AMANDA MARTINS VIEL

ATIVIDADE ANTIOXIDANTE, ANTIGLICANTE E CITOTOXICA DE
EXTRATOS DE Pyrostegia venusta (KER GAWL.) MIERS E Turnera ulmifolia LINN E
DESENVOLVIMENTO DE METODO DE MICROENCAPSULACAO COM
MALTODEXTRINA

Tese apresentada ao Instituto de Quimica,
Universidade Estadual Paulista, como parte dos
requisitos para obtencdo do titulo de Doutora
em Biotecnologia.

Orientador: Prof. Dr. Regildo Marcio
Gongalves da Silva

ARARAQUARA
2021



FICHA CATALOGRAFICA

V659a

Viel, Amanda Martins
Atividade antioxidante, antiglicante e citotoxica de extratos de
Pyrostegia venusta (Ker Gawl.) Miers e Turnera ulmifoliaLinn e
desenvolvimento de método de microencapsulacdo com
maltodextrina /Amanda Martins Viel. — Araraquara : [s.n.], 2021
106 f. : il.

Tese (doutorado) — Universidade Estadual Paulista, Instituto
de Quimica
Orientador: Regildo Mdrcio Gongalves da Silva

1. Antioxidantes. 2. Estresse oxidativo. 3. Flavonoides.
4. Plantas medicinais. 5. Polifendis. I. Titulo.

Bibliotecdria Responsavel: Ana Carolina Goncalves Bet - CRB8/8315




UNIVERSIDADE ESTADUAL PAULISTA Ve ™

unesp ®

Campus de Araraquara

CERTIFICADO DE APROVACAOD

TiTULD DA TESE: afividade antioxidante, antiglicante e citotdxica de extratos de Pyrostegia venusta (Ker
Gawl.} Miers & Twrnera ulmifolis Linn e desenvelvimento de método de

microencapsulagdc com maltodextrina.

AUTORA: AMANDA MARTINS VIEL
ORIENTADOR: REGILDO MARCIO GONGCALVES DA SILVA

Aprovada como parte das exigéncias para obtengao do Titulo de Doutora em BIOTECMOLOGIA, pela
Comissdo Examinadora:

Prof. Dr. REGILDO MARCIO GONGANVES DA SILVA (Participagao Virtual)
Departamento de Biotecnologia f Fa ade de Ciéncias e Letras - UNESP - Assis

Prof. Dr. MARCOS FERREIRA MINICUCCI (Participagao Virtual)
Departamente de Clinica Médica / Faculdade de Medicina - Unesp - Botucatu

Profa. Dra. MONICA ROSA BERTAQ (Participagao Virtual)
Departamento de Biotecnologia f Faculdade de Ciéncias e Letras - UNESP - Assis

| n —

- i A, _."ll' J P

oo M —vo0

Profa. Dra. VALERIA MARTA MES DO NASCIMENTO (Participagao Virtual)
Departamento de Ciéncias Bioldgicas f Faculdade de Ciéncias e Letras - UNESP - Assis

L L i

PR N

Prof.? Dr.2 PATRICIA SOARES SANTIAGO (Participagac Virtual)
Campus Experimental de Registro / Universidade Estadual Paulista - UNESP - Registre

Araraquara, 29 de outubro de 2021

I-abluin 2w Cuim Ll pun g -
P Prol Francos Degni, 55, 14800060, Aneequamns - Sio Pauio
L. RFU: & B O3S S002T-E0.




DADOS CURRICULARES

IDENTIFICACAO
Nome: Amanda Martins Viel

Nome em citacoes bibliograficas: VIEL, A. M.

ENDERECO PROFISSIONAL
Rua Myrtes Spera Conceicao, 301, Conjunto Nelson Marcondes. Assis - SP.

FORMACAO ACADEMICA/TITULACAO

Graduagao em Farmacia Bioquimica pela Universidade Paulista — UNIP (2011). Mestrado em
Biociéncias pela Universidade Estadual Paulista — UNESP (2016). Doutorado em
Biotecnologia pela Universidade Estadual Paulista — UNESP (2021).

FORMACAO COMPLEMENTAR
Especializacdo em Formacdo em Educagdo a Distancia pela Universidade Paulista — UNIP

(2020). (Carga Horaria: 400h).

ATUACAO PROFISSIONAL
Professora Adj./ Profissional III na Universidade Paulista — UNIP.

PRODUCAO BIBLIOGRAFICA
Artigos completos publicados em periédicos
SANTOS, L.; VIEL, A. M.; TAROSSO, L. F.; MOMESSO, L. S.; PALMIERI D. A.; SPERA,

K. D. Medicinal plants of the brazilian cerrado: Knowing to preserve. Bioscience Journal, v.

36, p. 556-567, 2020. http://dx.doi.org/10.14393/BJ-v36n2a2020-42748

VIEL, A. M.; SILVA, L. P; MARTINS, G. R.; URTREMARI, B.; SEKIYA, A;
DOKKEDAL, A. L.; SOUZA, E. B.; CAMARGQO, L. C. C.; SILVA, R. M. G. Toxicological,
genotoxic and antioxidant potential of Pyrostegia venusta. Bioscience Journal, v. 35, p. 570-

585, 2019. http://dx.doi.org/10.14393/BJ-v35n2a2019-41790



Trabalhos publicados em anais de eventos cientificos

PEDROSO, K. A.; VIEL, A. M. Potenciais interacdes medicamentosas em idosos residentes
em um asilo de Maracai-SP. In: XXII ENCONTRO DE INICIACAO CIENTIFICA
UNIP/PIBIC-CNPq, 2020, Sdo Paulo. Anais do XXII ENCONTRO DE INICIACAO
CIENTIFICA UNIP, 2020.

VIEL, A. M.; FIGUEIREDO, C. C. M.; GIMENIS, J. M.; SILVA, R. M. G. Atividade
antioxidante do extrato microencapsulado de Pyrostegia venusta. In: BIOFITO - Congresso

Internacional Online de Biocosméticos e Fitoprodutos, 2020. Anais do Congresso Internacional

Online de Biocosméticos e Fitoprodutos - BIOFITO, 2020.

CARVALHO, L. M.; VIEL, A. M. Andlise de potenciais interacdes medicamentosas em
unidade de terapia intensiva do Hospital Regional de Assis - SP. In: XXI Encontro de Iniciagdo
Cientifica UNIP/PIBIC-CNPq, 2019, Sao Paulo. Anais XXI Encontro de Iniciacdo Cientifica
2019.

SALATINIL K. A. M.; VIEL, A. M. Avaliacio do tratamento farmacolégico para dependentes
de 4lcool no centro de atengdo psicossocial de Maracai - SP. In: XXI Encontro de Iniciacdo
Cientifica UNIP/PIBIC-CNPq, 2019, Sao Paulo. Anais XXI Encontro de Iniciacdo Cientifica
2019.

SALATINI, K. A. M.; VIEL, A. M. Pharmacological treatment evaluation for alcohol
dependents from the psychosocial care center (CAPS) in Maracai - SP. In: XX Pharmaceutical
Congress of Sao Paulo / XII Internacional Seminar of Pharmaceutical Sciences / Expofar 2019,
2019, Sao Paulo. Brazilian Journal of Pharmaceutical Sciences. Sdo Paulo: Faculdade de

Ciéncias Farmacéuticas - Universidade de Sdo Paulo, 2019. p. 136-136.

CARVALHO, L. M.; VIEL, A. M. Potential drug interactions analysis in intensive therapy of
Assis regional hospital - SP. In: XX Pharmaceutical Congress of Sao Paulo / XII Internacional
Seminar of Pharmaceutical Sciences / Expofar 2019, 2019, Sao Paulo. Brazilian Journal of
Pharmaceutical Sciences. Sdo Paulo: Faculdade de Ciéncias Farmacéuticas - Universidade de

Sao Paulo, 2019. p. 147-147.



FIGUEIREDO, C. C. M.; VIEL, A. M.; GOMES, A. C.; GIMENIS, J. M.; SILVA, R. M. G.
Potencial antirradicalar e antiglicante de extrato de Tribulus terrestris. In: XXV Simpdsio de
Plantas Medicinais do Brasil, 2018, Sao Paulo. Anais XXV Simpésio de Plantas Medicinais do
Brasil 2018, 2018.

VIEL, A. M.; FIGUEIREDO, C. C. M.; GIMENIS, J. M.; GOMES, A. C.; SILVA, R. M. G.
Atividade antirradicalar do extrato hidroalcodlico de Turnera ulmifolia. In: XXV Simpdésio de
Plantas Medicinais do Brasil, 2018, Sao Paulo. Anais XXV Simpésio de Plantas Medicinais do
Brasil 2018, 2018.

GIMENIS, J. M.; GOMES, A. C.; FIGUEIREDO, C. C. M.; VIEL, A. M.; SILVA, R. M. G.
Determination of the content of polyphenols and total flavonoids and antioxidant activity
evaluation of Moringa oleifera Lam. In: 6th BCNP Brazilian Conference on Natural

Products/XXXII RESEM, 2017, Vitéria / ES. Anais do Evento, 2017.

VIEL, A. M.; SILVA, L. P.; BRONZEL JUNIOR, J. L.; SILVA, R. M. G.; PEIXOTO, E. C.
T. M. Physiological response, in vitro, of gastrointestinal helminths of sheep, exposed to
Psidium guajava extract. In: 6th BCNP Brazilian Conference on Natural Products/XXXII
RESEM, 2017, Vitéria / ES. Anais do Evento, 2017.

PARTICIPACAO EM BANCAS

Augusto Cesar Jeannine Rocha Junior. Graduacdo em Engenharia Biotecnoldgica.
Universidade Estadual Paulista — UNESP (2021).

Titulo: A interrelacdo do estresse oxidativo com a neuroinflamacao na progressao da doenca de
Alzheimer sob a perspectiva de uma velhice energeticamente deprimida.

Orientador(a): Lucineia dos Santos

Amanda de Andrade Machado. Graduacdo em Engenharia Biotecnol6gica. Universidade
Estadual Paulista — UNESP (2020).
Titulo: Desenvolvimento de um fitocosmético enriquecido com Caryocar Brasiliense Camb.

Orientador(a): Lucineia dos Santos

Cintia Gongalves de Oliveira. Graduacdao em Engenharia Biotecnolégica. Universidade

Estadual Paulista — UNESP (2020).



Titulo: Avaliacdo dos efeitos toxicoldgicos da formulagdo comercial do herbicida glifosato em
sua forma original e encapsulada sobre a fertilidade e o sistema reprodutor de camundongos.

Orientador(a): Lucineia dos Santos

Andressa Rodrigues Martins da Quinta. Graduacdo em Engenharia Biotecnoldgica.
Universidade Estadual Paulista — UNESP (2019).
Titulo: Medicamentos alopaticos, fitoterdpicos e plantas medicinais: uma andlise comparativa.

Orientador(a): Lucineia dos Santos

Melina Prado. Graduacdo em Engenharia Biotecnoldgica. Universidade Estadual Paulista —
UNESP (2018).

Titulo: avaliacdo do potencial alelopético e pré-oxidativo de Emilia Sonchifolia: perfil
inseticida e herbicida.

Orientador(a): Regildo Mércio Gongalves da Silva

Nadine Mendes Nascimento. Gradua¢do em Engenharia Biotecnol6gica. Universidade Estadual
Paulista — UNESP (2018).

Titulo: desenvolvimento de um novo fitocosmético com propriedades antienvelhecimento a
partir do extrato da Agave Sisalana.

Orientador(a): Lucineia dos Santos

PARTICIPACAO EM EVENTOS CIENT{FICOS

I Congresso Online Nacional de Cosmetologia. 2021. (Congresso).

BIOFITO - Congresso Internacional Online de Biocosméticos e Fitoprodutos. 2020.

(Congresso).

Congresso Brasileiro de Ciéncias Bioldgicas On-line (CONBRACIB). 2020. (Congresso).

I Congresso Digital de Nanobiotecnologia e Bioengenharia (I CDNB). 2020. (Congresso).

XX Congresso Farmacéutico de Sao Paulo, XII Semindrio Internacional de Ciéncias

Farmaceéuticas e Expofar 2019. (Congresso).



XXI Encontro de Iniciacdo Cientifica UNIP/PIBIC-CNPq. 2019. (Encontro).

IT Workshop do Departamento de Biotecnologia: Inovagdes biotecnoldgicas na drea da saide e

suas aplicacoes. 2018. (Outra).

XXV Simpésio de Plantas Medicinais do Brasil. Atividade antirradicalar do extrato

hidroalcodlico de Turnera ulmifolia. 2018. (Simpdsio).

6th BCNP Brazilian Conference on Natural Products/XXXII RESEM. 2017. (Congresso).

I Workshop do Departamento de Biotecnologia. 2017. (Simpdsio).

ORIENTACOES
Karine Alves Pedroso. Potenciais interagdes medicamentosas em idosos residentes em um asilo
de Maracai - SP. 2020. Inicia¢ao Cientifica. (Graduag¢ao em Farmécia) - Universidade Paulista

— UNIP.

Larissa Morais Carvalho. Andlise de potenciais interacdes medicamentosas em Unidade de
Terapia Intensiva do Hospital Regional de Assis-SP. 2019. Iniciacao Cientifica. (Graduacdo em

Farmacia) - Universidade Paulista — UNIP. Bolsa Universidade Paulista - UNIP.

Karen Adriane Moreira Salatini. Avalia¢do do tratamento farmacoldgico para dependentes de
alcool no Centro de Atencdo Psicossocial de Maracai-SP. 2019. Iniciacdo Cientifica.

(Graduacao em Farmadcia) - Universidade Paulista — UNIP. Bolsa Santander.



Dedico este trabalho a minha mde Maria,
por todo amor e por ser minha maior
incentivadora, compartilhando comigo

todas as alegrias e aprendizados da vida.



AGRADECIMENTOS

Primeiramente a Deus, por ser tdo presente em minha vida. Me sinto muito abencoada!

Aos meus pais Carlos e Maria, que s@o minha base e me impulsionam sempre a buscar meus
objetivos.

Ao meu noivo, muito em breve marido, Gustavo, um grande companheiro desde a minha
graduagdo, que sempre me apoiou com muito amor.

Ao meu orientador, Professor Dr. Regildo Méarcio Gongalves da Silva, por seus ensinamentos
nao somente como professor, mas também como um amigo. Minha gratidao pela oportunidade
e por toda a atencao e disponibilidade que sempre teve.

Aos colegas de laboratério, pela convivéncia e por compartilharem comigo seus
conhecimentos.

Aos meus amigos, pelas palavras de carinho, otimismo e incentivo.

Ao professor Dr. Valdecir Farias Ximenes, pela disponibilidade e auxilio nos testes de
fluorescéncia.

Ao professor Dr. Luis Eduardo Menezes Quintas e a Thais Miranda Godoy, pela colaboracdo
nos testes de citotoxicidade.

Aos professores da banca que aceitaram prontamento o convite para participar dessa defesa.
Aos funciondrios do Instituto de Quimica de Araraquara - UNESP, em especial aos funciondrios
da Secdo Técnica de Pos-graduagiao em Biotecnologia, por toda a atencdo e auxilio sempre que
solicitado.

A todos os professores do Doutorado, que muito contribuiram para minha formacao.

O presente trabalho foi realizado com apoio da Coordenagdo de Aperfeicoamento de Pessoal

de Nivel Superior - Brasil (CAPES) - Cédigo de Financiamento 001.



10

“Entrega o teu caminho ao Senhor, confia
Nele, e Ele tudo fara”
(Salmo 37:5)



VIEL, A. M. Atividade antioxidante, antiglicante e citotdxica de extratos de Pyrostegia venusta
(Ker Gawl.) Miers e Turnera ulmifolia Linn e desenvolvimento de método de
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RESUMO

Compostos com atividades antioxidante e antiglicante tornaram-se alvos de estudos, em busca
de novos ativos que possam prevenir € combater os danos causados pelo estresse oxidativo e
glicacdo de macromoléculas, eventos relacionados a diversos processos degenerativos e
patoldgicos. Diante disso, compostos de origem vegetal do grupo dos polifenois sdo fontes
promissoras para tais estudos, pois atuam como inibidores naturais destes processos prejudiciais
a saude e, diferentes espécies vegetais vém ganhando destaque em estudos cientificos, como a
Pyrostegia venusta e a Turnera ulmifolia, amplamente utilizadas na medicina popular. Somado
a isso, tem-se verificado um grande avanco cientifico envolvendo os estudos quimicos e
farmacoldgicos de plantas medicinais, que visam obter novos compostos com propriedades
terapéuticas, possibilitando ampliar suas acdes com o emprego na liberagdo controlada,
estabilizacdo e liberacdo destes fitofarmacos de forma mais eficiente. O presente trabalho teve
por objetivo avaliar a atividade antioxidante, antiglicante e citotoxica dos extratos brutos das
flores de Pyrostegia venusta e partes aéreas de Turnera ulmifolia, assim como as microcdpsulas
produzidas com extrato dessas espécies. Os extratos foram analisados quanto a constituicdo de
polifendis e flavonoides totais, por HPLC/MS e CCDc. A atividade antioxidante foi realizada
por meio dos testes de DPPH, FRAP, NO, ORAC-FL e inibicdo da hemdlise oxidativa em
eritrcitos humanos, e a atividade antiglicante por meio da determinagdo de grupos de aminas
livres, inibi¢do da formacdo de AGEs e MRE. As microcédpsulas produzidas com os extratos
em maltodextrina foram avaliadas quanto a eficiéncia e liberacdo de compostos polifendlicos,
atividade antioxidante por DPPH e caracterizagao por MEV. Ambas as espécies selecionadas
para esse estudo, P. venusta e T. ulmifolia, apresentaram alto teor de polifenoies e flavonoides
totais, que foram caracterizados por HPLC/MS. Os extratos que apresentaram melhores
resultados para as atividades antioxidante e antiglicante, foi obtido por maceracdo para a P.
venusta e percolagdo para a T. ulmifolia. No teste de MTT foi possivel verificar que P. venusta
apresentou potencial citotéxico nas maiores concentracdes analisadas, enquanto 7. ulmifolia
apresentou um resultado negativo para citotoxicidade. O método de microencapsulacao por
liofilizacdo demonstrou eficiéncia de encapsulacdo, pois conferiu estabilidade ao conteiido
polifendlico dos extratos, verificada apds a liberacdo dos compostos. As duas espécies
apresentaram potencial promissor quanto a atividade antioxidante e antiglicante, os quais
podem estar relacionados a sua constituicao em polifendis, principalmente em flavonoides.

Palavras-chave: AGEs, estresse oxidativo, flavonoides; plantas medicinais, polifenois.
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ABSTRACT

Compounds with antioxidant and antiglycant activities have become targets of studies, in search
of new actives that can prevent and combat the damage caused by oxidative stress and glycation
of macromolecules, events related to several degenerative and pathological processes.
Therefore, compounds of plant originate from the group of polyphenols are promising sources
for such studies, as they act as natural inhibitors of these harmful processes to health, and
different plant species have been gaining prominence in scientific studies, such as Pyrostegia
venusta and Turnera ulmifolia, widely used in folk medicine. Added to this, there has been a
great scientific advance involving chemical and pharmacological studies of medicinal plants,
which aim to obtain new compounds with therapeutic properties, making it possible to expand
their actions with the use of controlled release, Stabilization and release of these
phytopharmaceuticals in a more efficient. This study aimed to evaluate the antioxidant,
antiglycant and cytotoxic activity of crude extracts from Pyrostegia venusta flowers and aerial
parts of Turnera ulmifolia, as well as the microcapsules produced with extracts of these species.
The extracts were analyzed for the constitution of total polyphenols and flavonoids, by
HPLC/MS and CCDc. Antioxidant activity was performed by testing DPPH, FRAP, NO,
ORAC-FL and inhibition of oxidative hemolysis in human erythrocytes, and antiglycant
activity by determining free amine groups, inhibiting the formation of AGEs and MRE. The
microcapsules produced with maltodextrin extracts were evaluated for efficiency and release of
polyphenolic compounds, antioxidant activity by DPPH and characterization by SEM. Both
species selected for this study, P. venusta and T. ulmifolia, presented high content of total
polyphenols and flavonoids, which were characterized by HPLC/MS. The extracts that the best
results for antioxidant and antiglycant activities were obtained by maceration for P. venusta and
percolation for 7. ulmifolia. In the MTT test it was possible to verify that P. venusta presented
cytotoxic potential at the highest analyzed concentrations, while 7. ulmifolia presented a
negative result for cytotoxicity. The freeze-drying microencapsulation method demonstrated
encapsulation efficiency, as it provided stability to the polyphenolic content of the extracts,
verified after the release of the compounds. Both may be related to their constitution in
polyphenols, mainly in flavonoids.

Keywords: AGEs, oxidative stress, flavonoids; medicinal plants, polyphenols.
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REFERENCIAL TEORICO

O estresse oxidativo pode gerar mudancas permanentes na estrutura do DNA, proteinas
e lipidios (GEORGE e ABRAHAMSE, 2020; BIELECKA et al., 2021). Esse processo é gerado
pela atuacdo dos radicais livres (RLs), que sdo capazes de reagir com esses componentes
celulares, provocando além de danos, eventual apoptose celular (WANG et al., 2021). Os
principais RLs envolvidos em processos patoldgicos sdo representados pelas espécies reativas
de oxigénio (ROS) e de nitrogénio (ERN) (HOU et al., 2020).

O desequilibrio entre a producdo de RLs e as defesas do organismo gera uma condi¢ao
que provoca o estresse oxidativo, que pode promover desordens fisioldgicas, contribuindo tanto
no processo de envelhecimento, como também em complicacdes bioldgicas incluindo
inflamacao cronica (HU et al., 2020), fibromialgia (TOBORE, 2021), doengas degenerativas
como o diabetes (HUANG et al., 2021), doencas cardiovasculares (DAIBER et al., 2017;
HUANG et al., 2021), doencas pulmonares (HUANG et al., 2021; SHARMA et al., 2021),
cancer (NILSSON e LIU, 2020) e doengas neurodegenerativas como Alzheimer e Parkinson
(HU et al., 2020).

