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RESUMO

Muitas das espécies utilizadas na medicina popular ainda ndo possuem
suas atividades biol6gicas comprovadas por estudos cientificos. Entre
estas espécies, a Philodendron bipinnatifidum Schott ex Endl (Araceae),
que é nativa da América do Sul, merece atencédo especial, pois é usada na
medicina popular para tratamento de casos de infec¢Bes, como erisipela,
e inflamagdes, como orquites e Ulceras e também para o tratamento de
reumatismo. Nesse contexto, o objetivo desse trabalho foi a obtencdo de
extratos de P. bipinnatifidum e avaliacdo de atividades bioldgicas in vitro
e in vivo, bem como realizar o encapsulamento do extrato de acetato de
etila através da técnica SEDS. As atividades antioxidante, antimicrobiana,
antinociceptiva e anti-inflamatéria de extratos dos talos de P.
bipinnatifidum, obtidos através de maceracdo com solventes organicos,
foram avaliadas. Alta atividade antimicrobiana foi observada para o
microrganismo Streptococcus pyogenes com o extrato obtido a partir do
solvente acetato de etila, com MIC 3,20 mg-mL™* e baixa atividade para
0 extrato etandlico (10,0 mg-mL™?). Baixa atividade antimicrobiana foi
observada para 0s microrganismos Enterococcus faecalis e Listeria
monocytogenes para 0 extrato de acetato de etila, com MIC de 10,0
mg-mL?, e ndo huve atividade para o extrato etanélico. Ambos os
extratos resultaram em elevada atividade antioxidante, mas o extrato de
acetato de etila apresentou resultados significativamente maiores, com
ICs0 de 27,11 pg-mL?, quando registrado 59,43 ug-mL* para o extrato
etandlico. A atividade bioldgica mais significativa da fragdo extraida com
acetato de etila estd relacionada a composicdo quimica deste, em
comparagdo com a fragao de etanol, que apresentou a maior concentragéo
de compostos bioativos, como flavonoides quercetina, luteolina,
apigenina e rutina. O extrato acetato de etila também apresentou maior
concentracdo dos compostos da classe dos fitoesterdis, como o [-
sitosterol, estigmasterol e campesterol. A partir disso, 0 extrato de acetato
de etila foi avaliado quanto a suas acgles antinociceptiva e anti-
inflamatdria em testes in vivo, utilizando camundongos Swiss machos. A
atividade antinociceptiva foi avaliada através do teste de inducdo de
contor¢Bes abdominais por &cido acético, nas doses de 250, 375 e 500
mg-kg e do teste da formalina, na dose de 500 mg-kg. O teste de campo
aberto foi realizado para avaliar possiveis alteracbes na locomogéo
espontanea dos animais. Também foi avaliada a possivel participacdo do
sistema opioide no efeito antinocicpetivo do extrato no teste da formalina,
utilizando naloxona. A avaliacdo da atividade anti-inflamatéria foi



realizada pelo teste do edema de pata induzido por carragenina na dose
de 500 mg-kg*. Parametros de estresse oxidativo, como niveis de TBARS
e tidis, bem como atividades de SOD e CAT foram avaliados no sangue
e tecido da pata dos animais submetidos ao teste da carragenina. A
toxicidade aguda do extrato foi investigada usando a diretriz OECD 423.
O tratamento oral com o extrato de acetato de etila inibiu em 46,8 e 53,5%
as contorgdes abdominais dos camundongos nas doses de 375 e 500
mg-kg, respectivamente, e reduziu o efeito da formalina na fase de dor
neurogénica e também na fase de dor inflamatéria a 500 mg-kg?*. O
extrato ndo causou alterages na locomocao espontanea dos animais (teste
de campo aberto), mas o nimero de bolos fecais foi significativamente
menor para o grupo da dose mg-kg* quando comparado ao grupo veiculo.
O pré-tratamento com naloxona causou inibicdo significativa da atividade
antinociceptiva induzida pelo extrato no teste da formalina, revelando o
possivel envolvimento dos receptores opioides. O extrato administrado na
dose de 500 mg-kg* evitou o edema da pata induzido por carragenina até
6 horas apds a administracdo de carragenina. A avaliacdo dos niveis de
TBARS e tiois, atividades das enzimas SOD e CAT no sangue e no tecido
da pata dos animais submetidos ao ensaio de carragenina sugerem que 0
efeito anti-inflamatdrio do extrato pode estar ligado a inibicdo do estresse
oxidativo. A administracdo aguda do extrato na dose de 2000 mg-kg* ndo
causou mortalidade, demonstrando baixa toxicidade. A partir desses
resultados, o extrato de acetato de etila foi submetido a encapsulacédo pela
técnica de Dispersdo de Solucdo Aumentada por Fluidos Supercriticos
(SEDS) com o biopolimero PHBV. Os parametros concentragdo de
extrato e temperatura foram avaliados a partir de um planejamento fatorial
22 com ponto central, com pressdo constante de 80 bar. Maior eficiéncia
de encapsulamento (89,56%) foi verificada utilizando 20 pg-mL* de
concentracdo de extrato (relagdo 1:1 extrato e PHBV) e temperatura de
35 °C. Nessas condi¢des também foi verificado o menor tamanho médio
de particulas, resultando em 0,622 + 0,232 um, com coeficiente de
variacdo de 37,34%. Analises cromatograficas demonstraram que o
processo provocou pequena alteragcdo na composicdo quimica do extrato,
mantendo seus principais constituintes, como os fitoesterdis, campesterol,
estigmasterol e B-sitosterol. Para o composto B-sitosterol, houve aumento
em torno de 35% em sua concentragdo no extrato ap6s o processo de
encapsulamento.

Palavras-chave: P. bipinnatifidum. Antioxidante. Antimicrobiano.
Antinociceptiva. Anti-inflamatoria. SEDS.



ABSTRACT

Many of the species used in folk medicine do not have their biological
activities proven by scientific studies so far. Among these species,
Philodendron bipinnatifidum Schott ex Endl (Araceae), which is native
from South America, deserves special attention as it is used in popular
medicine to treat infections cases such as erysipelas, and inflammations
such as orchitis and ulcers, and finally for the treatment of rheumatism.
In this context, the objective of this work was to obtain extracts of P.
bipinnatifidum and evaluate the biological activities in vitro and in vivo,
as well as perform the encapsulation of the ethyl acetate extract through
the SEDS technique. We evaluated the antioxidant, antimicrobial,
antinociceptive and anti-inflammatory activities of P. bipinnatifidum
stems extracts obtained by maceration with organic solvents. We
observed high antimicrobial activity for the microorganism Streptococcus
pyogenes with the extract obtained from the solvent ethyl acetate, with
MIC 3.20 mg-mL* and low activity for the ethanolic extract (MIC 10.0
mg-mL-1). Low antimicrobial activity was observed in the Enterococcus
faecalis and Listeria monocytogenes microorganisms for the extract of
ethyl acetate, with MIC of 10.0 mg-mL%, and no activity for the ethanol
extract. Both extracts resulted in high antioxidant activity, but the ethyl
acetate extract presented significantly higher results, with 1Csq of 27.11
ug-mL2, when 59.43 pug-mL* was recorded for the ethanolic extract. The
most significant biological activity of the fraction extracted with ethyl
acetate is related to its chemical composition, in comparison to the ethanol
fraction, which presented the highest concentration of bioactive
compounds, such as flavonoids quercetin, luteolin, apigenin and rutin.
The ethyl acetate extract also showed a higher concentration of
compounds of the phytosterols class, such as B-sitosterol, stigmasterol
and campesterol. From this, the ethyl acetate extract was evaluated for its
antinociceptive and anti-inflammatory actions in in vivo tests using male
Swiss mice. We evaluated the antinociceptive activity through the test of
induction of abdominal writhing by acetic acid, at doses of 250, 375 and
500 mg-kg* and the formalin test at the dose of 500 mg-kg*. The open
field test was performed to evaluate possible changes in the animals'
spontaneous locomotion. We also evaluated the possible participation of
the opioid system in the antinocicpetive effect of the extract in the
formalin test, using naloxone. The evaluation of the anti-inflammatory
activity was performed by the paw edema test induced by carrageenan at
a dose of 500 mg-kg™. Oxidative stress parameters, such as levels of



TBARS and NPSH, as well as SOD and CAT activities were evaluated in
the blood and paw tissue of animals submitted to the carrageenan test.
Acute toxicity of the extract was investigated using OECD directive 423.
Oral treatment with ethyl acetate extract inhibited 46.8 and 53.5% of
abdominal writhing at doses of 375 and 500 mg-kg™, respectively, and
reduced the effect of formalin in the stage of neurogenic pain and also in
the stage of inflammatory pain at 500 mg-kg. The extract did not cause
changes in the animals' spontaneous locomotion (open field test), but the
number of fecal cakes was significantly lower for the 500 mg-kg* dose
group when compared to the vehicle group. Pretreatment with naloxone
caused significant inhibition of the antinociceptive activity induced by the
extract in the formalin test, revealing the possible involvement of the
opioid receptors. The extract administered at a dose of 500 mg-kg
prevented carrageenan-induced paw edema up to 6 hours after
administration of carrageenan. Assessment of TBARS and NPSH levels,
SOD and CAT enzyme activities in blood and paw tissue of animals
submitted to the carrageenan assay suggest that the anti-inflammatory
effect of the extract may be linked to the inhibition of oxidative stress.
Acute administration of the extract at the dose of 2000 mg-kg* did not
cause mortality, demonstrating low toxicity. From these results, we
subjected the ethyl acetate extract to encapsulation by the technique of
Solution Enhanced Dispersion by Supercritical Fluids (SEDS) with the
PHBV biopolymer. The parameters concentration of extract and
temperature were evaluated from a 22 factorial planning with central
point, with constant pressure of 80 bar. We verified higher encapsulation
efficiency (89.56%) using mg-mL™ extract concentration (ratio 1:1
extract and PHBV) and a temperature of 35 © C. Under these conditions,
the lowest mean particle size was also observed, resulting in 0.622 +0.232
um, with a variation coefficient of 37.34%. Chromatographic analysis
showed that the process caused a small change in the chemical
composition of the extract, maintaining its main constituents, such as
phytosterols, campesterol, stigmasterol and B-sitosterol. For p-sitosterol
compound, there was an increase of about 35% in its concentration in the
extract after the encapsulation process.

Keywords:  P.  bipinnatifidum.  Antioxidant.  Antimicrobial.
Antinociceptive. Anti-inflammatory. SEDS.
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APRESENTACAO DO DOCUMENTO

O presente documento foi organizado em 6 capitulos. O Capitulo
1 traz a introducdo e fundamentacdo tedrica, onde estdo descritos 0s
principais conceitos tedricos necessarios para desenvolvimento da tese, a
partir de dados publicados na literatura. Este capitulo também descreve o
objetivo da tese, bem como os objetivos especificos.

O Capitulo 2 refere-se a descricdo detalhada dos métodos
experimentais da pesquisa realizada.

Os Capitulos 3, 4 e 5 descrevem os resultados da tese, e estdo
apresentados em formato de artigos cientificos. O Capitulo 3 refere-se a
parte inicial da pesquisa realizada, apresentando a composi¢do quimica
de diferentes extratos de P. bipinnatifidum e algumas atividades
bioldgicas in vitro, intitulado “Chemical composition, antioxidant,
antimicrobial and antidiabetic potential of Philodendron bipinnatifidum
Schott ex Endl”. O Capitulo 4 refere-se a atividades bioldgicas in vivo do
extrato que apresentou melhores resultados no Capitulo 3, e esta
intitulado como “Antinociceptive and anti-inflammatory activities of
Philodendron bipinnatifidum Schott ex Endl (Araceae)”. O Capitulo 5
traz novas analises do perfil quimico de diferentes extratos da planta
estudada e também estd relacionado ao processo de encapsulacdo do
mesmo extrato utilizado no Capitulo 4, através da técnica SEDS,
apresentado no artigo “Extraction of bioactive compounds from
Philodendron bipinnatifidum Schott ex Endl and encapsulation in PHBV
by SEDS technique”.

No Capitulo 6 estdo descritas as conclusdes da pesquisa
realizada.
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CAPITULO 1

1.1 INTRODUCAO

As plantas produzem um grande grupo de compostos
denominados de metabdlitos secundarios, e o interesse no estudo destes é
devido aos diferentes efeitos que desempenham na alimentagdo humana,
no controle de animais considerados pragas e o potencial para prevenir ou
remediar doencas. Propriedades terapéuticas, antitumoral, antiviral,
bactericida, fungicida, inseticida, antioxidante, entre outras, sdo
atribuidas aos metaboélitos secundarios. Esses compostos desempenham
importante papel na descoberta e desenvolvimento de farmacos, visando
a producéo e formulacéo de novos principios ativos para o tratamento de
doencas (NEWMAN; CRAGG, 2016).

O interesse por extratos vegetais se d& inicialmente através de
relatos do conhecimento popular, que podem muitas vezes ser
comprovados cientificamente através de testes in vitro e in vivo. A
atividade antioxidante € um dos principais testes realizados, devido a essa
atividade estar relacionada & presenga de compostos que combatem 0s
radicais livres, que estdo associados a processos fitopatoldégicos como
envelhecimento, cancer, aterosclerose e inflamacdo (LOBO et al., 2010).

Extratos vegetais podem apresentar atividade contra uma ampla
variedade de microrganismos, como fungos, virus e bactérias, os quais
sdo responsaveis por diversar doengas infecciosas. Estas patologias estdo
se tornando mais dificeis de tratar devido ao crescente aumento da
resisténcia dos microrganismos aos antibidticos, e, em alguns casos, ainda
ndo ha opcdo de tratamento (UD-DAULA et al., 2016). Dessa forma
pode-se ressaltar a importancia de procurar e desenvolver agentes
antimicrobianos e antioxidantes novos e naturais.

Também ha um grande interesse da comunidade académica e
indUstria farmacéutica em desenvolver medicamentos mais seguras e
eficazes para tratar a dor e a inflamag&o. A dor é uma das condigdes mais
prevalentes que limita a produtividade e reduz a qualidade de vida de
pacientes. Embora exista um arsenal de analgésicos eficazes e
amplamente utilizados, alguma preocupagao com sua seguranca e efeitos
colaterais deve ser considerada (CAZACU, MOGOSAN e LOGHIN
2015). Como muitas pessoas estdo escolhendo a medicina alternativa para
tratamento, é interessante investigar os efeitos biolégicos de plantas
consideradas medicinais e verificar seus possiveis efeitos adversos, para
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comprovar seu uso popular e fornecer um perfil de seguranga melhorado
para os pacientes (SILVA et al., 2012).

Incialmente, os testes in vivo para avaliar as atividades
analgésicas e anti-inflamatorias geralmente empregam modelos que
utilizam diferentes estimulos em camundongos ou ratos. Para a
verificagdo da atividade analgésica de uma substancia ou extrato, os
animais s@o submetidos a testes que exibem respostas comportamentais e
neurofisioldgicas da dor, o que é denominado de nocicepgdo (LAPA,
2007). A atividade anti-inflamatdria geralmente é avaliada através de
testes onde ha inducdo de lesdo tecidual e consequentemente processo de
inflamacdo, sendo o teste do edema de pata induzido por carragenina um
dos mais utilizados (FEHRENBACHER, VASKO e DUARTE, 2012).

Entre as plantas cultivadas no Brasil, Philodendron
bipinnatifidum Schott ex Endl é uma espécie arbustiva pertencente a
familia Araceae, endémica da América do Sul. E conhecida popularmente
como guaimbé, banana-de-macaco, banana-de-bugre, banana-c6 ou imbé.
Na medicina popular é utilizada como anestésica, anti-inflamatéria, e ha
também relatos de atividade antitumoral. Apesar de ser muito utilizada na
medicina popular brasileira, hd poucos estudos cientificos sobre esta
espécie, com relatos do potencial antioxidante das raizes (MENEZES,
SCHWARTZ, e SANTOS, 2004), atividade antiprotozoaria dos ramos e
folhas (MUELAS-SERRANO et al., 2000) e efeito antiproliferativo em
células de cancer de figado (EL-DEEB et al., 2012).

A fim de propor novas formas de utilizagdo de extratos, as
técnicas de micro e nanoencapsula¢do podem surgir como ferramentas
Uteis e de grande interesse em estudos cientificos. Estas técnicas tém
como objetivo proteger e/ou purificar compostos, reduzindo assim as
interacbes com fatores ambientais, tais como calor e luz; modular a
liberagdo de compostos, uma vez que influencia diretamente na
solubilidade; e modificar as propriedades de superficie das particulas
usadas (EZHILARASI et al., 2013).

Entre as técnicas utilizadas para o encapsulamento de compostos,
as que empregam fluidos supercriticos apresentam algumas vantagens
frente aos métodos convencionais, com a formacdo de micro efou
nanoparticulas com estreita distribuicdo de tamanho, boa eficiéncia de
encapsulamento, controle de polimorfismo dos cristais, possibilidade de
processar compostos termossensiveis e producdo de particulas com
elevado grau de pureza (SHETH et al., 2012).

Dentre os fluidos utilizados, o dioxido de carbono geralmente é
0 mais empregado nos processos de encapsulamento e precipitacdo de
compostos. O ponto critico desta substancia é 31 °C e 73,8 bar, sendo


https://www.ncbi.nlm.nih.gov/pubmed/?term=Fehrenbacher%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=22382999
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atéxico nas condigdes de uso, ndo inflamavel e custo relativamente baixo
(COCERO et al., 2009). Outra vantagem € seu estado gasoso a
temperatura e presséo ambiente, o que fornece analitos livre de solventes.
E um fluido interessante para se trabalhar com alimentos e produtos
naturais, pois possibilita o processamento a baixas temperaturas,
utilizando um meio ndo-oxidante, o que permite sua utilizacdo com
compostos termolabeis ou que séo facilmente oxidados (MENDIOLA et
al., 2007).

O processo de encapsulacdo a partir de didxido de carbono
supercritico pode ser aplicado a extratos vegetais, com diferentes
propésitos, como modificar propriedades de superficie das particulas,
aumentar a solubilidade em &gua e proteger seus constituintes, como por
exemplo, compostos que apresentam propriedades antioxidantes, que
podem sofrer degradacéo na presenca de luz e oxigénio (BOSCHETTO
etal., 2013; MEZZOMO et al., 2016).

Devido a sua utilizacdo na medicina popular e aos poucos relatos
cientificos encontrados, o estudo de atividades bioldgicas in vitro e in vivo
de P. bipinnatifidum desperta interesse, principalmente em relacdo a sua
utilizacdo para tratamento de dores e processos inflamatorios, os quais
ndo existem relatos na literatura. A aplicagdo de metodologias de
encapsulacdo para o extrato de P. bipinnatifidum também nédo estdo
descritas na literatura, nem através de métodos convencionais, nem
através de processos com fluidos supercriticos, considerando que o
processo de encapsulacdo do extrato pode trazer beneficios & sua
utilizacdo, como protecdo e concentracdo de compostos bioativos. A
partir disso, esse trabalho propde a avaliagcdo das atividades antioxidante,
antimicrobiana, antinociceptiva e anti-inflamatéria de extratos de P.
bipinnatifidum, bem como estudar o processo de encapsulagao do extrato
atraveés da técnica SEDS.

1.2 OBJETIVOS
1.2.1 Objetivo Geral
Avaliar as atividades antioxidante,  antimicrobiana,

antinociceptiva e anti-inflamatdria de extratos de P. bipinnatifidum e
encapsular empregando a técnica SEDS.
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1.2.2 Objetivos Especificos

Obter extratos por maceracdo dos talos e folhas de P.
bipinnatifidum por meio dos solventes élcool etilico, acetato de
etila e éter de petréleo;

Identificar e quantificar compostos nos extratos obtidos por
meio de andlises cromatograficas (CLAE e GC/MS);

Avaliar a atividade antioxidante dos extratos etandlico e acetato
de etila em ensaios in vitro;

Avaliar a atividade antimicrobiana dos extratos etandlico e
acetato de etila;

Avaliar as atividades antinociceptiva e anti-inflamatoria do
extrato de acetato de etila em ensaios in vivo;

Verificar o possivel efeito protetor do extrato de acetato de etila
frente a parametros de estresse oxidativo em modelo animal de
inducéo de inflamagéo;

Obter particulas do extrato de acetato de etila encapsuladas pelo
processo SEDS empregando CO, como fluido supercritico e
PHBYV como agente encapsulante;

Realizar testes de caracterizagdo das particulas obtidas nos
ensaios de encapsulamento, como distribuicdo de tamanho de
particula e MEV;

Realizar testes de eficiéncia de encapsulamento das particulas
obtidas.

Identificar e quantificar compostos nas particulas obtidas através
de analises cromatograficas (GC/MS).

1.3 FUNDAMENTAGAO TEORICA

Neste capitulo serdo abordados os principais conceitos

disponiveis na literatura sobre o tema do presente trabalho, com destaque
para 0 estudo de metabolitos secundarios e as suas fungdes
farmacoldgicas, consideragdes sobre a planta estudada, P. bipinnatifidum,
descricdo dos principais testes de atividade antinociceptiva e anti-
inflamatdria in vivo, e as técnicas de encapsulamento para extratos de
plantas, dando énfase as técnicas que empregam fluido supercritico.
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1.3.1 Metabolitos secundarios

A distingdo entre os diversos compostos presentes nos seres
Vivos esta estabelecida quanto a fungéo destes nos organismos; enquanto
alguns sdo substancias essenciais a vida da célula, outros ndo Ihe sdo. Em
relacdo as plantas, tém-se os compostos denominados metabdlitos
primarios, os quais formam o grupo das substancias essenciais, como por
exemplo, a clorofila, pigmento essencial a fotossintese. Os demais
compostos sdo identificados como metabdlitos secundarios, e estes
muitas vezes estdo presentes nos organismos em grandes quantidades
(HERBERT, 2012).

