina
dinucleotideo fosfato reduzida oxidase (NADPH oxidase) encontrada em leucaocitos
residentes (macréfagos, neutrofilos e eosindfilos).

Quando ocorre o desequilibrio entre os fatores irritantes e 0os mecanismos
protetores, o resultado € o desenvolvimento de inflamacgéo aguda que é acompanhada
pela infiltracdo de neutrofilos na mucosa gastrica, os quais sédo recrutados por
citocinas pré-inflamatérias, gerando, com isso grandes quantidades de ROS pela
ativacdo da NADPH oxidase (FIALKOW et al., 2007). Portanto, a integridade da
mucosa gastrointestinal depende de um equilibrio entre os fatores agressivos e 0s
fatores protetores, sendo que a Ulcera é o resultado final de uma série de alteracbes
fisiologicas (JAIN et al., 2007).

Diversos compostos de origem vegetal (flavonoides, saponinas, taninos, gomas
e mucilagens) demonstram atividade antitlcera quando testados em animais, porém
poucos estudos clinicos foram realizados (POTRICH 2009). Essas classes de
compostos citadas, possuem importancia terapéutica que podem apresentar tanto
atividade anti-inflamatéria quanto antitlcera, uma vantagem em relagdo aos anti-

inflamatorios tradicionais que, em sua maioria, sao ulcerogénicos.

2.6.1 Modelo de Inducéo de Ulceras por Etanol

A utilizacdo do etanol para induzir Ulceras € realizada através de procedimentos
simples e reprodutiveis, com a administragdo de diferentes quantidades (0,5 a 2 mL)
de etanol concentrado (50-100%). Dependendo da quantidade de etanol administrada,
entre 10 e 40% da porcao glandular dos estbmagos de camundongos e ratos se
tornam cobertas por lesbes hemorragicas e Ulceras, que sdo observadas entre 1-2
horas apds a administracdo (JAIN et al., 2007). Pesquisas realizadas com base no
tempo do modelo demonstram que a maior parte das lesées se forma dentro de 1-3
minutos do contato do etanol com a mucosa. A tabela 2 mostra os mecanismos

envolvidos na formacao de lesdo da mucosa gastrica.
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Tabela 2 - Causas envolvidas na lesdo da mucosa gastrica induzida por etanol

Diminuicéo Aumento
Produc¢éo de muco Geracao de radicais livres
Motilidade gastrica Refluxo na difuséo de &cido
Diferenca de potencial transmucosa Liberacéo de serotonina
Producéo enddgena de GSH (glutationa) Liberacéo de histamina
Producéo de prostaglandinas Efluxo de sodio e potassio
Fluxo sanguineo na mucosa gastrica Influxo de célcio

Producéo de leucotrienos
Isquemia

Permeabilidade vascular gastrica

Adaptado de GLAVIN (1992)

2.6.2 Tratamento

Visto que os principais fatores que levam a formacédo de ulceras no trato
gastrintestinal envolvem o desequilibrio entre os fatores que provocam dano da
mucosa (como &cido e pepsina) e 0os agentes protetores (muco e bicarbonato), além
da infeccao por H. pylori, as estratégias de tratamento de Ulceras visam corrigir ou
atenuar estes problemas, baseadas nos mecanismos de acdo dos farmacos

disponiveis, como mostra a Tabela 3.

Tabela 3 - Farmacos utilizados no tratamento de Ulceras e seus respectivos mecanismo de agéo

Farmacos Mecanismo de A¢do
Omeprazol

Lansoprazol Inibidores da bomba de prétons
Pantoprazol

Hidroxido de magnésio
Hidréxido de aluminio Antiacidos
Bicarbonato de sédio

Amoxicilina

Metronidazol Antibibticos
Claritromicina

Tetraciclina

Carbenoxolona
Misoprostol Citoprotetores

Proéprio autor (2016)
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Inimeras classes de agentes farmacologicamente ativos provaram suas
efetividades no tratamento de distlrbios &cido-pépticos. Essas classes incluem:
antiacidos (hidroxido de aluminio e magnésio); agentes supressores da producéo
acida (antissecretores), que incluem inibidores da bomba de H+/K+ ATPase (IBP,
omeprazol, lansoprazol, pantoprazol, rabeprazol, esomeprazol, dexlansoprazol,
tenatoprazol); antagonistas reversiveis dos receptores H2 de histamina (ARH2,
cimetidina, ranitidina, famotidina, nizatidina); anticolinérgicos (pirenzepina, via
receptor M1 e M3); agentes citoprotetores (sucralfato e analogos de prostaglandinas)
e antimicrobianos para a erradicacéo do Helicobacter pylori (CORDEIRO et al., 2012;
AWAAD; EL-MELIGY; SHIMOYAMA et al., 2013; JUNIOR et al., 2014). Diante dos
efeitos colaterais provocados pela utilizacdo cronica desses farmacos, se faz
necessario investigar alternativas que agreguem efeitos farmacolégicos capazes de
promover a prevencao e a cicatrizagéo de Ulceras, com auséncia ou reducao de efeitos

colaterais.
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Abstract

Spondias tuberosa Arruda (umbuzeiro), a Brazilian semiarid plant, is a species of great
economic, social, and ecological importance. In folk medicine, the leave have been
used in the treatment of diabetes, inflammation, stomach and uterine pains, and
constipation. In this study, the antioxidant properties of ethyl acetate and methanol
leaves extracts were evaluated in vitro using different methods: free radicals
elimination by DPPH and ABTS assays, and transition metal reduction by
phosphomolybdenium assay. In addition, a phytochemical study was also carried out.
The methanolic leaves extracts showed the strongest antioxidant activity and the
higher values for total phenolic and flavonoids. The results showed that S. tuberosa
leaves have antioxidant activity and this seems to be related to the phenolic content.

Key-words: Umbuzeiro, phenolic compounds, flavonoids, antioxidants.
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Introduction

The oxidative stress induced by free radicals is considered a primary factor in
neurodegenerative diseases as Alzheimer's, Parkinson's and cardiovascular diseases
as atherosclerosis [1]. The in vitro ability of phenolic compounds in the free radicals
elimination and pro-oxidant metals reduction may explain the effectiveness in the
treatment of many chronic non-transmissible diseases [2]. Natural antioxidants derived
from plants are generally required to neutralize the damage caused by reactive oxygen
species (ROS) to the cells [3].

Antioxidant compounds can be defined as substances that show at low
concentrations the capability to inhibit or retard substrate oxidation when compared to
oxidizable substrates [4]. Antioxidants such as flavonoids, tannins, coumarins,
curcumanoids, xanthones, phenols, lignans and terpenoids have been found in various
plant products as fruit, leaves, seeds and oils [5].

Spondias tuberosa Arruda (Anacardiaceae), known as "umbuzeiro”, is a tropical
plant that plays a major role in the Northeast of Brazil as an important nutritional
resource [6]. It is endemic to the Caatinga zone and produces flowers and fruits during
the dry season [7], when most species of plants remain in a completely deciduous state
[8, 9]. In addition, the fruits represent an investment for the local population as food for
humans and animals [10, 11]. This species has great ecological, social, economic, and
cultural importance [12]. The “Umbu”, the fruit of S. tuberosa provides a source of
vitamins (B1, B2, B3, A, and C) and minerals (calcium, phosphorus and iron) [13] and
possesses antibacterial activity [14]. In popular medicine, leaves are also used for
treating several pathologies as diabetes, inflammations, uterine pain, stomach pain
and constipation [15].