Outro importante processo que interfere na interrupcdo da homeostasia € a glicacdo, no
qual acucares redutores reagem com componentes celulares, principalmente proteinas, por meio
de uma complexa reagdo conhecida como reagdo de Maillard (TAKAHASHI et al., 2021). Esse
processo € gerado pela condensagdo de um grupamento carbonila de um acucar redutor, com
um grupamento amina presente em proteinas, 4cidos nucléicos e aminofosfolipideos, resultando
nos produtos de Amadori (MEHTA e DEETH, 2016). Esses produtos possuem grupos reativos
de carbonila, que se condensam com grupos aminas primdrias acessiveis, dando origem aos
produtos finais da glicacdo avangada denominados de AGEs (Advanced Glycation end

Products) (Figura 1) (KELLOW e COUGHLAN, 2015).

Glicose Base Schiff
* . ( 9 (proteina glicada)
Proteina

AGEs

(Produtos finais da Produtos de

glicagdo avangada) % Amadori

Figura 1. Reacdo de Maillard - Glicagdo proteica entre glicose e proteina. Fonte: Autor.
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A interacdo celular dos AGEs desencadeia processos inflamatérios € o aumento do
estresse oxidativo (TAKAHASHI et al., 2021; WU et al., 2021), por meio da geracdo de RLs,
devido as ligagdes com proteinas e interagdes com receptores celulares, resultando assim em
alteracdes morfofuncionais e aumento da expressao de mediadores inflamatérios (TANAKA,
2011).

O acumulo de AGEs € um processo predominantemente endégeno e natural do
organismo, que aumenta lentamente com o envelhecimento, porém, o acimulo anormal dessas
substancias pode ser induzido por fontes exdgenas (Figura 2) (BIOTEC
DERMOCOSMETICOS, 2016). Apés sua formagio, os AGEs podem interferir em diferentes
reacOes, principalmente com citocinas, hormoénios e no processo oxidativo, podendo
desencadear patologias como o diabetes e suas complicacdes (ALGHAMDI et al., 2021;
TAKAHASHI et al., 2021), aterosclerose (VLASSARA e URIBARRI, 2014; BASMAN et al.,
2021), doenca de Alzheimer (ALGHAMDI et al., 2021) e cancer (LIN et al., 2016; DARIYA e
NAGARAIJU, 2020), além de aumentar o risco de doenca arterial coronariana (BASMAN et
al., 2021).

LESAO LESAO
RENAL HEPATICA
DIABETES DIETA
ACIDO AGE
LIPOICO FUMO
FATORES
GLUTATIONA GENETICOS
DNA
B1EB6
RADICAIS A
e CANCER
AT|Vﬁ'CﬁD BLOQUEIO

Figura 2. Causas, efeitos e inibicdo da formagdo de AGEs. Fonte: BIOTEC
DERMOCOSMETICOS, 2016.
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Os AGEs foram identificados como neurotoxinas e fatores pré-inflamatérios e
apresentam receptores especificos no organismo denominados de RAGEs, uma proteina
transmembrana pertencente a familia de receptores de imunoglobulinas. A partir da interacdo
AGE-RAGE ocorre estimulo das vias de sinalizacdo relacionadas a inflamacgdo intracelular
como aumento do estresse oxidativo (Figura 3), além da sinalizacdo em diversas patologias
(ERUSALIMSKY, 2021; REN e YAN, 2021), relacionada ainda ao processo de
envelhecimento precoce. A inibi¢do da formagdo de AGEs reduz a interagdio AGE-RAGE e a
supressdo da expressdo de RAGE pode ser uma estratégia potencial para o tratamento de

patologias que sdo desencadeadas ou aceleradas por essa via de sinalizacdo (WU et al., 2021).

Receptor

AGE's PROTEINA
(RAGE)
-Ativagdo do NFkB -Degradagdo proteica
-Indugdo da resposta Inflamatéria -Propriedades quimicas
-Geragdo de ROS alteradas
-Estresse Oxidativo -Fungdo comprometida

-Les3o Tecidual

Figura 3. Formacio e acio dos AGEs. Fonte: NUCLEO DE INOVACAO E PESQUISA, 2021.

O actimulo progressivo de AGEs no organismo € resultado de uma combinacdo de
AGE:s provenientes da dieta e AGEs end6genos (WU et al., 2021). Compostos com atividades
antioxidantes e antiglicantes tém sido estudados como candidatos para suprimir os prejuizos
causados por RLs nos sistemas bioldgicos, assim como para bloquear o0 mecanismo envolvido
na formacdo de AGEs (AMINJAFARI et al., 2016). Com isso, a busca por compostos naturais

com atividades antioxidante e antiglicante se tornou alvo de estudos, para descoberta de
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compostos ativos que possam prevenir € combater os danos causados pelo estresse oxidativo e
glicagdo proteica (JIANG et al., 2016).

Ao longo dos anos, as plantas medicinais t€ém sido utilizadas para tratar diversas
patologias, principalmente em paises subdesenvolvidos, como alternativa mais rapida, pratica
€ menos onerosa em comparacdo aos medicamentos convencionais (TAMANG et al., 2021).
Diante disso, compostos de origem vegetal sdo fontes promissoras para tais estudos, como por
exemplo os compostos fendlicos e, dentro deste grupo os flavonoides, que constituem a maior
classe de fendlicos vegetais (BOUYAHYA et al., 2021; DAS et al.,, 2021), tém sido
investigados como inibidores naturais de processos danosos ao organismo, além de
contribuirem para elaboracdo de novos produtos farmacéuticos, cosméticos e alimentos
funcionais (KALYNIUKOVA et al., 2021; ZAMAN et al., 2021).

Os polifendis constituem um grupo diversificado de compostos fitoquimicos
amplamente distribuidos nas plantas e podem se acumular em todas as partes da espécie vegetal
como caules, folhas, flores, frutos e raizes (LIU et al., 2019). Muitos estudos t€ém sugerido que
os polifenéis podem desempenhar um papel importante na prevencdo e tratamento de danos
promovidos pelo estresse oxidativo (JIAO et al., 2018) e, além disso, estudos demonstram sua
acdo sobre doencas corondrias, diabetes e cancer (DAS et al., 2021).

Diferentes espécies vegetais t€ém ganhado destaque em estudos cientificos, por
possuirem atividades importantes no controle dos danos oxidativos e dos fatores que
intensificam e facilitam a acao prejudicial dos RLs. Entre estas espécies de interesse destacam-
se a Pyrostegia venusta (Ker Gawl.) Miers (ROY et al., 2012; COIMBRA et al., 2019) e a
Turnera ulmifolia Linn (NASCIMENTO et al., 2006; BRITO et al., 2012), distintas quanto ao
género e familia e com caracteristicas peculiares quanto ao seu desenvolvimento e abrangéncia.

Quanto a espécie Pyrostegia venusta, esta pertence a familia Bignoniaceae, e ¢
popularmente conhecida como flor ou cipé-de-sdo-jodo, constitui-se por uma liana que
multiplica rapidamente e € amplamente encontrada no Cerrado e Mata Atlantica brasileira,
distribuindo-se em campos, orlas de matas, beiras de estradas e ao longo da costa no litoral
(MAGALHAES et al., 2010; ROSSATTO e KOLB, 2010). Essa espécie é nativa do Brasil
(LORENZI, 1995) e apresenta expressiva dispersdo em quase todo o sul e sudeste do Brasil
(DUARTE e JURGENSEN, 2007) e, devido a sua inflorescéncia de cor laranja, é considerada
como uma planta ornamental (SCALON et al., 2008; VELOSO et al., 2010) (Figura 4).
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Figura 4. Pyrostegia venusta. Fonte: Autor.

Na medicina popular as flores de P. venusta sao utilizadas em infusdes e decocgdes
(SCALON et al., 2008; VELOSO et al., 2010) para o tratamento de vitiligo, diarreia (RIBEIRO
et al., 2017), infecgdes do sistema respiratorio (CARDOSO et al., 2009), em infec¢des uterinas,
ictericia, erisipela (CARDOZO et al., 2009; VELOSO et al., 2010), como antimicrobiana e
cicatrizante (ROY et al., 2012). Em estudos realizados com extrato vegetal de P. venusta foi
verificado a inexisténcia de toxicidade reprodutiva, efeitos genotdxico, carcinogénico e
mutagénico (FERNANDES et al., 2011; VIEL et al., 2019).

No que diz respeito a composi¢do fitoquimica da P. venusta, esta se apresenta como
fonte de diversos compostos naturais e grande potencial relacionado as atividades bioldgicas
com propriedades terapéuticas, que sdo desempenhadas por compostos fendlicos,
principalmente flavonoides, identificados nas partes aéreas da planta (MAGALHAES et al.,
2010; VELOSO et al., 2010). Estudos fitoquimicos avaliando efeitos biol6gicos demonstraram
que P. venusta apresenta efeitos anti-inflamatérios, antinociceptivos e anti-tumoral (VELOSO
et al., 2014; FIGUEIREDO et al., 2014). Estudos ainda comprovam que as flores de P. venusta
foram capazes de estimular a melanogénese no tratamento do vitiligo (MOREIRA et al., 2015).
Na composi¢do fitoquimica foram identificados a presenga de alantoina, rutina, dcido caféico e
derivados do 4cido gélico, do 4cido benzodico e do dcido p-cumarico (MOREIRA et al., 2012,
COIMBRA et al., 2017).

A espécie Turnera ulmifolia pertencente a4 familia Turneraceae, e popularmente
conhecida como chanana, damiana, albina e saca-estepe € considerada uma erva daninha
amplamente distribuida em regides tropicais e subtropicais na Africa e América do Sul
(SZEWCZYK e ZIDORN, 2014). Essa espécie € nativa do México e da India Oriental e no

Brasil é encontrada principalmente nas regides norte e nordeste (ROIG, 1988). Atinge
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aproximadamente 60 centimetros de altura e caracteriza-se por folhas aromdticas e flores
constituidas de cinco pétalas brancas amareladas (ANTONIO; SOUZA BRITO, 1998) (Figura
5). Cresce em solos arenosos (HOSAMANI, 1993) e € adaptavel a diferentes climas, podendo

resistir a uma temperatura de até 85 °C em algumas ocasides (SILVA et al., 2015).

Figura 5. Turnera ulmifolia. Fonte: Autor.

Na medicinal popular é utilizada como anti-inflamatdria, para tratar sintomas de gripe e
resfriado, atuando como expectorante, utilizada para desordens do sistema circulatério, na
forma de cha para tlceras e distirbios gastrointestinais como indigestdo, constipacdo e diarreia
(GRACIOSO et al., 2002; COUTINHO et al., 2009). As raizes de T. ulmifolia sao preparadas
por decocgdes para tratar inflamacdes uterinas (CARTAXO et al., 2010). As partes aéreas sao
utilizadas para o tratamento de prostatite e para diferentes tipos de cancer. No entanto, em
algumas regioes esta espécie € utilizada como abortiva (GALVEZ et al., 2006).

No que diz respeito aos estudos cientificos, estes demonstraram que esta espécie possui
propriedades farmacoldgicas como anti-hiperglicémica, anti-inflamatoéria, antiulcerogénica,
antifingica, antioxidante, afrodisiaca e hipotensora (NASCIMENTO et al., 2006). Estudos
fitoquimicos identificaram a presenca de 4cido clorogénico, dcido gélico, apigenina, rutina,
quercetina, luteolina e diosmetina (BRITO et al., 2012; SZEWCZYK e ZIDORN, 2014).

Os estudos de extratos e compostos ativos naturais de origem vegetal, apesar de serem
altamente difundidos, encontra limitagdes que podem interferir de maneira direta e indireta nos
constituintes e na atividade bioldgica. Tais limitagdes constitui-se principalmente nas condi¢des
de preparo e formula¢des empregadas para produgdo dos extratos e compostos ativos, o que
pode levar a alteracdo fisico-quimica (pH, fotolabilidade, temperatura, entre outros) e assim

alterar a atividade bioldgica esperada. Contudo, os avangos nas pesquisas de imobilizagcdo e
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liberagdo de compostos ativos refletem uma tendéncia tecnoldgica mundial em todos os setores
de producao, capaz de oferecer uma infinidade de beneficios e facilidades em todas as dreas de
atuagdo, principalmente em sistemas mais eficientes para veicular e aumentar a eficicia de
compostos ativos no organismo (MORA-HUERTASA et al., 2010). Somado a isso, tem-se
verificado um grande avanco cientifico envolvendo os estudos quimicos e farmacoldgicos de
plantas medicinais, que visam obter novos compostos com propriedades terapéuticas (CORIA-
TELLEZ et al., 2018; EKALU, 2021;: PRASATHKUMAR et al., 2021) e, entre as alternativas
que podem ser utilizadas para preservar as caracteristicas do material vegetal, destaca-se a
encapsulacdo em diferentes estruturas como microcdpsulas, lipossomas, microemulsdes e
nanoparticulas poliméricas (HEINRICH et al., 2007).

O desenvolvimento de sistemas de imobiliza¢do e liberacdo com esses compostos
vegetais na forma de microcdpsulas € uma alternativa, para garantir a estabilidade do composto,
facilitar a liberacdo de substancias ativas e aumentar sua efetividade, uma vez que as
microcdpsulas conferem uma barreira fisica entre o composto presente no nucleo e os outros
componentes da formulacdo (ALMEIDA et al., 2017).

A microencapsulacdo é uma técnica de revestimento amplamente difundida e que
apresenta aplicacdo nas mais diversas dreas como farmacéutica, cosmética e alimenticia
(NESTERENKO et al., 2013). Neste processo pequenas particulas do principio ativo sdo
rodeadas por um revestimento que formam pequenas cdpsulas, cuja estrutura atua como um
filme protetor, isolando a substincia ativa e evitando sua exposi¢do inadequada (JYOTHI et al.,
2012) (Figura 5). As microcdpsulas formadas podem ser classificadas de acordo com seu
tamanho em macroparticulas (=5.000 pm), microparticulas (0,2 a 5.000 um) ou nanoparticulas

(<0,2 um) (SILVA et al., 2014).

Figura 6. Morfologia da microcdpsula. Fonte: PEREIRA et al. (2018).
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Diferentes técnicas de microencapsulagdo podem ser empregadas para compostos
bioativos e ingredientes alimenticios, e o que as diferenciam € o tipo de aprisionamento do
material a ser encapsulado pelo agente encapsulante, que pode ser por secagem por spray, spray
chilling, polimerizagao in situ, emulsificacdo e liofilizacao (TOLVE et al., 2016).

Existem diferentes compostos utilizados na microencapsulagdo e a selecdo desse
material € um requisito importante, pois influencia diretamente na eficiéncia da
microencapsulacio e na estabilidade do sistema (COSTA et al., 2015). Algumas caracteristicas
sdo desejaveis para o agente encapsulante de acordo com o método de encapsulamento
selecionado, como as caracteristicas das particulas desejadas incluindo tamanho, estabilidade,
solubilidade e ainda liberag@o controlada, qual a aplicacdo pretendida do material encapsulado,
a viabilidade e o custo do processo (SANTOS et al., 2021).

A maltodextrina é um polissacarideo nutritivo, composto por cadeias de trés a 20
unidades de D-glicose ligadas por cadeia o 1-4, que apresenta diferentes pesos moleculares
(ELNAGGAR etal.,2010; BARRETO et al., 2015). Sua formacao ocorre por meio da hidrélise
do amido de milho, por a¢do dcida ou enzimatica, que origina diferentes dextroses equivalentes
(DE), indicando a extensao da hidrélise do amido equivalente e a massa molar. Apresenta boa
aceitacdo na técnica de microencapsulacdo devido a sua baixa higroscopicidade, alta
solubilidade, baixo custo e baixa viscosidade (COSTA et al., 2015; MAHDAVI et al., 2016).

Sendo assim, plantas medicinais como a P. venusta e a T. ulmifolia visam a obtencdo de
novos compostos com propriedades terapéuticas, possibilitando ampliar suas a¢des com o
emprego da microencapsulacdo para estabilizacdo de seus metabdlitos. A possibilidade do
desenvolvimento de ativos com capacidade para serem inseridos nas diferentes dreas da
indudstria farmacéutica, cosmética e até mesmo alimenticia, podem refletir diretamente na
prevencdo e tratamento do envelhecimento precoce, de doengas cronicas e degenerativas, das
alteracdes morfofuncionais e do aumento da expressao de mediadores inflamatérios, devido ao

seu potencial antioxidante e antiglicante.
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OBJETIVOS

Objetivo geral

O presente trabalho teve por objetivo avaliar a atividade antioxidante, antiglicante e
citotoxica dos extratos brutos e fracdes das flores de Pyrostegia venusta e das partes aéreas de
Turnera ulmifolia e desenvolver um método de microencapsulacdo dos extratos utilizando

maltodextrina como material de parede.

Objetivos especificos
1- Determinar o contetido de compostos polifendlicos e flavonoides totais dos extratos das
flores de Pyrostegia venusta e partes aéreas de Turnera ulmifolia;
2. Realizar o fracionamento direcionado para compostos flavonoidicos e caracterizar
qualitativamente as fragdes, por cromatografia liquida de alta eficiéncia acoplada ao
espectro de massas (HPLC/MS);
3. Determinar a atividade antioxidante dos extratos pelos ensaios de DPPH, FRAP, NO,
ORAC e inibicao de hemdlise oxidativa em eritrocitos humanos;
4. Determinar a atividade antiglicante dos extratos pelos ensaios de determinagdo do grupo
de aminas livres, inibicdo da forma¢do de AGEs e mobilidade relativa em eletroforese;
5. Avaliar a citotoxicidade dos extratos por MTT em linhagem celular de fibroblastos;
6. Desenvolver um método de microencapsulacdo dos extratos avaliando a eficiéncia de
encapsulacdo e liberacdo de compostos polifendlicos, avaliando também a atividade
antioxidante por DPPH;

7. Analisar as microcdpsulas formadas em microscopia eletronica de varredura (MEV).
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Atividade antioxidante, antiglicante e citotoxica do extrato e fracao de Pyrostegia venusta
(Ker Gawl.) Miers e desenvolvimento de método de microencapsulacio

RESUMO

Pyrostegia venusta (Ker-Gawl.) Miers, pertence a familia Bignoniaceae e ¢ popularmente
conhecida como flor ou cipd-de-sdo-jodo, uma espécie nativa do cerrado brasileiro. Na
medicina popular é amplamente utilizada para tratamento de vitiligo e como anti-inflamatoria,
antinociceptiva e anti-tumoral. Estudos fitoquimicos demonstraram a presenga de compostos
fendlicos em sua composi¢do, o que torna essa espécie alvo de interesse para estudos que
buscam compostos vegetais, que possam ser empregados na prevengdo e tratamento de
processos danosos ao organismo, como o estresse oxidativo e a glicagdo proteica, ambos
associados a doengas degenerativas. O presente estudo teve como objetivo avaliar o extrato
bruto de flores de P. venusta quanto ao teor de polifenois e flavonoides totais e determinar o
perfil cromatografico de seus constituintes por HPLC/MS e CCDc. Objetivou avaliar a
atividade antioxidante, antiglicante e citotdxica, além de desenvolver um método de
microencapsulacdo do extrato em maltodextrina. Os resultados obtidos demonstraram que o
extrato bruto de P. venusta obtido por maceragdo (EBPvm) na concentragdo de 10 mg/mL
apresentou maior presenca de compostos polifendlicos (1060,4 ug equivalente dcido galico/g
de extrato) e flavonoides totais (1063,0 ug equivalente rutina/g de extrato), comparado ao
extrato bruto de P. venusta obtido por percolacdo (EBPvp). Na concentracao de 1000 ug/mL o
EBPvm apresentou 82,5%, enquanto o EBPvp obteve 72,6% de atividade antioxidante
sequestradora do radical livre DPPH, com efeito concentracao dependente. A atividade
antioxidante avaliada pelo teste FRAP demonstrou maior potencial redutor do extrato na
concentracdo de 1000 ug/mL para EBPvm (1244,0 uM ET/g de extrato seco) comparado ao
EBPvp (966,3 uM ET/g de extrato seco), resultados semelhantes ao teste de NO, no qual o
EBPvm também apresentou melhor resultado comparado ao EBPvp com 5,8 € 5,5 uM/mL de
nitrito para EBPvm e EBPvp, respectivamente. A capacidade antioxidante verificada nos testes
ORAC-FL e inibi¢do da hemdlise oxidativa apresentou comportamento dose dependente de
concentracdo. Na atividade antiglicante o EBPvm na concentragdo de 10 mg/mL apresentou
68,45% de grupos amino livres, 77,00% de inibicdo da formacdo de AGEs e inibicao da
glicacdo da proteina por MRE. O extrato das flores de P. venusta apresentou reducdo da
viabilidade celular por MTT nas maiores concentracdes. Na andlise das microcédpsulas foi
verificada maior eficiéncia de encapsulacao para o EBPvm encapsulado com 5,0 gramas de
maltodextrina, avaliada por encapsulacdo e liberacdo de compostos polifendlicos. Com os
resultados obtidos foi possivel verificar potencial antioxidante e antiglicante para o extrato das
flores de P. venusta, possivelmente associadas ao teor de compostos polifendlicos,
principalmente flavonoides, identificados em sua composi¢dao. Além disso, foi possivel
constatar eficicia no método de microencapsulacdo realizado por liofilizagdo com
maltodextrina.

Palavras chave: AGEs; estresse oxidativo; glicacdo; flavonoides; polifendis.
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1 INTRODUCAO

Os produtos naturais sdo compostos quimicos, geralmente originados do metabolismo
secunddrio vegetal, e que fazem parte de diferentes classes quimicas, sendo responsaveis por
diversas atividades bioldgicas (ZHANG et al., 2013). Neste contexto, a classe dos compostos
fendlicos tornou-se alvo de interesse cientifico, devido as suas propriedades benéficas a sauide,
pois apresentam significativa atividade antioxidante, com capacidade de reduzir os riscos de
doencas degenerativas, cardiovasculares e cancer, além de apresentar atividade inibitéria da
glicacdo proteica e formacao de produtos finais de glicacdo avancada (AGEs) (WU et al., 2019).