De acordo com Wink (2010), em um primeiro momento, havia
guestionamentos sobre o porqué da presenca dos metabdlitos secundarios
nos organismos vegetais, e até defendia-se a hip6tese de que estes eram
reservas de carbono (energia). Porém, devido a extraordinaria diversidade
e complexidade estruturais dessas substancias, esta hipotese foi
descartada, uma vez que, para reserva de energia, 0s seres vivos poderiam
acumular gorduras, que sdo substancias quimicamente mais simples.
Outro fator relevante é que determinadas substancias ocorrem geralmente
em um ndmero limitado de organismos, mais um indicativo de que elas
ndo sdo essenciais para 0 metabolismo primario.

Mais tarde percebeu-se que, embora alguns metabodlitos
secundarios ndo parecam essenciais & vida do organismo que o produz,
estes, muitas vezes desempenham mecanismos importantes relacionados
a sua sobrevivéncia, agindo na defesa em relacdo aos predadores
(herbivoros, microrganismos e plantas concorrentes), na reproducéo da
espécie, na simbiose e também como mediadores em interagdes
ecoldgicas, como a sobrevivéncia e a adaptacio em determinado ambiente
(WINK, 2016).

Os metabdlitos secundarios séo classificados de acordo com a
sua origem biossintética em trés grupos principais: terpenos, alcaloides e
compostos fendlicos. Os terpenos sdo hidrocarbonetos ciclicos
insaturados, com diferentes fun¢Bes oxigenadas, com subgrupos ligados
a um esqueleto carbdnico. Os alcaloides sdo bases organicas que possuem
um atomo de nitrogénio ligado a uma estrutura ciclica de 5 ou 6 carbonos.
Os compostos fendlicos sdo compostos aromaticos com uma ou mais
hidroxilas; a maioria sdo polifendis, com grupo hidroxi substituido por
um grupo metil ou glicosil (HERBERT, 2012).

Outros grupos de metabdlitos secundarios envolvem 0s
flavonoides e os fitoesterdis. A estrutura quimica dos flavonoides
apresenta um esqueleto formado por 15 &omos de carbono constituido
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por dois anéis aromaticos, ligados por meio de uma cadeia de trés
carbonos entre eles. Os flavonoides sdo responsaveis por indmeras
funcBes nas plantas, dentre elas, podem-se citar a protegdo contra raios
ultravioleta, contra fungos e bactérias. Além dessas caracteristicas,
muitos desses compostos possuem também importantes atividades
farmacoldgicas ja compravadas, como atividade antitumoral, anti-
inflamatdria, antiviral, antioxidante, dentre outras (PANCHE, DIWAN e
CHANDRA, 2016). Os fitoestedrios sdo esterdis compostos por 27 a 29
atomos de carbono e estruturalmente semelhantes ao colesterol,
diferenciando-se deste pelas configuracdes no nlcleo ou na cadeia lateral,
ou ainda, pela posicdo de grupos polares. Estes compostos sdo indicados
para o tratamento de doencas cardiovasculares, como potenciais redutores
dos niveis de colesterol total e LDL. Diversos estudos tém demonstrado
que os fitoesterdios podem ser usados para o tratamento de doencas
relacionadas ao estresse oxidativo, como o cAncer (ROCHA et al., 2011).

A sintese e a acumulacdo desses compostos nas plantas
dependem de varios fatores, sendo o0s genéticos, ontogénicos,
morfogenéticos e ambientais (temperatura, disponibilidade hidrica,
altitude, radiacdo e nutrientes) os mais importantes (VERMA; SHUKLA,
2015).

De acordo com o papel que desempenham nas plantas, os
metabolitos secundarios sdo agentes bioativos que podem agir em alvos
moleculares em outras plantas, microrganismos e animais; o0 que
possibilita a aplicacdo desses compostos como farmacos, para prevenir
e/ou remediar doencas. Propriedades terapéuticas, antitumoral, antiviral,
bactericida, fungicida, inseticida, antioxidante, entre outras, sdo
atribuidas aos metabolitos secundarios. Como por exemplo, pode-se citar
a morfina, um alcaloide obtido da Papaver somniferum L.
(Papaveraceae), utilizado na medicina devido ao seu potente efeito
anestésico (VAN WYK et al., 2015).

Atualmente, os metabdlitos secundarios, ou ainda, produtos
naturais, desempenham importante papel na descoberta de mecanismos
para o desenvolvimento de drogas, como por exemplo, a manipulacdo de
vias biossintéticas, visando a producdo de substancias sintéticas com
atividades farmacolégicas tdo eficazes quanto as encontradas
naturalmente, buscando a formulacdo de novos agentes ativos para o
tratamento de doencas (WINK, 2016).

1.3.2 Philodendron bipinnatifidum Schott ex Endl

A Philodendron bipinnatifidum Schott ex Endl ¢ uma espécie
arbustiva pertencente a familia Araceae, familia que agrupa também as
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plantas ornamentais conhecidas por antirio, copo-de-leite e lirio-da-paz.
Nativa da Bolivia, Paraguai, sul do Brasil e nordeste da Argentina, € uma
planta de ocorréncia abundante e muito caracteristica da mata Atlantica
(JANKOWSKI et al., 2000).

P. bipinnatifidum é conhecida por um ou mais nomes comuns em
lugares diferentes. No idioma portugués é popularmente conhecida com
0s nomes imbé, bananeira-imbé, guaimbé, banana-de-bugre, banana-de-
macaco, entre outros. No idioma inglés geralmente é denominada por lacy
tree philodendron e selloum (WAGSTAFF, 2008).

Tem caracteristica epifita (plantas que vivem sobre outras plantas
sem que ocorra parasitismo), se instalando geralmente em forquilhas do
tronco e ramos de arvores mais altas, emitindo longas raizes que chegam
até o solo. As flores se apresentam em espadice axilar com 15 a 20 cm de
comprimento por 4 a 5 cm de didmetro. Os frutos, comestiveis, sdo bagas
subcilindricas, amarelas e de estigma persistente. As folhas atingem até 1
m de altura, e possuem os bordos muito recortados (MARCHIORF e
GOMES, 2008). Devido as caracteristicas de suas folhas, que sédo grandes,
verdes e vistosas, esta espécie é bastante utilizada como planta
ornamental em jardins e quintais.

Na medicina popular, folhas e talos séo utilizados no tratamento
de casos de infecgdes, como erisipela, e inflamagBes como orquites e
Ulceras. Também é utilizada para o tratamento de reumatismo, e ha relatos
de atividade antitumoral. Apesar de esta planta ser muito utilizada na
medicina popular brasileira, ha poucos estudos cientificos sobre seus
efeitos farmacoldgicos.

Menezes et al. (2004) avaliaram a atividade antioxidante das
raizes de P. bipinnatifidum contra radicais livres de DPPH, resultando em
uma concentragdo de 39,91 pg.mL* de extrato necessaria para reduzir
50% o radical DPPH. Muelas-Serrano et al. (2000) avaliaram a atividade
antiprotozoaria dos ramos e folhas de P. bipinnatifidum. O extrato
aquoso, a 500 pg-mL, apresentou inibicdo do crescimento de
Trypanosoma cruzi em 46,9%.

O extrato das folhas de P. bipinnatifidum obtido através do
solvente metanol demonstrou efeito antiproliferativo em células humanas
de céncer de figado (HepG2), resultando em uma concentragdo de 15,9
1g-mL para inibir 50% de crescimento celular. O estudo relata ainda o
fracionamento cromatografico do extrato, com isolamento de novos
compostos  fendlicos,  denominados  p-hidroxifeniletil ~ B-D-
glucopiranosilo, -D-glucopiranosilo, 4-O-transcafocoil-O-a-L-
ramnopiranésido, 2-feniletil 4-O-transcafocoil-O-a-L-ramnopiranésido e
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2,3-dimetil-feniletil-4-O-transcafocoil-p-D-glucopiranosilo. A atividade
antiproliferativa nas células HepG2 também foi avaliada para estes
compostos, com resultados inferiores ao extrato bruto, 0 que demonstra
gue a atividade do extrato ndo se deve a esses compostos (EL-DEEB et
al., 2012).

1.3.3 Atividades antinociceptiva e anti-inflamatoria in vivo

Séo varios os modelos in vivo que sdo utilizados na pesquisa de
compostos com atividade analgésica, os quais geralmente ndo sdo
especificos, ou seja, independem do composto a ser avaliado. Como 0s
animais ndo apresentam a capacidade de comunicar verbalmente a
ocorréncia da dor, quando sdo submetidos a um estimulo nocivo, eles
exibem respostas comportamentais, que chamamos de comportamento
nociceptivo. A nocicepgdo consiste na recepcdo dos estimulos pelos
receptores da dor (nociceptores) que codificam sinais para fornecer
informacgdes ao sistema nervoso central (SNC) da existéncia do agente
causal da dor (NATIONAL RESEARCH COUNCIL, 2009).

Entre os modelos animais mais utilizados pode-se citar o teste de
contorcGes abdominais induzidas por &cido acético e o teste da formalina.
As contorc¢des induzidas por acido acético em camundongos, um modelo
amplamente utilizado de dor visceral, € altamente sensivel e (til para
rastrear novos farmacos analgésicos (KOSTER, 1959). Segundo Ferdous
et al. (2008), o acido acético induz sindromes de contor¢des aumentando
a produgdo de diferentes mediadores pro-inflamatérios como
prostaglandina, prostaciclina e outras citocinas no fluido tecidual
periférico, que por sua vez excitam as terminacdes nervosas dos
nociceptores periféricos, que sdo sensiveis a analgésicos narcoticos e anti-
inflamatorios nao esteroidais (AINES).

O teste de formalina para nocicepcdo envolve dor moderada e
continua gerada por uma lesdo tecidual. Desta forma, difere da maioria
dos testes tradicionais de nocicepcao, que se baseiam em estimulos de
intensidade limiar. Nesse teste sdo analisadas duas fases, que se diferem
e sdo Uteis para avaliar tanto as substancias analgésicas, como para
elucidar o mecanismo de agdo da analgesia. A primeira fase estd
relacionada & dor neurogénica (ndo-inflamatéria), que resulta da
estimulacéo direta de nociceptores. A segunda fase esta relacionada a dor
inflamatdria e, portanto, é caracterizada por inflamagdo local com
liberacdo de mediadores inflamatdrios (TJOLSEN et al., 1992; SANTOS
e CALIXTO, 1997). Em relacdo ao mecanismo de acdo, é importante
salientar que a primeira fase é mais sensivel a drogas que interagem com
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0 sistema opioide, como a morfina, e a segunda fase é inibida por drogas
anti-inflamatérias ndo esteroidais (AINES). As drogas de acdo central
(opioides) séo capazes de inibir ambas as fases (ROSLAND et al., 1990).

Um processo inflamatdrio envolve mediadores inflamatdrios
e/ou provoca uma lesdo que ativa ou sensibiliza os nociceptores locais.
Em camundongos, o teste do edema induzido por carragenina é o mais
amplamente utilizado para triagem de agentes anti-inflamatdrios,
principalmente de produtos naturais (FEHRENBACHER et al., 2012). A
resposta inflamatdria induzida pela carragenina é caracterizada por uma
resposta bifasica, com a formacéo de edema resultante da rapida produgéo
de varios mediadores inflamatérios. A fase inicial (60-90 minutos) €
atribuida a uma liberacdo de histamina, serotonina e bradicinina,
enquanto a fase tardia (4-6 horas) é devido a super producdo de
prostaglandina. A resposta inflamatoria é normalmente quantificada pelo
aumento no tamanho da pata (edema) (OGONOWSKI et al., 1997).

As diferentes células envolvidas no processo de inflamacéao, em
resposta a estimulos pré-inflamatérios, produzem espécies reativos de
oxigénio (EROs). A producdo EROs ¢ parte integrante do metabolismo
animal e é observada em diversas condicdes fisiologicas. O estresse
oxidativo resulta do desequilibrio entre o sistema pr6 e antioxidante,
ocasionando dano celular. Ha fortes evidéncias de que o estresse
oxidativo tem grande importancia nos processos de envelhecimento,
transformacdo e morte celular, com consequéncias diretas em muitos
processos patolégicos, o que estimulou o desenvolvimento de estudos de
marcadores de dano oxidativo e de substancias antioxidantes em sistemas
biologicos (LOWE, 2014).

Os marcadores de dano oxidativo tém caracteristicas passiveis de
avaliacdo e mensuracdo, como indicadores de processos bioldgicos
normais, processos patogénicos ou de resposta farmacoldgica a uma
intervencdo terapéutica. Entre 0s ensaios para determinacdo de
parametros de estresse oxidativo podemos citar alguns principais, como a
determinacdo das enzimas catalase (CAT) e superoxido dismutase (SOD)
e substancias reativas do acido tiobarbitirico (TBARS) (FRIJHOFF etal.,
2015). Para prevenir o dano oxidativo, o organismo dispde dessas defesas
enzimaticas (SOD e CAT), dessa forma, maiores niveis dessas enzimas
significam que o organismo esta agindo para reduzir o dano causado pela
inflamacéo (MATAIX et al., 1998).

O TBARS é um método classicamente utilizado na literatura para
identificacdo de peroxidacdo lipidica através da dosagem de
malondialdeido, que é um dos produtos finais do processo de oxidacao e
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decomposicdo de acidos graxos poli-insaturados. Sua deteccdo no tecido
ou plasma € um forte indicativo da ocorréncia de peroxidagdo lipidica e,
portanto, do estresse oxidativo (AYALA, MUNOZ e ARGUELLES,
2014).

1.3.4 Técnicas de encapsulacao

A encapsulagdo é um processo em que compostos ativos sdo
revestidos e/ou incorporados em uma matriz polimérica. De forma geral,
para se realizar um processo de encapsulacdo, o composto a ser
encapsulado é suspenso em uma solucdo polimérica e, em seguida, o
polimero dissolvido é precipitado recobrindo o material em suspenséo.
Dessa forma, ocorre a formagdo de uma fina camada de polimero
envolvendo o composto, com a formacdo de macro, micro e/ou
nanocapsulas. Ou entdo, o composto a ser encapsulado e o polimero sdo
dissolvidos em um Unico solvente, e simultaneamente precipitado
(coprecipitacdo). Nessa situacdo, varias particulas do composto
encontram-se dentro da camada polimérica, com a formagdo de micro
e/ou nanoesferas (JYOTHI et al., 2010).

Os tipos de particulas formados durante 0s processos de
encapsulacdo e coprecipitacdo apresentam, em geral, caracteristica de
microcapsula ou microesfera. Na microcapsula o sistema é do tipo
reservatério, que consiste em uma camada de polimero que protege o
composto ativo (Figura 1.1-a). Ja nas microesferas o ingrediente ativo esta
contido num ndmero de pequenas goticulas ou particulas que estdo
dispersas no material da matriz (Figura 1.1-b) (VASISHT, 2014).

Figura 1.1 - Tipos de microparticulas (a) microcapsulas e (b) microesferas.
Revestimento

P

Composto ativo Composto ativo

(2)
Fonte: Adaptado de Vasisht, 2014.

As microcépsulas sdo formadas basicamente por um material de
nicleo, que contém um ingrediente ativo podendo este estar na forma
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solida, liquida ou gasosa e outro de revestimento, que cobre ou protege o
material do nucleo (DAS et al., 2011).

Diferentes tipos de materiais como produtos farmacéuticos
ativos, proteinas, peptideos, dleos volateis, materiais alimentares,
pigmentos, sabores, fragréncias, vitaminas, corantes, catalisadores,
pesticidas e outros podem ser encapsulados. Polimeros organicos, ceras,
carboximetilcelulose de sédio, alginato de sodio, gelatina, poliésteres,
quitosanas, entre outros podem ser usados como materiais de
revestimento (VENKATESAN, MANAVALAN e VALLIAPPAN,
2009; SINGH et al., 2010, DAS et al., 2011).

A escolha do agente encapsulante deve-se basear em alguns
critérios como caracteristicas fisicas e quimicas do composto ativo a ser
encapsulado (solubilidade e porosidade), aplicacdo pretendida (aditivo
alimentar, farmaco, fragrancia, pesticida) e método de encapsulacdo
escolhido. O agente encapsulante deve apresentar algumas caracteristicas
como facilidade de manuseio durante o processo, baixa viscosidade em
concentracOes elevadas, proteger o composto ativo de fatores externos
como umidade, luz, pH e ndo ser reativo (SUAVE et al., 2006).

As microcapsulas ttm um tamanho entre 1 e 5000 um. As
capsulas superiores a 5000 pm podem ser chamadas de macrocédpsulas,
entre 0,1 e 1 wm sdo consideradas submicro e aquelas menores do que 0,1
um s3o denominadas como nanocépsulas (DAS et al., 2011). As
nanocapsulas podem aumentar a solubilidade e estabilidade de compostos
bioativos, melhorar a sua absorcéo, protegé-los contra a degradacéo
prematura no organismo e prolongar o seu tempo de circulagdo
(DUNCAN, 2011).

De acordo com Jyothi et al. (2010), a microencapsulacdo pode
ser feita para proteger substancias sensiveis do ambiente externo,
mascarar as propriedades organolépticas como cor, sabor, odor de
substancias, obter libertagdo controlada ou ainda obter liberacdo
direcionada do composto. A eficiéncia do processo de encapsulacdo
depende de varios fatores, como concentracdo do polimero, solubilidade
do polimero no solvente, taxa de remocao do solvente, solubilidade do
solvente orgéanico na agua, entre outros (YEO e PARK, 2004).

Vérios fatores devem ser levados em consideracdo na escolha
correta do processo de microencapsulacdo, como tipo do material de
revestimento, tamanho de particula, concentragcdo do composto ativo na
microcapsula, estabilidade e morfologia de particula e custo de obtencao,
sendo que esses parametros trardo implicagdes no tamanho e distribuicéo
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do composto ativo e na eficiéncia do processo (CARMO et al., 2015;
KARIM et al., 2017).

As etapas fundamentais de um método de microencapsulagéo séo
a incorporagdo dos compostos bioativos; formacgdo das goticulas;
remogdo do solvente; coleta das microcpsulas e secagem (DALMORO
et al., 2012). De acordo com Das et al. (2011) os métodos de
microencapsulacdo sdo divididos em dois grupos basicos, nomeadamente
quimicos (polimerizacdo) e fisicos, sendo esse Gltimo dividido em fisico-
quimico (coacervacdo) e fisico-mecanico (Spray drying e Spray cooling).

As técnicas convencionais de producdo de microparticulas
apresentam algumas desvantagens como uso excessivo de solvente,
degradacdo térmica e quimica, altas concentragdes de solvente residual e,
principalmente, dificuldade em controlar o tamanho das particulas e
distribuicdo de tamanho de particula durante o processamento (HE et al.,
2004). A tecnologia supercritica apresenta algumas vantagens quando
comparada aos demais métodos como alta pureza, controle do
polimorfismo dos cristais, possibilidade de processar moléculas
termossensiveis, processo de um Unico estagio e tecnologia mais limpa
(FAGES et al., 2004).

1.3.4.1 Formac&o de micro e nanoparticulas empregando fluido
supercritico

Os métodos de encapsulacdo supercritica mostram-se
competitivos frente aos métodos convencionais, devido a caracteristicas
como pressdo e temperatura criticas moderadas, possibilitando a obtencéo
de particulas em condicdes mais amenas. O ponto critico representa a
temperatura e pressdo mais alta que a substancia pode existir em
equilibrio liquido-vapor (Figura 1.2).

O COg, principal fluido supercritico utilizado, possui baixa
toxicidade, é quimicamente inerte, ndo ¢ inflamavel, é barato, apresenta
possibilidade de ser reutilizado no processo e possui condigdes
supercriticas relativamente brandas (temperatura critica (Tc) 31,1 °C e
presséo critica (Pc) 73,8 bar (MORANDI et al., 2013).

Além do mais, sua separagdo das microparticulas da-se por uma
simples despressurizacdo, sendo esse processo considerado limpo por ndo
apresentar resquicios de solvente. Durante esse processo, o polimero
permanece sobre determinado tempo na presenca do CO», capaz de
induzir o inchago do polimero, promovendo uma melhora na taxa de
difusdo, facilitando a entrada de material na particula, e, apos
impregnagdo, o CO; é despressurizado e as particulas voltam ao seu
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tamanho inicial, aprisionando o composto ativo em seu interior
(GOODSHIP e OGUR, 2004).

Figura 1.2 - Diagrama de fases para uma substancia pura.
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Fonte: Adaptado de VON MUHLEN e LANCAS, 2004.

Originalmente, os processos com fluidos supercriticos foram
desenvolvidos para a producdo de compostos solidos, porém, com
algumas modificacdes pode-se obter compdsitos sélido-liquidos, como
microcapsulas carregadas com 6leo essencial ou extratos (MARTIN etal.,
2010). A alta difusividade combinada com sua baixa viscosidade d& ao
fluido supercritico melhores caracteristicas de transferéncia de massa se
comparado com solventes liquidos convencionais. Ainda sua baixa tenséo
superficial evita o colapso dos poros, que pode ocorrer quando certos
materiais nanoestruturados sdo colocados em contato com solventes
liquidos (MARTIN e COCERO 2010; BOZBAG e ERKEY, 2012).

Os processos com fluidos supercriticos podem ser divididos em
trés categorias, sendo que a maioria emprega CO, como fluido
pressurizado, seja como solvente (RESS), soluto (PGSS) ou antissolvente
(SFEE, GAS, SAS, PCA, ASES e SEDS) (SILVA e MEIRELES, 2014).