The aim of this study was the evaluation of the phytochemical profile and the
determination of total phenolics, flavonoids, and the antioxidant activity of the ethyl
acetate and methanol leaves extract of S. tuberosa by different methods (ABTS, DPPH

and phosphomolybdenum assays).
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Material and methods
1. Tratamento
The plant was collected in Catimbau National Park, Pernambuco, Northeast of
Brazil, at April 2014. The botanical identification was made by the herbarium staff of
the Instituto de Agrondmico de Pernambuco (IPA) and a voucher specimen was
deposited in the herbarium (No. 91090).

2. Tratamento Extract preparation
The leaves were dried in an oven at 45 °C. The material was triturated in mill
(Tecnal/Willye mill/ET-650) to obtain a powder. The extracts were obtained in a
mechanical Accelerated Solvent Extractor (ASE 350 Dionex). The extracts were
concentrated under a nitrogen stream in a heating block at 60 °C. 20 g of the powder
were transferred to the cells of the ASE and extracted with ethyl acetate and methanol
and then dried at 50 °C using a rotary evaporator.

3. Phytochemical analysis
The phytochemical screening of the plant extracts was performed by thin layer
chromatography (TLC) according to Wagner and Bladt [15], Harborne [16] and Roberts
et al. [17]. Aliquots of ten microliters of the extracts of the extracts were applied on silica
gel chromatography plates, using elution systems and suitable developers to
investigate the presence of saponins, flavonoids, cinnamic derivatives,
phenylpropanoids, triterpenoids, steroids, mono- and sesquiterpenes, alkaloids,

proanthocyanidins and leucoanthocyanidins, coumarins, and quinones.

4. Determination of total phenolic content
Total phenolic content was determined by the Folin-Ciocalteu method to Li et
al. [18] Two hundred microliters of diluted sample were added to 1 mL of 1:10 diluted
Folin—Ciocalteu reagent. After 4 min, 800 mL of saturated sodium carbonate solution
(75 g/L) was added. After 2 h of incubation at room temperature, protected from light,
the absorbance at 765 nm was measured in triplicate. Gallic acid (0—-500 mg/L) was
used for calibration of standard curve. The results were expressed as milligram gallic

acid equivalent (mg GAE) / g dry weight of plant extract.
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5. Determination of flavonoids
The determination of flavonoids follows the methodology proposed by Woisky
and Salatino [19] To 0.5 mL of diluted samples, was added 0.5 mL of 2 % AICl3 (w/ v)
solution prepared in methanol. After 30 minutes of incubation at room temperature,
protected from light, the absorbance at 420 nm was measured in triplicate. The results
were expressed as milligram quercetin equivalent (mg QE)/ g dry weight of plant

extract.

6. Antioxidant activity using 2,2-azino-bis-(3 ethylbenzothiazoline)- 6-sulfonic acid

(ABTS)

According to Silva et al. [20], the ABTS assay is based on the generation of
chromophore cationic radical obtained from the oxidation of ABTS by potassium
persulfate. The oxidation reaction was prepared with 7 mM ABTS stock solution plus
140 mM potassium persulfate (final concentration) and the mixture was left in the dark
at room temperature (23 — 25 °C) for 12 — 16 h (time required for radical formation)
before its use. The ABTS+ solution was diluted in ethanol to an absorbance of 0.7 ( =
0.02) units at 734 nm. The effect of extract amount on the antioxidant activity was
carried out using aliquots of 30 pL, and mixing with 3 mL diluted ABTS+ solution. The
absorbances at 734 nm were measured at different time intervals (6, 15, 30, 45, 60
and 120 min). Trolox (6-hydroxy-2,5,7,8- tetramethylchroman-2-carboxylic acid) was
used as a reference standard. The values of oxidative inhibition percentage were
calculated and plotted as a function of the reference antioxidant concentration (Trolox)
and expressed as Trolox equivalent antioxidant capacity (TEAC, upM). All

determinations were carried out in triplicate.

7. DPPH radical scavenging assay
The DPPH free radical scavenging activity of the extracts was performed
according to Brand-Williams et al. [21] with some modifications. A methanolic DPPH
stock solution (200 uM) was further diluted in methanol to obtain a UV-VIS absorbance
between 0.6 - 0.7 at 517 nm, obtaining the DPPH working solution. Different
concentrations of the extracts (40 pL) were mixed with DPPH solution (250 pL) and

after 30 min incubation in darkness the absorbances were read at the same wavelength
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mentioned above. The measurements were triplicated and their scavenging activities

were calculated based on the percentage of DPPH scavenged.

8. Total antioxidant capacity by phosphomolybdenum assay
According to Pietro et al. [22], the total antioxidant capacity (% TAC) was
evaluated by phosphomolybdenum assay. An aliquot of 0.1 mL of sample solution (100
png/mL) was combined with 1 mL of reagent solution (600 mM sulfuric acid, 28 mM
sodium phosphate and 4 mM ammonium molybdate). The tubes were capped and
incubated in a boiling water bath at 90 °C for 90 min. Afterward, the absorbance was
measured at 695 nm against a blank (1 mL of reagent and 0.1 mL of solvent). Total

antioxidant activity was expressed in relation to ascorbic acid.

9. Statistical Analysis
Pearson correlation analysis was performed using a Statistical (Statistical

Statsoft, Tulsa) software; P-values < 0.05 were considered significant.

Results and discussion

The phytochemical screening was performed to identify the classes of chemical
compounds present in the extracts. Other studies have already demonstrated the
antioxidant activity of sterols, terpenoids, oils, flavonoids, alkaloids and other phenolic
compounds [23, 24].

The preliminary phytochemical analysis for the S. tuberosa leaves (Table 1)
revealed the presence of high levels of flavonoids, triterpenes. The phytochemical
profile results showed that the plant extract has molecules with high technological
potential for the development of new drugs with application in the treatment and

prevention of various diseases.
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Table 1. Phytochemical profile of the methanolic and ethyl acetate extracts of the S. tuberosa leaves

Extract
Secondary Elution
metabolites Standards Ethyl acetate Methanol
system
Flavonoids Quercetin and A +++ +++
rutin
Cinnamic Chlorogenic acid A + +
derivatives
Triterpenes B-sitosterol B +++ +++
and steroids
Mono and Thymol C - -
sesquiterpene
S
Alkaloids Pilocarpine A - -
Coumarins Coumarin D - -
Condensed Catechin A - -
proanthocyani
dins and
leucoanthocya
nidins

A - AcCOEt-HCOOH-ACcOH-H20 (100:11:11:27 v/v); B -Toluene:AcOEt (90:10 v/v); C -Toluene:AcOEt
(97:03 v/v); D - CHCI3-MeOH (98:2 v/v). + = Presence and - = Absence; + = low, ++ = intermediate,
+++ = high

In the determination of total phenolics and flavonoids, the results showed that
the methanol solvent was better than ethyl acetate to extract phenolic compounds
(Table 2) which may be explained by its good polarity and solubility for phenolic
compounds extracted from plants [25, 26].