Os compostos antioxidantes naturais, encontrados em diferentes espécies vegetais, sao
representados principalmente por dois grupos, os dcidos fendlicos e os flavonoides, capazes de
sequestrar e inativar os radicais livres atuando na prevencao do estresse oxidativo (SHAHIDI e
AMBIGAIPALAN, 2015; CHANG et al., 2016). Além da acdo do acumulo de radicais livres
no estresse oxidativo, outro processo fisioldgico atua nesse desequilibrio, proporcionada pela
glicacdo de biomoléculas, uma reagao nao enzimatica. Este processo estd associado ao aumento
da produ¢do de compostos oxidantes altamente reativos, que promovem a formacao dos AGEs,
alterando a estrutura e fungdes das biomoléculas, tais como proteinas, lipideos e acidos
nucleicos (KALUDERCIC e DI LISA, 2020).

A busca de novos ativos naturais com atividade antioxidante e antiglicante tem sido cada
vez mais alvo de pesquisas, pois diminui¢do e/ou eliminagao do estresse oxidativo e formagao
de AGEs promovem a estabilidade fisiol6gica em diferentes tipos de doencgas e comorbidades.
Assim as plantas medicinais, geralmente utilizadas de forma empirica e por populacdes
especificas, representam importante fonte de novos antioxidantes e antiglicantes (AHMAD e
AHMED, 2006) e entre as diferentes espécies potencialmente antioxidante destaca-se a
Pyrostegia venusta (Ker Gawl.) Miers (FERREIRA et al., 2019).

Esta espécie pertencente a familia Bignoniaceae que abrange aproximadamente 113
géneros e 800 espécies, constitui-se por uma liana conhecida popularmente como flor ou cip6-
de-sdo-jodo, com ampla distribui¢do principalmente nas regides sul e sudeste do Brasil
(ROSSATTO e KOLB, 2010). Estudos fitoquimicos comprovam a presenca de compostos
polifendlicos, principalmente flavonoides, que conferem as atividades biolégicas demonstradas
por essa espécie, como atividade anti-inflamatdria, antinociceptiva e anti-tumoral, além de
estimular a melanogénese no tratamento do vitiligo (CARDOSO et al., 2009; VELOSO et al.,
2010; FIGUEIREDO et al., 2014; VELOSO et al., 2014).
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Compostos bioativos naturais sdo quimicamente instiveis e suscetiveis a degradacio
oxidativa, entretanto, quando expostos a fatores ambientais e a técnica de encapsulacdo é uma
tecnologia adequada para garantir a estabilidade e controlar a liberacdo desses compostos,
preservando a bioatividade de diferentes compostos naturais e garantindo sua funcionalidade
benéfica a saide, na prevencao e tratamento de doengas (NIKMARAM et al., 2017).

Com sua ampla aplica¢do, o processo de encapsulagcdo tem atraido cada vez mais o
interesse das industrias farmacéuticas, alimenticia e de cosméticos (CUI et al., 2021). A
microencapsulacdo é uma ferramenta cada vez mais utilizada, pois conserva a capacidade
antioxidante e preserva a estabilidade térmica dos flavonoides, protegendo esses compostos
sensiveis a acdo extrinseca (ROSA et al., 2013).

Existem diferentes métodos de preparacdo e obteng¢do de microcdpsulas, sendo que o
método por liofiliza¢do proporciona uma eficiente prote¢do dos compostos bioativos, utilizando
principalmente a Maltodextrina como material de parede encapsulador, pois a mesma apresenta
alta solubilidade, boa biocompatibilidade, viscosidade e seguranca para o encapsulamento de
compostos bioativos (TOLUN et al., 2016; MAR et al., 2020).

Diante do exposto o presente estudo teve por objetivo avaliar a atividade antioxidante,
antiglicante e citotoxica dos extratos brutos e fracdes das flores de Pyrostegia venusta, assim
como desenvolver um método de microencapsulacdo dos extratos utilizando maltodextrina

como material de parede.

2 MATERIAL E METODOS

2.1 Coleta e preparo dos extratos vegetais

2.1.1 Coleta do material vegetal

As flores de P. venusta foram coletadas de espécime de vegetacdo remanescente
proximo ao campus da UNESP / Assis, SP, Brasil (22 © 32'26"S e 50°22'31"N e 22 ° 32'18"S;
50 ° 22'47"N) e uma cdpia foi taxonomicamente identificada no Herbério do Instituto Florestal
de Assis, Sao Paulo, Brasil (espécime voucher: SPSF - 40207). A coleta foi feita de forma
sustentdvel e sem causar impacto ambiental a espécie coletada.

O material vegetal (flores) coletado foi levado ao laboratdrio de Fitoterapicos e Produtos
Naturais do Departamento de Biotecnologia da UNESP, onde foi selecionado e seco em estufa
de ar forcado em temperatura média de 40 °C, até obtencao de peso constante. Logo apds, foi
realizada a pulverizagdo em moinho de facas para obtencdo de pd fino para preparacdo dos

extratos.
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2.1.2 Preparo dos extratos brutos

2.1.2.1 Extrato hidroetan6lico por Maceragdo

O extrato hidroetandlico (70%) foi preparado na propor¢ao de 1:10 (p/v), submetido a
agitacdo mecanica por um periodo de 24 horas em temperatura ambiente. Apds esse periodo a
mistura foi filtrada a vicuo, nos quais os residuos vegetais foram extraidos novamente por duas
vezes. Os volumes resultantes das trés extragdes foram reunidos e levados ao rotaevaporador
sobre pressao reduzida, para eliminacdo completa do dlcool. O extrato aquoso resultante foi
congelado e posteriormente liofilizado. O extrato seco de P. venusta (EBPvm) obtido foi

utilizado na caracterizagdo fitoquimica e nos bioensaios.

2.1.2.2 Extrato hidroetanélico por Percolacao

O extrato hidroetandlico foi obtido por percolacdo do p6 com solugdo de etanol (70%).
O p6 (500 g) foi previamente intumescido com 2 litros de solucio hidroetandlica durante 2
horas em béquer. Apds esse periodo, o percolador foi empacotado com a mistura
(po+etanol+édgua), sendo o empacotamento feito da forma mais homogénea possivel, evitando
a formacdo de bolhas ou buracos no conteido alocado dentro do percolador. A altura do
enchimento obedeceu a proporcao 5:1, referente ao volume do percolador e do material vegetal,
em relacdo ao tamanho do percolador. A vazdo do percolador foi entre 1-2,0 mL/min/Kg de
material vegetal e apds este periodo o extrato obtido foi filtrado e concentrado em
rotaevaporador sobre pressao reduzida, para eliminagdo completa do dlcool. O extrato aquoso
resultante foi congelado e posteriormente liofilizado. O extrato seco de P. venusta (EBPvp)

obtido foi utilizado na caracterizagdo fitoquimica e nos bioensaios.

2.1.2.3 Obtengao da fracao flavonoidica

O fracionamento direcionado a obten¢do de fragao concentrada em flavonoides, utilizou
a metodologia proposta por Costa et al. (2011), com pequenas adaptacdes. O fracionamento
direcionado foi realizado com o extrato que apresentasse maior atividade antioxidante. Para
tanto, 2 g de extrato hidroetandlico seco de P. venusta (EBPvm) foi diluido em 300 mL de dgua
destilada e, em seguida a mistura foi submetida a extra¢do liquido-liquido com n-butanol
(4x150 mL) resultando em 600 mL de fracdo n-butandlica. Apds a remogdo do solvente em
rotaevaporador, a fracdo foi ressuspendida em metanol e eluida em coluna cromatografica
preenchida com silica gel para coluna (60 mesh), na proporcao de 25:25:5 (fragcdo
extrato:silica:metanol; m/m/v). Em sequéncia, a silica foi filtrada e os compostos adsorvidos

extraidos com metanol (2x200 mL), resultando em 400 mL de fracdo enriquecida em
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flavonoides. O metanol foi eliminado em rotaevaporador e a secagem final da fracdo de P.

venusta foi realizada por liofilizacao.

2.2 Analise fitoquimica dos extratos

2.2.1 Determinacgao de polifendis totais

O conteudo de polifendis totais foi determinado com o extrato diluido em alcool etilico
absoluto em diferentes concentragdes, de acordo com o método colorimétrico de Folin-
Ciocalteau (SINGLETON e ROSSI, 1965), utilizando acido galico como padrio de referéncia.
Inicialmente foi adicionado 0,1 mL das amostras a 5 mL de dgua destilada e 0,5 mL do reagente
Folin-Ciocalteau. No tubo branco foram misturados 5,1 mL de 4gua destilada e 0,5 mL do
reagente Folin-Ciocalteau. Os tubos com as misturas reacionais foram mantidos a temperatura
ambiente por 3 minutos e, em seguida foi adicionado 1,4 mL de solu¢@o de carbonato de sédio
25% e 3 mL de dgua destilada. A mistura foi agitada e permaneceu por 1 hora a temperatura
ambiente ao abrigo da luz. A absorbancia foi mensurada a 765 nm em espectrofotdmetro UV-
visivel e o teor de polifendis totais foi determinado a partir de uma curva de calibracdo de 4cido
gdlico e expressos como mg equivalente de dcido galico (EAG) por grama de extrato seco. As

andlises foram realizadas em triplicada.

2.2.2 Determinacdo de flavonoides totais

Os flavonoides totais foram mensurados pelo método de ensaio colorimétrico (CHRIST
e MUELLER, 1960). Foi misturado 1 mL das amostras de extrato diluido em alcool etilico
absoluto em diferentes concentra¢des, com 4 mL de etanol a 70% e 0,5 mL de solugdo de
NaNO: a 5%. Ap6s 6 minutos foram adicionados 0,5 mL de solu¢do AICl3 a 10%; 3 mL de
solucdo NaOH 1M e 1 mL de 4gua destilada. A mistura foi agitada e incubada por 15 minutos
a temperatura ambiente e ao abrigo da luz, sendo submetida posteriormente a leitura em
espectrofotometro UV-visivel a um comprimento de onda de 510 nm. Os flavonoides foram
calculados a partir da curva de calibragdo de rutina e expressos como mg equivalente rutina

(ER) por grama de extrato seco. As anélises foram realizadas em triplicada.

2.2.3 Anilise qualitativa por Cromatografia de Camada Delgada Comparativa (CCDc)

A cromatografia em camada delgada comparativa (CCDc) foi realizada como método
qualitativo para a avalia¢do de flavonoides. Nesta andlise foram utilizados os extratos brutos na
concentracdo de 10 mg/mL dissolvidos em metanol. As cromatografias foram desenvolvidas

em cromatofolha silica gel 60 GF254 (Merck®) e como fase mdvel para a visualizacdo de
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flavonoides foram utilizados cloroférmio:metanol:dgua (75:23:12 v/v/v). Para a visualizacdo
de flavonoides foi borrifada uma solugdo de 2-aminoetil difenilborinato (1,0% p/v) em metanol,
seguido por uma solugdo de polietilenoglicol 400 (5% p/v) em metanol (WAGNER; BLADT;
ZGAINSKI, 1984). As placas foram visualizadas sob luz UV366 e fotografadas.

2.3 Analise em HPLC/MS

O “fingerprint” do EBPvm foi analisado usando HPLC-ESI-IT-MS (Accela High Speed
LC da Thermo Scientific®, acoplado a um Accela Thermo Scientific® LCQ Fleet com Ion Trap
3D e ionizagdo por eletropulverizacdo (Coluna Phenomenex® Luna C18 (2)). As condicdes
para HPLC foram em uma coluna de 250 mm x 4,6 mm x 5 pm; uma fase mével com dgua
ultra-pura + 4cido férmico 0,1% (A) e metanol + 4cido férmico 0,1 % (B); um gradiente de
25% de A a 100% de B em 80 min; um volume de injecao de 20,0 puL; uma temperatura de
coluna de 25 °C; uma razio de fluxo de 0,8 mL/min", A = 254 nm FIA-ESI-IT-MSn realizado

no modo negativo.

2.4 Avaliacao da atividade antioxidante

2.4.1 Atividade sequestradora do radical livre DPPH

Para a avaliacdo da capacidade antioxidante no sequestro do radical livre DPPH foi
utilizada a metodologia descrita por Blois (1958) com modificacdes. Uma mistura reacional
contendo 1 mL de tampao acetato (100 mM, pH 5.,5), 1,25 mL de etanol absoluto, 250 uL de
solucdo etandlica de DPPH (500 uM) e 50 uL dos extratos diluidos em élcool etilico absoluto
em diferentes concentragdes foi agitada em vértex e permaneceu em repouso por um periodo
de 30 minutos, em ambiente de pouca luminosidade. O DPPH apresenta maxima absorbancia a
517 nm, que decresce na presenca de moléculas doadoras de H*, indicado pela mudanga da
colorag@o roxa para amarelo. As absorbancias foram determinadas em espectrofotdmetro UV-
visivel a 517 nm. A atividade sequestradora do radical DPPH foi expressa em porcentagem
sendo calculada de acordo com a seguinte equacdo: Atividade antioxidante (%) = [(Acontrole—
Aamostra)/Acontrole] X 100. Onde, Acontrole € @ absorbancia do controle (contendo tudo exceto a
amostra) € Aamostra € @ absorbancia da mistura reacional com a amostra apds 30 minutos. O dcido
gdlico foi utilizado como controle positivo. Para o calculo do ECso foi plotado o grifico da
porcentagem de atividade antioxidante pela concentracdo de extrato em pg/mL e realizada a
regressdo linear onde foi obtido a equagio da reta (y= 23,771x - 11,835 e R*= 0,9852) para o

calculo do EC50. As andlises foram realizadas em triplicada.
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2.4.2 Potencial redutor de ferro (FRAP)

Para a determinacdo da capacidade antioxidante por meio do teste Ferric Reducing
Antioxidant Power (FRAP) foi utilizada a metodologia descrita por Benzie e Strain (1996),
baseada na capacidade do composto antioxidante em reduzir o Fe (III) em Fe (II). No escuro o
reagente FRAP foi preparado com 25 mL de tampao acetato (300 mM, pH 3.,6); 2,5 mL de
TPTZ (10 mM) em solucao de HCI (40 mM) e 2,5 mL de FeClz (20 mM). Foram misturados
90 pL das amostras diluidas em dlcool etilico absoluto em diferentes concentracdes, com 270
puL de dgua destilada e 2,7 mL do reagente FRAP. Em seguida, foram agitados em vortex e
mantidos em banho-maria por 30 minutos a 37 °C. Depois de resfriadas, as amostras foram
lidas a 595 nm em espectrofotdmetro UV-visivel. Uma curva de calibracdo padriao foi
construida utilizando-se Trolox e os resultados foram expressos em uM equivalente de Trolox

(ET) por g de extrato seco. As andlises foram realizadas em triplicada.

2.4.3 Atividade sequestradora de 6xido nitrico (NO)

Para a avaliacdo da capacidade sequestradora de NO foi utilizada a metodologia descrita
por Marcocci et al. (1994) com modificacdes. O NO foi gerado por decomposi¢do espontanea
de nitroprussiato de s6dio (NPS) em tampao fosfato salino (PBS) e quantificado pela reacdo
colorimétrica de Griess, onde ocorre a formacdo de um cromoéforo réseo durante a diazotagdo
do nitrito com a sulfanilamida e subsequente complexacao com o naftiletilenodiamino (GREEN
et al., 1982). Uma mistura reacional contendo 320 puL de soluc@o dos extratos diluidos em
diferentes concentracdes, 360 uL NPS (25 mM/PBS, pH 7,4) e 215 uL de reagente de Griess
foi adicionada em tubos de ensaio e incubada em banho-maria 37 °C por 2 horas, na auséncia
de luz. A absorbancia do teste foi determinada em espectrofotometro a 540 nm. Os resultados
obtidos foram colocados em uma equagao da reta, obtida pela regressao linear de uma curva de
calibracdo de nitrito de sdédio, gerada sob as mesmas condicdes do teste e os resultados
expressos em quantidade de nitrito formado (uM/mL). As andlises foram realizadas em

triplicada.

2.4.4 Capacidade de absorc¢do do radical oxigénio (ORAC-FL)

O ensaio ORAC-FL foi realizado como previamente descrito por Davalos et al. (2004),
no qual radicais peroxil foram gerados pela decomposicdo do AAPH a 37 °C. A fluoresceina
foi utilizada como sonda fluorescente, onde a perda da fluorescéncia indica dano a fluoresceina
pela reacdo com radicais peroxil. Para o volume final de 200 uL, para cada amostra (trolox,

amostras) foram adicionados 130 pL de fluoresceina 100 nM (concentracdo final de 65 nM),
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20 pL da amostra/trolox (concentracao final de 10 uM) e 50 uLL. de AAPH 80 mM (concentragdo
final de 20 mM), utilizando microplacas para andlise de fluorescéncia. As medidas foram
realizadas no fluorimetro adaptado para microplacas (Synergy H1 Hybrid Reader, Biotek,
Winooski, VT, USA) em Aex = 470 nm € Aem = 520 nm, 37 °C, em intervalos de 5 minutos por
2 h. A sensibilidade do equipamento foi ajustada para 100. Os cdlculos foram realizados
utilizando seguinte equacdo: ORAC = (drea da curva da amostra - drea da curva do controle)
x (mols de trolox)/(area da curva do trolox - area da curva do controle) x (mols da amostra).
Os resultados foram expressos em micromols de trolox/mg de extrato. A andlise de
fluorescéncia foi reaizada sob a supervisdo do professor Dr. Valdecir Farias Ximenes, no
Laboratério de Eletroquimica, na Faculdade de Ciéncia e Letras da UNESP — Campus Bauru.

As andlises foram realizadas em triplicada.

2.4.5 Inibicao de hemdlise oxidativa em eritrécitos humanos

2.4.5.1 Obtengao de eritrdcitos

Todos os procedimentos realizados neste protocolo de estudo foram aprovados pelo
Comité de Etica em Pesquisa da Universidade Estadual Paulista - UNESP - Campus Assis/SP
(Processo n°® 833.386, aprovado em 16/09/2014). O sangue foi coletado em tubos com EDTA
de um voluntério sadio por puncdo venosa. Logo apds o mesmo foi centrifugado a 2500 rpm/ 5
minutos a temperatura ambiente, para obten¢do da fracdo correspondente aos eritrocitos. Os
eritrécitos foram lavados trés vezes em solug¢do tampao PBS (pH 7,2) por meio do processo de
centrifugacao (2500 rpm/ 5 minutos). Posteriormente foi preparada a dilui¢do para a obtencdo

da suspensao de eritrocitos a 10% em tampao PBS.

2.4.5.2 Ensaio de hemdlise oxidativa

Para o ensaio de hemolise oxidativa foi utilizado o método descrito por Yang et al.
(2006) e Banerjee et al. (2008), com modificagdes. Uma suspensdo de eritrécitos a 10% foi
incubada com AAPH (50 mM) na presenga ou auséncia dos extratos em diferentes
concentracdes por 6 horas, em banho-maria a 37 °C. A cada 60 minutos aliquotas de 400 uL
foram retiradas, transferidas para tubos eppendorf, centrifugadas a 2500 rpm por 10 minutos,
seguido de leitura espectrofotométrica do sobrenadante. A hemdlise foi determinada pela leitura
da absorbancia de hemoglobina a 540 nm e calculada de acordo com a equacao: Hemdlise (%)=
[ (Aamostra—A controle negativo)/ Acontrole positivo—Acontrole negativo] X 100. Onde, Aamostra € a absorbancia do
teste na presenga do extrato; Acontrole positivo € @ absorbancia do controle positivo (suspensio de

eritrocitos 10% + AAPH 50 mM) e representa 100% de hemolise € Acontrole negativo € a
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absorbéncia do controle negativo (suspensdo de eritrocitos 10% + tampao PBS) e representa
auséncia de hemolise. Os resultados foram expressos em porcentagem de hemdlise. As andlises

foram realizadas em triplicada.

2.5 Determinacao da atividade antiglicante

2.5.1 Preparo da mistura reacional de glicagao

Para a avaliagdo da atividade antiglicante foram preparadas misturas reacionais de
glicacdo. Em tubos de ensaio com tampa, foram adicionados BSA (2 mg/mL) em tampao
fosfato PBS (10 mM / pH 8,0) e Ribose (1M) na presenca ou na auséncia dos extratos (10
mg/mL) e controle cloridrato de aminoguanidina (40 Mm) e conservante azida de sédio 0,02%.

Para o teste de determinacao de grupo amino livres uma aliquota da reacao foi incubada
em banho-maria 60 °C/30 minutos e apds esse periodo, dialisadas no mesmo tampao por 24h e
congeladas até andlise. Para a andlise de fluorescéncia de AGEs e mobilidade relativa em
eletroforese, foram incubadas aliquotas em estufa 37 °C por 7 dias (MRE) e 15 dias (AGEs),

sem dialise.

2.5.2 Determinacdo de grupos de aminas livres

Os grupos de aminas livres das amostras glicadas foram determinados pelo método de
ortoftaldialdeido (OPA) (LEDESMA-OSUNA et al., 2008). O reagente OPA foi preparado com
25 mL de borato de sédio 0,1 M; 2,5 mL de SDS a 20%; 100 uL. de 2-mercaptoetanol; 40 mg
de OPA (dissolvidos em 1 mL de metanol) e ajustado a um volume de 50 mL com &4gua
destilada. Uma aliquota de cada amostra, depois de aquecidas, e dialisadas por 24 horas
contendo 50 pg de proteina foi misturada com 200 pL de reagente OPA, incubada durante 2
minutos em microplacas a temperatura 37 °C. Em seguida, mensurou-se a fluorescéncia das
reacoes, sob a supervisdo do professor Dr. Valdecir Farias Ximenes, no Laboratério de
Eletroquimica, na Faculdade de Ciéncia e Letras da UNESP — Campus Bauru. As analises foram

realizadas em triplicada.

2.5.3 Inibi¢ao da formagao de AGEs por fluorescéncia

A mistura reacional foi incubada em estufa a 37 °C por 15 dias. A formacdo de AGEs
foi determinada pela medida de suas caracteristicas fluorescentes utilizando a excitagdo e
emissao maxima de 360 e 460 nm, respectivamente, em espectrofluorimetro, sob a supervisao

do professor Dr. Valdecir Farias Ximenes, no Laboratério de Eletroquimica, na Faculdade de
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Ciéncia e Letras da UNESP — Campus Bauru. A leitura foi realizada em duplicata e os

resultados expressos por porcentagem de inibi¢do de formagao de AGE:s.