1.3.4.2 SEDS - Solution Enhanced Dispersion with Supercritical Fluid

Na técnica SEDS (Solution Enhanced Dispersion with
Supercritical Fluid) — no portugués, Dispersdo de Solucdo Aumentada
por Fluidos Supercriticos, a solucdo liquida contendo o soluto, o solvente
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organico e o fluido supercritico sdo pulverizados em conjunto pelo injetor
coaxial, o que promove melhora na transferéncia de massa e liberacao
simultanea da mistura. O fluido supercritico é utilizado tanto como
antissolvente como meio de dispersdo para a solugdo (SILVA e
MEIRELES, 2014).

Para que tal processo ocorra faz-se necessario que o soluto de
interesse seja muito sollvel no solvente organico e insolivel ou pouco
soluvel no antissolvente e, ainda, que o solvente organico possua maior
afinidade pelo antissolvente do que pelo soluto. Assim, quando a solucéao
contendo o soluto entra em contato com o antissolvente, a solubilidade do
soluto no solvente organico é reduzida significativamente, devido ao
antissolvente causar um decréscimo no poder de solvatacdo do solvente
organico, levando a precipitacdo do soluto sob a forma particulada.
Ocorre uma transferéncia de massa simultanea no sistema: a rapida
difusdo do fluido supercritico na solucdo liquida e do solvente na fase
supercritica (COCERO et al, 2009).

Esta técnica envolve a aplicagdo da solucdo organica em CO;
supercritico para precipitar o soluto. O CO> é liquefeito por meio do
sistema de arrefecimento e em seguida bombeado para dentro do vaso de
precipitagdo por meio do duto externo do bico coaxial. A pressdo do vaso
é regulada e quando a taxa de fluxo de CO- supercritico atinge os valores
desejados, a solugdo do composto é liberada para cAmera de precipitacdo
por meio do duto interno do bico coaxial (KANG et al., 2008;
TABERNERO, DEL VALLE e GALAN, 2012). Um desenho
esquematico da técnica de SEDS pode ser observado na Figura 1.3.

E importante considerar também o agente encapsulante ou
material de revestimento das particulas no processo de encapsulamento
por SEDS, pois ele é responsavel por proporcionar prote¢do e permitir
uma liberacdo controlada do composto. Entre as principais caracteristicas
desses materiais para aplicacdo no processo, é interessante verificar se
este apresenta biocompatibilidade, auséncia de toxicidade, e capacidade
de preservar as propriedades do composto encapsulado, ser de facil
precipitacdo para o tipo de processo escolhido, ser biodegradavel, formar
solucbes de baixa viscosidade e ser de baixo custo (COCERO et al.,
2009).
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Figura 1.3 - Diagrama esquematico da técnica SEDS.
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Fonte: Adaptado de Aguiar, 2017.

Entre os agentes encapsulantes empregados no processo SEDS
podemos destacar o poli (hidroxibutirato-co-valerato) (PHBV) (177.000
g-mol1). E um poliéster termoplastico de origem bacteriana que possui
estrutura quimica semelhante a de polimeros sintéticos convencionais,
sendo biodegradavel e biocompativel. De acordo com Baroultti, Jaffredo
e Guillaume (2017), esse polimero, juntamente com outros derivados de
poli (3-hidroxibutirato) (PHB) despertam interesse em aplicacdes
medicinais, principalmente para sistemas de entrega de farmacos
nanoparticulados.

Atécnica SEDS ja foi empregada por Boschetto et al. (2013) para
encapsulamento do extrato de sementes de uva, empregando CO;
supercritico como antissolvente e PHBV como agente encapsulante. No
estudo, foram avaliados 0s pardmetros pressao, temperatura e relacdo de
massa de extrato e PHBV, resultando em melhor eficiéncia de
encapsulamento e tamanho de particulas para a pressdo de 8 MPa,
temperatura de 35 °C e relagdo de massa 1:1, sendo estes valores de
pressdo e temperatura 0os menores avaliados; 0 que demonstra que a
técnica traz bons resultados para condi¢des de pressao e temperatura ndo
tdo elevados, 0 que a torna interessante em relacdo a custo energético e
também degradacdo de compostos bioativos do extrato por aplicacdo de
elevadas temperaturas e pressoes.

A técnica SEDS também pode ser utilizada para o processo de
micronizacdo, que consiste em reduzir o tamanho das particulas de uma
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substancia ou materiais para aproximadamente 10 pm ou a valores mais
baixos (CHAU, WANG e WEN, 2007; FAHIM et. al, 2014). Esta técnica
foi aplicada para micronizacdo do trans-resveratrol por Aguiar e seus
colaboradores (2016), com reducéo no tamanho das particulas de 36,65
para 0,22 um nas condi¢cdes de operagdo de 8 MPa e 35 °C. Apoés a
micronizacéo, os autores relatam que a solubilidade do farmaco aumentou
em 2,8 vezes em agua, além do aumento da atividade antioxidante in vitro
em relacdo ao composto ndo micronizado.

1.3.5 Consideragdes a respeito do estado da arte

O interesse e a utilizagdo de plantas medicinais pelo homem e o
reconhecimento das suas propriedades quimicas certamente estdo
relacionados com a propria sobrevivéncia da espécie humana. A presenca
(e concentracdo) de metabdlitos secundarios nas plantas é o que desperta
interesse quando se trata de agdes farmacolégicas, visando identificar
compostos bioativos (fitoquimicos) para o tratamento de doengas. Muitos
dos medicamentos utilizados atualmente para uma grande variedade de
doencas foram originalmente isolados de plantas ou sdo analogos semi-
sintéticos de fitoquimicos. Estima-se que aproximadamente 25% de todos
0s medicamentos prescritos atualmente sdo de origem vegetal. Além
disso, em torno de 75% dos novos medicamentos anticancerigenos
comercializados entre 1981 e 2014 foram derivados de compostos de
plantas (NEWMAN e CRAGG; 2016).

Apesar da intensa investigacdo da flora terrestre, estima-se que
apenas 6% das aproximadamente 300 mil espécies de plantas superiores
foram investigadas farmacologicamente e apenas aproximadamente 15%
fitoquimicamente (CRAGG, NEWMAN E KINGSTON; 2010).

No presente trabalho, uma planta endémica da América do Sul,
P. bipinnatifidum, utilizada na medicina popular principalmente para o
tratamento de inflamagdes, foi objeto de estudo, a partir da avaliacéo de
atividades bioldgicas, como atividade antioxidante, antimicrobiana,
antinociceptiva e anti-inflamatoria. Fato importante a se considerar é que
h& escassez de estudos cientificos com essa planta, confirmando ou ndo
as atividades bioldgicas relatadas na medicina popular, principalmente as
atividades relacionadas a dor e inflamacéo, as quais ndo apresentam dados
reportados na literatura, e que podem ser avaliadas em testes in vivo, em
modelos que utilizam diferentes estimulos em camundongos.

Os principais obstaculos associados ao uso de extratos de plantas
para aplicacBes clinicas incluem a composi¢do complexa, os riscos de
toxicidade e a instabilidade do extrato. Observa-se que o encapsulamento
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pode ser usado com sucesso para diminuir a toxicidade de extratos
vegetais e resolver problemas relacionados & estabilidade
(ARMENDARIZ-BARRAGAN et al., 2016).

Diversas técnicas de encapsulamento podem ser aplicadas aos
extratos, sendo algumas mais convencionais e outras mais recentes. Neste
Gltimo grupo temos o processo de encapsulacgao através da tecnologia com
fluidos supercriticos, com algumas vantagens, como a formacdo de
microcapsulas livre de solventes organicos e baixa temperatura de
processamento (SILVA e MEIRELES, 2014).

Como ja mencionado anteriormente, a literatura cientifica mostra
escassez de estudos sobre P. bipinnatifidum, e ndo foram encontrados
relatos sobre seu encapsulamento, principalmente com técnicas
envolvendo fluidos supercriticos, ressaltando a importancia do presente
trabalho, considerando que o encapsulamento pode ser usado para
melhorar a estabilidade e a concentracdo de compostos bioativos
presentes nos extratos vegetais.
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CAPITULO 2

2.1 MATERIAIS E METODOS
2.1.1 Coleta do material vegetal e obtencéo dos extratos

As coletas do material vegetal foram realizadas durante todo o
periodo de execucdo dos experimentos (fevereiro de 2016 a julho de
2017) visando a utilizacdo imediata para elaboragdo dos extratos. Um
Unico exemplar de Philodendron bipinnatifidum Schott ex Endl foi
utilizado (Figura 2.1), o qual esta localizado no municipio de Chapeco,
Santa Catarina, Brasil (27°05°34,8”°S; 52°39°57,9°°0). A identificacdo e
confirmacéo da espécie vegetal foram realizadas pelo professor Adriano
Dias de Oliveira, doutor em Botanica, no Herbario da Universidade
Comunitaria da Regido de Chapec6, com exsicata cadastrada pelo codigo
de acesso UNO 3470.

Figura 2.1 — Foto ilustrativa do exemplar de Philodendron bipinnatifidum
utilizado para coleta.

Fonte: Autor.
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Os talos coletados foram imediatamente processados, com
remocdo das folhas, corte dos talos, e secagem em estufa a 40 °C durante
48 h. Os talos e as folhas foram triturados separadamente em um
liquidificador industrial, a fim de otimizar o processo de extragéo,
reduzindo os efeitos difusionais. O material vegetal obtido foi submetido
a maceracdo com alcool etilico PA, na propor¢do de 1:20 grama de
material vegetal por litro de solvente, durante dois dias e homogeneizados
em intervalos de 12 horas, a temperatura ambiente (20 £ 2 °C). O
macerado passou por uma filtracdo e posterior concentragdo em um
rotaevaporador sob presséo reduzida, e entdo foi congelado e liofilizado,
originando o extrato etandlico bruto (talos e folhas, separadamente). O
mesmo procedimento foi realizado com os solventes acetato de etila PA
e éter de petréleo PA, separadamente, apenas para os talos.

2.1.2 Analises de cromatografia liquida de alta eficiéncia (CLAE)

Os extratos dos talos de P. bipinnatifidum obtidos com o solvente
etanol e acetato de etila foram submetidos a essa analise, que foi realizada
com um sistema CLAE Shimadzu Prominence Auto Sampler (SIL-20A)
(Shimadzu, Quioto, Japao), equipado com bombas alternativas Shimadzu
LC-20AT ligadas a um degaseificador DGU 20A5 com um CBM 20A
Integrador, detector de matriz de diodo SPD-MZ20A e software de solucéo
LC 1.22 SP1.

Os extratos foram injetados em uma coluna Phenomenex C18 de
fase reversa (4,6 mm x 250 mm), empacotada com particulas de 5 um de
diametro. As fases moveis A e B foram agua Milli-Q, acidificada a pH
2,0 com 1% de acido férmico e metanol, com gradiente de solvente: 0-10
min, 5% B; 10-25 min, 15% de B; 25-40 min, 30%; 40-55 min 50% B;
50-65 min 70% B; 65-80 min, 100% B, seguindo o método descrito por
Waczuk et al. (2015), com ligeiras modificagdes, de acordo com Boligon
etal. (2015). A amostra e a fase movel foram filtradas através de um filtro
de membrana de 0,45 um (Millipore) e depois degaseificadas por banho
de ultrassom antes da utilizacdo. Foram preparadas solu¢des padrfes em
metanol:agua (1:1 v/v) numa gama de concentragdo de 0,030 a 0,500
mg.mL1. As quantificagdes foram realizadas pela integracdo dos picos
utilizando o método de padrdo externo, a 270 nm para o acido galico; 325
nm para acido cafeico e &cido clorogénico; 366 nm para quercetina,
rutina, luteolina e apigenina. Os picos de cromatografia foram
confirmados por comparacao do seu tempo de retencdo com os de padrdes
de referéncia. As equagdes das curvas de calibragdo para 0s compostos
foram: 4cido galico: y = 11957x + 1308,1 (r = 0,9997); Acido cafeico: y
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= 13259x + 1164,5 (r = 0,9999); Apigenina: y = 14386x + 1247,0 (r =
0,9996); Acido clorogénico: y = 10985x + 12743 (r = 0,9998),
Quercetina: y = 12763x + 1405,9 (r = 0,9999); Rutina: y = 10863x +
1354,7 (r = 0,9997) e Luteolina: y = 13462x + 1184,9 (r = 0,9994), onde
y corresponde a area do pico obtida no cromatograma e X a concentracao
do composto. Todas as operacdes de cromatografia foram realizadas a
temperatura ambiente e em triplicata. Todas as substancias quimicas
utilizadas séo de grau analitico. As diferencas entre os resultados foram
avaliadas através da andlise de varidncia, com pos-teste de Tukey. O nivel
de significancia para as analises foi ajustado para P < 0,05.

2.1.3 Analises de cromatografia gasosa acoplada a espectrofotometria
de massas (GC/MYS)

A investigacdo fitoquimica dos extratos das folhas e dos talos
(etanol, acetato de etila e éter de petroleo) foi realizada em um
equipamento GC/MS Agilent (7890B) acoplado a um espectrémetro de
massas quadripolar (5977A) (Agilent Technologies, Palo Alto, CA,
EUA). As condigbes experimentais do sistema GC-MS foram as
seguintes: Coluna capilar Agilent19091S, dimensdo: 30 m x 250 um x
0,25 um. O fluxo da fase movel (gas carreador: He) foi ajustada em 1,2
ml-min™. O programa de temperatura GC foi de 85,0 °C - durante 4,0
minutos - até 290,0 °C a uma taxa de 40 °C-min’* (mantido durante 1,0
min) e até 300,0 °C a uma taxa de 5,0 °C-min* (mantido durante 15 min).
A temperatura do injetor foi de 280,0 °C. O espectrometro de massas foi
operado em modo selecionado de monitoracdo i6nica (SIM) usando
ionizacdo por impacto de elétrons (70 eV) na faixa de 50-500 m-z1. A
temperatura da linha de transferéncia de MS foi configurada para 150,0
°C e a temperatura da fonte de ions foi configurada a 230,0 °C. Os
componentes quimicos presentes nos extratos foram identificados por
comparagdo com a biblioteca do equipamento (The National Institute of
Standards and Technology, 2004). As quantidades relativas de cada
componente individual foram calculadas usando suas respectivas areas de
pico no cromatograma.

Para andlise, os extratos foram solubilizados em diclorometano,
enquanto as particulas (encapsuladas pela técnica SEDS, ver item 2.1.10)
foram submetidas a um passo adicional para remocéo do polimero, pela
adicdo de 0,3 ml de metanol (que provocou a precipitacdo do PHBV) e
0,7 ml de diclorometano a solugdo e posterior centrifugacédo a 15.000 rpm
por 10 minutos. O sobrenadante foi entdo removido e analisado. As
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quantidades relativas de cada componente individual foram calculadas
usando suas respectivas areas de pico no cromatograma. Para a
quantificacdo do B-sitosterol, as curvas de calibragdo foram preparadas
por diluicdes seriadas na faixa de concentragdo de 0,35 a 1,75 mg-mL™.
As quantificagdes foram realizadas integrando a area do pico composto.
A equacdo da curva de calibracdo foi obtida: y = 58.212.297,15x -
2.382.298,65 (R2=0,9968).

2.1.4 Anédlises de atividade antioxidante

2.1.4.1 Ensaio FRAP

O ensaio do poder antioxidante por redutor férrico (FRAP) foi
realizado conforme descrito por Benzie e Strain (1996) com algumas
modificagBes. Diferentes diluicbes de extratos dos talos de P.
bipinnatifidum (etanol e acetato de etila), de 2,5 a 160 pg-mL* foram
incubadas com a solucéo de trabalho TPTZ: 2,4,6-Tripiridil-s-Triazina 10
mM, FeCls;.6H0 20 mM e tampdo acetato 0,3 M, a 37 °C por 30 min.
Como controle positivo foi utilizado o &cido ascérbico, conhecido pela
sua elevada atividade antioxidante (BARRITA e SANCHEZ, 2013). O
aumento da absorbancia resultante da formagdo do complexo Fe**-TPTZ
foi registrado a 595 nm. Uma curva de calibracdo de FeSO4 a 595 nm foi
construida. Os resultados foram expressos em pmolFe?*-ml. Todas as
andlises foram realizadas em triplicata. As diferencgas entre os resultados
foram avaliadas através da andlise de variancia, com pds-teste de Tukey,
com nivel de significancia P < 0,05.

2.1.4.2 Ensaio DPPH

O ensaio de DPPH (2,2-difenil-1-picril-hidrazilo) foi realizado
de acordo com o método de Brand-Williams, Cuvelier e Berset (1995)
com algumas modifica¢fes. Para determinar a atividade antioxidante dos
extratos dos talos (etanol e acetato de etila), uma solucéo de 2,2-difenil-
1-picril hidrazil (DPPH) foi preparada dissolvendo-se 24 mg em 100 mL
de cloroférmio. A solucdo obtida é entdo diluida a fim de obter
absorbancia de 1,1 £ 0,02 em 517 nm. Uma aliquota de 1,9 mL dessa
solucéo foi transferida para 50 mL de cloroférmio contendo determinada
concentracdo da amostra que se deseja medir a atividade antioxidante.
Para os extratos de P. bipinnatifidum as concentra¢Ges avaliadas foram
10, 20, 40, 80 ¢ 160 pug-mL™. O ensaio também foi realizado com o
composto acido ascérbico, conhecido pela sua elevada atividade
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antioxidante (BARRITA e SANCHEZ, 2013). O controle foi preparado
pela adicdo de 1,9 mL da solucdo de DPPH e 50 mL de cloroférmio.
Todas as amostras foram incubadas durante 120 minutos, na auséncia de
luz, a temperatura ambiente. A absorbancia foi medida a 517 nm. As
diferencas entre os resultados foram avaliadas através da andlise de
variancia, com pos-teste de Tukey. O nivel de significancia para as
analises foi ajustado para P < 0,05.

O percentual de inibi¢do das amostras testadas sobre os radicais
DPPH foi calculado, convertendo em porcentagem de atividade
antioxidante (AA) usando a seguinte equacao:

Ac — Aa) X 100
AA=( C AM) (1)
Ac

Onde Ay, € a absorbancia da amostra e A, ¢ a absorbancia da
solu¢do controle.

O valor do ECsp, definido como a quantidade de antioxidante
necessaria para reduzir em 50% a concentracdo inicial do radical livre
DPPH, num determinado intervalo de tempo, foi determinado pela curva
da concentragdo versus atividade antioxidante por analise de regressdo
nao linear.

2.1.5 Analise de acUcares totais

O método fenol-sulfarico foi utilizado para a analise de aclcares
totais de acordo com Dubois et al. (1956). As solucgdes padrdo de glicose
para curva de calibracdo foram 1,0; 0,80; 0,60; 0,40; 0,20; 0,10 e 0,05
g-Lt. Nos tubos foram pipetados para 50 pL da solucdo padrdo ou
amostra (extrato dos talos etanolico e acetato de etila), 0,45 mL de agua,
0,5 mL de fenol 5% e 2,5 mL de acido sulfirico concentrado. Depois de
arrefecidas as solucdes, a leitura da absorbancia foi realizada a 490 nm.
A mudanca de cor é proporcional a quantidade de aglcar presente na
amostra, sendo o resultado expresso em mg de glicose equivalente por
100 g de amostra.

2.1.6 Atividade antimicrobiana de extratos dos talos de P.
bipinnatifidum

A atividade antimicrobiana dos extratos dos talos (etanol e acetato
de etila) foi avaliada por dois métodos: difusdo em placas e determinagéo
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da concentracdo inibitéria minima. Os microrganismos avaliados foram
Streptococcus pyogenes, Enterococcus faecalis e Listeria monocytogenes
(bactérias Gram-positivas) e Pseudomonas aeruginosa (Gram-negativa),
segundo metodologias descritas anteriormente por NCCLS (2003).

Para o preparo do indculo foram selecionadas 2 a 4 col6nias
bacterianas e transferidas para uma solugéo salina estéril 0,9%. A turbidez
da solugdo foi ajustada por comparagdo com a escala 0,5 de McFarland,
obtendo-se o equivalente a concentracdo de aproximadamente 1,5x108
células por mL. Na técnica de difusdo em placas, os microrganismos de
interesse foram semeados nas placas com meio de cultura Plate Count
Agar (PCA) com o auxilio de um swab. Foram feitos trés orificios
equidistantes em cada placa, com diametro de aproximadamente 0,8 cm,
sendo depositado nestes o extrato na concentracdo de 0,40 g-mL.
Incubou-se a 36 °C por 24 h. Posteriormente, avaliou-se a formagéo de
um halo de inibic8o de crescimento microbiano, e quando verificado, as
medidas foram realizadas com o auxilio de um paquimetro.

Para os extratos que apresentaram a formacdo do halo de
inibigdo, realizou-se a técnica de CIM, utilizando concentraces seriadas
de extrato, partindo da concentracéo de 10,00 até 0,05 mg-mL™. O ensaio
foi realizado em microplacas estéreis de 96 pocos com fundo em "U". A
cada pogo foram adicionados 100 pL de caldo de infusdo de coragdo e
cérebro (BHI) e 100 uL de extrato, juntamente com 5 pL de solucdo
contendo o microrganismo. Para os testes de controle, 0os pogos de
controle positivo foram preenchidos com 100 pL de BHI e 5 pL de
microrganismos, 0s po¢os de controle negativo com 100 uL de BHI e 100
uL de TWEEN 0,5%, e 5 uL de microrganismos. Também se realizou um
teste em branco, que consistiu apenas em 100 pL de BHI.