The lower polarity solvent, the ethyl acetate, showed much lower capacity for
extracting phenolic com pounds, compared with the more polar solvent. Numerous
studies have shown a strong relationship between total phenolic content and
antioxidant activity in fruits, vegetables and medicinal plants [27]. Phenolic compounds
have been reported to have multiple biological effects including antioxidant activity. In

addition, they can act in the free radical elimination or prevent its formation [28].
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Table 2. Total phenolic and flavonoids compounds quantifications from S. tuberosa leaves extracts.
Mean + SD (n=3)

Flavonoid content

Sample Total phenolic content (mgGAE/
P P (mg 9) (MgQE/g)
Ethyl acetate
extracts 75.69+0.73 10.24 + 0.66
Methanolic extracts 100.07 £ 0.02 15.74 + 0.04

GAE: gallic acid equivalent. QE: quercetin equivalent

It has been reported that most of the antioxidant activity may be associated with
phytochemicals such as flavonoids, isoflavones, anthocyanins, flavones, catechins
and other phenolic compounds [29].

There are several methods to determine the antioxidant capacity of
phytochemical compounds. The methods used in this study to determine the
antioxidant capacity of the ethyl acetate and methanolic extract were ABTS, DPPH and
phosphomolybdenum assay. Antioxidants act in many of biological responses as
inflammation and immunity, they function as signaling mechanisms for redox
regulation. Even at minimal levels of oxidative stress, they are strongly detected and
then the protective antioxidant mechanism is put into action, which is essential for
maintaining the structural integrity of proteins. Recently, particular attention has been
made on the antioxidant properties of plants derived from dietary food constituents [29].

The ABTS assay results were shown in Fig.1. All extracts (1 mg/ml) of S.
tuberosa had antioxidant activity as a function of the time according to the Pearson
correlation coefficient (r = 0.958, p <0.05), which means that the beneficial antioxidant
effect of the extracts improves significantly over time.

The methanol leaves extract had the highest antioxidant capacity with oxidation
inhibition rate of 70.25 % + 0.49 after 120 min equivalent to TEAC of 1489.99 + 12.02
UM of Trolox, whilethe ethyl acetate extract showed 58.724 + 0.93 % inhibition with
TEAC of 1211.11 + 22.68 pM of Trolox after 120 min.
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Figure 1. Effect of the incubation time on antioxidant activity os S. tuberoa leaves extracts in ABTS
assay. Ethyl acetate ( ), Methanol extract (—+—)

The assay of the DPPH radical elimination expressed as a percentage of the
radical reduction was presented in Table 3. The radical elimination activity was
detected only in the methanolic leaves extract (68.12 + 2.67 %). The percentage of
radical reduction for the ethyl acetate extract cannot be calculated due to the formation
of precipitates in the sample in contact with the DPPH radical. According to the Pearson
correlation coefficient, there is a positive correlation between the methanol leaves
extract concentration and the free radicals elimination (r = 0.967, p <0.05).

Table 3. Antioxidant activity of methanolic extract of S. tuberosa leaves in different concentrations. Gallic
acid was used as standard. Mean = SD (n=3)

Extract Concentration DPPH RSA%

(Hg/mL)
1000 68.12 + 2.67
500 49.66 + 1.66
250 35.29 +1.17
125 18.41 +1.40
62.5 18.03 + 0.79
31.25 9.47 + 0.36

RSA %: Percentage of DPPH radical reduction activity after 30 min.
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It was observed positive results in the ABTS and DPPH test sample, indicating
that the extracts had comparable activities in both assays. However, only the
methanolic leaves extract showed antioxidant activity in both assays (ABTS and
DPPH).

Regarding the applicability of each assay reported by our results, DPPH is a
free radical that is obtained directly without preparation (ready to dissolve), while the
ABTS is a cation (ABTS « +), which should be generated by enzymatic activity
(peroxidase and myoglobin) or chemical (manganese dioxide and potassium
persulfate) reactions [30, 31].

The total antioxidant activity (TAC) assay performed by phosphomolybdenum,
which molybdenum ion reduction capability of S. tuberosa extracts indicating that both
extracts (methanolic and ethyl acetate) leaves were antioxidants. However, differences
were observed in the antioxidant activity between these two types of extracts. The
methanolic extract showed better activity (31.02% + 0.01 TAC) than the ethyl acetate
extract (22.58 % + 0.03 TAC) using ascorbic acid as standard. Likewise the other
methods, the methanol was the most effective solvent for extracting the antioxidant
with potential secondary metabolites from S. tuberosa leaves in comparison with ethyl
acetate.

According to the results, we note that there was a significant difference between
the results of phosphomolybdenum and ABTS/DPPH assays, which can be explained
by the fact that the hydrogen transfer electrons from antioxidant varies with its chemical
structure [32]. In addition, non-phenolic compounds such as tocopherols and ascorbic
acid may also act as reducer, thus cannot be observed a positive relationship between
phenolic content and phosphomolybdenum reduction activity [33]. Other compounds,
such as carotenoids, which were not measured in this study, can be present in the

extract and could contribute to antioxidant activity in the samples.

Conclusions

These results showed that leaves extracts of S. tuberosa possess antioxidant
activity in all methods analyzed. The use of methanol was an efficient method of
extraction of secondary metabolites with antioxidant activity compared to the use of

ethyl acetate. The antioxidant properties of the secondary metabolites of the leaves
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extract of this plant may represent a potential source of components that could improve
the health, being applied as functional foods or incorporated biomolecules into

pharmaceutical or nutraceutical preparations.
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ABSTRACT

Spondias tuberosa is a medicinal plant used by several local communities in Brazilian’s
northeast to infections treatment, inflammatory conditions and digestive disorders. The
phytochemical screening, antioxidant, hemolytic and photoprotective activities of ethyl
acetate extracts from the fruits and branches were investigated. The identification of
classes of compounds was performed by HPLC. Antioxidant activities of the extracts
were evaluated using DPPH, ABTS and phosphomolybdenium assays. The
photoprotective and hemolytic activities was evaluated by the spectrophotometric
method. The CCD analysis demonstrated the presence of flanovoids, cinnamic
derivatives, triterpenes and steroids and proanthocyanidins and leucoanthocyanidins,
and it was identified by HPLC gallic acid, chlorogenic acid, caffeic acid, ferulic acid.
The branches extracts showed higher amount of total phenolic compounds (83.88 +
0.2) and flavonoids (11.24 £ 2.0). Also presented the best antioxidant activity for DPPH
scavenging (88.80 £ 0.4), ABTS (68.92 + 0.7%) and phosphomolybdenium (27.94 +
0.26%). The hemolytic activity extracts didn’t show any toxicity. The extract showed
characteristic absorption bands in regions UVB. The branches extract showed the
highest sun protection factor (SPF) with 15.50 + 0.41. Therefore, the studied extracts
can be used in the production of photoprotective application with phytocosmetics.

Key Words: Umbu, Antioxidant Activity, Hemolytic, Photoprotective Activity, Medicinal
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INTRODUCTION

Spondias tuberosa (Anacardiaceae) is a native and endemic species distributed
throughout northeast Brazil and popularly known as “umbuzeiro” or “umbu” (1). Several
parts of the plant are used in folk medicine, such as the bark, stem bark, fruits, roots,
resin and leaves, to treat a great range of diseases such as infections, venereal
diseases, digestive disorders, diarrhea, diabetes, menstrual disturbances and
placental delivery; in addition, they are used as an antiemetic and tonic (2).