2.5.4 Mobilidade relativa em eletroforese (MRE)

Aliquotas de 15puL das reacOes de glicacdo foram analisadas utilizando-se eletroforese
em gel de poliacrilamida 12% (PAGE), corrente inicial de 30 mA e voltagem 80V e apds sair
do gel de empacotamento, com corrente 60 mA e voltagem 100V, por aproximadamente 3
horas. As amostras foram carregadas sem desnaturacdo e apds a separacdo, as bandas de
proteina foram visualizadas por colorac@o do gel com Coomassie-Blue (R-250). As alteracdes
na posi¢do e migracdo das bandas de BSA foram comparadas (WIJETUNGE e PERERA,
2014).

2.6 Microencapsulacao de extrato de P. venusta (EBPvm)

2.6.1 Microencapsulacdo utilizando Maltodextrina

A metodologia utilizada na microencapsula¢do do extrato padronizado e enriquecido
contendo o extrato de P. venusta foi realizada de acordo com a proposta por Sousdaleff et al.
(2013) com adaptacdes laboratoriais. Foram preparadas solucdes contendo 0,1 g de extrato
dissolvido em 5 mL de etanol. Em seguida, foram pesadas as quantidades de 5, 10 e 20 g de
maltodextrina DE20 (MDE20), dissolvida em 80 mL de dgua destilada a 60 °C. Apds a
dissolucdo completa da maltodextrina, a solug@o foi resfriada a temperatura ambiente, sendo
adicionada a solug¢do contendo o extrato. A solugdo foi agitada separadamente em agitador
mecanico por um periodo de 30 minutos a 2500 rpm. Apds o periodo de agitacdo, a solugdo
contendo as microcédpsulas foi concentrada em rotaevaporador. Cada uma das solucdes, obtidas
com as respectivas propor¢des, de ambos os extratos, foi previamente congelada e submetida a
processo de secagem em liofilizador. Apds o periodo de secagem, obteve-se um po seco e fino,
por meio de moagem do liofilizado. Os p6s de maltodextrina com as microcdpsulas foram
avaliados por meio dos testes de determinacao de polifendis e flavonoides totais e avaliacdo
antioxidante da atividade sequestradora do radical livie DPPH e FRAP e as andlises foram

realizadas em triplicada.

2.6.2 Avaliagdo das microcapsulas
2.6.2.1 Ruptura e liberacao
Para a liberagao dos ativos das microcdpsulas produzidas com MDE20, sua estrutura de

revestimento foi completamente rompida de acordo com método proposto por Robert et al.
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(2010), com adaptagdes. As microcdpsulas foram dispersas em 1 mL de solugdo de etanol, dcido
acético e dgua (50:8:42 v/v/v). Esta dispersao foi agitada utilizando-se o vortex por 1 minuto e,
em seguida, sonicada com frequéncia de 50Hz, duas vezes por 20 minutos, com intervalo de 5
minutos. O sobrenadante foi centrifugado a 10.000 G durante 5 minutos e, em seguida, filtrado
em filtro Millipore (0,45 pm). As solugdes resultantes da liberagdao das microcapsulas foram
avaliadas por meio dos testes de determinacdo de polifendis e avaliacdo antioxidante da

atividade sequestradora do radical livre DPPH.

2.6.2.2 Eficiéncia de encapsulacao

Foi considerada como eficiéncia de encapsulagdo a relagdo existente entre a quantidade
de compostos fendlicos ndo encapsulados, presentes na superficie das microparticulas, e o total
de compostos fendlicos microencapsulado (ROBERT et al., 2010). O experimento para
determinar a eficiéncia da encapsulacdo foi dividido em duas partes, sendo a primeira a de
extracdo dos compostos fendlicos que ndo foram microencapsulados, e a segunda, apds a
ruptura e liberacdo das microparticulas, para quantificacdo dos compostos fendlicos nelas
contidos. A eficiéncia de encapsulagdo foi calculada utilizando-se a seguinte equacdo:
Eficiéncia de encapsulacdo (%) = (FR-FE) / FN x 100, onde FN (polifendis totais apds a
ruptura) é a quantidade de compostos polifendlicos de uma quantidade conhecida de
microcdpsulas e FE (compostos polifendlicos da superficie) ¢ a quantidade de compostos

fendlicos contida na mesma quantidade de microcédpsulas.

2.6.2.3 Caracterizagdo morfoldgica de microcapsulas

A morfologia das microcdpsulas obtidas por liofilizacao foi observada por Microscopia
Eletronica de Varredura (SEM) [Marca JEOL, modelo JSM-7500F, com software operacional
PC-SEM v. 2.1.0.3 equipado com detectores de elétrons secunddrios, retroespalhamento e
andlise quimica (espectroscopia de energia dispersiva - EDS) da Thermo Scientific, modelo
Ultra Dry, com software operacional NSS 2.3]. As microcédpsulas foram fixadas em fita adesiva
condutora de cobre e, a seguir, revestidas com ouro. As observacgdes foram feitas usando SEM

a tensdo de aceleracdo de 10 kV (ROSENBERG et al., 1985; DEWI et al., 2016).

2.7 Analise citotoxica por método de MTT
Amostra do EBPvm foi acondicionada em eppendorfs com 20 mg, sendo armazenado
em solugdo estoque de 20 mg/mL em PBS e a partir dessa, foram realizadas dilui¢des seriadas

para que fossem obtidas as seguintes concentracdes finais do extrato: 1 mg/mL extrato; 0,5
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mg/mL; 0,25 mg/mL; 0,125 mg/mL; 0,0625 mg/mL; 0,03125 mg/mL; 0,015625 mg/mL. No
primeiro dia as células foram semeadas com a linha celular humana HFF1 (fibroblastos),
aproximadamente 0,5 x104 células / po¢co em 200 puLL de meio / pogo (3 ensaios) e 1x104 células
/ pogo em 200 pL. de meio / pogo. O meio utilizado foi DMEM 15% FBS + 1% L-Glutamina
contendo penicilina (100 U/mL) e estreptomicina (100 mg/mL). No quarto dia, foi realizado o
tratamento, onde as células foram plaqueadas (0,5x104) e mantidas em cultivo por 72 horas até
atingir a confluéncia adequada, ap6s o qual foram tratadas. O ensaio que apresentou densidade
celular de 1x104 recebeu o tratamento apds 48 horas. No sexto dia, no fluxo laminar, foram
adicionados 20 pL da solucao de MTT (5 mg/mL) e deixados por 4 horas na estufa ao abrigo
da luz. Apds 4 horas, todo o contetdo foi removido de cada pogo, 200 pL. de DMSO foram
adicionados e o leitor Tecan Sunrise foi lido em um comprimento de onda de 492 nm. Os
valores foram gerados pelo programa Magellan e analisados pelo programa Prism. A andlise
foi realizada com os valores subtraidos do branco (sem extrato e sem célula) e do branco-extrato
(com extrato e sem célula). Esta andlise foi reaizada em colabora¢@o com o professor Dr. Luis
Eduardo M. Quintas, no Laboratory of Biochemical and Molecular Pharmacology, no Institute

of Biomedical Sciences da Universidade Federal do Rio de Janeiro

2.8 Anailise Estatistica
Os resultados obtidos foram avaliados por meio da Andlise de Variancia (ANOVA),

seguida pelo teste de Tukey como post hoc teste.O nivel de significéncia foi estabelecido para

p<0,05 (Software BioEstat 5.3).

3 RESULTADOS E DISCUSSAO

3.1 Determinacao de polifendéis e flavonoides totais

Para avaliacao da composicao fitoquimica do extrato de P. venusta foram determinados
os compostos polifendlicos e flavonoides totais, na concentragdo de 10 mg/mL dos extratos
preparados por maceracao e percolacdo (Tabela 1). O extrato obtido por maceracio apresentou
maior presenga de compostos polifendlicos e flavonoides totais. Na andlise de polifendis foram
identificados nos EBPvm e EBPvp a presenca de 1060,4 ug/mL e 481,9 pg/mL equivalente a
acido gélico por grama de extrato seco, respectivamente e, para flavonoides totais foram de

1063,00 pg/mL e 975,2 ng/mL equivalente a rutina por grama de extrato seco, respectivamente.
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Tabela 1. Avaliacio de compostos polifendlicos e flavonoides totais dos extratos brutos

hidroetanélicos (EBPvm e EBPvp) de flores de P. venusta.

Extrato  Concentragdo (mg/mL) Polifendis totais' Flavonoides totais?
EBPvm 0 10604 + 24,4 1063,0 £ 7,7
EBPvp 481,9 £ 14,7 975,2 £ 18,5

EBPvm= Extrato bruto de P. venusta por maceracao, EBPvp= Extrato bruto de P. venusta por
percolacdo. 'ug equivalente 4cido gélico/g de extrato. 2ug equivalente rutina/g de extrato.

Os resultados obtidos nos testes de determinacdo de polifendis e flavonoides totais
observados para os diferentes extratos das flores de P. venusta sao semelhantes aos encontrados
por Figueiredo et al. (2014) e Moreira et al. (2015), onde ficou evidenciado presenca de

flavonoides nos extratos obtidos de flores desta espécie.

3.2 Analise qualitativa por Cromatografia de Camada Delgada Comparativa (CCDc)

No cromatograma em CCDc revelado com o reagente NP/PEG submetido a luz
ultravioleta, foram aplicadas e eluidas as amostras dos extratos brutos hidroetandlicos, obtidos
por maceracao (EBPvm =P1) e percolacdo e (EBPvp = P2) de flores de P. venusta, e os padroes:
acido gélico, quercetina e rutina. A andlise em CCDc resultou em um perfil bandas definidas,
no entanto diferindo dos padrdes em cor (Figura 1). Os valores de Rfs obtidos nos padrdes dcido
gdlico e quercetina foram de 0,24 e 0,67 cm respectivamente e, para o padrdo rutina o Rf foi de
0,13. E possivel observar em ambos extratos de P. venusta os Rfs se aproximam de 0,24 cm,

valores estes iguais ao encontrado no padrdo 4cido gélico.

Figura 1. Cromatograma dos padrdes Acido Gilico (AG), Quercetina (Q), Rutina (R), extratos
brutos hidroetandlicos de flores de P. venusta (EBPvm =P1; EBPvp = P2), com sistema eluente
cloroférmio-metanol-dgua (75:23:2) e revelador NP/PEG, para identificacdo de compostos
flavonoidicos. Identificacdo das zonas cromatograficas com seus respectivos valores de Rf
(cm).
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Pesquisas realizada por Moreira et al. (2015) demonstraram a presenga de compostos
fendlicos na espécie P. venusta. Nos diferentes extratos avaliados neste estudo verifica-se
similaridade entre o Rf do padrao acido gélico (0,24) com os extratos brutos de P. venusta,
porém as coloracdes diferem entre si e, de acordo com Wagner e Bladt (2001) a coloragdo

amarela sugere glicosideos de flavondis.

3.3 Analise fitoquimica por HPLC-PDA

A andlise do cromatograma HPLC-PDA de EBPvm (Figura 2) mostrou dois picos
principais em 4,11 min e 31,37 min. Com base nos valores m/z, espectros de UV e comparagao
com a literatura (ROY et al., 2011), foi identificado que o pico 2 € correspondente ao dcido
quinico e o pico 3 ao diglicosideo flavonoide. Além disso, o pico 1 é um derivado de mio-

inositol (3) (Tabela 2).
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Figura 2. Cromatograma analitico de HPLC-PDA a 254 nm de EBPvm.

Tabela 2. Identificacdo e sugestdao de compostos de EBPvm por dados de LC-PDA, LC-MS e
MS/MS.

Pico | Rt(min) | UV (Amax) | [M-H]" | MS/MS ions | Compostos sugeridos

1 3.71 257 179 225,195 derivado de mio-inositol
2 4.11 269 191 173, 127, 85 | 4cido quinico

3 31.37 331, 249 623 461 flavonoide diglicosideo

A andlise fitoquimica por HPLC-PAD do EBPvm, nas condi¢Oes cromatogréficas

realizadas, indicou a provével presenga de dcido quinico, um flavonoide diglicosideo e mio-

inositol. Da mesma forma, Roy et al. (2011) identificaram essas mesmas classes de compostos
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em extratos de flores e raizes de P. venusta, e também confirmaram o potencial antioxidante

desses compostos.

3.4 Avaliacao da atividade antioxidante

3.4.1 Avaliagdo da atividade antioxidante pelos testes de DPPH, FRAP e NO

As avaliacdes da atividade antioxidante dos EBPvm (Tabela 3) e EBPvp (Tabela 4)
foram realizadas pelos testes de DPPH, FRAP e NO. Na andlise pelo método de sequestro do
radical DPPH" o EBPvm na concentragdo de 1000 pg/mL apresentou a maior atividade
antioxidante, com valor de 82,5%. Semelhantemente o EBPvp também apresentou maior
atividade para a concentracdao de 1000 pg/mL (72,6%). Os valores de ambos os extratos na
concentracdo de 1000 pg/mL nao diferiram significativamente em comparagdo ao controle
positivo (4acido galico= 87,0%) e apresentaram um perfil concentracao dependente. Os valores
de ECso obtidos foram de 2,6 para EBPvm e de 3,49 para EBPvp.

Na andlise do potencial redutor de ferro pelo método FRAP, o EBPvm apresentou o
melhor resultado na concentragdao de 1000 pg/mL com 1244,0 uM ET/g de extrato seco, sendo
que o EBPvp na mesma concentracio apresentou 966,3 uM ET/g de extrato seco. Para o método
do sequestro do 6xido nitrico (NO) a concentragdo de 100 pug/mL apresentou os melhores

resultados, com 5,8 e 5,5 uM/mL de nitrito, para EBPvm e EBPvp, respectivamente.

Tabela 3. Atividade antioxidante do EBPvm e controle positivo Acido Gdlico e Trolox, por

meio dos testes de DPPH, FRAP e NO

Concentragdo
Extrato DPPH! FRAP? NO?
(ug/mL)
100 9,0 + 1,6a 107,1 £3,1a 5,8 +0,4a
250 379+28b  338,7+11,9 7,1 +£0,5b
EBPvm
500 63,5 +3,3c 688,4 +7,0c 122+ 1,1c
750 79,7+1,4d  909,3 +10,6d -
1000 82,5+0,2d  1244,0+383¢  18,0+0,9¢c
Acido gilico 100 87,0 +0,2d -
Trolox 1000 - - 8,0 £ 0,0b

EBPvm= Extrato bruto de P. venusta por maceracdo. '%Atividade Antioxidante, *uM
equivalente trolox/g de extrato, *nitrito (uM/mL). Teste Tukey (valores expressos como média
+desvio padrio). Letras diferentes (p<0,05).
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Tabela 4. Atividade antioxidante do EBPvp e controle positivo Acido Gilico e Trolox, por

meio dos testes de DPPH, FRAP e NO

Extrato Concentragdo DPPH! FRAP? NO?
(ug/mL)

100 6,7 + 1,3a 94,8 £1,7a 5,5+0,2a
250 31,9+ 1,0b 198,2 + 8,0b 7,7 +0,3b

EBPvp 500 33,3+3,8b 491,8 £ 11,1c 12,0 £0,1c
750 57,3 +2,3c 717,2 £9,5d -
1000 72,6 £1,7d 966,3 + 26,1e 20,3 £0,5d

Acido gilico 100 87,0 +£0,2d -
Trolox 1000 - - 8,0 +0,0b

EBPvp= Extrato bruto de P. venusta por percolacdo. '%Atividade Antioxidante, “uM
equivalente trolox/g de extrato, *nitrito (uM/mL). Teste Tukey (valores expressos como média
+desvio padrdo). Letras diferentes (p<0,05).

Os resultados da atividade antioxidante obtidas neste estudo estdo de acordo com
aqueles observados por Pereira et al. (2014), os quais demonstraram que o extrato bruto de P.
venusta provou ser um agente antioxidante promissor, pois foi capaz de reduzir DPPH tao
efetivamente quanto a rutina, utilizada como controle positivo no ensaio. Quanto aos resultados
de ECso, um extrato que apresenta alto potencial em sequestrar radicais livres, possui baixo
valor de ECs, ou seja, inibe a oxidac¢do do radical em 50%, conforme Roesler et al. (2007) e,
neste estudo, foi possivel comprovar por meio dessa andlise os potenciais antioxidantes dos
extratos.

A atividade antioxidante avaliada pelo teste FRAP demonstrou maior potencial redutor
dos extratos na concentracao de 1000 pg/mL. Os resultados encontrados com P. venusta sao
semelhantes aos observados por Roy et al. (2012), onde foi verificado que extratos metandlicos
de P. venusta apresentaram atividade antioxidante in vitro pelo potencial redutor de ferro
(FRAP).

Os resultados obtidos pelo teste de sequestro de 6xido nitrico (NO) demonstraram que
os extratos na concentracao de 100 ug/mL apresentaram capacidade de inibir a formagao de
nitrito. De acordo com Dalgé (2014) existem poucos dados na literatura que avaliam a inibi¢ao
de NO por extratos vegetais e, o autor afirma ainda que essa inibicao ndo é dose-dependente,

assim como pode ser observado nos resultados do presente estudo.
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3.4.2 Selecao do extrato de flores de P.venusta com maior atividade antioxidante

ApOs os testes antioxidantes o EBPvm foi selecionado para a avalicdo do potencial
antioxidante pelo método de ORAC-FL e hemodlise oxidativa, atividade antiglicante,
desenvolvimento do método de microencapsulacio do extrato por maltodextrina e

fracionamento direcionado para obtencdo de fracao flavonoidica

3.4.3 Avaliagdo da atividade antioxidante pelo método de ORAC-FL

A capacidade de absor¢ao do radical oxigénio gerado pela decomposicao do AAPH a
37 °C pode ser comparado entre o padrdo Trolox e o EBPvm, em duas diferentes concentragoes.
A Figura 3 apresenta a curva de decaimento da perda da fluorescéncia, que apresenta o dano
causado a fluoresceina pela reagdo com radicais peroxil, comprovando o potencial antioxidante
desse extrato, pois comparado ao controle Trolox, a intensidade de fluorescéncia permaneceu

por mais tempo, na concentra¢ao de 100 pg/mL.
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Figura 3. Curva cinética do ensaio ORAC-FL na presenca de EBPvm.

A atividade antioxidante do extrato de flores de P. venusta pelo método ORAC foi
relado pela primeira vez no presente estudo, ndo podendo ser comparado com a literatura atual.
Gongalves (2008) demonstrou que existe uma correlacdo positiva entre a capacidade
antioxidante pelo método ORAC com a constituicio de compostos fendlicos dos extratos

vegetais. Assim como foi comprovada a presenca destes compostos no presente estudo.
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3.4.4 Avaliacao da atividade antioxidante pelo método de inibi¢do de hemolise oxidativa
em eritrécitos humanos

Na Figura 4 € possivel verificar os resultados da atividade anti-hemolitica do extrato de
P. venusta em diferentes concentracdes. O EBPvm apresentou capacidade antioxidante ao inibir

a hemdlise induzida pelo AAPH e apresentou comportamento concentracdo dependente.
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Figura 4. Atividade antioxidante pelo método de inibicdo de hemoélise do EBPvm durante 6
horas de incubacdo e mensurada a 540 nm em espectrofotometro. Resultados expressos em
média de porcentagem de hemolise.

A capacidade anti-hemolitica apresentada para EBPvm € corroborada por Erlejman et
al. (2004), seja pela estrutura quanto pela atividade desempenhada pelos flavonoides, onde a
atividade antioxidante esta diretamente relacionada ao nimero e localizacdo de hidroxilas
presentes em sua cadeia principal, o que confere maior atividade antioxidante. Kitagawa et al.
(2004) comprovaram que o flavonoide quercetina e seus glicosideos foram capazes de retardar
a hemolise com efeito dose-dependente, em eritrécitos bovinos na presenga de AAPH. No
entanto estd metodologia de avaliacdo da atividade antioxidante por via anti-hemolitica,
promovida por extrato ou compostos ativos de P. venusta, ndo apresenta dados na literatura

cientifica para fim de comparagao.
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3.5 Avaliacao da atividade antiglicante

3.5.1 Determinac¢do de grupos de aminas livres e inibi¢do da formag¢do de AGEs por
fluorescéncia

Para a determinagdo de grupos amino livres, o BSA foi associado a ribose e tratado com
aminoguanidina ou EBPvm. O BSA tratado com EBPvm em solucdo na concentra¢ido de 10
mg/mL apresentou 68,45% de grupos amino livres. Este valor foi superior ao BSA tratado com
aminoguanidina, que resultou em 22,57% de grupos amino livres.

Na determinag¢do da inibi¢ao da formagao de AGEs, o tratamento de BSA com EBPvm
na concentracdo de 10 mg/mL resultou 77,00% de inibi¢dao da formacdo de AGEs, porém este
valor ndo diferiu significativamente quando comparado ao tratamento com aminoguanidiona

que apresentou 77,80% de inibicdo da formacdo de AGEs.

3.5.2 Mobilidade relativa em eletroforese (MRE)

Na Figura 5 estdo apresentados os perfis eletroforéticos do BSA glicado com Ribose e
tratado com EBPvm ou o antiglicante da aminoguanidina. E possivel observar que o EBPVm
apresentou atividade antiglicante mantendo perfil eletroforético semelhante ao BSA padrao e
em comparagdo com o perfil do BSA glicado com ribose, onde € nitida a degradacdo da

proteina.

+

Figura 5. Teste de mobilidade relativa em eletroforese para avaliacdo da capacidade
antiglicante. 1= BSA, 2= BSA+Ribose, 3= BSA+Ribose+Aminoguanidina, 4=
BSA+Ribose+EBPvm. Onde BSA=Albumina sérica bovina.
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Os resultados evidenciam que a glicacdo foi inibida pelo tratamento com o extrato, por
meio dos métodos de determinacdo de grupos de aminas livres, inibi¢do da formagdo de AGEs
e MRE. Os efeitos de plantas medicinais sobre a formacao de AGEs in vitro t€ém inibido sua
formacao e o processo de glicacdo avangada, conforme estudo realizado por Harris et al. (2011).