As microplacas foram incubadas a 36 °C durante 20 h. Apds este
tempo, foi adicionado a cada poco 20 uL de TTC (cloreto de 2,3,5-
trifeniltetrazolico), um agente que promove a coloracdo das células
microbianas, possibilitando a visualizacdo do crescimento bacteriano. As
microplacas foram devolvidas a incubadora bacteriologica por mais 4
horas, depois foram levadas para leitura. Para avaliar a concentracdo
bactericida minima (CBM), para cada tubo de teste em que o crescimento
microbiano ndo foi identificado, o in6culo foi entdo colocado em placas
de Petri com Agar Mueller-Hinton como meio de cultura, para confirmar
gual a menor concentragdo que causou a morte dos microrganismos.
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2.1.7 Anélises de dissacaridases intestinais

Para este teste, apenas o extrato obtido através do solvente
acetato de etila foi utilizado, devido os melhores resultados obtidos nos
testes de antioxidante. Foraam utilizadas as seguintes concentragdes de
extrato: 250, 500 e 1000 pg-mL:. Um teste com o farmaco padrdo
acarbose a 80 pg-mL* foi usado como controle.

O protocolo experimental foi aprovado pelo Comité de Etica em
Uso Animal da Unochapecé (CEUA Namero 004/2017). Foram
utilizados ratos Wistar machos pesando entre 160 e 200 g (50 a 55 dias
de idade) do Centro de Bioterismo da Unochapecd. Apds a eutanasia, um
segmento do intestino delgado foi removido, lavado em solucéo de NaCl
a 0,9%, seco em papel de filtro, pesado e homogeneizado (300 rpm) com
NaCl a 0,9% (400 mg duodeno por ml) por 1 min a 4 °C. A amostra
resultante foi centrifugada a 8000 rpm por 8 min. O sobrenadante foi
utilizado para a mensuracao da atividade da sacarase, lactase e maltase e
determinacdo da proteina (PEREIRA et al., 2011). As atividades de
maltase, lactase e sacarase foram determinadas utilizando um Kit de
diagnostico de glicose baseado no reagente glicose oxidase. Para analise,
incubaram-se 10 pL de sobrenadante a 37 °C durante 60 minutos em
tampdo de maleato (pH 6,0) contendo sacarose, lactose ou maltose e o
extrato.

Uma unidade enzimatica (U) foi definida como a quantidade de
enzima que catalisou a liberagdo de 1 umol de glicose por min sob as
condicdes do ensaio. A atividade especifica foi definida como atividade
enzimatica (U) por mg de proteina. A concentracdo de proteina foi
determinada pelo método descrito por Lowry et al. (1951), utilizando
albumina de soro bovino como padrdo. Os ensaios foram realizados em
duplicata e realizados juntamente com controles apropriados.

2.1.8 Atividade antinociceptiva e anti-inflamatéria do extrato de P.
bipinnatifidum

O projeto foi submetido & Comiss&o de Etica no Uso de Animais
(CEUA) da Unochapec6 e aprovado em 25/07/2017 sob o nimero de
protocolo 007/17.

Para execucdo do experimento foram utilizados camundongos
Swiss machos com idade de 6 semanas (pesando entre 35-40 g), obtidos
do Centro de Bioterismo da Unochapec6. Os camundongos foram
mantidos em gaiolas de polipropileno nas dimensdes de 28 x 12,5 x 19
cm em grupos de 4 a 6 animais por gaiola, alimentados com ragdo
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comercial Biotec (Biobase) e 4gua a vontade, em sala climatizada (22-24
°C) com ciclo claro/escuro de 12:12 horas e umidade do ar entre 40-60%.
Os animais que receberam o tratamento por via oral passaram por um
periodo de 2 horas de jejum antes da administracdo do mesmo.

A manipulacdo animal foi realizada segundo os principios éticos
relatados pelas normas do Council for International Organizations of
Medical Sciences (CIOMS, 1985), Resolucdo 714 de junho de 2002, do
Conselho Federal de Medicina Veterinaria - CFMV (2002) e a Lei n°
11794 de outubro de 2008 (BRASIL, 2008). Imediatamente apos a
finalizacdo dos experimentos, os animais foram submetidos isoladamente
a eutanasia pela inalacdo do anestésico isofluorano seguida da
confirmacdo por um método fisico (deslocamento cervical), ou por
exsanguinagcdo (puncdo cardiaca) apds anestesia geral, conforme
protocolo especifico de cada experimento, seguindo as diretrizes do
CONCEA (2013).

Os camundongos foram tratados com volumes de acordo com seu
peso, sendo 10 mL-kg?, por via oral (v.0.) por gavagem, ou intraperitonial
(i.p.), conforme protocolo especifico de cada experimento. A
solubilizacdo do extrato e das substancias foi realizada em solugéo salina
(NaCl 0,9%) com auxilio de polissorbato 80. Para estes testes, apenas o
extrato dos talos obtido através do solvente acetato de etila foi utilizado,
devido aos melhores resultados de atividade antioxidante e perfil quimico.

2.1.8.1 Teste das contor¢des abdominais induzidas por &cido acético

Neste modelo, foram induzidas contor¢Ges abdominais de acordo
com procedimento descrito por Koster et al. (1959) e Santos et al. (1999),
onde contracBes da musculatura abdominal, juntamente com a extenséo
de uma das patas posteriores, ocorrem em resposta a injecdo
intraperitoneal de 4cido acético a 0,6% (10 mL.kg™) diluido em solucédo
salina. Os camundongos receberam administracdo por via oral do extrato
uma hora antes da exposicdo ao acido acético por via i.p. Imediatamente
apos a administracdo de acido acético, as contor¢des abdominais foram
quantificadas durante 20 minutos. Um espelho foi colocado atrds da
camara de observacdo (que consistiu em béqueres de vidro de 2000 mL
comuns limpos e secos).

Foram utilizados de seis a oito animais por grupo experimental,
sendo grupo 1: extrato 250 mg-kg? v.o. e acido acético i.p.; grupo 2:
extrato 375 mg-kg™ v.o. e &cido acético i.p.; grupo 3: extrato 500 mg-kg-
! v.0. e é&cido acético i.p. Para controle positivo foi ministrado
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indometacina 10 mg-kg™ v.o. e 4cido acético i.p., e controle negativo
apenas veiculo (NaCl a 0,9%) v.o. e &cido acético i.p.

2.1.8.2 Teste da formalina

O modelo experimental de formalina permite avaliar dois
processos: a estimulacdo direta das fibras nociceptivas em um primeiro
momento e a reacdo do tipo inflamatoria (caracterizada pela liberacdo de
mediadores inflamatdrios) em um segundo momento (HUNSKAAR;
HOLE, 1987; TJZLSEN et al., 1992). A metodologia utilizada foi
essencialmente baseada naquela descrita por Santos e Calixto (1997).

Neste teste, a indugdo da inflamacgdo é dada pela administracdo
intraplanar (i.pl.) de 50 pL de solucdo de formol a 1% na regido dorsal da
pata posterior direita dos camundongos. Estes receberam a administra¢do
por via oral do extrato uma hora antes da exposi¢do a formalina. Os
camundongos foram observados logo ap6s a administracdo da formalina
durante 30 minutos. Um espelho foi colocado atras da camara de
observacdo (béqueres de 2000 mL) para facilitar a verificacdo das
elevacdes da pata quando o animal estd com a pata fora do campo do
observador. O nimero de elevacdes da pata foi quantificado de 0 a 5
minutos, e posteriormente de 15 a 30 minutos. Considera-se como
comportamento de elevacdo da pata todo movimento ndo associado a
locomocdo, variando desde uma elevacdo discreta ou contracdo da
musculatura da coxa do animal até movimento mais vigoroso ou
lambedura e mordedura da pata.

Foram utilizados de seis a oito animais por grupo experimental,
sendo o grupo extrato a 500 mg-kg v.o. e formalina i.pl, e, para controle
positivo indometacina 10 mg-kg?® v.o0. e formalina i.pl., e controle
negativo veiculo (NaCl a 0,9%,) v.o. e formalina i.pl.

2.1.8.3 Envolvimento do receptor opidide na atividade antinociceptiva

Para examinar o possivel papel do sistema opioide no efeito
antinociceptivo do extrato, os camundongos foram pré-tratados com
naloxona (um antagonista ndo seletivo do receptor opidide; a 2 mg-kg*
i.p.) ou veiculo (NaCl a 0,9%, 10 mL-kg?, i.p.) como descrito por
Trevisan et al. (2013). Ap6s 15 min, os animais foram tratados com
extrato a 500 mg-kg p.o. ou veiculo (NaCl a 0,9%, Tween 80 a 1%, 10
mL-kg?, p.0.). A nocicepcdo espontanea foi avaliada imediatamente apés
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a injecdo intraplantar de formalina e o teste foi realizado 1 hora ap6s o
tratamento oral.

2.1.8.4 Teste da carragenina

Neste modelo, 0os camundongos receberam injecéo intradérmica
de carragenina (300 ug de carragenina dissolvida em 0,1 mL de solucédo
salina) na pata posterior direita (CAMPOS e CALIXTO, 1995). As patas
que receberam a injecdo de carragenina foram medidas com um
paquimetro 0,5, 1,0, 2,0, 3,0, 4,0, 6,0 e 8,0 horas apds a administracdo.
Decorridos 3 h apds a injecdo, os animais foram eutanasiados por
exsanguinagdo, as patas injetadas foram removidas, o tecido plantar
inflamado foi retirado e submetido a analises de estresse oxidativo. Uma
hora antes da administracdo de carragenina, os animais foram tratados
com o extrato, sendo o grupo extrato a 500 mg-kg™ v.o. e carragenina i
pl. Para controle positivo foi ministrado indometacina 20 mg-kgv.o. e
carragenina i.pl.e controle negativo veiculo (NaCl 0,9 %, v.0.) e
carragenina i.pl. Foram utilizados de dez a doze animais por grupo
experimental.

2.1.8.5 Avaliacdo da atividade locomotora/exploratdria - teste do campo
aberto

A avaliacdo da atividade locomotora espontanea dos animais
tratados com as substancias testadas foi realizada no teste do campo
aberto, conforme Muiller et al. (2012). Esta etapa é executada a fim de
verificar um possivel efeito inespecifico dos extratos sobre a atividade
locomotora espontanea e exploratdria dos animais, que possa influenciar
os resultados obtidos nos testes de avaliagdo das atividades
antinociceptiva.

Grupos independentes de animais (n = 6) foram tratados a 357
mg-kgte 500 mg-kg?de extrato, por via oral, e, decorridos 60 minutos,
foram colocados no centro do aparato, que consistiu em uma caixa de
acrilico com o fundo dividido em quadrantes iguais. Os parametros
registrados foram: nimero de crossings (cruzamentos entre os quadrantes
delimitados no fundo do aparato); nimero de rearings (episédios em que
0s animais levantam o corpo apoiando-se apenas nas patas traseiras);
nimero de groomings (comportamentos de autolimpeza) e nimero de
bolos fecais (fezes expelidas pelo animal durante o periodo total de
observacdo). Os animais foram observados por um tempo total de 10
minutos.
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2.1.8.6 Teste de toxicidade aguda

O teste de toxicidade aguda baseou-se na diretriz da
Organization for Economic Co-operation and Development (OECD). O
Guia de teste OECD, reconhecido mundialmente, é uma ferramenta de
referéncia padrdo para testes quimicos. A toxicidade oral aguda em
camundongos foi adaptada do The Guideline 423 (2001).

Os animais receberam uma dose Unica de extrato de 2000 mg-kg
1 por gavagem (n = 6). O grupo controle (n = 3) foi tratado por via oral
com uma Unica administragdo de veiculo (NaCl a 0,9%, Tween 80 a 1%,
10 mL-kg?). Depois disso, os animais observados tiveram atencdo
especial durante as primeiras 4 horas apds o tratamento e diariamente por
14 dias. A ocorréncia de morte e 0 comportamento macroscépico, como
piloerecdo, ptoses palpebrais, contor¢des abdominais, hipotermia, ténus
muscular, shacking, paralisagdo de patas posteriores, salivacéo, secrecéo
brénquica e convulsdes foram registrados. Além disso, 0 peso corporal e
a ingestdo alimentar foram registrados por 13 dias.

2.1.8.7 Andlises estatisticas

Os resultados das atividades antinociceptiva e anti-inflamatdria
sdo apresentados como a média £ E.M.S. de n animais por grupo. A
andlise estatistica dos dados foi realizada utilizando analise de variancia
de uma via (ANOVA) seguida do teste de Student-Newman-Keuls. Os
dados do teste do envolvimento do receptor opiode na atividade
antinociceptiva do extrato foram analisados por andlise de variancia de
duas vias (ANOVA) seguida do teste de Student-Newman-Keuls. A
analise dos dados de toxicidade utilizou medidas repetidas de duas vias
(ANOVA). Valores de P menores que 0,05 foram considerados
significativos.

2.1.9 Analises bioquimicas

As anélises bioquimicas foram realizadas com os animais submetidos
ao teste de carragenina. Sangue e tecido da pata inflamada foram
coletados 3 horas ap6s a inducdo da inflamacéo. Para a coleta do tecido
da pata, quatro animais do mesmo grupo foram usados para fazer uma
amostra (pool).

O tecido da pata foi homogeneizado (1:10 m/v) numa solucéo de
Tris-HCl a 50 mM (pH 7,4) a 4 °C. Uma parte reservada deste
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homogeneizado foi usada para ensaios de tidis, e o restante foi
centrifugado por 10 min a 3.000 rpm e 4 °C.

O sangue foi coletado em tubos contendo heparina e, em seguida,
centrifugado por 10 min a 3.000 rpm. Adicionou-se &cido tricloroacético
a 4% a uma fracdo do sobrenadante para determinar os niveis de tidis. Na
outra fragdo do sobrenadante, foi adicionado acido tricloroacético a 40%
para determinar os niveis de TBARS, depois 0s tubos foram novamente
centrifugados durante 10 min a 3.000 rpm e o sobrenadante final foi
utilizado para os demais ensaios.

A atividade da enzima catalase (CAT) foi avaliada utilizando-se
0 perdxido de hidrogénio (H202) como substrato, conforme descrito por
Aebi (1984). A atividade da SOD foi determinada conforme descrito por
Fridovich e Misra (1972). Os niveis de tidis ndo proteicos (NPSH) foram
determinados apds a desproteinizagdo do sobrenadante com &cido
tricloroacético, conforme descrito por Ellman (1959), utilizando-se uma
curva padrdo de cisteina. Os niveis de substancias reativas ao acido
tiobarbitdrico (TBARS) foram determinados conforme descrito por
Ohkawa, Ohishi e Yagi (1979), que consiste em extrair o produto da
reacdo (malondialdeido) com n-butanol e em seguida, medir sua
absorbancia em 535 nm, usando uma curva padrdo de 1,1,3,3
tetraetoxipropano. As proteinas totais foram quantificadas pelo método
de Lowry et al. (1951).

Os resultados das analises bioquimicas sdo apresentados como a
média + E.M.S. de quatro réplicas. A anélise estatistica dos dados foi
realizada utilizando analise de variancia de uma via (ANOVA) seguida
do teste de Student-Newman-Keuls, com P < 0,05 considerado
significativo.

2.1.10 Ensaios de encapsulacdo do extrato de P. bipinnatifidum
utilizando a técnica SEDS

2.1.10.1 Aparato experimental

Os experimentos de encapsulacdo foram fundamentados no
método de Solution Enhanced Dispersion by Supercritical fluids (SEDS),
0 qual emprega dioxido de carbono supercritico como antissolvente. Um
diagrama esquematico do aparato experimental utilizado no estudo,
desenvolvido por Franceschi et al. (2009), pode ser visualizado na Figura
2.2.
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Figura 2.2 - Diagrama esquematico do aparato experimental utilizado para os
ensaios de encapsulacéo.

Solucdo

CO. (CDy

Fonte: Franceschi et al. (2009).

Conforme a Figura 2.2, Franceschi et al. (2009) descrevem o
aparato experimental:

(1) Reservatdrio para armazenamento do dioxido de carbono
(CO2) (White Martins);

(2) Vélvula de uma via que permite o fluxo em um Unico sentido
(Check-Valve Marca HIP, Modelo 15-41AF1-T, Pressdo de operacao ate
1034 bar).

(3) e (4) Valvulas de Esfera que quando abertas permitem o fluxo
de antissolvente para as bombas de alta pressdo (Marca Swagelok,
Modelo SS-83KS4, Pressdo de operacdo até 410 bar a temperatura
ambiente);

(5) Banho Ultratermostatico de recirculagdo que mantém
constante a temperatura nos cilindros das bombas de alta pressdo (Marca
Nova Etica, Modelo 521/2D);

(6) e (7) Bombas de alta pressdo que possuem um cilindro que
tem a capacidade de 506 mL (Marca ISCO, Modelo 500D, pressao de
trabalho de até 258 bar e vazdo maxima de 170 mlmin?). Foram
utilizadas duas bombas para manter o fluxo de antissolvente sempre
constante, e ainda através delas é pressurizado o CO; e visualizada a
vazao;
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(8) e (9) Valvulas de esfera que quando abertas permitem o fluxo
de antissolvente pressurizado das bombas para a cAmara de precipitacao
(Marca Swagelok, Modelo SS- 83KS4, Pressao de operacédo até 410 bar
a temperatura ambiente). Sempre sdo utilizadas alternadamente,
dependendo da bomba que esta deslocando o antissolvente para a cdmara;

(10) Valvula métrica tipo agulha para controlar o fluxo e vazédo
de antissolvente das bombas de alta pressdo para cdmara de precipitacdo
(Marca HIP, Modelo 15-11AF1, pressao de operacdo até 1034 bar);

(11) Cémara de precipitagdo cilindrica de aco inox 316
encamisada com capacidade de 600 mL (diametro interno de 8 cm e altura
12 cm). Ela é constituida de cinco entradas na tampa: uma central, e
quatro periféricas, onde uma esta fechada.

(12) Entrada central coaxial — conexdo tipo T (Marca Swagelok)
a qual estdo conectadas a linha de antissolvente e a linha de solugéo, que
sdo injetados simultaneamente.

(13) Tubo capilar de silica fundida que faz com que ocorra a
dispersdo do jato da solugéo orgénica dentro da cdmara de precipitacao.
Ele passa por dentro de um Peek Tubing (didmetro interno de 0,254 mm)
ao qual esta conectado em uma extremidade da unido T (12) por um
sistema de anilas.

(14) Entrada periférica que apresenta um transdutor de pressao
gue monitora a pressdo dentro da cdmara de precipitacdo. Ele esta
conectado a linha entre a valvula (10) e a camara de precipitacdo
(Transdutor absoluto — 0 & 250 bar, Marca SMAR, Modelo LD 301);

(15) Entrada periférica onde fica um sensor de temperatura
ligado a um indicador de temperatura (Universal, Marca NOVUS,
Modelo N 1500);

(16) Suporte constituido por dois filtros de politetrafluoretileno,
disposto na saida da camara, para retencédo das particulas precipitadas no
seu interior, permitindo apenas o fluxo do antissolvente e solvente
organico. Um filtro apresenta porosidade de 1 um, didmetro de 8 mm e
espessura de 1 mm que serve de base para o outro filtro membrana de
porosidade 0,22 pum, espessura de 150 um e mesmo didmetro que 0
primeiro.

(17) Banho Ultratermostético de recirculagio (Marca Nova Etica,
Modelo 512/2D), que serve para controlar a temperatura da camara de
precipitacdo, através da sua ligacdo com a camisa da camara;

(18) Vaélvula de regulagem de pressdo constituida de ago inox
316 com uma porta de entrada e outra de saida (Back Pressute Regulator,
Marca GO-Regulador, Série BP-66, Modelo 1A11QEQ151). Ela permite
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a regulagem da pressdo independentemente da vazdo, permitindo uma
pressdo maior anterior a ela e menor depois dela;

(19) Bomba de HPLC Digital Série Ill (Marca Acuflow), que é
utilizada para deslocar a solugdo organica para a camara de precipitacao.
Esta bomba possui um Unico pistdo que permite operar em fluxo
constante;

(20) Recipiente para solugdo organica na qual o principio ativo a
ser precipitado é dissolvido no solvente orgéanico;

(21) Vaélvula métrica tipo agulha (Marca HOKE, Modelo
1315G2Y) que fica na saida da cdmara de precipitacdo. Através desta
valvula é possivel controlar o fluxo de saida da cAmara de precipitacéo,
juntamente com a valvula (10). A valvula (21) possui abertura um pouco
maior que a valvula (10) para compensar o fluxo de entrada da solucéo,
mantendo assim a pressdo constante dentro da cAmara de precipitag&o;

(22) Fita de aquecimento (Marca FISATON, Modelo 5, 200 W
de poténcia) que envolve a valvula (21). Ela é utilizada devido ao efeito
Joule-Tomphson ser pronunciado pela expansdo do antissolvente apds
esta valvula. A temperatura utilizada na fita de aquecimento é 200 °C,
impedindo o congelamento da valvula e permitindo o controle do fluxo;

(23) Trap de seguranga, recheado com algodao, onde é possivel
observar a ocorréncia de arraste dos principios ativos quando o algodao
apresentava coloragdo. Do trap de seguranca o antissolvente e o solvente
organico se deslocavam para saida.

2.1.10.2 Metodologia experimental para encapsulagdo do extrato de P.
bipinnatifidum em PHBV e obtencédo de particulas submicrométricas

Visando investigar o efeito dos parametros de processo na
encapsulacdo do extrato de P. bipinnatifidum obtido a partir do solvente
acetato de etila, foi realizado um planejamento fatorial 22, com triplicata
no ponto central, resultando em sete ensaios experimentais (Tabela 2.1).
Através desse planejamento fatorial estimou-se os niveis em que as
variaveis concentracdo de extrato e temperatura produziram maior
eficiéncia de encapsulamento e menor tamanho de particula.