Oxidative stress responses induced by ultraviolet radiation (UV) can cause a
variety of harmful effects in skin, including premature photoaging and the induction of
immunosupression and skin carcinogenesis (3).

Plants produce a variety of antioxidants against molecular damage prometed by
reactive oxygen species (ROS), and phenolic compounds are the major class of plant-
derived antioxidants (4). Among the phenolic compounds can include flavonoids.
Flavonoids absorb electromagnetic radiation in the ultraviolet range (UV) and visible
and thus have a defensive role in plants againt to UV radiation from sunlight. (5).
Besides scavenging UV-induced radicals, flavonoids might provide protective effect
against UV radiation by acting as strong UV absorbing screens (6).

The spectrum of UV radiation is subdivided into three bands, classified
according to wavelength: UVA, UVB e UVC. The UVA radiation present the longest
wavelengths (320-400 nm), and it is characterized as inducer of oxidative processes
in the skin. (7). For these reasons, the use of sunscreen products has been stimulated
for the prevention of severe skin diseases.

Nowadays, one of the trends of the cosmetic market is the development of
products with the use of natural resources (8). Several plant extracts and oils have
been used in cosmetic products such as sunscreen because of the photoprotective
action (9). In this context, the aim of this study was to evaluate the antioxidant,
hemolytic and photoprotective potential of ethyl acetate extracts of the fruits and

branches of the S. tuberosa.
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Materials and Methods
1. Plant material
Fruits and branches were collected in Catimbau National Park, Pernambuco,
Northeast of Brazil, in April 2015 (collection authorization: n°® 26743-3). The materials
were identified and authenticated at the Herbarium of the Agronomic Institute of
Pernambuco (IPA), with the voucher number 91090.

2. Extraction
The fruits and branches were dried at 45°C and was triturated in mill (Willye®
mill/lET-650) to obtain a powder. The extracts were obtained in a mechanical
Accelerated Solvent Extractor (ASE 350 Dionex®). Twenty grams of the powder were
transferred to the cells of the ASE, extracted with ethyl acetate and then dried at 50°C
using a rotary evaporator. The extracts were concentrated under a nitrogen stream in
a heating block at 60°C.

3. Determination of total phenols

Total phenolic content was determined by the Folin-Ciocalteu method (10). Two
hundred microliters of diluted sample were added to 1 mL of 1:10 diluted Folin-
Ciocalteu reagent. After 4 min, 800 mL of saturated sodium carbonate solution (75 g/L)
was added. After 2 h of incubation at room temperature, protected from light,
absorbance was measured at 765 nm. Gallic acid (50 - 500 mg/L) was used for
calibration of standard curve. The results were expressed as milligram of gallic acid
equivalent (mg GAE) / g of dry weight of plant extract. All experiment was made in

triplicate.

4. Determination of Flavonoids
The flavonoid contents were measured by aluminum chloride colorimetric
method (11). Five hundred microliters of diluted sample were added to 500 pL of 2%
methanolic AICI3. After 30 min incubation at room temperature, the absorbance was
measured against a blank of methanol and aluminum chloride in a spectrophotometer
at 420 nm. Flavonoid content was estimated using a quercetin standard curve (5-35
mg/mL) and the results were expressed as milligram quercetin equivalent (mg QE)/g

dry weight of plant extract.
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5. Phytochemical Analysis
The phytochemical screening was performed by thin layer chromatography
(TLC). Aliquots of ten microliters of the extracts of the extracts were applied on silica
gel chromatography plates, using elution systems and suitable developers (12, 13) to
investigate the presence of saponins, flavonoids, cinnamic derivatives,
phenylpropanoids, triterpenoids, steroids, mono- and sesquiterpenes, alkaloids,

proanthocyanidins and leucoanthocyanidins, cumarins and quinones.

6. HPLC Analysis
Chromatographic separation was carried out on an HPLC-DAD Agilent® 1200
using a C18 column C18 Zorbax® SB (250 x 4,6 mm, 5 um) at 30 + 0.8°C. HPLC
analysis was carried out using a mobile phase consisting 0.3% acetic acid (A) and
acetonitrile (B) was applied for a total running time of 20 min. Gradient: 0 min: 92 (A)
% and 8 % (B); 15 min: 65% (A) and 35 % (B); 17 — 20 min: 92% (A) and 8 % (B). The
flow rate constant at 2.4 mL / min. and the detection carried out at 256 and 360 nm to

acquire UV spectra.

7. ABTS assay

The ABTS assay is based on the generation of chromophore cationic radical
obtained from the oxidation of ABTS ((2,2-Azino-Bis-(3 Ethylbenzothiazoline)-6-
Sulfonic Acid; Sigma-Aldrich) by potassium persulfate (14). The oxidation reaction was
prepared with 7 mM ABTS stock solution plus 140 mM potassium persulfate (final
concentration) and the mixture was left in the dark at room temperature (23°C - 25°C)
for 12 - 16 h (time required for radical formation) before its use. The ABTS+ solution
was diluted in ethanol to an absorbance of 0.7 (£0.02) at 734 nm. The effect of extract
amount on the antioxidant activity was carried out using aliquots of 30 pL the extracts
solution (Img/ml) and mixing with 3 mL diluted ABTS+ solution. The absorbances at
734 nm were measured at different time intervals (6, 15, 30, 45, 60 and 120 min).
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich, St.
Louis, MO, USA) was used as a reference standard. The values of oxidative inhibition
percentage were calculated and plotted as a function of the reference antioxidant

concentration (Trolox) and expressed as Trolox equivalent antioxidant capacity (TEAC,
uM).
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8. DPPH assay

The DPPH free radical scavenging activity of the extracts was performed
according to Brand-Williams (15) with some modifications. A stock solution of DPPH
200 uM in methanol was further diluted in methanol to obtain an absorbance between
0.6 - 0.7 at 517 nm, resulting in the DPPH working solution. Different concentrations of
the extracts (1000 pg/mL — 31.25 pug/mL) were mixed with DPPH solution and after 30
min incubation in darkness, the absorbance were read at the same wavelength
mentioned above. Gallic acid was used as standard. The methanol was used as
control. The measurements were triplicate and their scavenging activities were
calculated based on the percentage of DPPH scavenged calculated using the following

formula:

% DPPH — &<=49)

C

100

Where, Ac is the Control absorbance, and As is the Sample absorbance.