A atividade antioxidante estd relacionada a capacidade antiglicante de compostos
naturais, capazes de inibir a formacao de AGEs, mecanismo que se deve a protecdo exercida
pelos antioxidantes aos radicais livres derivados da glicag¢do, enquanto os quelantes evitam a
auto-oxidacdo da glicose e dos produtos de Amadori, removendo os metais de transicdo
(NAKAGAWA et al, 2002). Compostos que apresentam capacidade antioxidante e
antiglicante, além de prevenirem a formacdo de AGEs, ainda sdo capazes de reduzir a
toxicidade promovida pelos radicais livres no organismo, como afirmam Ahmad e Ahmed

(2006).

3.6 Avaliacao da microencapsulacio do extrato de P. venusta

3.6.1 Determinacao de polifendis e avaliacao da atividade antioxidante por DPPH

Na Tabela 5 estdo expressos os resultados do teor de compostos polifenélicos do EBPvm
encapsulados antes e apds a liberagdao das microcdpsulas. Foi possivel constatar que os extratos
encapsulados demonstraram baixa ou auséncia de compostos polifendlicos no produto da
encapsulacdo, enquanto apds processo de liberacdo as microcdpsulas, a solu¢do apresentou
considerdvel aumento da concentracdo de polifendis, o que revela a eficicia do método de
encapsulacdo, com destaque para a encapsulacdo realizada com os EBPvm em 5,0 gramas de
maltodextrina. Os resultados do presente estudo corroboram com Pang et al. (2014), que
demonstraram que os compostos fendlicos do extrato de Orthosiphon stamineus foram
preservados com a microencapsulacdo em maltodextrina, utilizando a técnica de spray dryer.
GUO et al. (2020) em estudo comparativo dos métodos de microencapsulacao por spray drying
e liofilizacdo, constataram a eficiéncia do método de microencapsulagdo de curcumina por
liofilizacdo, no qual o composto manteve estabilidade.

Na Tabela 6 estdo demonstrados os resultados do potencial de atividade antioxidante
pelo teste de DPPH, do EBPvm encapsulado e apés sua liberacdo. E possivel constatar que a
atividade antioxidante do extrato apds a liberagdo dos compostos foi maior comparado a antes
liberagdo. A concentracdo 5 gramas de maltodextrina apresentou a maior atividade
antioxidante, com valor de 90,5%. E possivel observar que a atividade antioxidante das
microcdpsulas foi menor com o aumento na concentragao de maltodextrina, corroborando com

Mishra et al. (2014).
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Tabela 5. Avaliacdo da encapsulacdo do EBPvm, obtida por meio da dosagem dos compostos
polifendlicos totais encapsulado e apds a liberacao das microcdpsulas, em diferentes dilui¢cdes

de maltodextrina

EBPvm Polifendis totais!
(200 pg/mL) + MDE20 (g) Encapsulado Liberado
0,1 +5 8,7+1,52 366,3 +9,0
0,1 +10 0+0 1459+94
0,1 +20 0+0 87,81 £0,6
0+10 - 0

EBPvm= Extrato bruto de P. venusta por maceragio. 'ug equivalente rutina.

Tabela 6. Determinagao da atividade antioxidante por meio do sequestro do radical livre DPPH

do EBPvm encapsulado e apds a liberacdo das microcapsulas

EBPvm DPPH'
(200 pg/mL) + MDE20 (g) Encapsulado Liberado
0,1+5,0 2,6+1,0 90,5 +0,2
0,1+ 10,0 1,5+0,2 89,5+0,2
0,1 +20,0 0,1+0,1 66,7 + 1,8
0+ 10,0 - 0
Acido gélico* (100 pg/mL) 87,0+0,2

EBPvm= Extrato bruto de P. venusta por maceracdo. '%Atividade antioxidante. Valores
apresentados como média+desvio padrio. "Padrio utilizado como referéncia no teste do DPPH.

3.6.2 Avaliagdo da eficiéncia de encapsulagao

Na Tabela 7 estdo apresentados os valores da eficiéncia de encapsulacdo do EBPvm. A
maior efici€éncia observada foi de 90,82 para a preparacdo de microcdpsulas como 0,1 gramas
de EBPvm e 5 gramas de maltodextrina. Resultados semelhantes foram obtidos por Sousdaleff
et al. (2013) que relataram a eficiéncia e a estabilidade de microcdpsulas de maltodextrina

contendo diferentes produtos de origem vegetal (terpenos, flavondides e taninos).
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Tabela 7. Eficiéncia de encapsulagdo do EBPvm por determinagdo de polifendis totais

Fenois totais

Extrato (g) + MD20 (g) =N 5 = ME %
0,1+5 2522 +£15,2  366,33+9,0 90,82

EBPvm 0,1+10 375,59 £ 10,08 - 145,67 +9,4 38,78
0,1+20 - 39,22 £0,6 10,44

MD20 0,0+ 10 - - - -

MD20 = maltodextrina DE20; FN = compostos fendlicos ndo encapsulados antes da
liofilizacdo; FE = compostos fendlicos encapsulados em microcapsulas apds liofiliza¢do; FR =
compostos fendlicos apos liberacao; ME = eficiéncia de microencapsulacao.

3.6.3 Andlise morfoldgica das microcapsulas
A Figura 6 corresponde a imagem da microparticula obtida apds encapsulagdo do
EBPvm com maltodextrina, obtida em microscopia de varredura utilizando espectros de

absorc¢do Optica e frequéncia de modulagdo da luz fixada em 25Hz.

Figura 6. Micrografia eletronica de microcdpsulas de maltodextrina DE20 contendo EBPvm
(aumento de 1000x).

As microcdpsulas observadas em microscopia eletronica de varredura apresentaram
formato esférico, depressdes irregulares, superficie dentada, sem trincas ou rupturas. Estas sdo
caracteristicas fundamentais para garantir uma maior protecdo e retencdo do extrato

encapsulado. Nao foi observada uniformidade e os tamanhos variaram de 10 um a 100 um,
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caracteristicas também identificadas por Siemons et al. (2020), que observaram microcédpsulas

formadas por maltodextrina contendo compostos naturais.

3.7 Analise citotéxica por método de MTT

A andlise citotéxica evidenciou que o EBPvm induziu alteracdo significativa da
viabilidade em células HFF1 nas concentragcdes analisadas. O extrato das flores de Pyrostegia
venusta reduziu significativamente a viabilidade celular nas concentra¢des de 1 e 0,5 mg/mL,

enquanto que concentragdes menores foram indcuas (Figura 7).
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Figura 7. Atividade citotéxica do extrato bruto de EBPvm em diferentes concentracoes (1; 0,5;
0,25; 0,125; 0,0624; 0,03125 e 0,015625 mg mL-1). Cada barra representa a redu¢do de MTT
(OD 492 nm). Resultados com letras iguais nao diferiram estatisticamente (p<0,05).

O EBPvm apresentou reduc¢do da viabilidade celular em fibroblastos HFFI1,
corroborando Figueiredo et al. (2014), no qual o extrato de flores de P. venusta apresentou
efeito citotéxico em células de melanoma murino, promovendo apoptose de células tumorais.
A atividade do extrato das flores de P. venusta foi também analisada por Daneluzzi et al. (2014),
quanto ao potencial fitotéxico e citotoxico em sementes e plantulas de alface, e que constataram
que o extrato promoveu interferéncia nos indices de germinagao, no crescimento radicular e no

indice mitético de células de raizes de alface.

3.8 Determinacao de polifendis e flavonoides totais e da atividade antioxidante por DPPH

e FRAP, da fracao flavonoidica

A determinacdo dos polifendis, flavonoides totais e da atividade antioxidante pelos

testes de DPPH e FRAP, estdo apresentados na Tabela 8. A fracdo flavonoidica na maior
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concentracdo (7,5 mg/mL), apresentou maior presenca de polifenois e flavonoides totais. J4 no
teste de DPPH a concentragdo de 2,5 mg/mL apresentou a maior atividade antioxidante, com
valor de 96,9%, sendo que os valores ndo diferiram significativamente entre si e em comparagao
ao controle positivo dcido gélico (87,0%). Na andlise do potencial redutor de ferro pelo método
FRAP, a maior concentracdo (7,5 mg/mL) apresentou o melhor resultado 717,0 uM ET/g de
extrato seco, no entanto os valores observados nas diferentes concentragdes ndo diferiram

estatisticamente entre si.

Tabela 8. Determinacdo de compostos polifendlicos e flavonoides totais e atividade

antioxidante da FrPvm por meio dos testes de DPPH e FRAP

Concentragdo Polifend6is Flavonoides

Extrato DPPH? FRAP*
(mg/mL) totais' totais’
2,5 491,1 £139a  2502+3,0a 969+1,77a 7109 +23a
FrPvm 50 9533+1,7b  4942+10b 945+40a 7164 +54a
7,5 1133,0+22c  7132+20c 929+06a 717,0+72a
Acido gélico 0,1 - - 87,0 +£0,2a -

FrPvm= Fracio flavonoidica de flores de P. venusta do EBPvm. 'ug equivalente 4cido gélico/g
de extrato. 2ug equivalente rutina/g de extrato. *%Atividade Antioxidante. *uM equivalente
trolox/g de extrato.

4 CONCLUSAO

O extrato das flores de P. venusta apresenta importante atividade bioldgica, com
potencial antioxidante, antiglicante e citotdxico, os quais podem ser atribuidas a presenca dos
flavonoides identificados nesta espécie. A metodologia de microencapsulacio do extrato
utilizando maltodextrina como material encapsulador foi efetiva para encapsular e liberar o
extrato de flores de P. venusta. No entanto, novos estudos serdo necessarios para elucidar os
compostos ativos especificos e os responsdveis por diferentes atividades e sua possivel

aplicacdo farmacéutica, cosmética e/ou alimenticia.
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ABSTRACT

Turnera ulmifolia L. is used in folk medicine and it is known to have anti-hyperglycemic effect
on the organism in order to reduce complications in diabetic patients. Glycation process is
directly related to oxidative stress, acting as an important endogenous source, inducing the
production of free radicals, and thus increasing the production of reactive oxygen species. The
encapsulation technology on natural compounds can minimize and even mitigate the risk of
loss of biological activity in order to maintain their activities against oxidative stress and
glycation. The present study aimed to evaluate the antiglycation, antioxidant and cytotoxicity
activities of T. ulmifolia crude extract before and after encapsulation. This study presents
important information about the biological activities, highlighting antioxidant, antiglycation
and no cytotoxicity potential of Turnera ulmifolia crude extract, a species of genus Turnera, an
Turneraceae family that has been poorly studied. 7. ulmifolia crude extract presented flavonoids
as main active compounds. The results showed a promising activity in scavenging free and
peroxyl radicals, chelating iron ions and inhibiting BSA glycation. In addition, this study

showed the possible encapsulation of bioactive compounds using maltodextrin as wall material.

Keywords: AGEs, Flavonoids, Microcapsules, MTT, Oxidative stress, Protein glycation.
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1 Introduction

Glycation is a process that involves non-enzymatic addition of reducing sugars and/or
their reactive degradation products to free amino groups of proteins, lipids or nucleic acids
(Ding et al., 2020; Khan et al., 2020). The non-enzymatic glycation of biomolecules may alter
their structures, affecting biological and functional activities and possibly leading to cell
damage and cell death (Song et al., 2021).

This process can occur under physiological and pathological conditions by the formation
of advanced glycation end-products (AGEs). AGEs are potentially toxic molecules that can
affect human health, acting in the development of degenerative diseases such as diabetes,
Parkinson's and Alzheimer’s diseases, (Byun et al., 2017) and atherosclerosis (Song et al.,
2021). In addition, it has been elucidated that AGEs in diet contribute to their endogenous
accumulation and that restriction of ingestion of these molecules reduces serum levels of AGEs
as well as inflammation and oxidative stress markers. Therefore, a relation between AGEs and
health has been receiving increasing attention in food and pharmaceutical industries (Rowan,
Bejarano, & Taylor, 2018).

Glycation process is directly related to oxidative stress, acting as an important
endogenous source, inducing the production of free radicals, and thus increasing the production
of reactive oxygen species (ROS). This process can promote molecular damage and result in
alterations in activities of cells, tissues and organs, which can cause different degenerative and
progressive diseases, and enhance the production of ROS that can potentiate DNA damage and
elevate risk of mutagenesis and cancer (Song et al., 2021). The prevention of the pathogenic
effects of glycation associated with oxidative stress requires the activities of endogenous
detoxifying enzymes and exogenous antioxidants (Irrazabal et al., 2021) and antiglycations
(Franco et al., 2020), highlighting the importance of a diversified and balanced diets, and also
a healthy environment. Consequently, the investigation of natural products with both
antioxidant and antiglycation properties offers a potential source of prevention of molecular
and physiological damage (Ramos et al., 2019).

Studies indicate that natural compounds from plants such as polyphenols (phenolic acids
and flavonoids) and terpenes are able to reduce non-enzymatic glycation (Song et al., 2021) and
scavenge free radicals (Khosravi, & Razavi, 2020). Antiglycation compounds may inhibit the
AGEs formation by interfering with metals, blocking AGEs, or reducing cellular changes
induced by these molecules (Behl et al., 2021). Polyphenols, mainly flavonoids, have the ability

to scavenge ROS, activate antioxidant enzymes, chelate metal, inhibit nitrite formation, reduce
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a-tocopheryl radicals, inhibit oxidases and mitigate oxidative stress (Ansaria, & Ahmada;
Haqqia, 2020; Behl et al., 2021).

The biological activity of natural compounds can be reduced or lost depending on
processing and storage conditions, exposure to light and air, and large temperature variations.
These conditions can cause degradation by oxidation, isomerization, and dehydrogenation.
Studies have demonstrated that the encapsulation technology on natural compounds can
minimize and even mitigate the risk of loss of biological activity, in addition to enable a
controlled release of compounds in sites of interest, which makes this technology (micro or
nano) one of the most effective methods of ensuring and maintaining the activity of natural
compound (Giaconia et al., 2020).

Plants extracts have showed the ability to protect against non-enzymatic glycation and
oxidative stress due to the presence of compounds with antiglycation and antioxidant action
(Franco et al., 2020). Studies demonstrated that species of Turneraceae family and genus
Turnera present different pharmacological activities such as anti-hyperglycemic, anti-
inflammatory, antiulcerogenic and aphrodisiac (Brito et al., 2012; Lucio-Gutiérrez et al., 2019).
The species Turnera ulmifolia L. is highlighted by its anti-inflammatory and antioxidant
activities, which are correlated to the presence of polyphenols. (Nascimento et al., 2006; Brito
et al., 2012). This species is used in folk medicine and it is known to have anti-hyperglycemic
effect on the organism in order to reduce complications in diabetic patients; however, there is
no data in current scientific literature to prove the activity of compounds and crude extracts of
T. ulmifolia against the damage caused by hyperglycemia. In this context, the present study
aimed to evaluate the antiglycation and antioxidant activities of crude extract of 7. ulmifolia

before and after encapsulation.

2 Materials and methods
2.1 Collection and preparation of Turnera ulmifolia crude extract

Branches, leaves and flowers of T. ulmifolia were obtained from plants growing at the
Sao Paulo State University (UNESP-Assis, Brazil). Detailed information on the plant species
can be obtained from the deposited voucher with accession number HASSI/UNESP-Assis
subnumber 127 in the herbarium of UNESP. Plant parts were washed, dried by air-forced oven
(40°C) and then grounded to obtain a powder. Hidroethanolic solution (70%) was used to
extract secondary metabolites from the plant powder by percolation (Pista; Alves; Morgado,
1995). The extract was filtered, concentrated in a rotatory evaporator (<50 °C), and the resulting

aqueous solution was frozen and lyophilized to obtain the crude dry extract (CETu).
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2.2 Phytochemical compounds

2.2.1 Total phenols and flavonoids content

The total phenols and flavonoids content of the 7. ulmifolia crude extract were
determined. For total phenols, Folin-Ciocalteu method was employed (Stagos et al., 2012). To
0.5 mL extract, 5 mL distilled water and 0.25 mL Folin-Ciocalteu reagent were added. 3 min
after incubation, 1 mL 10% Na2CQO3 solution was added, and the mixture was incubated for 1
hour. Absorbance was measured at 725 nm by a spectrophotometer. A standard curve was
plotted using gallic acid and total polyphenol content was expressed as miligram gallic acid
equivalent per gram dry weight (mg GAE g' DW).

Total flavonoid content was quantified following method described by Zhishen et al.
(1999). 250 pL extract was mixed with 1.25 mL distilled water and 75 pL 5% NaNO2 solution.
Then, 150 pLL 10% AICI3 solution was added after 6 minutes. Subsequently, 0.5 mL 1 M NaOH
solution was added, and the total volume was adjusted to 2.5 mL with distilled water. The
resulting solution was mixed and absorbance was measured at 510 nm. Rutin was used to plot
a standard calibration curve and total flavonoid content was expressed as miligram rutin

equivalent per gram dry weight (mg RE g”! DW).

2.2.2 HPLC-MS/MS analysis

An HPLC-MS/MS apparatus (Waters, LC-MS/MS System, USA) was connected with
ACQUITY TQ Detector. Acetonitrile (MeCN) plus water with 0.005% formic acid was used
as solvent A; acetonitrile and glacial acetic acid as solvent B. At the beginning, linear gradient
from 4% to 33% B was employed for 35 min and then gradient was increased to 100% B for
another 5 min. 4% B was used to re-equilibrate for final 5 min. Mass analysis of polyphenol
compounds was performed using both positive and negative ion modes [ESI(+ve) & ESI(-Ve)].
The spray voltage was 5000 V and the capillary temperature was maintained at 280°C. Nitrogen
gas at the flow rate of 40 U was used as the covering agent. Collision-induced dissociation
(CID-MSn) method was used to induce fragmentation of the molecular ions, and the obtained
fragments were analyzed using mass spectrometry. Helium gas was used as the collision agent
at 0.8 mTorr. Collision energies of 15 and 30 eV were used to investigate the neutral loss and
product ions, and scanning was performed at the mass range of 50-1000 m/z. Previous published
data from literature were used for the identification of polyphenol compounds such as

flavonoids and phenolic acids (Saravanan et al., 2018).
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2.3 Microencapsulation

2.3.1 Microencapsulation with Maltodextrin DE20

Methodology used in the microencapsulation of 7. ulmifolia crude extract was
performed according to Robert et al. (2010) and Sousdaleff et al. (2013). The amounts of 5, 10
and 20 g of maltodextrin DE20 were dissolved in 80 mL distilled water at 60°C. The obtained
solution was mixed with a solution containing 0.1 g extract dissolved in 5 mL ethanol and
centrifuged at 2500 rpm for 30 min. The solution containing the microcapsules was
concentrated in rotary evaporator and freeze-dried. A fine powder containing the microcapsules
was obtained and it was used to evaluate stability (efficiency of encapsulation, rupture and
release of the microcapsules), characterization (Scanning Electron Microscopy (SEM)) and

antioxidant activity (DPPH test).

2.3.2 Morphological characterization of microcapsules

The morphology of the microcapsules obtained by freeze-drying was observed by
Scanning Electron Microscopy (SEM) [Brand JEOL, model JSM-7500F, with PC-SEM
operating software v. 2.1.0.3 equipped with secondary electron detectors, backscatter and
chemical analysis (energy dispersive spectroscopy - EDS) from Thermo Scientific, Ultra Dry
model, with NSS 2.3 operating software]. Microcapsules were fixed on stubs using copper-
conducting adhesive tape and then coated with gold. Observations were made using SEM at

acceleration voltage of 10 kV (Rosenberg et al., 1985; Dewi, Purnamayati, & Kurniasih, 2016).

2.3.3 Particle size and Zeta potential

Determination of particle diameter and polydispersity index (PDI) was performed using
Zeta Plus Analyzer by photon correlation spectroscopy according to Gomes (2011). The
particles diameters were calculated from statistical means and expressed as D [4,3] (mean
diameter of De Brouckere), which indicates the center point around which the volume
frequency of the distribution rotates. The Zeta potential of samples was obtained by measuring
electrophoretic mobility at 25°C. The solubility in water was calculated by the difference of
mass and results were expressed as percentage of solubility according to Cano-Chauca et al.

(2005).

2.3.4 Release of the microcapsules
The release of microcapsules was performed according to Sousdaleff et al. (2013).

Microcapsules were dispersed in 1 mL ethanol, acetic acid and water (50:8:42, v/v/v) solution.
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This dispersion was stirred for 1 min and then sonicated twice at S0Hz frequency for 20 min
(with a 5 min interval). The resulting solution from the microcapsules release was used to

determine encapsulation efficiency and antioxidant activity (DPPH).

2.3.5 Encapsulation efficiency

The encapsulation efficiency was performed according to Robert et al. (2010) with
adaptations. The amount of phenolic compounds was quantified as described above, divided
into three steps. In the first one, determination of non-encapsulated phenolic compounds before
freeze-drying (FN) was performed. In the second step, the phenolic compounds encapsulated
in microcapsules after freeze-drying (FE) and, in the third, these compounds released from the

microcapsules after rupture (FR) were determined.

2.4 Antiglycation activity

2.4.1 Preparation of glycation reaction mixture

For the evaluation of antiglycation activity, glycation reaction mixtures were prepared.
In test tubes with lids, Bovine Serum Albumin (BSA) (2 mg mL™') in Phosphate-Buffered
Solution (PBS) (10 mM, pH 8.0) and Ribose (1 M) were added in presence or absence of
extracts, (10 mg mL!) or Aminoguanidine (AMG) (40 Mm).

For the free amino group determination, an aliquot of the glycation reaction was
incubated in a water bath at 60°C for 30 min and after this period, samples were dialyzed in the
PBS for 24 h and frozen until analysis. For the analysis of AGEs fluorescence and relative
electrophoretic mobility (REM), aliquots were incubated at 37°C for 7 days (REM) and 15 days
(AGEs) without dialysis.