Os parametros de operacdo seguiram os estudos de Franceschi et
al. (2008, 2009) e Priamo et al. (2010), que avaliaram a precipitacdo e
encapsulamento de B-caroteno em PHBV. Para todos o0s ensaios
realizados, adicionou-se o biopolimero PHVB na concentracéo fixa de 20
mg-mL-1 a solugdo contendo o extrato diluido em diclorometano, vazéo
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de CO2 de 20 mL-min*e fluxo de solucdo com extrato e PHVB de 1
mL-min,

Tabela 2.1 - Planejamento fatorial 22 com triplicata no ponto central
para estimativa do efeito da temperatura e concentracdo de extrato de
P. bipinnatifidum na encapsulacdo através da técnica SEDS.

Fatores em niveis codificados

Ensaio T CE
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
5 0 0
6 0 0
7 0 0
Niveis reais
Fatores 1 0 1
T — temperatura (°C) 35,0 37,5 40,0
CE — concentracédo de 5,0 125 20,0

extrato (mg.mL1)

Os resultados avaliados foram eficiéncia de encapsulamento,
tamanho médio de particulas e coeficiente de variagdo do tamanho das
particulas. Os resultados foram analisados através de analise de variancia
(ANOVA), com nivel de significancia P < 0,05.

2.1.11 Eficiéncia do encapsulamento do extrato de P. bipinnatifidum
pela técnica SEDS

A determinacdo do teor de extrato encapsulado foi realizada por
espectrometria na regido UV-visivel, seguindo metodologia empregada
por Franceschi et al. (2008), com algumas modificacdes. Inicialmente o
comprimento de onda de maxima absorcao foi obtido através de espectros
de absorcdo entre 400 e 800 nm (varredura) para trés concentrac@es de
extrato: 1,0; 0,5 e 0,1 mg-mL™, realizadas através da diluicdo das
particulas em DMSO. A partir do comprimento de onda determinado, de
415 nm, foram obtidas trés curvas de calibracdo do extrato na faixa de
concentracdo de 0,02 a 0,5 mg-mL?. A curva de calibragdo obtida
apresentou coeficiente de correlagdo de 0,9995, comprovando que o
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método apresenta resposta linear na faixa de concentrac@es avaliadas. A
equacdo obtida através da regressao linear esta expressa a seguir:

ABSORBANCIA = 2,5149 x CE + 0,0813 (2)

Onde CE corresponde a concentracédo de extrato em mg.mL.
Ainda para verificar se 0 método é valido, calculou-se o desvio da
inclinacédo, obtendo o valor de 2,7x102, demonstrando que o coeficiente
angular é reprodutivel. Em relacdo ao coeficiente linear, verifica-se que
este ndo é estatisticamente diferente de zero (McPOLIN, 2009). Os
limites de quantificacdo (LQ) e de deteccdo (LD) do método sdo 0,016
mg-mL~e 0,05 mg-mL%, respectivamente.

Para as andlises em espectrofotdmetro, determinada massa de
particulas de cada condicdo experimental foi pesada (x 0,01 g) e
solubilizada em 10 ml de DMSO P.A. As leituras das amostras foram
realizadas no comprimento de onda determinado anteriormente. A partir
das absorbancias medidas, a concentracao de extrato foi calculada através
da Equacdo (2). A massa de extrato encapsulada é determinada
multiplicando-se a concentragdo pelo volume de DMSO utilizado na
preparacdo da solugéo.

Os resultados finais sdo expressos como percentual tedrico de
encapsulamento (PRE) e eficiéncia de encapsulamento (EE), de acordo
com as equacdes abaixo:

PRE [%] =

massa de extrato encapsulada

x100 (3)

(massa de extrato+massa de PHBV)

EE [%] = PRE[%] x100 (4)

percentual teérico de encapsulamento

Onde o percentual tedrico de encapsulamento é a razdo entre a
massa de extrato e a soma das massas de extrato e PHBV utilizadas nos
experimentos de encapsulamento.

2.1.12 Morfologia e determinacdo do tamanho da particula

A morfologia das particulas contendo extrato de P. bipinnatifidum
encapsulado em PHBV foi avaliada por observacdo visual das
micrografias do Microscdpio Eletronico de Varredura (MEV) para todas
as condicBes experimentais avaliadas. As analises das particulas foram
realizadas no Laboratério Central de Microscopia Eletrénica (LCME) da
UFSC. Utilizou-se um Microscépio Eletronico de Varredura JEOL
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JSM6390LYV (USA). As amostras a serem avaliadas foram manualmente
dispersas sobre fitas adesivas de carbono dupla face e dispostas em
suporte metalico, recobertas com uma fina camada de ouro sob vécuo e
entdo analisadas. A visualizacdo foi realizada em aumentos de 1000 a
13000 vezes, com uma tenséo de 10 kV.

A partir das micrografias de MEV, procedeu-se a determinacdo do
tamanho das particulas coprecipitadas utilizando o software Size Meter
versdo 1.1 (CARLSON; BOLZAN, 2001). O método consiste na
avaliacdo das medidas do comprimento e da espessura (maior medida
caracteristica) de 600 a 700 particulas para cada condi¢do experimental
avaliada. Além das medidas de tamanho caracteristico, seus respectivos
desvios padrdo e coeficiente de variagdo foram calculados.

2.1.13 Experimentos de liberagéo in vitro

Testes de liberagdo in vitro foram realizados com base nos
trabalhos de Dal Magro et al. (2017) e Loss et al. (2016). Os meios de
libertagdo utilizados para avaliar as particulas de extrato co-precipitadas
foram uma solugéo tampao de fosfato (PBS) pH 6,8 e uma solugdo de HCI
0,1 M, com ensaios realizados individualmente para cada meio. O
primeiro meio foi escolhido por estar muito préximo das condigdes
fisiolégicas, enquanto o segundo refere-se ao sistema gastrico
(DANHIER, FERON e PREAT, 2010). A amostra selecionada foi do
experimento 2 (maior eficiéncia de encapsulamento). As amostras na
concentragdo de 0,25 mg-mL foram colocadas em contato com o meio
de liberagdo, com temperatura controlada a 37 £ 0,5 ° C e rotagdo de 100
rpm. Em intervalos de tempo programados, 1,0 mL foi coletado da
solucdo e imediatamente reabastecido com meio puro para manter o
volume original. A amostra coletada foi filtrada por um filtro de
membrana com porosidade de 0,45 pm e analisada a 415 nm para
determinar sua concentrag&o.
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CAPITULO 3

Neste capitulo estdo apresentados os resultados preliminares da
tese, redigidos no formato de artigo cientifico, intitulado “Chemical
composition, antioxidant, antimicrobial and antidiabetic potential of
Philodendron bipinnatifidum Schott ex Endl”, o qual foi submetido a
revista Journal of Applied Pharmaceutical Science.

ABSTRACT

Many of the species used in popular medicine do not have not their
biological activities already proven by scientific studies. Among these
species, the endemic South American Philodendron bipinnatifidum
Schott ex Endl deserves special attention since it is already in use in
popular medicine at inflammation cases, such as erysipelas, orchitis and
ulcers. Este estudo avaliou as atividades antioxidante, antimicrobiana e
antidiabética dos extratos das hastes de P. bipinnatifidum. The ethyl
acetate extract showed significantly antioxidant potential, with 1Cso of
27.11 pg/ml, when registered 59.43 pg/ml for the ethanolic extract. The
ethyl acetate extract resulted in high antimicrobial activity against
Streptococcus pyogenes (MIC 3.2 mg/ml) and these results support the
ethnomedical use of this plant in the treatment of cutaneous bacterial
infection, erysipela. The most significant biological activity of ethyl
acetate extract relates to its chemical composition when compared with
ethanolic extract, which showed the highest concentration of bioactive
compounds, such as flavonoids quercetin, luteolin, apigenin and rutin. In
vitro antidiabetic activity was only evaluated for ethyl acetate extract,
resulting in inhibition of intestinal disaccharidases (maltase and sucrase)
at concentration of 500 pg/ml, exhibiting a promising profile of
antidiabetic potential.

Keywords:  Guaimbé,  flavonoids,  Streptococcus  pyogenes,
disaccharidases.

3.1 INTRODUCTION

The use of plants as source of prevention, treatment and cure of
infectious diseases comes from empirical knowledge, acquired over many
centuries and transmitted from generation to generation through popular
culture. This fact arouses interest in science, which seeks, from
experimental methods, to explain the commonly used plants’
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pharmacological activity, which are studied under the aspect of its
chemical constituents (Akram et al., 2014).

The basic aim is to identify the bioactive compound in these
plants and subsequently to isolate and characterize it, researching its
effects on organisms justifying the medicinal activity shown by the
species and also use them as active ingredient for the pharmaceutical
industry (Azmir et al., 2013; Brusotti et al., 2014).

Due to the effects of acquired resistance by some bacterial
microorganisms against conventional antibiotics, stemmed from the
inappropriate use of these drugs by the population, new strategies are
needed to control these organisms (Thabit et al., 2015). Recently, many
scientists and researchers have highlighted the crude extracts and pure
compounds biologically active, isolated from plant species. This fact
points out to the development of new natural antimicrobial compounds,
such as spices and herb extracts, which could be an alternative source of
new therapies (Palaniappan and Holley, 2010; Xia et al., 2011; Azmir et
al., 2013).

Among the plants grown in Brazil, Philodendron bipinnatifidum
Schott ex Endl is a shrubby specie of the Araceae family, endemic to
Brazil. It is popularly known as guaimbé, banana-de-macaco or imbé. In
folk medicine, people use this plant as a purgative (root), hemostatic and
anthelmintic. Also there are reports of antitumor, anesthetic and anti-
inflammatory activitys (erysipelas, orchitis and ulcers) (Lorenzi and
Matos, 2002). This plant is widely used in Brazilian folk medicine,
however, there are few scientific researches about the specie, with studies
of roots antioxidant potential (Menezes et al., 2004), branches and leaves
antiprotozoal activity (Muelas-Serrano et al., 2000) and antiproliferative
effect of phenolic glucosides isolated this plant on HepG2 cells (Abdel-
Nabi et al., 2012).

The objective of this study is to obtain two different extracts of
Brazilian native plant Philodendron bipinnatifidum Schott ex Endl, to
characterize them and test their antioxidant, antimicrobial and
antidiabetic activities in vitro.

3.2 MATERIAL AND METHODS
3.2.1 Plant material and solvent extraction
P. bipinnatifidum stems and leaves samples were collected on

November 2016 (spring) from the native plants of the Chapecé city,
which is located approximately 659 m above sea level, in the Southern
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Region of Brazil. This region has a humid subtropical mesothermal
climate. After collection, stems were manually separated from the leaves,
and only the stems were cut and dried (40 °C for 2 days) and then milled
in an industrial blender.

The milled stems were subjected to maceration using two
different solvents separately: Ethanol 99% PA and ethyl acetate PA in a
ratio of 1:20 grams of plant material per liter of solvent, and homogenized
for three days at intervals of 24 h. Thereafter, the extract was filtered and
the solvent removed in rotary evaporator under reduced pressure. Finally,
we frozen the extract and lyophilize it for 24 h.

3.2.2 Chemical composition of the extracts by HPLC Analysis

Reagents had analytical grade. High Performance Liquid
Chromatography (HPLC-DAD) was performed with a Shimadzu
Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto,
Japan), equipped with Shimadzu LC-20AT reciprocating pumps
connected to a DGU 20A5 degasser with a CBM 20A integrator, SPD-
M20A diode array detector and LC solution 1.22 SP1 software.

P. bipinnatifidum extracts were injected into reversed phase
Phenomenex Cig column (4.6 mm x 250 mm) packed with 5 um diameter
particles. Mobile phases A and B were Milli-Q water, acidified to pH 2.0
with 1% of formic acid and methanol, correspondingly, solvent gradient
was used as follows: 0-10 min, 5% B; 10-25 min, 15% B; 25-40 min,
30%; 40-55 min 50% B; 50-65 min 70% B; 65-80 min, 100% B,
following the method described by Waczuk et al. (2015) with slight
modifications. We filtered the sample and mobile phase through 0.45 um
membrane filter (Millipore) and then degassed by ultrasonic bath prior to
use. Stock solutions of standards references were prepared in the
methanol: water (1:1, v/v) at a concentration range of 0.030 - 0.500
mg/mL. Quantifications were carried out by integration of the peaks using
the external standard method, at 270 nm for gallic acid; 325 nm for caffeic
acid and chlorogenic acid; and 366 for quercetin, rutin, luteolin and
apigenin. The chromatography peaks were confirmed by comparing its
retention time with those of reference standards and by DAD spectra (200
to 600 nm). Calibration curve for the compounds was: gallic acid: Y =
11957x + 1308.1 (r = 0.9997); caffeic acid: Y = 13259x + 1164.5 (r =
0.9999); apigenin: Y = 14386x + 1247.0 (r = 0.9996); chlorogenic acid:
Y = 10985x + 1274.3 (r = 0.9998), quercetin: Y = 12763x + 1405.9 (r =
0.9999); rutin: Y =10863x + 1354.7 (r = 0.9997) and luteolin:; Y = 13462x
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+1184.9 (r = 0.9994). All chromatography operations were carried out at
ambient temperature and in triplicate.

Limit of detection (LOD) and limit of quantification (LOQ) were
calculated based on the standard deviation of the responses and the slope
using three independent analytical curves, as defined by (Boligon et al.,
2015). LOD and LOQ were calculated as 3.3 and 10 o/S, respectively,
where o is the standard deviation of the response and S is the slope of the
calibration curve. Gallic acid: LOD 0.024 pg/mL, LOQ 0.079 ug/mL.
Chlorogenic acid: LOD 0.013 pg/mL, LOQ 0.042 ug/mL. Caffeic acid:
LOD 0.017 pg/mL, LOQ 0.056 pg/mL. Rutin: LOD 0.008 pg/mL, LOQ
0.026 pg/mL. Quercetin: LOD 0.011 pg/mL, LOQ 0.035 upg/mL.
Luteolin: LOD 0.025 pg/mL, LOQ 0.083 ug/mL. Apigenin: LOD 0.009
ng/mL, LOQ 0.029 pg/mL.

3.2.3 Analysis of antioxidant activity

3.2.3.1 FRAP assay for antioxidant capacity

The ferric reducing antioxidant power (FRAP) assay was
performed in triplicate, as described by Benzie and Strain (1996) with
some modifications. Different dilutions of seed extract (2.5-160 pg/mL)
were incubated with the working solution of 10 mM TPTZ (2,4,6-
Tripyridyl-s-Triazine) chloride solution, 20 mMFeCls-6H,0 and 0.3 M
acetate buffer, at 37 °C for 30 min. The increase of absorbance resulting
from the formation of the Fe?*— TPTZ complex was registered against
ablank at 595 nm. A calibration curve of FeSO, at 595 nm was
constructed. The results were expressed in pmolFe?*/ml.

3.2.3.2 Antioxidant activity by DPPH scavenging assay

A DPPH (2,2-diphenyl-1-picryl hydrazyl) assay was carried out
according to a previous study by (Brand-Williams et al. 1995) with some
modifications. The DPPH solution was prepared by dissolving 24 mg
DPPH in 100 mL chloroform and then diluting the solution until the
absorbance reached 1.1 = 0.02 units at 517 nm. The DPPH solution (1.9
mL) was mixed with 50 mL each of chloroform and different
concentrations of P. bipinnatifidum extract (10, 20, 40, 80 and 160
pHg/mL) and then incubated for 120 minutes at room temperature. A
control was prepared by adding 1.9 mL of DPPH solution to 100 mL of
chloroform. The absorbance was measured at 517 nm against a pure
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chloroform blank in a spectrophotometer. All results were expressed as
inhibition percentage and calculated as DPPH radical scavenging. A
standard sample (control) was considered when reading the results. The
concentration of antioxidant resulting in a 50% decrease in radical
absorbance (ICso) was estimated for both the DPPH and ABTS radical
assays (see below) by non-linear regression analysis using GraphPad
Prism version 4.0 (La Jolla, CA).

3.2.4 Antimicrobial activity

The antimicrobial activity was evaluated for gram-positive
bacteria Streptococcus pyogenes, Enterococcus faecalis and Listeria
monocytogenes and gram-negative bacteria Pseudomnas aeruginosa,
according methodologies described previously by (CLSI, 2015). For
inoculum preparation were selected 2-4 bacterial colonies and transferred
to a sterile 0.9% saline. The solution turbidity was adjusted as compared
to the 0.5 McFarland scale, yielding the equivalent concentration of about
1,5x108 cells/mL.

3.2.4.1 Agar plug diffusion method

In this technique, we seeded the microorganism of interest in
Petri dishes with a culture medium Plate Count Agar (PCA) using a swab.
Three equidistant holes were made in each plate, with 0.8 cm diameter
approximately. In each hole was deposited an extract at a 0.40 g/ml
concentration and incubated at 36 °C for 24 h. Then, we assessed the
formation of a microbial growth inhibition zone, and performed the
measurements using a caliper.

3.2.4.2 Minimum inhibitory concentration (MIC)

In MIC method, the highest extract concentration tested was
10.00 mg/ml, and the lowest concentration tested was 0.05 pg/ml
obtained by dilution in aqueous 0.1 % Tween 80. We performed the
filtration of extracts with Millipore filter 0.45 micrometres to ensure its
sterility.

The assay was performed in sterile 96-well microplates bottomed
"U". To each well was added 100 pL of Brain Heart Infusion broth (BHI)
and 100 pL extract, along with 5 pL of solution containing the
microorganism in a concentration of about 1,5x108 cells/mL. For the
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control tests, the wells of positive control were filled with 100 pL of BHI
and 5 pL of microorganisms, the negative control was 100 pL of BHI,
100 pL of 0.5 % Tween 80 and 5 pL microorganisms. Also it made blank
test, which consisted only of 100 pL of BHI.

The microplates were incubated at 36 °C for 20 h. After this time,
we added to each well 20 puL of TTC (2,3,5-trifeniltetrazolico chloride)
an agent promoting the microbial cells coloring, making it possible to
visualize bacterial growth. The microplates were returned to
bacteriological incubator for a further 4 hours and then taken for reading.
In order to evaluate the minimum bactericidal concentration (MBC) for
every test tube in which microbial growth was not identified, the
inoculum was then placed into Petri dishes with Agar Mueller-Hinton as
the culture media to confirm which the lowest concentration at which
bacteria failed to grow and caused microorganism death.

3.2.5 Total sugars analysis

The phenol-sulfuric method was used for the analysis of total
sugars according to (Dubois et al. 1956). The glucose standard solutions
for calibration curve were 1.0; 0.80; 0.60; 0.40; 0.20; 0.10 and 0.05 g/L.
In the tubes were pipetted into 50 uL of the standard solution or the
sample, 0.450 mL of water, 0.5 mL of phenol 5% and 2.5 mL of
concentrated sulfuric acid. After cooled the solutions, absorbance reading
was performed at 490 nm. The color change is proportional to the amount
of sugar present in the sample and the result is expressed in equivalent mg
glucose per 100 g of sample.

3.2.6 Intestinal disaccharidases activity

For this test only the extract obtained through the ethyl acetate
solvent was used in the following concentrations: 250, 500 and 1000
pg/ml.

The experimental protocol was approved by the local Ethics
Committee on Animal Use (CEUA Number 004/2017). We used male
wistar rats weighing 160-200 g (50-55 day-old) from Central Animal
House-Unochapec6. After euthanasia, a segment of the small intestine
was removed, washed in 0.9% NaCl solution, dried on filter paper,
weighed, trimmed and homogenized (300 rpm) with 0.9% NaCl (400 mg
duodenum per ml) for 1 min at 4 °C. The resulting extract was centrifuged
at 8000 rpm for 8 min. The supernatant was used for the measurement of
sucrase, lactase and maltase activity and protein determination (Pereira et
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al., 2011). Maltase, lactase and sucrase activities were determined using
a glucose diagnosis kit based on the reagent glucose oxidase. To
determinate the disaccharidase activity, 10 pl of supernatant were
incubated at 37 °C for 60 min in maleate buffer (pH 6.0) containing
sucrose, lactose or maltose and the extract.

One enzyme unit (U) was defined as the amount of enzyme that
catalyzed the release of 1 umol of glucose per min under the assay
conditions. The specific activity was defined as enzyme activity (U) per
mg of protein. Protein concentration was determined by the method
described in (Lowry et al., 1951) using bovine serum albumin as the
standard. The assays were performed in duplicate and conducted along
with appropriate controls.

3.3 RESULTS AND DISCUSSION

The P. bipinnatifidum stems extracts showed high antioxidant
activity by DPPH assay. This method is based on the antioxidant
compound to transfer electrons to DPPH and lose its characteristic purple
coloring, and is considered simple and sensitive, allowing a better
correlation between the concentration of samples and the percentage
inhibition of DPPH (Santos et al., 2013). The antioxidant activity was
higher as higher was the extract concentration evaluated, with the most
significant increase for the ethyl acetate extract, to reach 75.34 £ 0.11%
and 80.81 + 0.79% at the concentration of 160 pg/ml for the ethanolic
extracts and ethyl acetate, respectively (Fig. 3.1).