9. Phosphomolybdenum Assay

The total antioxidant activity (% TAA), was evaluated by phosphomolybdenum
assay (16). An aliquot of 0.1 mL of sample solution (100 pg/mL) was combined with 1
mL of reagent solution (600 mM sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The tubes were capped and incubated in a boiling water bath
at 90°C for 90 min. Afterwards, the absorbance was measured at 695 nm against a
control (1 mL of reagent and 0.1 mL of solvent). Total antioxidant activity was
expressed in relation to ascorbic acid and calculated by the following formula:

% TAA = BS7A9 100
¢ ~ Aaa— Ac x

Where Ac was the absorbance of the control. As was the absorbance in the

presence of the extract and Aaa was absorbance of ascorbic acid.
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10.Hemolytic Assay
Erythrocytes from citrated blood were immediately isolated by centrifugation at

1500 rpm for 10 min at 4°C. After removal of plasma and buffy coat, the erythrocytes
were washed three times with phosphate-buffered saline (PBS; pH 7.4) and then
resuspended using the same buffer and a 1% erythrocyte suspension was prepared.
Each tube received 1.1 mL of erythrocyte suspension and 0.4 mL of extract at various
concentrations (31.25-1000 ug/mL) were added. The negative control was only
solvent (saline solution 0.9%) and the positive control received 0.4 mL of Triton X-100.
After 60-min incubation at room temperature, cells were centrifuged and the
supernatant was used to measure the absorbance of the released hemoglobin at
540 nm (17). The average value was calculated from triplicate assays. The relative
hemolytic activity was expressed in relation to Triton X-100 and calculated by the
following formula:
(As —Ab)x 100

Ac—Ab

Relative hemolytic activity (%) =

Where Ab was the absorbance of the negative control. As was the absorbance
in the assay with extract, and Ac was the absorbance in the assay with Triton X-100.

Hemolysis concentration was calculated.

11.Determination of the Sun Protection Factor (SPF) in vitro
The photoprotective activity was evaluated using a spectrophotometric method
of diluted solutions (18). The extracts were previously dried on oven at 40 °C for 60
minutes. Dilutions were prepared in the concentrations of 5, 25, 50 and 100 mg.L-1.
Scans from 260 to 400 nm with intervals of 5 nm were realized. A spectrophotometer
was used, with quartz cuvettes with 1 cm optical path for the acquisition of the spectra.
Calculations of the Sun Protection Factor (SPF) were made considering the intervals

A determined.

SPF = FCx 230 x EE(A)x (abs (4)
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Where FC = Correction factor; = sum of the absorption from 290 to 320 nm,
EE = eritemogenic effect; abs = absorption. The values of EE used to the SPF

calculation were the same found in the literature (16).

12. Statistical analysis
All determinations were conducted in triplicates. The data obtained were
expressed as mean £ S.D. The concentration needed for 50% of hemolysis was

calculated by linear regression analysis.

Results and Discussion

The phytochemical analysis demonstrated that both extracts were positive for
the presence of flavonoids, cinnamic derivatives, triterpenes and steroids and positive
for proanthocyanidins and leucoanthocyanidins only to extract the branches (Table 1).
The main substances found in the extracts studied were flavonoids, cinnamic

derivatives and terpenoids, substances with a great antioxidant potential (19, 20).

Table 1. Phytochemical profile of the ethyl acetate fruits and branches extracts of the S. tuberosa.

Extracts

Secondary metabolites Standards Elution
system Fruits Branches
Flavonoids Qu_ercetm and A +++ +++
rutin

Cinnamic derivatives Chlorogenic acid A + +++
Triterpenes and steroids B-sitosterol B +++ ++
Mono and sesquiterpenes Thymol C - -
Alkaloids Pilocarpine A - -
Coumarins Coumarin D - -
Condensed proanthocyanidins Catechin A i -

and leucoanthocyanidins

A: AcOEt-HCOOH-AcOH-H20 (100:11:11:27 v/v); B: Toluene:AcOEt (90:10 v/v); C: Toluene:AcOEt
(97:03 v/v); D: CHCI3-MeOH (98:2 v/v). (+) = Presence and (-) = Absence; (+) = low, (++) = intermediate,
(+++) = high.
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The Table 2 summarizes the results from the quantitative determination of
phenolic and flavonoids as well as the effect of extracts from on the DPPH, ABTS free

radical scavenging and phosphomolybdenium.

Table 2. Total phenolic content (TPC), total flavonoid (TF) DPPH, ABTS and TAA of extracts from
Spondias tuberosa. Mean = SD (n = 3).

Sample TPC TF(mg QE/g) DPPH % ABTS % TAA %
(mgGAE/g)

Fruits 43.67+1.3 6.58 £ 0.2 201+1.6 55.14 + 3.0 21.26+1.3

Branches 83.88+0.2 11.24+2.0 88.80+ 0.4 68.92 0.7 27.94 +£0.26

Values are given as mean = SD (n=3).

In agreement with the secondary metabolites classes found in the ethyl acetate
of S. tuberosa, significant contents of phenolic compounds and flavonoids were found.
These the major classes of secondary metabolites found in the genus Spondias (21).

Flavonoids are important bioactive compounds from plants biosynthesized from
the phenylpropanoids way (22). This group of secondary metabolites can be
highlighted with a high therapeutic potential, such as antioxidant, anti-inflammatory and
inhibiting unregulated cell proliferation (22), demonstrating the importance of this class
of substance found in the extracts of S. tuberosa. Due to the better results presented
by ethyl acetate extract of branches, it was realized HPLC analysis. The quantification
of the phenolic compounds from the chromatographic profile (fingerprint) obtained by
HPLC-DAD is shown in the table below (Table 4).

The hemolytic assay showed these extracts did not exhibit hemolytic activity
since the extract of the fruits and branches have maximum degrees of hemolysis of
3.127% and 0.043%, respectively, at a concentration of 1000 pg/mL. Hemolysis refers
to the lysis or rupture of red blood cell membranes allowing the release of hemoglobin
into plasma. The absence of hemolytic activity in human erythrocytes from
unprocessed extracts suggest that in the analyzed concentrations they did not have
the lysis capacity of the red blood cells.

The SPF values were calculated. The extract obtained from the fruits (FPS: 0.83

+ 0.11), values obtained were not significant, according to the National Health
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Surveillance Agency (23), which indicates 6.0 for the minimum value for SPF for
sunscreen products. On the other hand, the SPF values obtained with the branches
extract was 15.50 = 0,41, which is beyond the indicated in the National Health
Surveillance Agency (23), demonstrating the biotechnological potential of this species.

This important data can be related to the content of total phenolic compounds
and antioxidant activity. Since studies have shown that plants that absorb in the
ultraviolet region have in their composition different molecules, highlighting metabolites
such as flavonoids, tannins, anthraquinones, alkaloids and polyphenols (24). The ethil
acetate extract of the branches possess in its composition great amounts of phenolic
compounds. According to Costa (25) the presence of the metabolite indicates a
potential absorption of UV radiation.

The heightened production of ROS due to UV radiation results in oxidative
damage to macromolecules, proteins and lipids (26), activating or inactivating enzymes
and changing signaling cascades.

An important point to prevent skin damage induced by UV radiation is the
application of compounds with antioxidant activity. Among these are compounds
include those derived from plant extracts. The combination of polyphenols in
sunscreens and in products for skin care could provide an effective strategy to reduce
these harmful effects and thus help prevent skin cancer and photoaging due to
exposure to sunlight (27, 28).

Antioxidants act by different mechanisms sunscreens, providing protection to
the skin through the cellular response modulation, and combination of these would
provide better sunscreen effect to the skin (29).

Due to the better results presented by ethyl acetate extract of branches, it was
realized HPLC analysis. The quantification of the phenolic compounds from the
chromatographic profile (fingerprint) obtained by HPLC-DAD is shown in the table
below (Table 3).
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Table 3. Major phenolic compounds identified in ethyl acetate extract of S. tuberosa by HPLC.