2.4.2 Determination of free amino groups

The free amino groups of glycated samples were determined by the
orthophthaldialdehyde (OPA) method (Ledesma-Osuna, Ramos-Clamont, & Vazquez-Moreno,
2008). The OPA reagent was prepared with 25 mL 0.1 M sodium borate, 2.5 mL 20% SDS,
100 uLL 2-mercaptoethanol, 40 mg OPA (dissolved in 1 mL methanol) and adjusted to 50 mL
with distilled water. An aliquot of each glycated reaction mixture was mixed with 200 uL. OPA
reagent and incubated for 2 min in microplates at 37°C; then, absorbance was measured at 340

nm. Untreated BSA (negative control) was assumed to present 100% free amino groups.
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2.4.3 Inhibition of AGEs formation
Inhibition of AGEs formation was determined by OPA method (Ledesma-Osuna, Ramos-
Clamont, & Vdazquez-Moreno, 2008). An aliquot of each glycated reaction mixture was
adjusted to 1 mL with OPA reagent (prepared as described above), incubated for 2 min at 37°C.
The AGEs formation was determined by measuring its fluorescent characteristics in a
spectrofluorimeter using excitation and emission at 360 and 460 nm, respectively. Results were

expressed by the percentage of inhibition of AGEs formation.

2.4.4 Relative Electrophoretic Mobility (REM)

REM was evaluated according to the methodology described by Miura et al. (1994).
SDS-PAGE was performed with 5% stacking gel and 8% separation gel. An aliquot of glycated
BSA solution was mixed with an equal volume of Sodium dodecylbenzene sulfonate (SDS -
Labsynth, Brazil) sample buffer (20 mg mL™' SDS, 30% glycine (Sigma-Aldrich, Brazil), 0.25
M Tris-HCI buffer, pH 6.8) and boiled for 3 min. From the mixed solution, 15 pL. was applied
to the stacking gel, and the separation gel was run in a constant flow of 30 mA, for
approximately 3 h. After the electrophoresis process, the gel was fixed with acetic acid and then
stained with Coomassie-Blue (R-250) (Sigma-Aldrich, Brazil). The results were observed in
the REM using native BSA. Final concentrations of AMG (1 mM) and BSA (0.3 mg mL™,

without extract) were used as positive and negative controls, respectively.

2.5 Antioxidant activity

2.5.1 DPPH radical scavenging test

Antioxidant activity was measured by DPPH method described by Rufino et al. (2010).
Experiments were performed in triplicate for statistical purposes. Solutions containing 1 mL
acetate buffer (100 mM, pH 5.5), 1.25 mL ethanol, 250 pLL. DPPH solution (500 uM) and 50 pL
of samples were prepared. T. ulmifolia crude extract and solution of microcapsules reacted with
DPPH for 30 min in dark and were measured in spectrophotometer (UV-Vis spectrophotometer
- BelPhotonics Brazil) at 517 nm. Antioxidant activity was calculated according to the formula:
Antioxidant activity (%) = [(Control-Samples)/Control] x 100, where Control is the absorbance
of solution without samples and Samples is the absorbance of solution with samples. Gallic acid
was used as positive control at 100 pg mL!. Concentrations of evaluated crude extract were
100, 250, 500, 750 and 1000 ug mL!. Microcapsules and microcapsules release products were
5.0 mg mL!.
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2.5.2 Ferric ion reducing antioxidant power (FRAP)

FRAP test was performed according to Guimaraes et al. (2010). FRAP reagent was
obtained mixing Acetate buffer (300 mM, pH 3.6), TPTZ (10 mM in 40 mM HCI) and
FeCl3.6H20 (20 mM) were mixed at the ratio of 10:1:1 (v/v/v). 2.7 mL of this reagent, 270 pL
ultrapure water and 90 pL. sample (crude extract) were mixed. The mixture was heated for 30
min at 37°C. Absorbance was measured at 593 nm and results were expressed in uM Trolox
equivalent per grams of dry weight (uM TE g! DW). T. ulmifolia crude extract concentrations

were 100, 250, 500, 750 and 1000 pg mL".

2.5.3 Nitric oxide scavenging activity

Evaluation of nitric oxide (NO) sequestering capacity was performed according to
Marcocci et al. (1994). A mixture of 320 uL of sample of 7. ulmifolia crude extract was diluted
at concentrations of 100, 250, 500, 750 and 1000 pg mL'. 360 uL Sodium Nitroprusside (NPS)
(25 mM in PBS, pH 7.4) and 215 pL Griess reagent were incubated at 37°C for 2 h in dark. The
sample absorbance was determined at 540 nm. The values were submitted to an equation
obtained by linear regression of a calibration curve of sodium nitrite previously performed in
the same test conditions and the results were expressed as concentration of nitrite formed (UM

mL! nitrite formed).

2.5.4 Oxygen radical absorption capacity (ORAC-FL)

The ORAC-FL test was performed as previously described by Dévalos, Gémez-
Cordovés, and Bartolomé (2004), in which peroxyl radicals were generated by decomposition
of AAPH at 37°C. Fluorescein was used as a fluorescent probe, where loss of fluorescence
indicates damage to fluorescein by reaction with peroxyl radicals. 130 uLL. 100 nM fluorescein,
20 pL samples and 50 pLL AAPH were added to microplates for fluorescence analysis.
Measurements were performed using a fluorometer adapted for microplates (Synergy H1
Hybrid Reader, Biotek, Winooski, VT, USA) at Aex = 470 nm and Aem = 520 nm, 37°C, at
intervals of 5 min for 2 h. The sensitivity of the equipment was adjusted to 100. ORAC values
were based on the difference between an area under the fluorescence decay curve of the samples
and the blank (AUCliquid), and linear regression equations between AUCliquid and
concentrations were calculated for all samples. Results were expressed as umol Trolox

Equivalent per mg dry weight (umol TE mg! DW).
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2.6 Cytotoxicity analysis by MTT method

20 mg T. ulmifolia crude extract were stored in a stock solution of 20 mg mL™! in sterile
PBS and from this solution, serial dilutions were prepared in the following final concentrations
of 1 mg mL!; 0.5 mg mL'; 0.25 mg mL!; 0.125 mg mL!; 0.0625 mg mL!; 0.03125 mg mL"
1:0.015625 mg mL™!. On the first day, cells were plated with human cell line HFF1 (fibroblasts),
approximately 0.5x104 cell well! in 200 uL medium well™! (triplicate) and 1x104 cell well! in
200 uL medium well™! (1 trial). The medium used was DMEM 15% FBS + 1% L-Glutamine
containing penicillin (100 U mL™') and streptomycin (100 mg mL™'). On the fourth day, the
treatment was carried out where the cells were plated (0.5x104) and kept in culture for 72 h to
reach adequate confluence, after which they were treated. The assay that presented the cell
density of 1x104 received the treatment after 48 h. On the sixth day, in the laminar flow, 20 uL
MTT solution (5 mg mL") was added and kept for 4 h in the oven protected from light. After 4
h, the entire content was removed from each well, 200 pL. DMSO was added and the Tecan
Sunrise reader was read at a wavelength of 492 nm. Values were generated by the Magellan
program and analyzed by the Prism program. The analysis was performed with the values
subtracted from the blank (without extract and without cell) and from the blank-extract (with

extract and without cell).

2.7 Statistical analysis
The data and graphs obtained were evaluated using the Origin® 2018 software, through
Analysis of Variance (ANOVA), followed by the Tukey test post hoc (p<0.05).

3 Results and Discussion
3.1 Phytochemical compounds

3.1.1 Total phenols and flavonoids content

The total phenols and flavonoids content were determined at different concentrations
(1, 3, 5, 7 and 10 mg mL) of T. ulmifolia crude extract. Results showed dose-dependent
response and the highest content of total phenols and flavonoids were observed at the
concentration of 10 mg mL™! (604.80 mg GAE g! DW and 876.20 mg RE g”! DW, respectively)
(Table 1).

Table 1



75

The present study evaluated and showed the presence of polyphenols and flavonoids in
T. ulmifolia crude extract. The observed values are similar and corroborate with different
studies carried out with T. ulmifolia and other species of the same genus. Nascimento et al.
(2006) performed preliminary studies, which correlated diversity and quantity of phenolic
compounds in 7. ulmifolia, extract with antioxidant activity. Similarly, study performed by
Szewczyk, and Zidorn (2014) reported that extracts of plants of genus Turnera have high

amounts of polyphenols, and they represent a rich source of natural antioxidants.

3.1.2 Characterization of 7. ulmifolia crude extract by HPLC-MS/MS

The method developed by HPLC-DAD-MS/MS provided a rapid analysis of 7. ulmifolia
crude extract (CETu). The conditions used led to peaks separation and spectral determination
of mass in solution, identifying the major presence of flavonoids from quercetin and rutin
classes. Retention time (Rt), name of compounds (NCs), molecular formula (MF), molecular

weight (MW), peak area (PA%) of compounds of CETu are presented in Table 2.

Table 2

Different flavonoids identified in CETu corroborate to previous studies carried out by
Brito et al. (2012) that also evaluated the composition of 7. ulmifolia extracts of different plant
parts and identified the same flavonoids class. The presence of kaempferol and rutinoside have
also been reported by Saravanan et al. (2018) and Willer et al. (2019) that evaluated other

species of genus Turnera.

3.2 Microencapsulation

3.2.1 Morphological characterization of microcapsules

Figure 1 shows the images corresponding to microcapsules produced with maltodextrin
DE20 containing CETu. The microcapsules presented irregular surface shapes with spacing
between them, which is characteristic particles produced by freeze-drying process. The
microcapsules size varied between 10 um and 100 um examined at 2000x magnification with

scanning electron microscopy.

Figure 1
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The microcapsules showed morphological similarity presenting spherical shape,
irregular depressions, concavities, a dentate surface, and no cracks or ruptures. These are
fundamental characteristics to guarantee greater protection and retention of encapsulated CETu.
No uniformity was observed and sizes ranged from 10 um and 100 pm, which was also
identified by Neha et al. (2019) and Siemons et al. (2020) that observed microcapsules formed

by maltodextrin containing natural compounds.

3.2.2 Particle size and Zeta potential

The particle size of microcapsules presented average diameters of 3.85. Microcapsules
presented monomodal size distribution, showing no uniform distribution of particles and better
stability of microcapsules. Mean particle diameters were calculated from statistical means and
expressed as D [4,3] (mean diameter of De Brouckere), which indicates the center point around
which the volume distribution frequency rotates. The particles showed PDI values close to 1.33.
PDI is a dimensionless measure of the broadness of particles size, where values lower than 0.1
indicate a monodisperse (homogeneous system) and values higher than 0.1 indicate an
heterogeneous (polydisperse system) (Zigoneanu et al., 2008). Particles presented negative Zeta
potential (-0.21 mV), which indicates that the residual charge present in the wall material is
negative. The microcapsule samples presented significant differences in Zeta potential by the
Tukey test. According to Mishra et al. (2009), in order to obtain a physically stable Zeta
potential, values should be higher than 30 mV (absolute value), although values ranged from -

5 mV to +5mV indicate fast aggregation.

3.2.3 Encapsulation efficiency

Table 3 shows the values of encapsulation efficiency of CETu. The greater efficiency
observed was 49.9% for microcapsules formulated with 0.1 g CETu and 5 g maltodextrin.
Similar results were obtained in studies performed by Sousdaleff et al. (2013) that studied the
efficiency and stability of maltodextrin microcapsules containing different products from plant

sources (terpenes, flavonoids and tannins).

Table 3
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3.3 Antiglycation activity

In determination of free amino groups, BSA treated with CETu at 10 mg mL™! presented
40.58% free amino groups, which is the highest value observed and it presented significant
difference with BSA treated with AMG (77.43% free amino groups).

In determination of inhibition of AGEs formation, BSA treated with AMG presented
77.80% inhibition and this value did not differ significantly when compared to the treatment
with CETu at 10 mg mL"! that resulted in 76% inhibition of AGEs formation.

In REM test, it is possible to observe in Figure 2 the electrophoretic profiles of BSA (1),
Ribose (2), treatments with AMG (3) and CETu (4). It can be observed that the extract showed
antiglycation potential against protein glycation promoted by ribose in BSA. BSA treated with
CETu exhibited electrophoretic profile similar to BSA treated with AMG (3). BSA with ribose

(2) showed an electrophoretic profile of protein degradation.

Figure 2

The present study showed that CETu present electrophoretic profile similar to AMG,
evidencing the antiglycation activity against BSA glycation. These results correlate to
antioxidant activity and corroborate to study performed by Akhter et al. (2021) that reported
that oxidation reactions play a major role in increasing the rate of AGEs formation. Also, AGEs
have the propensity to generate reactive oxygen species (ROS) and stimulate auto-oxidation
reactions that result in formation of free radicals and other reactive intermediates. In addition,
studies performed by Ramkissoon et al. (2013) and Eze, and Tolac (2020) demonstrated that
protein glycation inhibitors decrease production and release of free radicals, as well as
antioxidants protect against oxidative stress derived from glycation and thus these compounds

have been reported as therapeutic agents for the treatment of many diseases.

3.4 Antioxidant activity

3.4.1 DPPH, FRAP and NO

Table 4 shows results of the different antioxidant in vitro tests (DPPH, FRAP and NO).
For DPPH radical scavenging test, the highest antioxidant activity was presented at 1.00 mg
mL! (70.60%). Results revealed a dose-dependent response and showed statistical difference
in comparison with each other and with positive control (gallic acid). FRAP test showed the
highest reducing potential at 0.75 mg mL"! (712.30 uM TE g'! DW); however, it did not differ
statistically from treatment with the concentration of 1.00 mg mL™"' (628.00 uM TE g'! DW).
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For NO test, the highest NO scavenging activity was presented at 1.00 mg mL! (34.10 pM mL~

! nitrite formed).

Table 4

Results of antioxidant activity showed that CETu present a potential to scavenge DPPH
and NO, and chelate iron ion. Previous studies performed by Patra, and Bhatnagar (2016)
showed antioxidant activity of different 7. ulmifolia extracts evaluated by the same assays.
Kalimuthu et al. (2016) also observed the action of 7. ulmifolia extracts in scavenging DPPH

free radical and chelating iron ion.

3.4.2 ORAC-FL

A fluorescence-evaluated ORAC decay curve of Trolox pattern and different
concentrations of 7. ulmifolia extract is showed in Figure 3. In the time range of 0 to 120
minutes, the decay curve of CETu at concentration of 100 pug did not present difference in
comparison to Trolox curve. CETu at 25 pg showed less activity in comparison to CETu at 100

pg and Trolox; however, its decay curve also showed antioxidant activity by ORAC test.

Figure 3

This results are in accordance to studies performed by Szewczyk, and Zidorn (2014),
Soriano-Melgar et al. (2014), Reyes-Becerril et al. (2020), and Saravanan et al. (2020) that
demonstrated antioxidant potential of different extracts from various plant parts of species of
genus Turnera, mainly attributed to the presence of different flavonoids. Preliminary studies
carried out by Kalimuthu et al. (2016) demonstrated antioxidant activity of 7. ulmifolia extract
evaluated by DPPH and FRAP tests. This study showed for the first time the antioxidant activity
of T. ulmifolia extract by ORAC test and thus there are no reports in the current scientific
literature to compare. However, a review performed by Prior (2015) demonstrated the
application and efficiency of ORAC test for the evaluation of natural compounds (flavonoids)

obtained from diet.

3.5 Cytotoxicity analysis by MTT method
The results of cytotoxic activity of the 7. ulmifolia crude extract at different

concentrations on the human fibroblast cell line (HFF1) are showed in Figure 4. The HFF1 cells
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were treated for 48 h at 37°C, in a humid atmosphere and with 5% CO2 and cell viability was
evaluated by the MTT assay. Each bar represents the reduction of MTT (OD492nm) where
treatments did not differ significantly compared to the control, which demonstrates the absence

of cytotoxicity of the evaluated extract.

Figure 4

The absence of cytotoxicity demonstrated in present study corroborate with study
performed by Rodriguez-Rodriguez et al. (2021) that used extract of species of genus Turnera
in fibroblast cell. The significant antioxidant and antiglycation potential of CETu demonstrated
in the present study may be correlated to the absence of cytotoxic activity, as studies performed
by Mojarrab et al. (2016), Kim et al. (2019), Pisoschi et al. (2020) and Valentova (2020)
demonstrated that natural antioxidants promote a cytoprotective action, inhibiting damage
caused by free radicals, as well as inhibiting protein glycation and reducing AGEs formation,

which could indirectly increase oxidative stress.

4 Conclusion

This study presents important information about the biological activities, highlighting
antioxidant, antiglycation and no cytotoxicity potential of Turnera ulmifolia crude extract, a
species of genus Turnera, an Turneraceae family that has been poorly studied. T. ulmifolia crude
extract presented flavonoids as main active compounds. The results showed a promising
activity in scavenging free and peroxyl radicals, chelating iron ions and inhibiting BSA
glycation. In addition, this study showed the possible encapsulation of bioactive compounds
using maltodextrin as wall material. However, further studies are needed to elucidate the active

compounds and evaluate their possible pharmaceutical and/or cosmetic application.
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Table 1. Evaluation of total polyphenols and flavonoids content of 7. ulmifolia crude extract.

Concentration Total phenoll Total flavonoid2
(mg mL-1)
1 47.90+0.57a 96.80+3.05a
3 163.70+4.49b 277.10£22.41b
5 264.10£13.47¢ 392.53+18.82c
7 347.80+£10.96d 465.50+12.58d
10 604.80+11.98e 876.20+£20.29¢

Values are expressed as mean =+ standard deviation. 1mg gallic acid equivalent (GAE) g-1 dry
weight (DW); 2mg rutin equivalent (RE) g-1 dry weight (DW). Same letters within the same
column indicate no significant differences among samples by Tukey test (p<0.05)

Table 2. Retention Time (Rt), name of compounds (NCs), molecular formula (MF), molecular

weight (MW) and peak area (PA%) of compounds of 7. ulmifolia crude extract.

Rt NCs MF MW | PA% References

2.18 | Kaempferol-3-O-rhamnoside C21H20010 | 433.87 | 1.47 | Estrada-Reyes et al.
5.15 | Kaempferol-3-O-glucoside C21H20011 | 449.19 | 1.89 | (2009); Brito et al.
10.89 | Cyanidin-3-O-rhamnoside C21H21010 | 433.11 | 7.56 | (2012); Szewczyk, and
12.46 | Delphinidin-3-O-rutinoside C27H31016 | 611.16 | 4.20 | Zidorn (2014); Bezerra
17.09 | Naringenin-7-O-glucuronide C21H20011 | 448.10 | 7.31 |et al. (2016);
23.23 | 6,7,30,40-Tetrahydroxyisoflavone | CI15H1006 | 286.05 | 23.11 | Chandrasekhar,  and
27.57 | m-Coumaric acid C9H8O3 | 164.86 | 2.63 | Vinay (2017);
29.47 | Dihydro-caffeoyl-3-O-glucuronide | C15HI8010 | 358.09 | 9.98 | Saravaman et  al.
(2018), Béez-Parra et
al. (2019); Willer et al.
(2019);  Nascimento

Junior et al. (2020).

Table 3. Encapsulation efficiency of CETu by total phenols determination

Total phenols
Sampl + MD20 ME %
amples  (g) (€3] N TE R o
0.10 + 5.00 28.50+19 16040+ 15.7 49.9
CETu 0.10 + 10.0 264.10+ 1347 29.60+2.2 120.00+4.4 34.2
0.10 +20.0 2960+ 1.1 7670+ 1.7 17.8
MD20 0.0 +10.0 - - - -
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MD20 = maltodextrin DE20; FN= non-encapsulated phenolic compounds before freeze-drying;
FE= phenolic compounds encapsulated in microcapsules after freeze-drying; FR= phenolic
compounds after release; ME= microencapsulation efficiency.

Table 4. Antioxidant activity of CETu and positive control (Gallic Acid and Trolox) by DPPH,
FRAP and NO tests.

Extract Concentration DPPHI FRAP2 NO3
(mg mL-1)
0.10 420x21a  63.00%23a  21.60% 1.4a
BT 0.25 1660 £2.4b 15400+ 68b  2420+1.1b
0.50 2690+ 19c  38120+£85c  27.50%1.5b
0.75 31.90+3.6c 71230 + 17.6d ]
1.00 70.60+32d  628.40+20.0d  34.10 £2.5¢
Gallic acid 0.10 87.0 +0.2¢
Trolox 1.00 ] ; 8.0 % 0.0d

Values expressed as mean + standard deviation. CETu = T. ulmifolia Crude Extract. 1%
Antioxidant Activity, 2uM Trolox Equivalent (TE) g-1 dry weight (DW), 3uM mL-1 nitrite
formed. Same letters within the same column indicate no significant differences among samples
by Tukey test (p<0.05).

Figure 1. Micrographs (SEM) of maltodextrin microcapsules containing CETu at 2000x
magnification (A and B).
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66 kDa

+

Figure 2. Relative electrophoretic mobility test for evaluation of antiglycation activity: 1=
BSA; 2= BSA+Ribose; 3= BSA+Ribose+AMG; 4= BSA+Ribose+CETu.
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Figure 3. Effect of different concentration of 7. ulmifolia extract (CETu) and Trolox (positive
control) on decay curve. Measured by changes in fluorescein intensity from 0O to 120 minutes.
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Figure 4. Cytotoxic activity of the 7. ulmifolia crude extract (CETu) at different concentrations
(1; 0.5; 0.25; 0.125; 0.0624; 0.03125 and 0.015625 mg mL-1). Each bar represents MTT
reduction (OD 492nm). Results with equal letters did not differ statistically (p<0.05).
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CONSIDERACOES FINAIS

Diante da hipétese levantada e dos objetivos propostos € possivel considerar que ambas
as espécies Pyrostegia venusta e Turnera ulmifolia, apresentaram potencial para serem
utilizadas como fonte de compostos ativos antioxidantes e antiglicante, principalmente
flavonoides.

P. venusta apresentou citotoxicidade em células de fibroblastos, o que reflete a
possibilidade de utilizac@o dessa espécie em linhagens de células tumorais. A T. ulmifolia nao
apresentou citotoxicidade pelo teste de MTT.

Os extratos microencapsulados em maltodextrina por método de liofilizacao
demonstrou eficdcia da técnica aplicada, pois foi capaz de preservar o contetido polifendlico,
que apresentou atividade antioxidante apds liberagdo das microcdpsulas.