For the lowest concentrations tested, both extracts resulted in
significantly less antioxidant activity than the ascorbic acid (P < 0.001),
which showed antioxidant activity above 78% already at the lowest
concentration. For the highest concentrations tested (80 and 160 pg/ml),
the ethyl acetate extract had antioxidant activity comparable with ascorbic
acid (P < 0.001) (Fig. 3.1).
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Figure 3.1 - Percent inhibition of DPPH radical oxidation as a function of the
concentrations of P. bipinnatifidum stems extracts and acid ascorbic. ***
Different from ascorbic acid (AC) and different between extracts ethyl acetate
(AE) and ethanol (ET) at the same concentration (P < 0.001, ANOVA/Tukey).
### Not different between extracts, not different between extract AE and ascorbic
acid and different between extract ET and ascorbic acid at the same concentration
(P < 0.001, ANOVA/Tukey).
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We calculated the half maximal inhibitory concentration (ICsp)
by the reduction of 50% of the initial DPPH concentration, through the
regression analysis. The ICsp values found for the P. bipinnatifidum stems
extracts were 59.43 pg/ml for the fraction extracted with ethanol and
27.11 pg/ml for the ethyl acetate. Antioxidants are a type of complex
compounds found in plants that act as a protective shield of our body
against certain human diseases, such as arthritis, cancer, diabetes,
atherosclerosis, ischemia, failures in immunity and endocrine functions
(Rajendran et al., 2014), and the P. bipinnatifidum seems to be a plant that
has large quantities of these compounds.
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The antioxidant assay by FRAP is based on electron transfer, that
measures the capacity of an antioxidant (water soluble in acidic pH) in
ferric-to-ferrous ions reduction, which present different colors in solution,
and the degree of color change is proportional to the concentration of
antioxidant contained in the sample (Benzie and Strain, 1996). Similar
results to the DPPH method were found by the FRAP method, since the
antioxidant activity increased with the increase of extract concentration,
as we can see in Figure 3.2. Again, the antioxindant activity was more
significant for the ethyl acetate extract, being comparable to the ascorbic
acid in the concentrations of 80 and 160 pg/ml.

Figure 3.2 - Antioxidant activity measured by FRAP (umol Fe?* equivalent per
ml) as a function of the concentrations of P. bipinnatifidum stems extracts and
acid ascorbic. *** Different from ascorbic acid (AC) and different between
extracts ethyl acetate (AE) and ethanol (ET) at the same concentration (P < 0.001,
ANOVA/Tukey). & Different between extracts, not different between extract AE
and ascorbic acid and different between extract ET and ascorbic acid (P < 0.001,
ANOVA/Tukey). # Not different between extracts and ascorbic acid (P > 0.05
ANOVA/Tukey).
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The extract we obtained with solvent ethanol showed a weak
inhibition against S. pyogenes microorganism, resulting in inhibition zone
of 1.287 + 0.025 cm, since the extract obtained with ethyl acetate solvent
showed strong inhibition, resulting in inhibition zone of 3.565 + 0.06 cm.
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In the tests of MIC and MBC, ethanol extract did not show antimicrobial
activity at the concentrations tested, and the ethyl acetate extract resulted
in MIC and MBC of 3.20 mg/ml. For the E. faecalis and Listeria
monocytogenes microorganisms, only the ethyl acetate extract resulted
antimicrobial activity, with inhibition zone of 1.33 + 0.034 cm and 1.40
+ 0.058 cm, respectively. The MIC and MBC were 10.0 mg/ml for both
microorganisms. There was no antimicrobial activity against P.
aeruginosa for both extracts (Table 3.1).

The antimicrobial activity of the extracts observed for S.
pyogenes is a very interesting result, since this plant is used in popular
medicine for the treatment of erysipelas, a bacterial infection caused by
Streptococcus pyogenes (Streptococcus group A). In addition, S.
pyogenes is one of the most important bacterial causes of cutaneous and
soft tissue infections worldwide, being reported that cellulitis and
erysipelas can be mild or moderately severe, whereas other diseases, as
necrotizing fasciitis, myonecrosis and StrepTSS are life-threatening
(Ferretti et al., 2016).

Table 3.1 - Antimicrobial activity of P. bipinnatifidum extracts.

Microorganism Solvent Inhibition MIC MBC
Extract zone (mg/mL) (mg/mL)
diameter
(cm)
Ethanol 1.287 nd nd
S. pyogenes 0.025
Ethyl 3.565 + 3.20 3.20
acetate 0.060
Ethanol nd nd nd
E. faecalis Ethyl 1.330 + 10.00 10.00
acetate 0.034
Listeria Ethanol nd nd nd
monocytogenes Ethyl 1.400 + 10.00 10.00
acetate 0.058
Ethanol nd nd nd
P. aeruginosa Ethyl nd nd nd
acetate

nd — not detected

It is possible to observe that the gram-positive bacteria were more
susceptible than gram-negative for the extract. The bacteria cell envelope
is a complex multilayered structure that serves to protect these organisms.
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Gram-negative bacteria have thin peptidoglycan cell wall, which itself is
surrounded by an outer membrane containing lipopolysaccharide. Gram-
positive bacteria lack an outer membrane but are surrounded by layers of
peptidoglycan many times thicker than is found in the Gram-negatives,
that contain through these layers, long anionic polymers, called teichoic
acids (Silhavy et al., 2010).

The difference between the antimicrobial activities observed for
extracts with different solvents can be evaluated through the chemical
composition, then the HPLC profile of P. bipinnatifidum extracts with
ethanol and ethyl acetate were acquired (Fig. 3.3 — A and B). The ethanol
extract contains gallic acid (retention time-tz = 10.53 min, peak 1),
chlorogenic acid (tr = 19.24 min, peak 2), quercetin (tr = 48.06 min, peak
5), luteolin (tr = 57.39 min, peak 6) and apigenin (tr = 63.85 min, peak
7). For ethyl acetate extract, the presence of these compounds were also
detected but other two were observed, caffeic acid (tr = 25.06 min, peak
3) and rutin (tr = 34.71 min, peak 4).

Figure 3.3 - Representative high performance liquid chromatography profile of
Philodendron bipinnatifidum extracts with ethanol (A) and ethyl acetate (B).
Gallic acid (peak 1), chlorogenic acid (peak 2), caffeic acid (peak 3), rutin (peak
4), quercetin (peak 5), luteolin (peak 6) and apigenin (peak 7).
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Through the quantification of the compounds in the extracts (Table
3.2) was possible to verify the presence in higher amounts of the
compounds quercetin, luteolin and apigenin in the fraction extracted with
ethyl acetate, that have proven antimicrobial activity against S. pyogenes
(Lucarini et al., 2015; Siriwong et al., 2015). According to Siriwong et al.
(2015), the inhibitory mode of action of luteolin and quercetin may be
mediated inhibiting of peptidoglycan synthesis, increasing cytoplasmic
membrane permeability, and decreasing nucleic acid but increasing the
protein contents of bacterial cells. Another important compound detected
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only in this extract was rutin, which also has antimicrobial activity proven
against several microorganisms (Orhan et al., 2010; Ganeshpurkar et al.,
2013).

In addition to the presence of these compounds in higher amounts
in the ethyl acetate extract, another factor that may explain the lower
antimicrobial activity of the ethanolic extract is the amount of sugars
present in these extracts. The determination of total sugars resulted in
8915.6 mgEG/100 g to ethanolic extract, and 221.3 mgEG/100 g to ethyl
acetate extract, proving the high amount of sugars in the extract with
ethanol, which damage the antimicrobial activity, because such
compounds will be used by microorganisms as carbon source for growth
and proliferation.

Table 3.2 - Components of Philodendron bipinnatifidum extracts.

Ethanol Ethyl acetate

Compounds
mg/g mg/g

Gallic acid 9.25+0.01 6.02 £ 0.03
Chlorogenic acid 5.47 £ 0.03 0.61 + 0.05
Caffeic acid nd 4.23+0.01
Rutin nd 1.75+0.01
Quercetin 2.11+£0.05 9.47 £0.04
Luteolin 9.36 £ 0.04 11.04 £0.01
Apigenin 2.15+0.01 4.19+£0.02

Results are expressed as mean =+ standard deviations (SD) of three
determinations. nd — not detected.

The chemical composition of the extracts also explains the high
antioxidant activity found. Within the compounds identified, ethanolic
extract showed higher concentration of only one of the potent
antioxidants, gallic acid, once it the highest concentration of chlorogenic
compound in this extract does not contribute to the increase of antioxidant
potential, according to (Sato et al., 2011), in the in vitro study, caffeic acid
had stronger antioxidant activity than that of chlorogenic.

One of the compounds present in a significantly higher amount in
the ethyl acetate extract is quercetin, a plant-derived aglycone form of
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flavonoid glycosides, has been used as a nutritional supplement and may
be beneficial against a variety of diseases, including cancer; it is
considered as a compound with high antioxidant activity (Zhang et al.,
2011; Mihaylova and Schalow, 2013). Other compounds that contribute
to antioxidant activity of this extract are caffeic acid and rutin, both
quantified only in this extract, according to (Yang et al., 2008) rutin
exhibited strong DPPH radical scavenging activity and (Gilgin, 2006)
reported the potent antioxidant activity of the caffeic acid.

These results demonstrate the importance of evaluating plant
bioactivity resulting from different extraction methods and solvents. One
cannot assert that a plant is not bioactive simply because particular plant
parts do not have bioactive effects, when, for example, ethanol is used for
obtaining the extract. Perhaps the extract of the same plant structure can
present bioactive effects when prepared from nonpolar solvents, for
example. Certainly, the extraction yield of the active component of the
plant will also depend on its solubility in the solvent used.

From the best results obtained by the solvent ethyl acetate, only
this one was submitted to the antidiabetic activity test. The extract
inhibited the enzyme sucrase activity at concentration of 500 and 1000
pg/ml around 18% (P<0.05) and 30% (P<0.001), respectively, whereas
at the 250 pg/ml no reduction was observed (Fig 3.4 — a). For the 1000
pg/ml, the inhibition was statistically similar to acarbose, which is a a-
glycosidases inhibitor used in clinical practice to improve glycemic
control in diabetic patients, reducing the carbohydrates absorption
(DiNicolantonio et al., 2015). The maltase enzyme activity was reduced
by 25% when using extract concentrations of 250 and 500 pg/ml
(P<0.01), whereas at 1000 pg/ml there was no inhibition (Fig. 3.4 — b).
There was no inhibition of the enzyme lactase at the concentrations
evaluated, a result similar to that seen with acarbose (Fig 3.4 — c).
According to (Gomis, 2008), acarbose is a medicine that acts as an
adjuvant in the treatment of diabetes, as it inhibits the maltase and sucrase
enzymes thus preventing the disaccharides breakdown and consequent
transport of glucose into the bloodstream. This compound is interesting
because of this a-glycosides restriction, since it does not induce lactose
intolerance in the patient, and it does not inhibit lactase; as observed for
the extract of P. bipinnatifidum at the 500 pg/ml concentration.
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Figure 3.4 Effect of the P. bipinnatifidum extract (ethyl acetate) on the activity of
sucrase (a), maltase (b) and lactase (c) intestinal disaccharidases. C: control; A:
acarbose 80 pg/ml. Each column represents the mean+S.E.M. Asterisks denote
statistical significance, *P < 0.05, **P<0.01 and ***P < 0.001, in relation to
control group. ANOVA followed by Tukey’s test.
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The antidiabetic potential of P. bipinnatifidum extract is related
to the presence of flavonoids in its composition, as flavonoids may exert
beneficial effects in diabetes, due enhancing insulin secretion and
promoting proliferation of pancreatic B-cells, improving hyperglycemia
through regulation of glucose metabolism in hepatocytes (Babu et al.,
2013). In vitro studies showed that luteolin is an effective maltase
inhibitor, while lower inhibition was observed against sucrose (Matsui et
al., 2002). The anti-diabetic effect of quercetin was investigated in STZ-
induced diabetic mice by (Kobori et al., 2009), and dietary
supplementation with quercetin lowered blood glucose and enhanced
serum insulin concentrations. These results demonstrate that the ethyl
acetate fraction of P. bipinnatifidum, rich in flavonoids, should be better
investigated for its antidiabetic action, by in vivo test.
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3.4 CONCLUSION

The antimicrobial activity of P. bipinnatifidum extracts against
S. pyogenes was high for the extract obtained with ethyl acetate solvent,
and low for the extract obtained with ethanol. This result is directly
related to the chemical composition of different extracts, where
compounds with antimicrobial activity are present in greater amounts in
the extract with ethyl acetate, such as quercetin, luteolin and apigenin.
Antioxidant activity was high for both extracts, however due to higher
concentration of flavonoids in ethyl acetate extract, this showed the
highest antioxidant activity, comparable with standard solutions of
ascorbic acid. Besides that, we believe that the fraction extracted with
ethyl acetate exhibit a promising profile of antidiabetic potential and is
good candidate for more in-depth evaluation.
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CAPITULO 4

Os resultados apresentados neste capitulo estdo escritos no
formato de artigo cientifico, intitulado “Antinociceptive and anti-
inflammatory activities of Philodendron bipinnatifidum Schott ex Endl
(Araceae)”, o qual foi submetido a revistaJournal of
Ethnopharmacology.

Abstract

Ethnopharmacological relevance: Popular medicine use stems of
Philodendron bipinnatifidum (Araceae) in inflammation cases, such as in
erysipelas, as well as orchitis and reumatism treatment. The present study,
conducted for the first time in literature, investigate the antinociceptive
and anti-inflammatory activities of P. bipinnatifidum stems ethyl acetate
extract (EPB).

Materials and methods: GC/MS and HPLC analysis were performed for
EPB extract. We used EPB at 250, 375 and 500 mg/kg (oral route, p.o.)
in male Swiss mice. The antinociceptive activity of the plant extract
assessedby acetic acid induced writhing and formalin tests. To investigate
the possible participation of opioid system in EPB-mediated effects, we
previously administered naloxone to the mice. Anti-inflammatory activity
was evaluated using carrageenan-induced paw oedema. The open-field
test aimed to investigate the possible EPB effects on the locomotor and
exploratory activities. To assess the protective role of EPB on
carrageenan-induced oxidative stress, the levels of NPSH, TBARS, as
well as SOD and CAT activities were evaluated in blood and paw tissue.
The acute toxicity of the EPB was investigated using OECD 423
guideline.

Results: The EPB chemical analysis by GC/MS and HPLC revealed the
presence of flavonoids (luteolin and quercetin) and phytosterols (j-
sitosterol and stigmasterol). The oral treatment with the EPB inhibited
mice abdominal writhings (P<0.01) at 375 and 500 mg/kg, and reduced
the formalin effect at the first-phase (500 mg/kg, P<0.05) and also at the
second-phase (500 mg/kg, P<0.001) of the test. EPB (375 and 500 mg/kg)
did not alter spontaneous locomotion in open field test, however the
number of fecal bolus was significantly lower for the EPB group at 500
mg/kg when compared to the vehicle group (P<0.05). The pretreatment
with naloxone caused significant inhibition of antinociceptive activity
induced by EPB in the formalin test, revealing the possible involvement
of opioid receptors. EPB extract administered at 500 mg/kg (p.o.)
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prevented carrageenan-induced paw oedema (P<0.05 and 0.01) until 6
hours after carragenan injection. Evaluation of TBARS and NPSH levels,
SOD and CAT activities in the blood and paw tissue of animals submitted
to the carrageenan assay suggested that the anti-inflammatory effect of
EPB may be linked to oxidative stress inhibition. The acute
administration of the EPB (2000 mg/kg, p.o.) caused no mortality,
demonstrating low toxicity.

Conclusions: The extract of P. bipinnatifidum displays antinociceptive
and anti-inflammatory activities, causing no toxicological effects. The
pharmacological activity of this vegetal species may be related to the
presence of flavonoids and phytosterols. Our results support the
ethnomedical use of this vegetal species as analgesic and anti-
inflammatory agent.

Keywords: antinociception, inflammatory pain, medicinal plant,
Philodendron bipinnatifidum.

Abbreviations

EPB: ethyl acetate extract of P. bipinnatifidum. HPLC: High Performance
Liquid Chromatography. GC/MS: gas chromatography with mass
spectrometer. LOD: limit of detection. LOQ: limit of quantification;
NPSH: non-protein sulfydryls. SOD: superoxide dismutase enzyme.
CAT: catalase. TBARS: thiobarbituric acid reactive substances. OECD:
Organization for Economic Co-operation and Development. COX:
cyclooxygenase. NSAIDs: non-steroidal anti-inflammatory drugs. PMNs:
polymorphonuclear neutrophils. LDso: median lethal dose.

4.1 Introduction

The interest and the use of medicinal plants by humans and the
recognition of their chemical properties are certainly related to the
survival of the human species. The presence (and concentration) of
secondary metabolites in plants arouses interest when it comes to
pharmacological actions, aiming to identify bioactive compounds
(phytochemicals) for diseases treatment (Wink, 2016). Currently, a wide
variety of diseases uses many of the drugs originally isolated from plants
or have semisynthetic analogs from phytochemicals. It is estimated that
approximately 25% of all currently prescribed medications are plant
originated. In addition, around 75% of new anticancer drugs marketed
between 1981 and 2014 derived from plant compounds (Newman and
Cragg, 2016). The interest in plant extracts initially occurs through reports
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of popular knowledge, which can often be scientifically proven through
in vitro and in vivo tests.

The Philodendron bipinnatifidum plant Schott ex Endl (Araceae)
is a shrub species found in South America tropical forests. In South and
Southeast Brazil folk medicine, it is called “guaimbe", "banana-de-bugre"
or "banana-co" and its stems are traditionally used for rheumatism
treatment (Albertasse et al., 2010), as well as against orchitis, erysipela,
ulcers and intestinal parasites (Alzugaray and Alzugaray, 1996; Mors et
al., 2000). The popular use of aerial roots as contraceptive are referred to
Balbach (1979). Also, there are reports of antitumor, anesthetic and anti-
inflammatory activities of its leaves and stems; however, the popular use
of stems are more frequent (Lorenzi and Matos, 2002).

Previous studies showed that hydroalcoholic extracts from P.
bipinnatifidum roots have potential antioxidant effect (Menezes et al.,
2004). Furthermore, the aqueous extract of branches and leaves present
antiprotozoal activity (Muelas-Serrano et al., 2000), and the isolated
antiproliferative effect of phenolic glucosides from this plant was already
demonstrated on HepG2 cells (EI-Deeb, 2012). Scapinello et al. (2018)
identified three phytosterols in the ethyl acetate fraction of P.
bipinnatifidum stem; campesterol, p-sitosterol and stigmasterol,
emphasizing that these two last compounds already present
antinociceptive and anti-inflammatory activity described in the literature
(Githinji et al., 2012, Nirval et al., 2012, Dighe et al., 2016, Paniagua-
Pérez et al., 2016). In the ethanolic extract only P-sitosterol was
identified, and still in smaller quantity when compared to the ethyl acetate
fraction (Scapinello et al., 2018).

To the best of our knowledge, there are no scientific preclinical
studies supporting the traditional use of P. bipinnatifidum so far.
Moreover, the analgesic or anti-inflammatory activities of this vegetal
species have not been studied yet, neither its possible toxicity. The
numerous risks associated with non-steroidal anti-inflammatory drugs
(NSAIDs) for pain and inflammation treatment suggest the use of
medicinal herbs as alternative therapies (Simon, 2013). From the reported
data, it is important to investigate the anti-inflammatory and
antinociceptive effects of the ethyl acetate fraction of P. bipinnatifidum
(EPB) in pre-clinical tests as well as its acute toxicity for the first time.
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4.2 Materials and methods

4.2.1 Plant material and extraction

We collected P. bipinnatifidum stems and leaves samples on July
2017 (winter) from Chapecd city native plants, in Southern Brazil (27°
05'S, 52° 40' W). The characteristic of this region is a humid subtropical
mesothermal climate. Voucher specimens were deposited on the
Herbarium at Universidade Comunitaria de Chapecé (Herbarium
Unochapecd, SC, Brazil) under the accession number UNO 3470.

After collection, stems were manually separated from the leaves,
and just the stems were cut and dried (40 °C for 2 days) and then milled
in an industrial blender. The milled stems were subjected to maceration
using ethyl acetate PA solvent in a ratio of 1:20 grams of plant material
per litre of solvent, and homogenized for two days at intervals of 12 h.
Thereafter, the extract was filtered and the solvent removed in a rotary
evaporator under reduced pressure. Finally, the extract was frozen at -80
°C and lyophilized for 24 h.

4.2.2 HPLC Analysis

All chemical were analytical grade. High Performance Liquid
Chromatography (HPLC-DAD) was performed with a Shimadzu
Prominence Auto Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto,
Japan), equipped with Shimadzu LC-20AT reciprocating pumps
connected to a DGU 20A5 degasser with a CBM 20A integrator, SPD-
M20A diode array detector and LC solution 1.22 SP1 software.

The injection of P. bipinnatifidum extract was into reversed
phase Phenomenex Cig column (4.6 mm x 250 mm) packed with 5 pm
diameter particles. The mobile phases A and B were Milli-Q water,
acidified to pH 2.0 with 1% of formic acid and methanol,
correspondingly. Solvent gradient was used as follows: 0-10 min, 5% B;
10-25 min, 15% B; 25-40 min, 30%; 40-55 min 50% B; 50-65 min 70%
B; 65-80 min, 100% B, following the method described by Waczuk et al.
(2015) with slight modifications. The sample and mobile phases were
filtered through 0.45 um membrane filter (Millipore) and then degassed
by ultrasonic bath prior to use. Stock solutions of standards references
were prepared in the methanol: water (1:1, v/v) at a concentration range
of 0.030 - 0.500 mg/mL. Quantifications were carried out by the
integration of the peaks using the external standard method, at 270 nm for
gallic acid; 325 nm for caffeic acid and chlorogenic acid; and 366 for
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quercetin, rutin, luteolin and apigenin. The chromatography peaks were
confirmed by comparing its retention time with those of reference
standards and by DAD spectra (200 to 600 nm). Calibration curves of the
compounds: gallic acid: Y =11957x + 1308.1 (r = 0.9997); caffeic acid:
Y = 13259x + 1164.5 (r = 0.9999); apigenin: Y = 14386x + 1247.0 (r =
0.9996); chlorogenic acid: Y = 10985x + 1274.3 (r = 0.9998), quercetin:
Y = 12763x + 1405.9 (r = 0.9999); rutin: Y = 10863x + 1354.7 (r =
0.9997) and luteolin: Y = 13462x + 1184.9 (r = 0.9994). All of the
chromatography operations were carried out in room temperature and in
triplicate runs.