Compounds Retention time (min) Content (ug/mg)
Galllic acid 181 19.4
Chlorogenic acid 4.24 106.2
Caffeic acid 5.44 2.36
Ferulic acid-t 8.36 6.88
Ellagic acid 8.42 15

The HPLC analysis demonstrates important bioactive substances present in the
extract of S. tuberosa. Mainly constituted by phenolic compounds, the extract
demonstrated important results for the antioxidant and photoprotective evaluation.
Many studies have shown that polyphenolic compounds extracted are effective
antioxidants in vitro (30, 31).

Chlorogenic acid, the major compound among the phenolics analyzed in this
study, showed anti-diabetic and anti-lipidemic effects (32, 33), corroborating the
traditional use of this plant (2). Granado-Serrano (34) showed that chlorogenic acid
decreased the formation of ROS and increased glutathione levels in hepatoma cells.
Murine keratinocytes when exposed to UVB radiation and treated with chlorogenic acid
present reduction of AP-1 and NF-kB and MAPK phosphorylation (JNK, p38, ERK,
MKK4) (35).

The results of this study indicate that S. tuberosa contain important phenolic
compounds which can serve as antioxidants and photoprotective agents. The phenolic
compounds present in the extracts could be responsible by photoprotective effect
presented in this study, mainly for the ethyl acetate extract of the branches, and
showed no hemolitic activity, there is need for further studies for future activities that
best prove the photoprotective effect of S. tuberosa. These data indicate the great
biochemical and biotechnological potencial of S. tuberosa, and can aggregate
chemical and medicinal value to a species native to the Caatinga forest. Further
investigation of this species will be conducted to reach the substance responsible for
antioxidant and photoprotective activities of extracts, for the future development of

pharmaceuticals and cosmetics products.
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Abstract

The objective of this research was to investigate the antioxidant properties of the
methanolic extract of “umbu” branches against gastric ulcers induced by ethanol in
mice. The antioxidant activities were evaluated in vitro using different methods of free
radicals scavenging: DPPH, ABTS and the reduction of transition metal by
phosphomolybdenum assay. Measurements of total phenolic compounds, flavonoids
and tannins were also made. The identification of classes of compounds was
performed by high-performance liquid chromatography (HPLC). Was performed acute
toxicity test in accordance with OECD n°423. The investigation of the gastroprotective
effects of the extract against ethanol-induced lesions was performed in Swiss mice.
The animals were pretreated orally with vehicle, lansoprazole (30 mg / kg) and
methanolic extract of the branches (50, 100, 200 mg / kg). The stomachs were removed
and opened along the greater curvature to determine the area of the ulcerative lesion.
The methanolic extract of the branches showed a great antioxidant activity. The group
treated with the extract showed significant gastroprotection compared with the vehicle-
treated group. HPLC analysis showed the presence of: gallic acid, chlorogenic acid,
caffeic acid, t-ferulic acid. In conclusion, the oral treatment with the methanolic extract
of the branches showed gastroprotective and antioxidant activities because of the
phytochemicals present in the extracts. This study is the first report of the
gastroprotective effect of Spondias tuberosa Arruda.

Key Words: Spondias tuberosa, umbu, photoprotection, hemolytic activity,

antioxidants.
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Introduction

Antioxidants have been recognized for their protective functions against
oxidative damage, and are associated with reduction of chronic diseases [1]. Gastric
ulcers, gastric diseases are considered a global health problem which affects
approximately 14.5 million people worldwide [2]. Its occurrence is largely genetic,
endogenous factors (pathophysiological disturbance) and exogenous factors
(Helicobacter pylori infection, stress, smoking, alcohol consumption and use of non
steroids anti-inflammatory NSAIDs) [3]. Moreover, the body has defense mechanisms
(mucus- bicarbonate barrier, phospholipids, epithelial surface coating, lipoprotein layer
of the membrane, blood flow, synthesis of prostaglandins, nitric oxide and antioxidant
system) protecting the mucosa from injury [4 ].

Ethanol is commonly used to induce ulcers in experimental animals. Ethanol
leads to severe damage of the gastric mucosa, directly and indirectly through mediators
such as reactive oxygen species (ROS) and cytokines [5].

There are numerous secondary effects associated with drugs used to treat
ulcers, including arrhythmia, impotence, gynecomastia and haematopoietic disorders.
Therefore, new approaches have been sought to improve the efficiency of current
drugs or to discover new potential agents that are more effective, less expensive and
have fewer side effects associated with the health of the currently used [6].

Spondias tuberosa Arruda (Anacardiaceae), known as "umbuzeiro” is a tropical
plant that plays an important role in the Northeast of Brazil, being an important
nutritional resource. [7] This species has a very important ecological, social and
economic. In folk medicine, the plant is widely used as antioxidant [8], antibacterials
[9] antiinflammatory [10].

S. tuberosa is rich in flavonoids and flavonoids are a group of naturally occurring
secondary metabolites and have numerous pharmacological effects (anti-
inflammatory, antimicrobial and gastroprotective) and prevents the formation of gastric
ulcers by several mechanisms including antioxidant mechanisms [11].

This study aimed to evaluate the antioxidant activity in vitro and investigate the
gastroprotective effects of methanolic extract from the branches of S. tuberosa against
gastric ulcers induced by ethanol in mice. Also it was carried out phytochemical

analysis to check the compounds present in the extract.
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Materials and methods
1. Collection of plant material
The plant was collected in Catimbau National Park, Pernambuco, Northeastern
Brazil. The plant has been identified and authenticated in the Herbarium of the

Agronomic Institute of Pernambuco (IPA), with the number of voucher 91090.

2. Preparation of methanolic extract of branches (MEB)
The branches were dried in an oven at 45 °C. The material was milled using a
mill (Tecnal / Willye mill / ET-650) to obtain powder. The extracts were obtained in a
Puller Accelerated Solvent (ASE 350 Dionex). The extracts were concentrated under
a stream of nitrogen in a heating block at 60 °C. Twenty grams of powder was
transferred to cells and ASE, extracted with methanol and then dried at 50 °C using a

rotary evaporator.

3. Determination of total phenols
The total phenolic content was determined by the Folin-Ciocalteu method. Two
hundred microliters of the diluted samples was added to 1 ml of Folin-Ciocalteu reagent
1:10. After 4 min, there was added 800 pL of saturated sodium carbonate solution (75g
/' L). After 2 h incubation at room temperature and protected from light, the absorbance
was measured at 765 nm. Gallic acid (0 - 500 mg / L) was used to construct the
standard curve. The results were expressed in mg equivalents of gallic acid (GAE mg)

/ g dry weight of plant extract. [12]. The determinations were performed in triplicate.

4. Determination of flavonoids

The flavonoid content was measured by the colorimetric method of aluminum
chloride. Five hundred microliters of the diluted sample was added 500 pL of AICIl3
solution prepared in 2% methanol. After 30 min and incubation at room temperature
and protected from light, the absorbance was measured at 420 nm. The flavonoid
content was estimated using a standard curve of quercetin (5-35 mg / ml) and results
were expressed in milligram equivalents of quercetin (QE mg) / g dry weight of plant
extract. [13]. The measurements were performed in triplicate.
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5. Determination of condensed tannins
The condensed tannin (TC) content in the extract was determined using the
method proposed by Hillis and Swain (14). 2 ml of vanillin reagent (1 g vanillin dissolved
in 70% sulfuric acid) was mixed with 1 ml of the extract. Shortly after, it was incubated
at 50 ‘C temperature for 20 minutes, the absorbance was measured at 500 nm. The
results were expressed as milligrams of catechin equivalent (CE mg) / g dry weight of

plant extract. The determinations were performed in triplicate.