Pyrostegia venusta e Turnera ulmifolia podem ser consideradas espécies promissoras
como fonte de compostos ativos, para aplicacdo em diferentes dreas da industria farmacéutica,

cosmética e alimenticia.
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ABSTRACT: Pyrostegia venusta is usually found in the secondary growth of the Atlantic forests,
and in the Brazilian Savanna. Flowers and leaves of this plant are used in folk remedies for treating a wide
variety of healthy conditions, this way is important evaluate its safety and antioxidant potential for this
applications. For this, was made a ethanolic extract from its flowers and analyzed with toxicological,
genotoxicity and antioxidant tests, the toxicological analysis was made by reproductive toxicity in rats and
clatogenicity/aneugenicity in human lymphocytes. The genotoxicity was studied by micronucleus test mice
bone marrow. The antimutagenic test in root cells of Allium cepa, the antioxidant assays used was DPPH,
FRAP, Lipid Perxidation and REM, beyond of that the extract was analyzed in HPLC showing the profile of
its compounds. The toxicological analysis showed that P. venusta has no negative significant effect on
reproductive and cellular level. The micronucleus test in mouse bone marrow, the extract protected cells
from cyclophosphamide, mutagenic compound, in a similar way. The A. cepa test showed that the extract
reduced chromosomal disorders formations. The antioxidant activity of extract was significant, except in
REM test. The phytochemical analysis showed the presence of flavonoids compounds. P. venusta extract
does not present reproductive toxicity and genotoxic effects. However, the extract of this species showed
antigenotoxic and antioxidant potential, possibly due to the different flavonoid compounds present in its
extract.

KEYWORDS: Reproductive toxicology. Cytotoxicity. Oxidation. Mutagenesis. Flavonoids. Phenol
compounds.
INTRODUCTION treatment of erysipelas, jaundice
(hyperbilirubinemia and deposition of bile

Pyrostegia venusta (Ker-Gawl) Miers, is
popularly known as “flor-de-Sao-Jodao” or “cipo-
de-Sdo-Jodo” and in folk medicine (SOUSA,
2016), a neotropical heliophyte bignoniaceous vine
is a typical colonizing species. It is usually found
in the secondary growth of the Atlantic forests, and
in the Brazilian Savanna with -characteristic
savanna-like  vegetation.  Its  geographical
distribution reaches from southern Brazil to
Paraguay, Bolivia, and northeastern Argentina
(POOL, 2008). Ethnomedically, flowers and leaves
of this plant are used in folk remedies for treating
white patches on the skin (leukoderma, vitiligo)
(FERREIRA et al., 2000). An infusion prepared
from the bark and roots is widely used in the

pigments) and infections of female genital tract in
newborn babies (ROY et al., 2012). In addition, P.
venusta is also used for cough and common
diseases of the respiratory system that are related
to infections, such as bronchitis and influenza
(FIGUEIREDO et al., 2014). Roy et al. (2011)
demonstrated that the extracts of flowers and roots
of P. venusta contain significant amounts of
phytochemicals with antioxidant properties that
could act as inhibitors or scavengers of free
radicals.

Moreover, no genotoxic effect was
observed for extracts of P. venusta on bone
marrow of mice using the micronucleus and
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chromosome aberration assay (MAGALHAES et
al., 2010).

Major chemical components reported in
the methanolic extract P. venusta flowers are
sitosterol, n-hentriacontane (n-C; Hgy), 7-0O-d-
glicopiranosilacacetina and mesoinositol
(myoinositol) hexadecanoic acid, linoleic acid,
oleic acid, stigmasteryl tosylate,
diazoprogesterone, arabipyranose, propanoic acid,
pentamethyldisilanyl ester, acetophenone and
trans-3-hexenedioic acid, and 9-octadecenoic acid
(Z)-methyl ester (ROY et al., 2011). Analysis of
the ethanolic extract of the roots performed by
Ferreira et al. (2000) identified allantoin, steroids,
sitosterol and 3-O-d-glicopiranosilsitosterol and
flavanone hesperidin and others studies performed
by Santos and Blatt (1998) have identified the
presence of different classes of flavonoids and
phenols in the leaves evaluated, in forty species of
Bignoniaceae, including P. venusta, revealing the
presence of phenolic components and syringyl
groups (phytochemicals).

Given the medicinal effects attributed to P.
venusta, and the diverse secondary compounds of
P. venusta, studies on the toxic, cytotoxic and
mutagenic potential of this plant species should be
carried out. Based on their traditional use for long
periods of time vegetable preparations are often
assumed to be safe. However, research has shown
that many plants that are used for food or used in
traditional medicine have in vifro mutagenic
properties (MOHD-FUAT et al., 2007) or toxic
and carcinogenic  properties (FERREIRA;
VARGAS, 1999).

Within this context, it is also important to
screen medicinal plants for their mutagenic
properties. Plants exhibiting clear mutagenic
properties should be considered as potentially
unsafe and certainly require further testing before
their continued use can be recommended. On the
other hand, plants with obvious antimutagenic
potential may be of interest for therapeutic use and
are worthy of further in-depth investigations of
their pharmacological properties.

The purpose of the present study was to
evaluate the in vivo and in vitro toxicity,
cytotoxicity and genotoxicity of extracts of the
flowers of P. venusta on tissues of female rat
reproductive organs, cultured human lymphocytes
and bone marrow of mice. In addition, the
antioxidant potential and phytochemical profile of
the extract was investigated.

MATERIAL AND METHODS

Collection of plant material
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VIEL, A. M. et al.

The flowers of P. venusta were collected
from specimen of remaining Savanna vegetation
near the campus of UNESP/Assis, SP, Brazil
(22°3226"S and 50°22'31"N and 22°32'18"S;
50°22'47"N) and a copy was taxonomically
identified at the Herbarium of the Forestry Institute
of Assis, Sao Paulo, Brazil (voucher specimen:
SPSF-40207). The collection was made in a
sustainable manner and  without causing
environmental impact to the specie collected.

Preparation of plant material in the laboratory,
production and storage of ethanolic extract

Flowers of P. venusta were selected and
dried with airflow at a temperature of 40 °C, and
then crushed and pulverized to prepare the
ethanolic crude extract. The mechanical extraction
of the powdered plant under stirring with ethanol
PA at 1:10 (w:v) was carried out over a 24 h period
and repeated twice. After obtaining the extract, the
sample was taken to a rotary evaporator to remove
all of the alcohol, and the resulting concentrated
extract was taken to the drying chamber to obtain a
dry extract.

Evaluation of reproductive toxicity in rats

Wistar adult female rats that were 12
weeks of age and weighed 250 g were kept at the
Faculty of Sciences and Letters (UNESP- Assis,
SP, Brazil), and maintained under controlled
conditions of temperature (23 + 1 °C) and lighting.
(12L, 12D photoperiod, lights switched on at 7
a.m.). Tap water and commercial chow were
supplied ad libitum. The experimental protocol
followed the Ethical Principles in Animal Research
adopted by the Brazilian College of Animal
Experimentation and was approved by the Ethical
Committee for Animals Use (Permit number:
002/2010).

Females were weighed and randomly
distributed in two groups (n = 14/group), either a
control group (given 0.5 mL distilled water) or the
experimental group (given P. venusta, 100 mg/Kg
body weight (bw) of ethanolic extract that was
diluted in 0.5 mL distilled water). The rats of each
group received the treatment by via an oral
(gavage), single dose daily, during 20 consecutive
days.

During the experiment, animals were given
a cytological examination (vaginal swabs),
according (MARCONDES et al., 2002). The time
collection was fixed at 7 a.m. Each slide was
analyzed under a light microscope (Olympus CX31
RBSFA, Japan).

The consumption of water and food were
registered daily. After the treatment period, the
females in estrus phase of the estrous cycle
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(n=7/group) were sacrificed through a lethal
intraperitoneal (i.p.) dose of sodium thiopental
(Thiopentax®, Cristalia, Sao Paulo, Brasil). The
ovaries and uterine horns were collected and
weighed, and then fixed in Bouin’s solution, and
processed in the usual histological routine for
paraffin embedding (Paraplast Labware-Oxford,
St. Louis, MO, USA). The blocks were sliced into
5 um-thick sections and stained with Hematoxilin-
Eosin (H&E) or Mallory’s Tricromic. The types of
follicles were identified according (PEDERSEN;
PETERS, 1968) as presented (PLOWCHALCK et
al., 1993; VIEL et al., 2017). Ovarian and uterine
sections were analyzed using a Zeiss microscope
(Scope Al-Axio coupled with video-camera
AxioCam ICc3 and digitalized by the software
Axio Vision, version 4.7.2).

At the end of the treatment period, other 7
females of each group were mated with untreated
males. After mating, the presence of sperm in the
morning vaginal smear was indicative of
fertilization and was considered as day one of
gestation (GD1). Pregnant females were kept in
individual cages. On the 19" gestational day
(GD19) a laparotomy was performed after an
intramuscular administration of ketamine (40
mg/kg bw) and xylazine (20 mg/kg bw), and
records were obtained for the number of
implantations, the number of corpora lutea, the
litter size, the litter weight and the number of
resorptions. Copulation rate (number of females
with sperm in the smear/number of mated females
in the group) x 100). Fertility rate (number of
pregnant females/number of copulated females) x
100). Pre-implantation loss rate (number of
corpora lutea - number of implants/number of
corpora lutea) x 100) and post-implantation loss
rate  (number of implants - number of
fetuses/number of implants) x 100) were calculated
as described (DAMASCENO, 2008; VIEL et al.,
2017). The evaluation of fitotoxicity was
performed based on a analysis of fetal external
morphology with a stereomicroscope (Carl Zeiss,
Citoval 2, Germany).

The results were analyzed using a Students
t-test or a Mann-Whitney non-parametric test. The
results were considered significant when p< 0.05.

Clatogenicity/Aneugenicity in human
lymphocytes
Collection of lymphocytes

Lymphocytes were obtained from human
blood as approved by the Ethics Committee of the
Assis Faculty of Sciences and Letters of Assis
(UNESP - SP, Brazil), No. 833386. The blood was
collected from healthy volunteers aged between 18
and 25 years that were not using drugs, tobacco or
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alcohol. Blood was collected from the antecubital
vein between 7:00 and 10:00 am in heparinized
tubes and under sterile conditions. The material
was processed within 4 h of collection.

Lymphocyte isolation of whole blood

Whole blood collected was homogenized
by inversion and diluted with saline RPMI with
unsupplemented culture for experiments performed
in cell culture in the proportion of 1:1 (v/v). The
diluted blood (7 mL) was added slowly into a
centrifuge tube containing 3 mL of Ficoll-Paque
TM Plus and centrifuged for 30 min at 1,000 rpm
and refrigerated at 4 °C. Then, the lymphocyte
cloud was removed with a Pasteur pipette and
washed 2 times with RPMI 1640 medium.

Culture of human lymphocytes

The culture was performed according
(TITENKO-HOLLAND et al., 1997; FAREED;
AFZAL; SIDDIQUE, 2011) with an initial density
of 10° cells in 2 mL of culture medium. Then, the
lymphocytes were cultured. Culture medium
consisted of RPMI 1640 supplemented with 15%
fetal bovine serum, 2 mM of L-glutamine, 100
units  mL"'  of penicillin, 100-pgmL”  of
streptomycin and 1.5% phytohemagglutinin.

Treatment conditions

For each individual 5 culture vials were
mounted followed by 8 h of incubation at 37 °C
with the addition ethanolic extract of P. venusta at
a concentration of 50, 100 or 200 mgL". Two
culture flasks were reserved for the positive control
(50 mgL™" of cyclophosphamide) and the negative
control (without a test substance).

Micronucleus assay

After 48 h of incubation, 0.2 mL of
cytochalasin B was added to SmL of medium to
prevent cytokinesis of the dividing cells. After 72 h
the culture was stopped with 0.5 mL of methanol-
acetic acid fixative (3:1) for 5 min at room
temperature. The material was centrifuged at 800
rpm, discarding the supernatant. Next, 5 mL of
fixative was added with stirring, and then the
material was centrifuged. This procedure was
repeated 3 to 4 times until the precipitate remained
clean. The material was dripped onto slides,
allowed to dry at room temperature, and then
stained with Giemsa at a ratio of 1:3 in phosphate
buffer (pH = 6.8) for 5 to 8 min.

The slides were examined in a blind
condition. For each individual in the sample two
blades were selected and MN (micronucleus) was
recorded for 1,000 bi-nucleated cells (500 per
replicate/blade). The evaluation/cell count of MN
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followed the criteria according (FENECH et al.,
2003), such that the chromatin structure and
similar  refractions between nucleus were
evaluated, the cytoplasm was well preserved, the
staining intensity was similar between nucleus, the
definition of the nuclear contours were oval or
round in shape, there were no links to the main
nucleus, and the diameter was between 1/3 and
1/16 of the average diameter of the main core
corresponding to 1/256 and 1/9 of an area of a
nucleus of a main bi-nuclear cell.

Significant  differences between the
controls and treated samples were determined with
the Fisher exact test for MN frequencies and with
the Chi-square test.

Antimutagenic assay
Micronucleus test in mice bone marrow

Antigenotoxic effects of the extract of P.
venusta on cyclophosphamide-induced
micronucleus in mice was tested using 7-week to
12-week old male Swiss albino mice (Mus
musculus Rodentia, Muridae) weighing 25-35 g.
The mice were provided by the central bioterium
(Instituto de Biociéncias/UNESP/Botucatu) and
acclimatized in cages at 24 + 1 °C under a 12 h
light period for one week. During acclimatization
and throughout the experiments the mice had free
access to standard granulated chow and drinking
water. Each cage contained 5 mice that were
randomly assigned to 1 of the 4 following groups:
1) a negative control group that was given distilled
water by oral gavage; 2) a positive control group
that was given a single intraperitoneal injection of
the equivalent of 0.2 mg per 100 g of body weight
(bw) of cyclophosphamide (CAS n.50-18-0;
Endoxan, Baxter Oncology Gmb, Germany)
dissolved in distilled water; a extract group that
was given the equivalent of 50 mg, 100 mg or 200
mg per kg bw during 7 days by oral gavage.
However, on the seventh day, the mice also
received the same treatment as the positive control
group.

All mice were killed by cervical
dislocation on day 8. This study conforms to the
relevant Brazilian guidelines regarding the ethical
use of live animals. Genotoxic effects were
evaluated in the mouse bone marrow by the
micronucleus test (BAESSE et al, 2015).
Immediately after sacrifice the mice both femurs
were removed from each mouse and the bone
marrow flushed out into centrifuge tubes
containing 2 mL of fetal calf serum at 1,000
revolutions per min for 10 min, after which the
supernatant was discarded and the pellet
resuspended in a drop of serum, and a smear was
made on a clean slide. The smear was air-dried,
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fixed with absolute methanol for 5 min, then air-
dried and either stored at room temperature or
directly stained for 5 min with a freshly prepared
working solution of Giemsa stain diluted 1:1 v/v in
0.06 M of sodium phosphate buffer and 0.06 M of
potassium phosphate buffer (both at pH 6.8). After
staining, the slides were rinsed in distilled water,
dried at room temperature and scored for
micronucleus according to the criteria of Krishna
and Hayashi (2000) using 100X magnification and
a Carl Zeiss optical microscope. We scanned 2000
polychromatic erythrocytes (PCE) per mouse and
recorded the number of micronucleated PCE
(MNPCE).

To compare the frequencies of MNPCE
and normal PCE between treated and control
groups the results were expressed as the mean +
standard deviation and analyzed statistically using
the nonparametric Mann-Whitney U-test with the
significance level set at a = 0.05. The statistical
analyses were carried out using the SPSS 12.0
statistical package for PCs (SPSS, Chicago, IL).

Antimutagenic test in root cells of Allium cepa
Onion bulbs (A. cepa L., 2n = 16) were
obtained commercially in Assis, Sdo Paulo, Brazil.
They were cleaned and the outer scales were
removed, leaving the ring intact with primordial
roots. The bulbs were used for the bioassay
according to standard procedures (BABATUNDE;
BAKARE, 2006). The growth of the roots was
used a culture solution (Hoagland's solution). The
bulbs were kept suspended in a 100-mL beaker
leaving the ring of roots in contact with the
solution, changed every 24 h for a period of 72 h,
and maintained at a photoperiod (18 h/6h
light/dark) and temperature (22 + 2 °C) in
controlled chamber B.0.D. Bulbs with roots
approximately 2 cm were used in the experiment.
To evaluate the mitotic index-MI,
micronucleus-MN and induction of chromosomal
aberrations-CA (c-metaphase; chromosome delay;
chromosomal bridge; aberrant telophase; nucleolus
outside the nucleus; amorphous nucleus), 6 onion
bulbs were exposed to each concentration of
ethanolic extract (0.1, 5 and 10 mg/mL) of P.
venusta. Mineral water and positive control
solution of MMS (methyl methanesulfonate) at 10
mg/L was used for the negative control, as
described (CARITA; MARIN-MORALES, 2008).
At the end of 48 h of exposure and 24 h recovery
in culture solution, the roots of treated and control
bulbs were cut and fixed in ethanol: glacial acetic
acid (3:1, v/v). These were hydrolyzed in 1 N of
HCI at 60 °C for 8 min, after which they were
rinsed in distilled water. The roots were stained
with acetic carmine for 10 min, the tips were
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removed and the roots carefully crushed between
slide and coverslip were scaled, as suggested
(AKINBORO; BAKARE, 2007). Five slides were
prepared for each treatment and controls were
analyzed at 1000x magnification. The mitotic
index was calculated on the number of dividing
cells per 1000 cells observed (FISKESJO, 1985;
DE CAMPOS VENTURA-CAMARGO; MARIN-
MORALES, 2016). The frequency was calculated
based on the number of aberrant cells and
micronucleus per total cells analyzed for each
treatment and controls (BAKARE et al., 2000).
The MI, CA e MN obtained were compared with
the controls and statistically analyzed using the
Kruskal-Wallis test (p <0.05), as described
(BAKARE et al., 2000).

Antioxidant potential
DPPH radical scavenging activity

The stable 1.1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma, USA) radical scavenging activity
was determined according to the methodology
proposed (HELM et al., 2008). The dry ethanolic
extract of each sample was dissolved in ethanol
(75%) at different concentrations (25, 50, 75, 100,
250, 500 and 1,000 pg/mL") and then mixed with
5 mL of DPPH solution (1.5 x 10-4 M). The
extract reacted with the DPPH radical for a period
of 30 min in a low luminosity, and then they were
submitted to the UV-Vis spectrophotometer
(model: SP220, BIOSPECTRO, Brazil) at 517 nm
wavelength. The calculation of the antioxidant
activity was performed according to the following
formula: Scavenging effect

AL'(JI!“’D T AS["H e
(1%)= (41 " JxlOO
A control

Where Aol is the absorbance of the
control, and Agmpe is the absorbance of sample,
with extract. Triplicates were made to the analyses

Ferric reducing antioxidant power (FRAP test)

The FRAP test was performed as
previously described (MANIAN et al., 2008) with
some modifications. Up to 2.7 mL of FRAP
reagent, freshly prepared was mixed with 270 pul of
distilled water and 90 pl of each sample. Then, this
mixture was maintained in water bath at 37 °C for
30 min. The FRAP reagent contained 2.5 mL of 10
mM of TPZ solution in 40 mM of HCI, plus 2.5 of
20 mM of FeCl,6H,O, plus 25 mL of 0.3-M
acetate buffer (pH 3.6). Readings was performed at
the absorption maximum (595 nm). Solutions of
known Trolox concentration were used for
calibration. The final results were expressed as
micromole Trolox equivalents (TE) per grams of
extract.
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Lipid peroxidation test
For the lipid peroxidation test a source of
homogenized egg yolk lipid was used according to
the method proposed (PULIDO et al., 2000). In
Pirex® screw capped tubes 1,000uL  of
homogenized egg yolk was added in 1% (v/v) to
saline solution. To this medium 100 pL of different
extracts in different concentrations were included,
which constituted the different treatment groups.
Next, 100 uL of AAPH (2,2-azobis-
amidinopropane dihydrochloride, 120 mM) in
buffer TBA (Thiobarbituric acid) was added to the
samples. Finally TBA buffer at volume of 1.2 mL
was added. This mixture was incubated at 37 °C
for 30 min. After this period, 300 uL was removed
from each tube and transferred to Eppendort tubes.
Then, 600 pL of TCA (trichloroacetic acid) at 15%
was added to the Eppendorf tubes, and the tubes
were centrifuged at 10,000 g at 4 °C. Then, 500 puL
of supernatant from each reaction was transferred
to Eppendorf tubes followed by the addition of 500
puL of 0.67% TBA in Milli-Q water. The final
mixture was heated in a water bath for 30 min.
Afterwards the absorbance was measured at 532
nm.
The antioxidant activity was calculated as
the percentage of inhibition of lipid peroxidation,
based on the following equation: Inhibition of lipid

A('nmml - Asﬂmpfy
—  |x100
Acontrol

Where Aot 18 the absorbance of the
control, and Ay i the absorbance of sample.
The concentration of the extract (mg.mL")
required to inhibit 50% of the lipid peroxidation
(IC50) was calculated. The TMP standard curve
was prepared from an aqueous solution at a
concentration of 2.0 nmol.mL™". Aliquots of 30, 60,
120 and 180 uL of TMP solution are transferred to
glass tubes and the volume was adjusted to 500 puL
with distilled water. The solutions were prepared in
triplicate.

peroxidation (%) =(

Relative electrophoresis mobility (REM) test
REM was adapted (HSIEH et al., 2005),
bovine serum albumin (BSA, 2 mg/mL) was
diluted in PBS (10 mM, pH 7.4) and incubated
with Cu® (2 mM) at 37 C for 24 h in the presence
or absence of the herbal ethanolic extract (1000
pg/mL), HO, (0.25 mM) was used as a positive
control for oxidation. Electrophoresis of BSA was
performed using polyacrylamide gels (SDS-
PAGE). Running gel solution was comprised of
12% acrylamide, and the stacking gel was 5%
acrylamide. Proteins were stained with 0.25%
Coomassie Blue R-250. The results were
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expressed in the REM in mm using that of native
BSA as the base.