Limit of detection (LOD) and limit of quantification (LOQ) were
calculated based on standard deviation of the responses and the slope
using three independent analytical curves, as defined by Boligon et al.
(2015). The calculation of LOD and LOQ were 3.3 and 10 o/S,
respectively, where o is the response standard deviation and S is
calibration curve slope.

4.2.3 GC/MS analysis

Gas chromatography analysis was performed on Agilent GC/MS
(7890B) equipment coupled to a quadripolar mass spectrometer (5977A)
(Agilent Technologies, Palo Alto, CA, USA). The experimental
conditions of the GC/MS system were described by Scapinello et al.
(2018). The chemical components present in the extracts were identified
by comparison with the equipment library (The National Institute of
Standards and Technology, 2004). The relative amounts of each
individual component were calculated using their respective peak areas in
the chromatogram.

For the p-sitosterol and stigmasterol quantification, the
calibration curves were prepared by serial dilutions at concentration range
of 0.35to 1.75 mg/mL. Quantifications were performed by integrating the
compound peak area. The calibration curves equations were obtained,
being p-sitosterol: y=58,212,297x-2,382,298 (r = 0.9968) and
stigmasterol: y=91,591,756x-2168640 (r = 0.9952). To analyse, extracts
were solubilized in dichloromethane.

4.2.4 Animals

Male Swiss mice (20-30 g) bred in-house were used in all
behavioural experiments. Non-pregnant and nulliparous female mice (30-
35g, n =3-6/group) were used for toxicity analysis. A controlled
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environment kept the animals (22 = 2 °C) with a 12-h light/dark cycle
(lights on at 6:00 a.m. to 6 p.m.), fed standard lab chow and water ad
libitum. The animal care and experiments were conducted in accordance
to the ethical principles of animal research, approved by Universidade
Comunitéria Regional de Chapecd Ethics Committee (approval number
007-17), in accordance with Brazilian law (Brazil, 2016, 2008) and
European Communities Council Directive from 24 November 1986
(86/609/EEC). All experiments were carried out between 8:00 a.m. and
6:00 p.m. Experimenters were blinded to treatment conditions.

4.2.5 Acetic acid-induced writhing response

The abdominal writhing number induced by the intraperitoneal
(i.p.) injection of acetic acid (0.6%, 10 mL/kg) counted cumulatively over
a period of 20 min and considered as indicative of nociception (Koster et
al., 1959). Initially, the animals (n=6-8/group) were pretreated with
different doses of EPB (250, 375, or 500 mg/kg, intragastric route (p.0.))
indomethacin (10 mg/kg, p.o., used as a positive control), or vehicle
(0.9% NaCl, 1% Tween 80, 10 mL/kg, p.o., control group) 1 h prior to
the i.p. injection of acetic acid.

The dose that presented the best result in this experiment was
chosen to be used in the other tests of nociception and inflammation.

4.2.6 Open-field test

The open-field test was performed in order to evaluate the
possible effects of the EPB on the locomotor and exploratory activities,
and was performed according to Mdller et al. (2012) with minor
modifications. For this purpose, mice (n=6-8/group) orally received the
EPB doses that significantly reduced the nociceptive behavior in the
acetic-acid writhing test 1 h before being observed in the open-field. The
control group was orally treated with vehicle (0.9 % NaCl, 1 % Tween
80, 10 mL/kg). Animals were individually placed in an acrylic box (40 x
30 x 30 cm), in a 24 squares equally divided floor. After the habituation
to arena for 5 min, the number of squares crossed with the four paws
(crossing), rearing and grooming was recorded in a 10 min session by
human observers blind to the treatment. Then, the number of fecal bolus
was counted and the apparatus was cleaned with 70% ethanol after each
mice exposition.
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4.2.7 Formalin test

The procedure was similar to the previously described method
(Santos et al., 1999). The animals (n=6-8/group) were treated with vehicle
(0.9 % NaCl, 1 % Tween 80, 10 mL/kg, p.o., control group), EPB (500
mg/kg, p.o.) 1 h before the injection of 2 % formalin (20 puL/paw, ipl) in
the right hind paw. Indomethacin was used as a positive control (10
mg/kg, p.o., administered 1 h before the test). Immediately after the
formalin injection, the animal was observed on pain-related behavior. The
time spent licking, biting or lifting the injected hind paw was considered
as nociceptive behavior and measured during the first phase (0-5 min,
neurogenic phase) and the second phase (15-30 min, inflammatory phase)
of the test.

4.2.8 Carrageenan-induced paw oedema

Animals were subcutaneously injected (s.c.) under the plantar
surface of the right hind paw with 20 pL of carrageenan (300 pg/paw, in
0.9% NacCl), which was performed 1 h after the administration of EPB
(500 mg/kg, p.0.), indomethacin (20 mg/kg, p.o.) or vehicle (0.9% NaCl,
1% Tween 80, 10 mL/kg, p.0.) as described before (Oliveira et al., 2009).
Hind paw oedema formation was described as Apaw thickness = test paw
thickness — basal paw thickness; paw thickness was measured using a
caliper (Trevisan et al., 2012).

4.2.9 Biochemical analysis

Biochemical analysis was performed with the animals submitted
to the carrageenan test. Blood and inflamed paw tissue were collected 3 h
after the induction of inflammation. For the collection of paw tissue, 4
animals from the same group were used to make a sample (pool).

The paw tissue was homogenized (1:10 w/v) in a Tris-HCI 50
mM (pH 7.4) solution at 4 °C. A reserved part of this homogenate was
used for NPSH assays, and the remainder centrifuged for 10 min at 3,000
rpm, 4 °C.

The blood was collected in heparinized tubes and then
centrifuged for 10 min at 3000 rpm. Trichloroacetic acid 4% was added
to a fraction of the supernatant to determine NPSH levels. In the other
fraction of supernatant, trichloroacetic acid 40% was added to determine
TBARS levels, then the tubes were centrifuged again for 10 min at 3000
rpm and the final supernatant was used for the assays.
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NPSH content was determined according to Ellman (1959), with
minor modifications. Lipid peroxides were estimated using thiobarbituric
acid reactive substances (TBARS) according to Ohkawa et al. method
(1979). The activity of superoxide dismutase enzyme (SOD) was assayed
by the method of Fridovich (1972) and catalase (CAT) activity was
assessed by the method of Aebi (1984). Total proteins were quantified by
the method of Lowry et al. (1951).

4.2.10 Opioid receptor involvement in the EPB antinociceptive activity

To examine the possible role of the opioid system in the
antinociceptive effect of the EPB, mice were pre-treated with naloxone (a
non-selective opioid receptor antagonist; 2 mg/kg, i.p.) or vehicle (0.9 %
NaCl, 10 mL/kg, i.p.) as described by Trevisan et al. (2013). After 15 min,
the animals were treated with EPB (500 mg/kg, p.0.), morphine (5 mg/kg,
s.c.) or vehicle (0.9% NaCl, 1% Tween 80, 10 mL/kg, p.0.). Spontaneous
nociception was evaluated immediately after the intraplantar injection of
formalin and the test was performed 1 hour after the oral treatment or 30
min after the subcutaneous treatment.

4.2.11 Acute toxicity

The guideline of the Organization for Economic Co-operation
and Development (OECD) based the acute toxicity study. The worldwide-
recoghized OECD Test Guideline is the standard reference tool for
chemical testing. The acute oral toxicity in mice adopted The Guideline
423 (2001).

Briefly, animals received a single EPB dose of 2000 mg/kg by
gavage (n=6). The control group (n=3) was orally treated with a single
administration of vehicle (0.9% NaCl, 1% Tween 80, 10 mL/kg). After
that, observed animals had special attention during the first 4 hours after
treatment and daily for 14 days. The occurrence of mice death and gross
behavior such as piloerection, palpebral ptoses, abdominal contortions,
locomotion, hypothermia, muscular tonus, shacking, posterior paws
paralysation, salivation, bronchial secretion and convulsions were
registered. . In addition, the body weight and food intake were recorded
for 13 days.



99

4.2.12 Reagents and drugs

Ethyl acetate, acetic acid and formaldehyde were purchased from
Merck (Darmstadt, Germany). Flavonoids gallic acid, caffeic acid,
chlorogenic acid, quercetin, rutin, luteolin and apigenin, and phytosterols
[-sitosterol and stigmasterol were obtained from Sigma Chemical Co. (St.
Louis, MO, USA). Naloxone and morphine were purchased from Cristélia
(Séo Paulo, Brazil). Indomethacin and carrageenan were obtained from
Sigma Chemical Co. (St. Louis, MO, USA). Other Analytical grade
reagents were purchased from local suppliers.

4.2.13 Statistical analysis

The results of antinociceptive and anti-inflammatory activities are
presented as the mean + S.E.M. of n animals per group. Statistical analysis
of the data was performed using one-way analysis of variance (ANOVA)
followed by Student-Newman-Keuls test. The analysis of toxicity data
used two-way repeated measures ANOVA. P values less than 0.05 were
considered significant.

4.3 Results

4.3.1 Phytochemical analysis

The EPB HPLC analysis revealed the presence of gallic acid,
chlorogenic acid, caffeic acid, rutin, quercetin, luteolin and apigenin, with
the major components being luteolin and quercetin, with concentrations
of 11.04 and 9.47 mg/qg, respectively (Table 1). The EPB GC/MS analysis
revealed the presence of the two phytosterols, [-sitosterol and
stigmasterol, with concentrations of 133.03 and 39.68 mg/g, respectively
(Table 4.1).
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Table 4.1 - Compounds determined by HPLC and GC/MS in ethyl

acetate fraction of P. bipinnatifidum.

Method Concentration LOD LOQ
of Compound

analysis mg/g pg/mL  pg/mL
Gallic acid 6.02 £ 0.03 0.024 0.079
Chlorogenic 61 4 0.05 0013 0042

acid
HPLC Caffeic acid 4.23+0.01 0.017 0.056
Rutin 1.75+0.01 0.008 0.026
Quercetin 9.47 £0.04 0.011 0.035
Luteolin 11.04 £0.01 0.025 0.083
Apigenin 4,19 £0.02 0.009 0.029
B-sitosterol 133.03 £ 0.18 0,013 0.409

GC/MS .

Stigmasterol 39.68 £ 0.15 0.078 0.236

Results are expressed as mean * standard deviations (SD) of three determinations.
LOD: detection limit, LOQ: quantification limit.

4.3.2 Acetic acid-induced abdominal writhing test

The acid acetic (0.6%, i.p.) promoted successive abdominal
writhing in the mice. The EPB (375 and 500 mg/kg, p.o.) and
indomethacin (10 mg/kg, p.o.), reduced the number of abdominal
writhing caused by acetic acid injection when compared to the vehicle
group. The EPB caused an inhibition of 46.80% (P<0.01) and 53.54%
(P<0.01) at 375 and 500 mg/kg, respectively. Additionaly, indomethacin
(10 mg/kg) exhibited significant 69.36% (P<0.001) inhibition of the
abdominal writhes in the test (Fig. 4.1).
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Figure 4.1. Effect of P. bipinnatifidum ethyl acetate fraction (EPB) in mice acetic-
acid induced abdominal-writhing test. V: vehicle-treated group (NaCl 0.9% +
Tween 1%, 10 mL/kg p.o., n=8). INDO: indomethacin (10 mg/kg p.o0., n=6) or
EPB (250, 375 and 500 mg/kg p.o., n=6-8), 1 hour before acid acetic
administration. Each column represents the meantS.E.M. One-way ANOVA
followed by Student-Newman-Keuls test, **P<0.01 and ***P<0.001: different
from the vehicle group.
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4.3.3 Open-field test

The evaluation of the effect of EPB and indomethacin on motor
performance of animals lasted 15 min. This test was performed due to
possible motor alterations induced by the EPB, that could interfere in the
measurement of nociception. The EPB (375 and 500 mg/kg, p.o.) or
indomethacin (10 mg/kg, i.p.) did not alter spontaneous locomotion,
evaluated by the number of squares crossed with the four paws (crossing),
rearing and grooming when compared to the group that received only
vehicle, as can be seen in the Figures 4.2 A, B and C. The number of fecal
bolus was significantly lower for the EPB group at 500 mg/kg when
compared to the vehicle group (P<0.05) (Fig. 4.2 D).
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Figure 4.2. Effect of P. bipinnatifidum ethyl acetate extract (EPB) on mice
locomotor activity (open field test). A: number of crossings. B: number of
rearings. C: number of groomings. D: number of fecal bolus at the end of test. V:
vehicle-treated group (NaCl 0.9% + Tween 1%, p.o., n=6). INDO: indomethacin
(10 mg/kg, n=6). EPB (375 and 500 mg/kg, p.o., n=6). Each column represents
the meanS.E.M. One-way ANOVA followed by Student-Newman-Keuls test.,
*P<0.05 in relation to vehicle group. #P<0.05 and ##P<0.01 in relation
indomethacin group.
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4.3.4 Formalin test

In this test, the paw lifting or licking induced by formalin were
cumulatively counted over a period of 0-5 min after formalin injection,
which corresponds to neurogenic nociception (first phase of the test) and
15-30 min after formalin injection, which corresponds to inflammatory
nociception (second phase of the test). EPB (500 mg/kg, p.o.) and
indomethacin (10 mg/kg, i.p.) produced antinociception in both phases of
the formalin test (Fig. 4.3 A and B). During the neurogenic phase, the
EPB as well as indomethacin reduced the nociception around 40% (P
<0.05) when compared to the wvehicle group, whereas for the
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inflammatory phase there was a significant reduction around 70% (P
<0.001).

Figure 4.3. Effect of P. bipinnatifidum ethyl acetate extract (EPB) in mice
nociceptive behavior assessed in the formalin-induced nociception test.
Nociceptive behavior was considered as the time spent licking/biting or lifting
the paw in the first-phase (A, 0-5 min) or second-phase (B, 15-30 min) of the
test. V: vehicle-treated group (NaCl 0.9% + Tween 1%, 10 ml/kg p.o., n=8).
INDO: indomethacin (10 mg/kg p.o., n=6) or EPB (500 mg/kg, p.0., n=6), 1 hour
before formalin 2% administration. Each column represents the meanS.E.M.
One-way ANOVA followed by Student-Newman-Keuls test, *P<0.05 and
***pP<(0.001, different from the vehicle group.
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4.3.5 Carrageenan-induced paw oedema

Figure 4.4 shows the effect of EPB and indomethacin at different
time points in carrageenan-induced paw oedema model. The
administration of EPB at 500 mg/kg (p.0) prevented carrageenan-induced
paw oedema with inhibition percentages of 37.15, 40.63, 43.34, 49.73 and
43.47 (P<0.05 and 0.01) at 1, 2, 3, 4 and 6 hours after carrageenan
administration (ipl.), respectively. Indomethacin (20 mg/kg, p.o.)
prevented carrageenan-induced paw oedema with inhibition percentages
of 30.25, 29.18, 40.68 and 43.77 (P<0.05 and 0.01) at 1, 2, 3 and 4 hours
after carrageenan administration (ipl.), respectively.
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Figure 4.4 Effect of P. bipinnatifidum ethyl acetate extract (EPB) (500 mg/kg,
p.0.) on mice paw oedema induced by carrageenan. V: vehicle-treated group
(NaCl 0.9% + Tween 1%, p.o., n=8). Groups of mice were pre-treated with
vehicle (10 ml/kg p.o., n=12), Indomethacin (INDO, 20 mg/kg p.o., n=12), or
EPB (500 mg/kg, p.o., n=12) 1 hour before carrageenan-induced paw oedema
(300 pg/paw). Measurements were performed at 0.5, 1, 2, 3, 4, 6 and 8 h after the
intraplantar injection of carrageenan. Each column represents the mean£S.E.M.
One-way ANOVA followed by Student-Newman-Keuls test, *P<0.05 and
**P<0.01, as compared to vehicle group.

/3 Vehicle (NaCl 0.9 % + Tween 1%, p.o.)

Bl Indomethacine (20 mg/kg, p.c.)
[ P. bipinatifidum (500 mg/kg, p.o.)

1.04 1 I

* &
EY
Il ! I
a2 % s -
pre
0.5+
0.0 -

05 10 20 3.0 40 6.0 B.0
Time (h)

APaw thickness (mm)

4.3.6 Antioxidant levels in blood and paw tissue

To assess the protective role of EPB on carrageenan-induced
oxidative stress, mice were euthanized 3 hours after the algogenic
stimulus, since the maximal EPB effect in the test was observed at this
time point. Carrageenan elicited a reduction in NPSH levels, in the blood
(Fig. 4.5 A) as well as in the paw tissue (Fig. 4.5 B). Thiobarbituric acid
reactive substances (TBARS) were not altered in mice blood (Fig 4.5 C);
however, a significant (P<0.05) reduction in TBARS levels of the paw
tissue was observed in the carrageenan+EPB-treated group (Fig 4.5 D).
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Aditionally, carrageenan injection decreased SOD activity in the paw
tissue, which was prevented by EPB treatment (P<0.05) (Fig. 4.5 E). No

alterations in CAT enzyme activity were observed between the groups
(Fig4.5F).
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Figure 4.5. Effects of P. bipinnatifidum ethyl acetate extract (EPB) (500 mg/kg,
p.0.) on antioxidant levels in mice blood and paw tissue. A: NPSH levels
(nmol/mg protein) in the blood. B: NPSH levels (nmol/mg protein) in the paw
tissue. C: Thiobarbituric acid reactive substances (TBARS) levels (nmol/mg
protein) in the blood. D: TBARS levels (nmol/mg protein) in the paw tissue. E:
Superoxide dismutase (SOD) enzyme activity in the paw tissue (U? enzyme
concentration required to inhibit chromogen production by 50% in 1 min). F:
Catalase (CAT) enzyme in the paw tissue (U®: micromole H,O, decomposed per
minute). Each column represents the mean £ S.E.M. One-way ANOVA followed
by Student-Newman-Keuls test, *P<0.05 as compared to vehicle group, #P<0.05
as compared to Indomethacin group.
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4.3.7 Opioid receptor involvement in the EPB antinociceptive activity

Naloxone is a specific opioid receptor antagonist in the central
nervous system, capable to block the effect of anesthetics, such as
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morphine (which was used as the positive control of the assay). This test
investigated the possible involvement of opioid receptors in the
mechanism of EPB action. Naloxone treatment (2 mg/kg, i.p.) fully
prevented the antinociceptive effect of EPB (500 mg/kg, p.o.) and
morphine (5 mg/kg, s.c.) in the formalin test in both phases [neurogenic
(Fig. 4.6A) - P<0.05 and P<0.01, respectively - and inflammatory (Fig.
4.6B) - P<0.01].

Figure 4.6. Effect of mice pretreatment with naloxone (2 mg/kg, i.p.) on the
antinociceptive effect of P. bipinnatifidum ethyl acetate extract (EPB) (500
mg/kg, p.o.) in the formalin test. Nociceptive behavior was considered as the time
spent licking/biting or lifting the paw in the first-phase (A, 0-5 min) or second-
phase (B, 15-30 min) of the test. Morphine (5 mg/kg, s.c.) was used as positive
control of the test. Each column represents the mean+S.E.M (n=4-7 mice/group).
One-Way ANOVA followed by Student-Newman-Keuls test, *P<0.05;
***pP<(0.01; ***P<0.001 as compared with vehicle plus vehicle group. #P<0.05;
##P<0.01 as compared to vehicle plus EPB group; §88P<0.01 as compared to
vehicle plus morphine group.
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4.3.8 Acute toxicity

There was neither significant change in mice’s gross behavior
nor toxicity signs throughout the experimental period. The ingestion of
the extract did not affect mice food intake (Fig. 4.7 A) and body weight
(Fig. 4.7 B). No death was recorded, and therefore the oral toxicity of the
EPB can be classified in category 5 (the lethal acute toxicity is greater
than 2000 mg/kg) according to the Globally Harmonized Classification
System of OECD (Guideline 423, 2001).



108

Figure 4.7. Effect of the P. bipinnatifidum ethyl acetate extract (EPB)
acute treatment (2000 mg/kg, p.o.) on mice food intake (A) (g food intake/g
mice/day) and relative body weight (%) (B). Data are expressed as mean + S.E.M.
Two-way repeated measures ANOVA.

A [ Vehicle (NaCl 0.9 % + Tween 1%, p.0.] B -8~ Vehicle (NaCl 0.9 % + Tween 1%, p.o.)
5, 064 3 PF. bipinatifidum (2000 mg/kg, p.o.) 115. = P.bipinatifidum (2000 mgikg, p.o.)
i F
2 <
3 E 1104
£ 0.4 2
@ =
4 o
£ 02 S 1004
= e [
z z
8 g %
@
o
0.0- © 90 T T T T T T 1
1 3 & 7 9 11 13 0 2 4 6 8 10 12 14
Days Days

4.4 Discussion

The present study demonstrates for the first time that P.
bipinnatifidum ethyl acetate extract (EPB) at 500 mg/kg (p.o.) displays
antinociceptive e anti-inflammatory properties, and provides some
evidence on the mechanisms implicated in these effects. Furthermore, the
oral admistration of EPB at this dose did not induce any behavioral
adverse effect. Also, the acute EPB administration (at 2000 mg/kg, p.o.)
was not related to mice mortality during 14 days, which demonstrates that
the extract is devoid of acute toxicity according to the OECD Guideline
423 (2001).