6. ABTS Assay

For the ABTS assay - 2,2-Azino-bis- (3 Ethylbenzothiazoline) -6-Sulfonic Acid;
(Sigma-Aldrich), an oxidation reaction was performed, solution of ABTS, 7mM
prepared stock plus potassium persulfate 140 mM (final concentration), the mixture
was left in the dark at room temperature (23 °C - 25 °C ) for 12 - 16 h (the time required
for the formation of radicals) before use. The ABTS* solution was diluted in ethanol to
an absorbance of 0.7 (x 0.02) at 734 nm. The effect of the antioxidant activity of the
extract was performed using aliquots of 30 ul by mixing with 3 ml of ABTS* solution.
The absorbances were measured at 734 nm at different time intervals (6, 15, 30, 45,
60 and 120 min). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid,
Sigma Aldrich, St. Louis, MO, USA) was used as reference standard. The values of
percent inhibition of oxidation were calculated and plotted versus the concentration of
the reference antioxidant (Trolox) and expressed as trolox equivalent antioxidant
capacity (TEAC, uM). [15].

7. DPPH assay

DPPH solution was prepared ((2,2-diphenyl-1-picrylhydrazyl; Sigma-Aldrich) in
methanol (8 mg in 100 ml) having an absorbance of 0.6 to 0,7nm measures at 517 nm.
In a 96-well plate was added 40 pL of the extract at different concentrations (1000,
500, 250, 125, 62.5, 31.5) and 250 of the DPPH solution. For control was used
methanol. Thirty minutes later, the absorbance was measured at 517 nm. Gallic acid
was used as reference standard. The low absorbance of the reaction mixture indicates
greater scavenging activity of free radicals [16]. The inhibition of DPPH was calculated

using the following formula:
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% DPPH= (Ac —-Ae) x 100
Ac

Where, Ac is the absorption of the control. Ae is the absorbance of the extract.

8. Phosphomolybdenum Assay

For the evaluation of total antioxidant activity (TAA%) the method of
phosphomolybdenum complex was used [17]. An aliquot of 0.1 ml of the sample
solution was combined with 1 ml reagent solution (600 mM of sulfuric acid, sodium
phosphate 28 mM and ammonium molybdate 4 mM). The tubes were closed and taken
to a water bath at 90 °C for 90 min. Then the absorbance was measured at 695 nm.
For control was used 1 ml of reagent and 0.1 ml of solvent used to dilute the extract.
The total antioxidant activity was expressed in relation to ascorbic acid and calculated
by the following formula:

wTtac= (Ae—Ac)  x100
(Aaa—Ac)
Where Ae is the absorbance of the extract, Ac is the absorbance of control and

Aaa absorbance of ascorbic acid.

9. HPLC

The chromatographic separation was performed with a liquid chromatograph
Agilent Technologies high efficiency brand model 1260 LC INFINITY SYSTEMS with
quaternary pump, photodiode arrays detector (DAD) with automatic injector. Data were
processed in Agilent OpenLAB CDS software (EZChrom Edition). Vers. A.04.05.
Zorbax SB C18 column (250 x 4.6 mm, 5 um) with a mobile phase gradient of 0.3%
acetic acid (solvent A) and acetonitrile (B) gradient was used: 0 min: 92% A, 15 min :
65% A. The flow was maintained constant at 2.4 mL / min and detection carried out at
256 to acquire UV spectra in the range of 200-400 nm. Column Temperature: 30 £ 0.8
°C. Pressure: 400 bar.

10.Animals
Swiss male (Mus musculus) weighing 25-30 g, obtained from the Laboratorio de

Imunopatologia Keizo Asami (LIKA) - UFPE were fed with Presence® diet and free



77

water access, subject to clear/dark cycles of 12 hours and temperature of 21 + 2 °C.
Before the experiments, animals were subjected to fasting for 16 hours and housed in
fasting cages to prevent coprophagy. No anesthesia was done before the oral
administration. After the assay, the animals were sacrificed in a chamber pre-saturated
with COz. All efforts were made to minimize animal suffering. The experimental protocol
followed the recommendations of the National Council of Animal Experimentation
Control (CONCEA) and was approved by the Animal Ethics Committee of UFPE.

11.Acute preclinical toxicology assay

This experiment was performed according to the standards described in the
OECD No. 423 and Resolution No. 90 (2004) which provides for the publication of the
"Guide for conducting studies of pre-clinical toxicity of phytotherapics” [18]. The
animals were subjected to fasting 12 hours and divided into 4 groups (n = 6). The
groups received vehicle (0.9% NacCl) as the negative control, or a MEB single dose of
2000 mg / kg orally (gavage). In order to assess the behavioral changes in the SNC
and SNA as well as the occurrence of death, behavioral parameters were noted during
the first four hours, and once a day until complete 72 hours as recommended by
Almeida [19]. During the 14 days of observation, were measured daily water
consumption, feed and the weight of the animals. At the end of this period, the animals
were euthanized and their organs removed (liver, spleen and kidneys), weighed and

examined macroscopically.

12.Gastric ulcers induced by ethanol
Mice (n = 6) were subjected to fasting for 16 hours and divided into groups
pretreated orally with vehicle (0.9% NaCl 10 ml/ kg) as a negative control, lansoprazole
(30 mg / kg) or MEB in the doses 50, 100 and 200 mg / kg. After 50 minutes, it was
administered 0.2 ml of a solution of absolute ethanol damaging agent, orally, and one
hour later the animals were euthanized. The stomachs were removed, opened along
the greater curvature, washed and photographed to determine the ulcerative lesion

area (ULA - mm?) [20] using computerized planimetry and software ImageJ.
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13. Statistical analysis
Quantification of total phenolics, flavonoids, tannins and antioxidant activities
were performed in triplicate. The values expressed are the average of three replicates
with standard deviation. In gastroprotective study, the results were expressed as
average * s.d. and it was held analysis of variance (ANOVA) followed by Dunnett's
post-test and analyzed with GraphPad Prism version 5.0.

Results and discussion

The results showed the presence of phenolic compounds in the MEB of S.
tuberosa (Table 1) and its yield was 26.33%. The extract is rich in phenolic compounds
among them flavonoids and tannins. Flavonoids are responsible for antioxidant activity
a high amount present in an extract sugestt a good antioxidant activity. Numerous
studies have shown a strong relationship between the content of total phenolics and
antioxidant activity in fruits, vegetables and medicinal plants [21].

Phenolic compounds are the main plant compounds with high potential
antioxidant activity. This activity is due to their ability to scavenge and neutralize free

radicals. [22] The ability to capture free radicals is attributed their redox properties. [23].

Table 1. Determination of the compounds in methanolic extract of branches (MEB) of S. tuberosa

Compounds MEB
Total phenolic compounds (mg EAG)/g 193.953+0,1
Flavonoids (mg EQ)/g 21.610+0,7
Tannins (mg EC) 87.110+1,5

The results were expressed as average + s.d., n = 3. EAG: the equivalent of gallic acid. EQ: equivalent

to quercetin. EC: equivalent to catechin.