Phytochemical compounds
Total phenols and flavonoids quantification

The quantification of total phenols and
flavonoids was performed for extract diluted in
ethanol concentrations of 25, 50, 75, 100, 250, 500,
1,000, 3,000, 5,000 and 10,000 pg/mL-1. For the
determination of total phenols, the Folin-Ciocalteu
method was performed. For each 0.5 mL of extract
at the different concentrations 5 mL of distilled
water was added in addition to 0.25 mL of Folin-
Ciocalteu Reagent. After 3 min, 1 mL of saturated
Na2CO3 solution was added at 10% and the
mixture was stored for 1 h. The absorbance was
measured at 725 nm using a UV-Vis
spectrophotometer (model: SP220, BIOSPECTRO,
Brazil). All tests were performed in triplicate and
the results were expressed in mg of gallic acid
equivalent (AGE) per gram of extract.

Total flavonoid quantification of the
extract was determined based on the UV-Vis
spectrophotometer and the samples were prepared
as described (TODA, 2005), based on the
flavonoids complexation with AICI3. An aliquot of
250 pL of extract at the different concentrations
was mixed with 1.25 mL distilled water and 75 pL
NaNO2 solution at 5%. After 6 min, a 150 pL
AICI3/H20 solution at 10% was added. After 5
min, 0.5 mL of a 1 M NaOH solution was added
and then the total volume was adjusted by adding
2.5 mL of distilled water. The samples were
shaken in a vortex mixer and the absorbance was
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measured at 510 nm. All tests were performed in
triplicate and the results were expressed in mg of
rutin equivalent (RE) per gram of extract.

Analysis in HPLC

The fingerprint of the crude ethanolic
extract of the flowers of P. venusta was analyzed
using HPLC-ESI-IT-MS (Accela High Speed LC
from Thermo Scientific®, coupled to an Accela
Thermo Scientific® LCQ Fleet with Ion Trap 3D
and ionization by electrospray  (Column
Phenomenex® Luna C18 (2)). The conditions for
HPLC were a 250 mm x 4.6 mm X 5 pm column; a
mobile phase with water ultra-pure + formic acid
0.1% (A) and methanol + formic acid 0.1% (B); a
gradient of 25% of A to 100% of B in 80 min; an
injection volume of 20.0 pL; a column temperature
of 25 °C; a flow ratio of 0.8 mL.min"', A= 254 nm.
FIA-ESI-IT-MSn was in the negative mode.

RESULTS

Evaluation of reproductive toxicity

There was no significant difference
(p>0.05) in the water and food consumption and
ovarian weight between the two groups (Table 1).
The females treated with P. venusta had a
significant increase (p<0.05) in uterine weight
compared to the control females. The estrous cycle
was regular during the treatment period, being that
the number of estrus phase was similar (p>0.05) in
the control and experimental groups (5.0 + 0.0 and
5.0 £ 0.50, respectively).

Table 1. Water and food consumption and reproductive organs relative weight in the control group
(0.5 mL distilled water) and experimental group (P. venusta, 100 mg/Kg bw).

Parameters
n=7)

Control group

Experimental group
(m=7)

Water consumption] (mL)
Food consumption2 (g
Ovaries weightI (g%)
Uterus weightI (g%)

241.05 £30.94
128.00 £ 29.50
0.017 £ 0.007
0.193 £ 0.048

244.21 £25.18
125.00 £ 29.50
0.021 £ 0.004

0.245 £ 0.037*

"Values express as the mean + standard deviation. t-Student test ZValues express as the median + interquartile deviation. Mann-

‘Whitney test. ¥p<0.05 in comparison between the groups.

The ovarian histological structure showed
that in the control (Figure 1A) and experimental
(Figure 1B) groups, there were several corpora
lutea and health follicles inserted into a
fibrocellular stroma. Comparing the groups, there
was no significant difference (p>0.05) in the
number of corpora lutea (control, 3.0 £ 3.0 and
experimental, 2.5 + 4.0), growth follicles (control,
2.0 £ 2.0 and experimental, 2.0 * 1.2), antral
follicles (control: 2.0 + 2.2 and experimental: 2.0 +
2.0) and atretic follicles (control: 5.0 + 4.0 and

experimental, 5.0 + 3.0). Data are expressed as the
median and interquartile deviation. The uterus of
untreated females (Figure 1C) presented with
endometrium composed of loose connective tissue,
with many leukocytes scattered throughout the
interstitium. Nevertheless, in the females treated
with P. venusta (Figure 1D), the endometrial
stroma exhibited a predominantly fibrous
appearance, with leukocytes located mainly in the
subepithelial region. In this group, there was an
increase in the tissular vascularization and
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vasodilatation. Moreover, a significant decrease
(p<0.05) in luminal epithelium height and
thickness of the endometrial stroma and
perimetrium was observed in the group that
received the extract (experimental vs. control: 29.3
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3314 pm; 173 £ 69 vs. 264 * 11.0 pm,

respectively). The myometrium thickness was
similar (p>0.05) in the control (398.8 £ 170.5 pm)
and experimental (360.2 = 181.7 pm) groups. Data
are express as the median and interquartile

deviation.

+8.7 v5. 32.3 £9.0 pm; 256.2 £ 269.0 vs. 424.6 +

TR

Figure 1. Photomicrographs of the ovarian tissue (A and B) and uterine tissue (C and D). In A and B,
observe the similarity of ovaries in the two groups, with corpora lutea (CL) and health follicles
(F) in stroma. In C, observe the glands (g) in the endometrium (E). In D, are shows glands (g) and
blood vessels (v) inserted in endometrium (E) of fibrous aspect and leukocytes (L) in
subepithelial region. Hematoxylin-eosin. Bars = 100 um.

Table 2 shows that there was no effect of
treatment with P. venusta extract in maternal and
fetal parameters. No external morphologic

anomaly was observed in the fetuses of the
experimental group.

Table 2. Evaluation of maternal and fetal parameters.

Parameters Control group (n=7) Experimental group (n=7)
Copulation rate (%) 100 100

Fertility rate (%) 71.4 71.4

Body weight of dams (g) 344.0 +36.0 350.0 + 15.0

Gravid uterus weight (g) 44.9 +10.0 43.0+74

Placentas weight (g) 5.7+09 59+038

Litter weight (g) 219+54 222+36

Size litter 13+4 12+2

Pre-implantation loss (%) 0 0

Post-implantation loss (%) 0 0

Values are expressed as median =+ interquartile deviation. Mann-Whitney test. None statistical difference between the groups
(p>0.03).
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Clatogenicity/aneugenicity in human
lymphocytes

Table 3 shows the micronucleus frequency
in bi-nucleated lymphocytes. There were no
significant differences between extract treatments,
the different concentrations, and the negative
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the extract-treated groups showed a significant
difference; the PC presented the highest frequency
of micronucleated bi-nucleated lymphocytes
(26.17 + 2.14), as the group treated with 200
mg.Kg' bw (highest concentration) showed a
frequency of 7.83 £ 2.64.

control group. Compared to the positive control,

Table 3. Micronucleus frequency in peripheral blood lymphocytes treated with diferents concentrations of P.
venusta (50mg/Kg - E50, 100mg/Kg - E100, 200mg/Kg - E200).

Number of MN per 1000 binucleated lynphocytes
Treatments P
individuals Mean=SE(%)
NC 6 5.83+2.40a
E50 6 9.33+1.75a
E100 6 8.33+£2.06a
E200 6 7.834+2.64a
PC 6 26.17+2.14b

Means followed by same letter in a column not differ significantly by Mann-Whitney and U-test (0=0.05). NC= negative control;
PC= positive control (cyclophosphamide).

Antimutagenic assay (NC = 50.0); however compared to positive control
Micronucleus test in mice bone marrow group (PC) treated with  only  with

Table 4 shows the results of a cyclophosphamide, the extract-treated groups
micronucleus test in mice bone marrow. The showed a significant decrease in the frequency of
groups treated with different concentrations of MNPCEs. The different treatments with the
extract and cyclophosphamide presented a superior extracts showed no significant difference between
rate of MNPCEs in relation to negative control them.

Table 4. Frequency of erythrocytes polychromatics micronucleuds (MNPCEs) of bone marrow cells of
Swiss mice in experimental groups treated with hydroethanolic extract of P. venusta
(NC=negative control was distilled water; Animals were treated with the following doses of
extract: 50mg/Kg bw (E50), 100mg/Kg bw (E100) and 200mg/Kg bw (E200) or 2mg/Kg bw of
cyclophosphamide (PC)).

MNPCE per 2000 PCE
Treatments Number of animals

N Mean = SD(%)
NC 5 50,0 0,50+2,34a
E50 + PC 5 89,0 0,89+6,46b
EI100 + PC 5 76,0 0,766,72b
E200 + PC 5 84,0 0,84+4,32b
PC 5 286 2,86 £9,01c

Means followed by same letter in a column not differ significantly by Mann-Whitney and U-test (¢=0.05).

Antimutagenic test in root cells of Allium cepa

The Allium cepa test results are shown in Table 5. There was a significant decrease in the
micronucleus frequency for roots treated with 5.0 mgmL"' + MMS (04.4 + 2.41) compared to other
treatments (0.5 mg.mL'I +MMS =13.8+£5.89 and 1.0 mg‘mL'I + MMS = 10.2 + 3.63) and controls (01.0 +
1.22 = NC and PC = 16.4 + 2.30), revealing a dose-dependent profile. Increasing extract concentrations
resulted in a significant decrease in total chromosomal disorders between the two higher concentrations (0.5
mg.mL"' MMS + = 2.92 + 0.90, 1 mg.mL"' MMS + =3.52 + 0, 66 and 5 mg.mL"' MMS + = 2.60 + 0.51).
Compared to controls sample the results were higher than the NC (1.72 £ 0.59) and lower than the PC (5.10
+1.21).
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Table 5. Total cells with micronuclei and chromosomal disorders in meristem tissue of Allium cepa root under different P. venusta extract concentrations (Pv) with
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Metil Ifonato (MMS), negative control (NC) and positive control (PC).
it . f . Chromossomic ~ Cromossomic ~ Telophase  Nucleoli out the Amorphous Total  chromosomal

Treatament, (mg/ml):  Micronucle: c:Metaphase delay bridge Aberrant Nucleus nucleus aberrations

NC 01.0+1.22a 50+3.16 3.8+045 1.8+045 0.8+08 03.8+3.27 02.0 £2.55 1.72 £0.59a
Pv(0.5)+MMS(10) 13.8 £ 5.89b 3.61297 0.8 £0.84 52045 2.0+ 1.41 122 £ 6.87 05.4+1.82 2.92 £0.90b
Pv(1.O)+MMS(10) 102£3.63b 36£152 3.0£1.87 34300 40070 116351 09.6 +4.83 3.52 £0.66b
Pv(5.0)+MMS(10) 044+241c 3.0+122 24+152 3.6+ 1.67 24+182 076182 07.0+3.54 4.60+051b
PC 16.4 +2.30d 5.6+ 134 2.8+1.92 3.2+ 268 2.6 +1.52 15.0 +3.54 21.8 +6.38 5.10+1.21c

= Equal letters to no significant differences (p=0.05).
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Antioxidant potential and total phenols and
flavonoids DPPH, FRAP and TBARS, total
phenols and flavonoids compounds

Table 6 presents the results of the
antioxidant tests (DPPH, FRAP and TBARS) and
quantification of total phenols and flavonoids in the
P. venusta extract. For these tests revealed a dose-
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dependency for the antioxidant activity and phenolic
content and total flavonoid. The EC50 was
calculated for the DPPH and TBARS tests, resulting
in concentrations of, respectively, 131.63 pg and
1.038 mg. The FRAP test found 154.00 uM of TE
per extract gram in the extract concentration of 1000
pg/mL,

Table 6. Antioxidant activity, total phenols and flavonoids of P. venusta extract.

. P DPPH b TBARS Total .
Concentration (ug.mL"™) (%)" FRAP (%) Phenols Total Flavonoids
100 48.90 54.92 6.78 8.42 40.50
250 61.43 98.96 14.56 21.40 65.34
500 63.23 138.00 23.90 37.64 113.25
1000 65.62 154.00 38.34 51.92 190.52

“Average values standard deviation of triplicates for test cleaning of DPPH radical scavenging activity; PFRAP: ferric reducing power;

“lipoperoxidation inhibition percentage (TBARS (%)).

Relative electrophoresis mobility (REM) test

The electrophoresis gel revealed that there
was an extensive BSA protein fragmentation
resulting from the combined activity of Cu** and the
extract (Figure 2, lane 3), and fragmentation was

A 1

much higher compared to the positive control with
only Cu®™ and hydrogen peroxide in the acting
protein (Figure 2, lane 2) and with only Cu®** and
BSA (Figure 2, lane 1).

2 3

. B ] "

Figure 2. Effect of hydroethanolic extract of P. venusta on migration of BSA with PAGE (Incubation period
was 24 hours) in oxidative condition. A: Native BSA; 1: BSA with Cu**; 2: BSA with Cu®* and
H>0, 3: BSA with Cu2+/H202 and hydroethanolic extract (1000 pg/mL).

Phytochemical analysis using HPL

The analysis of the HPLC-PDA
chromatogram of P. venusta showed two main
peaks at 4.11 min and 31.37 min. Based on the m/z
values, UV spectra and comparison with the

literature, we can conclude that peak 2 is quinic
acid, and peak 3 is the flavonoid diglycoside.
Furthermore, we have propose that peak 1 is a myo-
inositol derivative (3).
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Figure 3. Analytical HPLC-PDA chromatograms at 254 nm of P. venusta extract.

Table 7. Tentative identification of compounds in P. venusta flowers by LC-PDA, LC-MS and MS/MS data.

Peak Rt(min) UV [M-HT MS/MS ions Tentative identification
(;\'mflx.)

1 3.71 257 179 225,195 myo-inositol derivative

2 4.11 269 191 173,127,85  quinic acid

3 31.37 331,249 623 461 flavonoid diglycoside

DISCUSSION

P. venusta is widely used in popular culture
for treating various diseases (ALTOE et al., 2014).
There is promising research that aims treat cancer
using P. venusta (FIGUEIREDO et al., 2014).
Moreover, the flowers and roots extracts of this
plant contain significant amounts of phytochemicals
with antioxidant properties (VELOSO; SILVA,
2010). Thus, the use of this species could possibly
expand to include applications in the pharmaceutical
and food industry; but for this expansion, and for its
current use, it is necessary to establish its safety.

There are several side effects that may be
caused by the chemical compounds found in
medicinal plants. Among them include changes in
water consumption, diet and body weight, and
clinical symptoms of piloerection, changes in
behavior, tremors, convulsions and even death
(FIGUEIREDO et al., 2014). In studies of the
antitumor properties associated with phenolic
compounds such as flavonoids, (FERNANDES et
al., 2010) there was no change in water and food
consumption of Wistar rats treated with a phenolic
compound concentration of 50 mgkg', as in the
present study, treatment of Wistar adult female rats
with P. venusta did not cause any clinical signs of
toxicity.

Female rats treated with isoflavones at
concentrations of 3.3 mg/100 mL and 100 mg/100
mL showed a relative weight of the ovaries that was

similar to the control group. But the relative uterine
weight was higher in the group treated with
isoflavones at 100 mg/100 mL compared to groups
treated with 3.3 mg/100 mL and controls (IKAKI et
al., 2008). In addition, rats treated with both
flavonoid concentrations showed no changes in the
estrous cycle or in the number of estrus phase in
relationship to the control group. In the present
study, the same result was obtained with P. venusta,
which has a high content of flavonoids. The increase
in uterine weight observed in this study probably
occurred due to discrete changes observed in the
endometrium. Currently, no other report is found in
the literature on the effects of P. venusta extract on
the weight and structure of these reproductive
organs.

The P. venusta chemical constituents did
not promote ovarian toxicity, as gonadal tissue
showed similar characteristics to that observed in
the control group. A study performed (ROMERO et
al., 2008) showed that rats treated with Ginkgo
biloba (120 rng.Kg’l), which is rich in flavonoids,
showed no histopathological change in ovarian
tissue. In a experiment with Tabebuia avellanedae
(ipe-purple), which is in the same Bignoniaceae
family as P. venusta, (KUNTZE et al., 2012)
examined, in rats, the cicatrizant activity of a topical
ointment consisting of plant species extracts. Kuntze
et al. (2012) highlighted the importance of
flavonoids in tissue healing because the phenolic
compound promotes neovascularization and
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fibroplasia inhibition in inflammatory process,
contributing to increased oxygenation and rapid
recovery of the injured tissue. This study indicated
that the P. venusta flavonoids may have contributed
to the fibrous endometrial characteristics and the
vasodilation observed in the uterus of female rats.
These characteristics did not affect endometrial
implantation of the egg or embryo development,
indicating that the plant does not present toxicity to
the embryo or the fetus.

The micronucleus assay with lymphocytes
can be efficiently used to measure the cytotoxic and
genotoxic effects of different compounds as reactive
oxygen species by ionizing radiation (FENECH et
al., 2003). Regarding the P. venusta
clatogenicity/aneugenicity to human lymphocytes,
the result was negative, thus it can be considered
that the species studied shows low genotoxicity in
respect of the formation of the MN of lymphocytes
analyzed, which supports the safety of using this
species. In cancer patients there is a higher
frequency of MN, and there is a correlation between
genotoxic agents such as ionizing radiation, cancer
on set and MN (GREENROD; FENECH, 2003).

In the micronucleus test in mouse bone
marrow, P. venusta extract reduced the chances of
genetic alterations in the presence of mutagenic
compounds. The extract of this species, reduced the
formation of micronucleated polychromatic
erythrocytes in relation to the controls that showed
the mutagen activity of cyclophosphamide. This
reduction was similar in all tested concentrations,
making this species promising for use in preventing
genomic damage because MN in polychromatic
erythrocytes (PCE) of mouse bone marrow is a very
sensitive measure of the damage caused by chemical
mutagens (FENECH, 2002).

Tests of A. cepa have a high level of
sensitivity in mammals, and thus is suitable to verify
chromosome damage and disorders of the mitotic
cycle, cytotoxicity, and genotoxicity to a wide
variety of compounds, from heavy metals to
aromatic compounds (AKINBORO; BAKARE,
2007). In the present study, the results for total
chromosomal disorders were similar to those shown
for the micronucleus test in mice bone marrow. The
number of chromosomal disorders after treatment
was lower than that of the positive control. In the
same test, regarding the number of micronuclei,
unexpectedly, lower concentrations were more
effective by inhibiting the formation of micronuclei
in the cells analyzed, and the highest contraction (5
mg/mL") had a less significant effect. Nonetheless,
these results also confirm the results of the previous
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experiment on the micronucleus of the mouse bone
marrow.

In the DPPH assay, the values achieved with
P. venusta extract were lower than the values
reported previously (ALTOE et al., 2014) for P.
venusta extracts, where the results showed a 94.6%
antioxidant activity. The reducing capability of the
extract is similar to that described (ROY et al.,
2011) in a FRAP test for the extract of P. venusta
flowers. The results of the FRAP test were lower
than that for other species. For example, the value
found for the carambola residue was 510.3-uMol/g’'
of dry weight (PEREIRA et al., 2014). In a study
conducted by Guo et al. (2003) the reducing power
found for the red grape was equivalent to 670.5-
uMol.g" of dry weight; however the level of the
reducing ability of P. venusta is still significant, and
it can be correlated with the phenolic compounds
dosage (r* = 0.9587). Thus, the test results of FRAP
and DPPH confirm that this species has the potential
to protect the body from free radicals.

In the work (SHUI; LEONG, 2006) the
results obtained with the cyan-carvone, at a
concentration of 7.2-pg/mL"' caused a 72.1%
inhibition of lipid peroxidation. The study, (SHUI;
LEONG, 2006) examined different flavonoids at a
concentration of 15 pM, and quercetin reached more
than 60% inhibition lipid peroxidation and rutin
showed 8% inhibition. Because they are single
compounds, the results obtained using P. venusta
extract can be considered high, and it is possible to
isolate individual compounds. The value of r*
(0.988) resulting from the correlation between the
dosage of compounds and the ability to inhibit lipid
peroxidation show a possible dependence.

In the relative mobility test in an
electrophoresis gel in the presence of Cu™ and
H,0,, the extract induced more intense activity that
fragmented the BSA protein. Thus, the most
prominent action shown in the gel was that the
tested extract can present oxidative action under
certain conditions. In the work (COSTA et al.,
2013), antioxidants tested differently in a similar
oxidation system. The antioxidant with the best
results was glutathione, which almost completely
inhibited  oxidation, but only at higher
concentrations.

A phytochemical analysis indicated the
likely presence of quinic acid, a flavonoid
diglycoside and myo-inositol. Similarly, (ROY et
al., 2011) was identified these same classes of
compounds in extracts from the flowers and roots of
P. venusta, and also confirmed the antioxidant
potential of these compounds.
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RESUMO: Pyrostegia venusta é geralmente encontrada no crescimento secunddrio das florestas
atlanticas e na savana brasileira. Flores e folhas desta planta sao utilizadas em remédios populares para tratar
uma grande variedade de doengas, desta forma é importante avaliar a seguranga e o potencial antioxidante para
estas aplicacdes. Para tanto, o extrato etandlico das flores foi avaliado com testes toxicoldgicos, genotoxicos e
antioxidants. A andlise toxicoldgica foi realizada por meio da toxicidade reprodutiva em ratos e a
clatogenicidade/aneugenicidade em linfécitos humanos, a genotoxicidade foi estudada por teste de micronicleo
em medula dssea de camundongo. A antimutagenicidade em células da raiz de Allium cepa. Os ensaios
antioxidantes utilizados foram DPPH, FRAP, TARBS e MRE. O extrato foi analisado em HPLC. A andlise
toxicoldgica reprodutiva mostrou que P. venusta nao tem efeito negativo sobre o nivel reprodutivo e cellular.
No teste do micronticleo o extrato protegeu as células da ciclofosfamida, um composto mutagénico. O teste de
A. cepa mostrou que o extrato reduziu as formagdes dos distirbios cromossomicos. A atividade antioxidante do
extrato foi significativa, exceto no teste REM. A anilise fitoquimica mostrou a presenca de compostos
flavonoidicos. O extrato de P. venusta nao apresenta toxicidade reprodutiva e efeitos genotéxicos. No entanto,
0 extrato desta espécie apresentou potencial antigenotoxico e antioxidante, possivelmente devido aos diferentes
compostos flavonoidicos presentes em seu extrato.

PALAVRAS-CHAVE: Toxicologia reprodutiva. Citotoxicidade. Oxidagdo. Mutagénese. Flavonoides.
Compostos fendlicos.
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