Epidemiological studies have suggested an association between the
consumption of chlorogenic acid in food and disease prevention [24]. The study of the
Itagaki et al 2010 (25) shows the antioxidant activity of chlorogenic acidin vitro and in
vivo, and major role in the protective effect against ischemia—reperfusion injury. The

high-performance liquid chromatography showed the presence of secondary
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metabolites. The retention times of the standards are indicated in Table 2. The results
obtained showed the presence of gallic acid, chlorogenic acid, caffeic acid and Ferulic

Acid. All these compounds are considering phyto antioxidants [26].

Table 2. Compounds identified in MEB of S. tuberosa by HPLC.

Phenolic component Retention time Content

(min.) (ug/mg de extract)

Gallic acid 1.81 9.8

Chlorogenic acid 424 33.6

Catechin 4.45 25.2

Caffeic acid 5.44 4.8

Rutina 8.20 0.82

t- Ferulic acid 8.36 3.22

The elimination capacity of the radical cation ABTS of the extract and of the
Trolox were evaluated. The TEAC values ranged from 1678.89 + 24.11 to 2145.56 +
10.18 uM Trolox with inhibition percentage of 78.05 £ 0.99 to 97.33 + 0.42 in function
of time, with scavenging free radicals until 120 minutes (Figure 1). After two hours the
activity remained constant, showing that the extract has a good stability. In the study
of Almeida [27], it was observed antioxidant activity of the fruits of S. tuberosa, which
shows that the species has a good antioxidant action. In other studies it was shown

that Spondias genus has a great pharmacological potential [28].
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Figure 1. Effect of the incubation time on antioxidant activity of MEB of S. tuberosa

DPPH is a relatively stable radical and has been widely used to test the ability
of compounds to act as free radical scavengers and hydrogen donors, and, thus to
evaluate the antioxidant activity [29]. The capacity of reduction of DPPH radical is
determined by the decrease in its absorbance at 517 nm [30]. The extract showed
antiradical activity dependent of the concentration reducing the stable DPPH to

yellowish derivative color of the diphenylpicrylhydrazyl (Table 3).

Table 3. Antioxidant Activity by DPPH in different concentrations. Average + S.D. (n = 3).

Concentration methanol
extract (ug/mL)

DPPH RFR%

1000 90.29 +0.22
500 88.36 + 0.50
250 87.01 +1.50
125 59.57 +4.33
62.5 3456 +1.72
31.25 32.83+1.65

SFR %: Percentage of DPPH radical scavenging in 30 min

The MEB showed significant activity even at low concentrations. A number of
hydroxyl groups increases the radical scavenging activity due to the fact that a number

of hydrogen atoms of phenolic hydroxyl groups can be donated to stabilize free radicals
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[31]. Both trials (ABTS and DPPH) showed that the extract has a great antioxidant
potential.

The phosphomolybdenum method is based on the reduction of molybdenum
(VI) to molybdenum (V) that occurres in the presence of certain substances with
antioxidant capacity, with formation of a green complex between phosphate /
molybdenum (V) in acidic pH, which is determined spectrophotometrically at 695 nm.
The assay was successfully used to quantify vitamin E in seeds [32] and, as a simple
and independent method of other antioxidant ratings, decided to extend its application
to plant polyphenols. Greater absorbance indicates a higher antioxidant activity (33).
The MEB of S. tuberosa presented % TAA of 34.98431 + 0.06.

The MEB did not alter the body mass of animals. During treatment, there were
no clinical signs of toxicity and no death was recorded, as well as no change in water
consumption and animal feed. The results show that oral administration of the extract
did not produce toxic effects in adult Swiss mice. Moreover, the general activity of the
mices were not altered.

Oxidative stress is believed to initiate and aggravate many digestive system
diseases, including stomach ulcers and gastric carcinoma. Especially, ethanol-induced
gastric damage has been suggested to be mediated by the generation of free radicals
(34). Absolute ethanol acts in multifactorial way and when metabolized by the body, it
releases free radicals that extensively damage the gastric mucosa, promoting erosion,
cell exfoliation, appearance of haemorrhagic petechiae and break the mucus-
bicarbonate barrier, thus causing inumerous damage to membrane [35].

This study investigated the potential of MEB of S. tuberosa as protector of the
gastric mucosa in gastric ulcer model induced by ethanol in mice. Figure 2 shows that
lansoprazole and the extract at doses of 50, 100 and 200 mg / kg protected the gastric
mucosa in 73.82%; 73.74%, 72.02% and 72.4%, respectively, compared to the group
pre-treated with 0.9% NaCl solution. The development of drug from compounds
obtained from plants with gastroprotective effect is an alternative of treatment with less

adverse effect.
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Figure 2. Effect of the orally pretreatment of MEB of Spondias tuberosa gastric lesions induced by
ethanol in mice. The results are expressed as the mean + d.p. ANOVA followed by Dunnet test, *** p <
0.001 (n=6).

There is evidence that ethanol administration promotes oxidative stress by
increasing ROS and decreasing cellular oxidative defenses in a process triggered by
activation of neutrophils, causing a sequential induction of ROS mediated by lipid
peroxidation and protein oxidation. [36]. Several compounds of vegetable origin
(flavonoids, saponines, tannins, gums and mucilages) show antiulcer activity [37].

According to Potrich [38] cited these compounds may have both anti-
inflammatory activity and anti-ulcer, an advantage over traditional anti-inflammatory
drugs that mostly are ulcerogenic. Dueto the generation of ROS, the administration of
absolute ethanol causes an inflammatory response is the result of a complex chain of
events involving immune response, which releases a number of inflammatory
cytokines such as tumor necrosis factor (TNF-a ) and interleukin-6 (IL-6) [2].

The process the gastric ulceris induced by ethanol is responsible for generating
free radicals, resulting in an acute inflammation of the gastric tissue [35]. The
gastroprotection induced extract can be explained by the powerful antioxidant activity.
There are several reports in the literature that the administration of natural products
antioxidants can prevent gastric lesions induced by ethanol action [39]. This study
proved that the MEB S. tuberosa acts as a natural antioxidant with gastroprotective
action. This can be attributed to their secondary metabolites, such as gallic acid,

chlorogenic acid, caffeic acid, t-ferulic acid.
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The results indicate that the MEB of Spondias tuberosa has gastroprotective
activity in acute gastric injury models induced by ethanol which can be related to its
powerful antioxidant activity. In addition, it contains molecules with great
biotechnological potential for the development of new drugs with potential application

in the prevention and treatment of pathologies triggered by the action of free radicals.
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4 CONCLUSAO

Os extratos de Spondias tuberosa Arruda apresentaram atividade antioxidante
pelos métodos utilizados: ABTS, DPPH e fosfomolibdenio, resultados estes, se devem
principalmente pela presenga de compostos fendlicos (flavonoides e taninos) detectados
nesta planta.

O extrato acetato de etila possui uma potente acédo fotoprotetora, tornando esta
planta uma opg¢éo para formulagéo de farmacos e cosméticos.

O extrato metandlico dos ramos possui atividade gastoprotetora em modelo de
lesdo gastrica aguda induzida por etanol, esta atividade pode ser atribuida a sua acéo
antioxidante.

Diante do estudo realizado podemos concluir que Spondias tuberosa Arruda possui
um grande potencial biotecnol6gico para o desenvolvimento de novas drogas com possivel

aplicacao na prevencao e tratamento de diversas patologias.
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