Initially, our results showed that EPB (p.0.) produces significant
antinociception in the acetic acid writhing test at 375 and 500 mg/kg. This
model is sensitive to non-steroidal anti-inflammatory drugs (NSAIDs),
such as indomethacin (Collier et al., 1968), and is used to detect the
potential antinociceptive activity of new drugs. It is known that acetic acid
injection evokes abdominal writhes, since it elicits the peripheral
production of several pro-inflammatory mediators, e.g. prostaglandin,
bradykinin, substance P, prostacyclin and other cytokines, which,
therefore, excite the nociceptors in the nerve terminals (Franzotti et al.,
2000; Hosoi et al., 1999).

In this study, we used this test to select an effective
antinociceptive dose to continue the other behavioral tests. Considering
the smaller number of abdominal writhing and the lower standard error,
we chose the dose 500 mg/kg.
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It is necessary to consider that many drugs elicit false-positive
responses in nociceptive tests due to sedation and motor activity
impairment (Trevisan et al., 2012). Therefore, we evaluated whether the
EPB was able to cause some adverse effects on locomotor and exploratory
activities. Neither EPB at 500 mg/kg nor indomethacin altered the
spontaneous locomotion of mice; however, the EPB at 375 mg/kg resulted
in a lethargic locomotor activity when compared to indomethacin.
Considering these results, we chose use the EPB dose of 500 mg/kg in the
subsequent experiments.

We also investigated the effects of EPB in the formalin test, and
observed that the extract at 500 mg/kg, similarly to indomethacin, inhibits
the paw licking or lifting induced by formalin, both in the first- and
second-phases of the test. The first phase of formalin test is associated to
neurogenic pain, when the activation of nociceptive neurons occurs, while
the second phase is related to the release of inflammatory mediators, such
as histamine, serotonin, bradykinin and prostaglandins (Abbott et al.,
1995). EPB was more effective on the nociceptive behavior induced by
formalin during the inflammatory phase of the test, which suggests that
EPB effectiveness is better in alleviating the pain triggered by the
inflammatory process.

It is well known that NSAIDs inhibit the action of
cyclooxygenase (COX) (Meek et al., 2010; Siileyman et al., 2007).
Indeed, these drugs are also more effective in inhibiting the nociceptive
behavior during the second phase of the test. Therefore, our results
suggest that the EPB might produce antinociceptive action through
inhibition of COX and, consequently, prostaglandin synthesis.
Nevertheless, investigation of this hypothesis can go further.

The analysis of EPB chemical constitution revealed that is is
enriched in flavonoids. These results are relevant, since Verri et al. (2012)
reported that quercetin, luteolin and rutin present antinociceptive activity.
Therefore, it is possible that those compounds presented in the EPB
contribute (at least in part) to the antinociceptive/anti-inflammatory
effects observed in the present study. Other studies have demonstrated
that the systemic administration of luteolin as well as plant extracts
containing luteolin present antinociceptive effects on acute thermal pain
and persistent inflammatory pain in rodents (Backhouse et al., 2008;
Buyukokuroglu et al., 2008; Nsonde Ntandou et al., 2010). It has been
reported that quercetin inhibs (i) the nociceptive behavior in the acetic
acid-induced pain test, (ii) the nociceptive behavior induced by formalin
in both phases of the test and also (iii) the nociception induced by
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glutamate and capsaicin, through mechanisms that involve the interaction
with L-arginine-nitric oxide, serotonin, and GABAergic systems (Filho et
al., 2008). Additionally, the oral administration of gallic acid decreased
the spontaneous nociception triggered by allyl isothiocyanate,
cinnamaldehyde, and H,0- in male Swiss mice (Trevisan et al., 2014).

The presence of phytosterols in the EPB may justify its
antinociceptive action, considering that [-sitosterol is the major
compound of the EPB. Of note, B-sitosterol isolated from Oxalis
corniculata leaves elicits an analgesic activity in the hot plate test and
acetic acid-induced writhings in rodents (Dighe et al., 2016). Moreover,
different plant extracts containing B-sitosterol and stigmasterol, as well
as these isolated compounds, present antinociceptive action in the acetic
acid-induced writhing, formalin and hot-plate tests in mice (Dina et al.,
2010; Nirmal et al., 2012; Santos et al., 2011; Githinji et al., 2012, Tatiya
etal., 2017).

Mice orally treated with EPB at 500 mg/kg expelled a
significantly lower amount of fecal bolus when compared to vehicle-
treated animals. This result has aroused interest in investigating the
involvement of opioid receptors in the EPB antinociceptive action
mechanism, considering that some analgesics that act as exogenous
agonists of opioid receptors may lead to a delay in bowel movement,
leading to constipation (Leppert, 2012).

To check the opioid involvement in the mechanism of EPB
antinociceptive action in the formalin test we used an opioid antagonist,
naloxone. The blockade of EPB effects by naloxone demonstrated the
possible mechanism of central analgesic on the pain threshold of mice.
Thus, it is possible that EPB exerts its effects through central opioid
receptors or promotes the release of endogenous opioid peptides. Dighe
et al. (2016) demonstrated that naloxone in the hot plate test reverses -
sitosterol antinociceptive activity. These results are particularly
interesting, since [-sitosterol is the major constituent of the EPB.
However, the administration of naloxone failed to antagonize the
analgesic activity of stigmasterol in the formalin test (Githinji et al.,
2012). Thus, considering the significant concentration of B-sitosterol in
EPB, we suggest that this phytosterol may be, at least in part, responsible
for the effects observed in the present study.

To assess the anti-inflammatory effect of EPB we used
carrageenan-induced mice paw oedema. This animal model is widely
employed in non-steroidal anti-inflammatory drug development and has
been frequently used to asses this effect of plant extracts (Ben Khedir et
al., 2016). In this model, the inflammatory response is quantified by an
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increase in paw thickness, and NSAIDs reduce the swelling associated to
this inflammatory stimulus (Bacchi et al., 2012). Our results demonstrate
a marked reduction in mice paw oedema induced by carragenan after the
EPB administration, which was similar to the NSAID indomethacin. The
effects of indomethacin lasted 4 hours, while the EPB at 500 mg/kg
presented a prolonged effect, up to 6 h, showing that the anti-
inflammatory activity of the extract remains for a longer period when
compared to the reference drug indomethacin. These results are
particularly relevant, since the oedematogenic response induced by
carrageenan results from the rapid production of several inflammatory
mediators such as histamine, serotonin and bradykinin in a first-phase.
This is followed by the release of prostaglandins and NO in a second-
phase (at 3 h), produced by inducible isoforms of COX (COX-2) and
nitric oxide synthase (iNOS), respectively (Dray and Perkins, 1993).
Therefore, our results allow us to suggest that the EPB effects could be
mediated by the inhibition of prostaglandin and/or NO release, in
accordance to the results of the formalin test.

Chen et al. (2014) suggested that luteolin may act as a potential
therapeutic reagent for treating septic diseases, while Xia et al. (2016)
reported that luteolin may exert potent anti-inflammatory effects on
experimental autoimmune thyroiditis. Jeon et al. (2014) suggested that
luteolin is a potential therapeutic agent against inflammation and itch-
related skin diseases, since luteolin inhibited the secretion of
inflammatory cytokines and significantly reduced the histamine release.
In the carrageenan-induced paw oedema test, the oral administration of
luteolin efficiently suppressed paw oedema, and it has been shown that
luteolin may be a potent selective inhibitor of cyclooxygenase-2 (COX-
2) mRNA expression. (Ziyan et al., 2007). Additionally, quercetin was
reported as a substance that possesses strong anti-inflammatory properties
that can be expressed on different cell types, both in animal and human
models (Li et al., 2016), causing an anti-inflammatory response in the
carrageenan-induced paw oedema in mice (Morikawa et al., 2003). Lee
et al. (2007) reported that apigenin might be useful for therapeutic
management of inflammatory diseases, stating that its anti-inflammatory
activity involves the blockage of the nitric oxide-mediated COX-2
expression and monocyte adherence. Considering the data mentioned
above, the anti-inflammatory activity of the EPB found in the
carrageenan-induced paw oedema test as well as in the second-phase of
the formalin test, might be attributable to its chemical constituents.



112

Moreover, the anti-inflammatory activity of PB-sitosterol has
already been demonstrated in different animal models. In the rat paw
oedema test induced by carrageenan, the oral administration of f -
sitosterol caused an inhibitory effect around 50 to 70%. In the rat pleurisy
assay, we observed a reduction of 46% in the volume of pleural exuded,
as well as a low amount of neutrophils (20%) in comparison to the control
group. In the mouse ear edema test, -sitosterol demonstrated a mean
inflammatory inhibition of 75%, inducing a significant inhibition of
mieloproxidase activity (Paniagua-Pérez et al., 2016). The petroleum
ether extract of Nyctanthes arbortristis Linn. was active in reducing
carrageenan-induced paw oedema in rats, and the results showed that 3-
sitosterol from N. arbortristis leaves might be responsible for the anti-
inflammatory activity (Nirmal et al., 2012). It has also been reported by
others authors that -sitosterol or plant extracts containing this compound
are able to inhibit rat paw oedema (Jiménez-Suérez et al., 2016; Saha et
al., 2013; Dighe et al., 2016; Santos et al., 2011). The topical anti-
inflammatory activity of Eryngium foetidum L. hexane extract (enriched
in stigmasterol, 95%) as well as isolated stigmasterol were already
demonstrated. Both the extract and stigmasterol significantly reduced the
auricular oedema (acutelly and chronically) and inhibit the
meloperoxidase enzyme in rats, indicating that stigmasterol can be
considered an important anti-inflammatory agent (Garcia et al., 1999).
Stigmasterol also inhibited dimethyl benzene-induced ear oedema, at the
dose of 30 mg/kg, which was comparable to the anti-inflammatory
activity of dexamethasone at 10 mg/kg (Githinji et al., 2012).

Considering the antioxidant properties of flavonoids and
phytosterols present in the EPB, we evaluated whether the anti-
inflammatory effect of the extract is associated to antioxidant action
mechanisms, since reactive oxygen species are molecules that play an
important role in the progression of inflammatory disorders. An increase
in the amount of these species, generated by polymorphonuclear
neutrophils (PMNs) at the site of inflammation, causes endothelial
dysfunction and tissue injury (Mittal et al., 2014). The production of
oxygen-free radicals triggered by the inflammation leads to decreased
NPSH levels as well as SOD and CAT activities, as a consequence of their
consumption during oxidative stress and cellular lysis (Lubrano, 2015).
This effects contribute to increased cellular damage, since the cells
experience the oxidative stress (when enhanced oxidant production
overcome the capacity of antioxidant enzymes), therefore, favouring the
attack by free radicals (Mohsin et al., 2013). Mice EPB treatment elicited
an increase in NPSH levels and SOD activity, probably by competing
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with the free radicals scavenging, and, therefore, probably helped to
preserve the integrity of cellular membranes. CAT activity was not
significantly altered by the EPB, which may be related to the time point
at which the analysis was performed. Considering that CAT degrades the
products resulting from SOD action (Mylona and Polidoros, 2000),
possibly at the time of evaluation (3 h), we did not detect effect on the
enzyme. Lipid peroxidation is an oxidative damage that occurs during
inflammation, referring to high levels of TBARS (Mohsin et al., 2013).
The TBARS levels were significantly decreased in EPB+carrageenan-
treated mice, at least on the paw tissue. Thus, the extract may protect the
formation of free radicals in the tissue, which might contribute to reduce
inflammation. These results suggest that the administration of EPB may
exert its anti-inflammatory effect by retarding lipid peroxidation and
modulating the cellular antioxidant defence system.

Plants extracts are believed to be harmless than conventional
drugs, without serious side effects, and are normally assumed to be safe
and devoid of toxicity (Da Silva et al., 2014). Nevertheless, it is very
important to verify the toxicity to confirm the safety of its use. Decreases
or increases in the animals’ body weight may be associated with toxic
effects of substances (Kifayatullah et al., 2015), but the EPB at 2000
mg/kg did not cause changes in body weight gain, and no alteration in the
amount of food intake, during the 14 days of evaluation (P > 0.05).
Besides, no mortality and no alterations in the gross behavior were
observed in acutelly EPB-treated (2000 mg/kg, p.0.) animals. Thus, the
EPB can be classified according to OECD Guideline 423 (2001) in the
category 5 (LDso is greater than 2000 mg/kg).

4.5 Conclusions

The results presented in current study provides the biological
evidence for the antinociceptive and anti-inflammatory activities of P.
bipinnatifidum stems and support the traditional use of this plant as an
analgesic and anti-inflammatory agent in popular medicine. The opioid
receptors mediated the antinociceptive effect of this vegetal species, and
its anti-inflammatory effect inhibits the oxidative stress. Lastly, the acute
administration of the EPB at 2000 mg/kg did not cause mortality to mice,
which demonstrates that this extract is devoid of acute toxicity.
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CAPITULO 5

Os resultados apresentados neste capitulo estdo escritos
conforme o artigo cientifico intitulado “Extraction of bioactive
compounds from Philodendron bipinnatifidum Schott ex Endl and
encapsulation in PHBV by SEDS technique”, autores Jaqueline
Scapinello, Gean Pablo S. Aguiar, Camila Dal Magro, Ana Paula
Capelezzo, Rivaldo Niero, Jacir Dal Magro, Débora Oliveira e J. Vladimir
de Oliveira, que esta publicado na revista Industrial Crops and Products,
volume 125, paginas 65-71, 2018. (DOI: 10.1016/j.indcrop.2018.08.079).

Abstract

The Philodendron bipinnatifidum Schott ex Endl is a plant used in
popular medicine and has some pharmacological actions proven by
scientific studies, as high antioxidant potential. The aim of this work was
to investigate the application of Solution Enhanced Dispersion by
Supercritical Fluids (SEDS) technique in the encapsulation of P.
bipinnatifidum extract, rich in B-Sitosterol, in poly(hydroxybutyrate-co-
hydroxyvalerate) (PHBV) biopolymer. For this, a 22 Central Composite
Design (CCD) with 3 central points was used to assess the influence of
extract concentration (5.0, 12.5 and 20.0 mg-mL!) and temperature (35.0,
37.5 and 40.0 °C) on particle size and encapsulation efficiency. In most
of experiments, spherical particles were obtained and the highest
encapsulation efficiency (89.56%) was verified using 20.0 mg-mL™? of
extract concentration (ratio 1:1 extract and PHBV) and temperature of
35.0 °C. In these conditions, also the lowest mean particle size, resulting
in 0.622 + 0.232 um, was achieved. GC/MS analysis of the particles
demonstrated that the process caused small variation in the chemical
composition of the extract, maintaining its main constituents, such as the
phytosterols campesterol, stigmasterol and p-sitosterol. For the p-
sitosterol compound, there was an increase of about 35 % in its
concentration in the extract after the encapsulation process. The results
obtained demonstrate the possibility of applying SEDS technique to
encapsulate extracts with bioactive compounds of phytosterols class.

Keywords: P. bipinnatifidum; phytosterols; B-sitosterol, SEDS,
encapsulation; biopolymer.
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5.1 Introduction

The interest in plant extracts occurs initially through reports of popular
knowledge, which can often be scientifically proven through in vitro and
in vivo tests. An endemic species of South America, Philodendron
bipinnatifidum Schott ex Endl (Araceae), popularly known in Brazil as
guaimbé, banana-de-macaco or imbé, is a plant widely used in folk
medicine, with reports of anesthetic, anti-inflammatory, hemostatic,
anthelmintic and antitumor activities (Lorenzi and Matos, 2002).
Although it is widely used in Brazilian popular medicine, there are few
scientific studies on this species, with reports of the roots antioxidant
potential (Menezes et al., 2004), antiprotozoal activity of branches and
leaves (Muelas-Serrano et al., 2000) and antiproliferative effect on liver
cancer cells (EI-Deeb, 2012).

Pharmacological action of plants is due to the presence of secondary
metabolites such as alkaloids, terpenes, flavonoids and phytosterols.
Phytosterols are a group of naturally occurring plant sterols which have
similarity to cholesterol in structure. In this compounds class stands out
B-sitosterol, which is related to prevention of heart disease,
hypercholesterolemia, modulating the immune system, prevention of
cancer, as well as for rheumatoid arthritis, cervical cancer and benign
prostatic hyperplasia (Saeidnia, 2014; Ulbricht, 2016).

Encapsulation process aims to protect bioactive compounds, thus
reducing interactions with environmental factors, such as heat and light;
modulate the compounds release, since it directly influences dissolution
rate; and modify the surface properties of the particles used (Ezhilarasi et
al., 2013). Among the techniques used for compounds encapsulation,
those using supercritical fluids have some advantages over conventional
methods, with the formation of micro and/or nanoparticles with narrow
size distribution, good encapsulation efficiency, control of crystal
polymorphism, possibility of processing thermosensitive compounds and
production of high purity particles (Sheth et al., 2012).

Solution Enhanced Dispersion by Supercritical Fluids (SEDS)
technique is based on the reduction of the active compound solubility in
an organic solvent by this saturation with the supercritical fluid, which
causes the solvent extraction and substrate precipitation. Besides the
antisolvent effect, the supercritical fluid acts on the solution dispersion,
enhancing mass transfer and achieving smaller particle sizes (Jung and
Perrut, 2001).

The aim of this work is to obtain P. bipinnatifidum extracts from
different solvents and perform the phytochemical characterization of
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these, then, the best extract will be selected in relation to the chemical
composition, and this will be submitted to the encapsulation process by
the SEDS technique, where parameters such as temperature and extract
concentration will be evaluated in relation to efficiency and particle size.
Moreover, the analysis of the composition encapsulated particles will be
performed and compared with the original extract to verify if the process
causes alteration in the phytochemical profile.

5.2 Materials and Methods

5.2.1 Materials

P. bipinnatifidum stems and leaves samples were collected on
November 2016 (spring) from the native plants of Chapeco city, which is
located approximately 659 m above sea level, in the South Region of
Brazil. This region is characterized by a humid subtropical mesothermal
climate. Voucher specimens were deposited on the Herbarium at
Universidade Comunitaria de Chapec6 (Herbarium Unochapec6, SC,
Brazil) under the accession number UNO 3470.

Carbon dioxide (mass fraction purity 0.999 in the liquid phase) was
supplied by White Martins S.A. (Séo Paulo, SP, Brazil). Dichloromethane
(minimum mass fraction purity 0.995) and ethyl acetate (minimum mass
fraction purity 0.995) were purchased from Merck (Darmstadt, HE,
Germany) and used without any further treatment.  [B-sitosterol,
stigmasterol and campesterol were supplied by Sigma-Aldrich. PHBV
with average molar mass of 196,000 and polydispersity index of 1.85, was
kindly supplied by PHB Industrial S.A. (Serrana, SP, Brazil) and was
previously submitted to purification by dissolving in chloroform
(minimum mass fraction purity 0.995) and re-precipitation in n-heptane
(minimum mass fraction purity 0.995), both purchased from Quimex (S&o
Paulo, SP, Brazil) (Boschetto et al., 2014).

5.2.2 Extraction of bioactive compounds from P. bipinnatifidum

The extraction methodology was performed according to Fernandes et
al. (2016), with some modifications. After collection of P. bipinnatifidum
stems and leaves, stems were
manually separated from the leaves, and were cut and dried (40.0 °C for
2 days). Then, both were milled separately in an industrial blender. The
milled stems or leaves were subjected to maceration using absolute
ethanol solvent in a ratio of 1:20 grams of plant material per liter of
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solvent and homogenized for 3 days at intervals of 24 h, at 25 °C and
atmospheric pressure. Thereafter, the extract was filtered, and the solvent
removed in rotary evaporator under reduced pressure. Finally, the extract
was frozen and lyophilized for 24 h, resulting in P. bipinnatifidum extract.
Only the stems were also submitted to the same procedure described, but
with other solvents, ethyl acetate and petroleum ether.

Based on extracts chemical profile, which will be described in the
sequence, the extract obtained from P. bipinnatifidum stems using ethyl
acetate as solvent was chosen as the best and selected to be encapsulated
in PHBV employing the SEDS technique.

5.2.3 Experimental apparatus and procedure for encapsulation using
Solution Enhanced Dispersion by Supercritical Fluids (SEDS)

The SEDS experimental apparatus and procedure used for P.
bipinnatifidum extract encapsulation in PHBV, employing supercritical
CO; as antisolvent, is described in details by Boschetto et al. (2013),
Franceschi et al. (2008) e Machado Jr et al. (2014).

Encapsulation process parameters were adopted based on previous
works of the group: extract concentration in organic solution of 5.0, 12.5
and 20.0 mg-mL", PHBV concentration of 20 mg.mL!, temperature of
35.0, 37.5 and 40.0 °C, solution flow rate of 1 mL-min "%, antisolvent flow
rate of 20 mL-min! (at 20 MPa and 5 °C) and operating pressure of 8.0
MPa (Aguiar et al., 2017, 2016; Boschetto et al., 2013; Dal Magro et al.,
2017). Extract solubilization was performed with dichloromethane. A 22
Central Composite Design (CCD) with 3 central points (Table 5.1) was
employed to evaluate the influence of variables temperature and extract
concentration on encapsulation efficiency and particle size obtained.
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Table 5.1 Operational conditions employed in the encapsulation
process. Following parameters were fixed at all experimental
conditions: PHBYV concentration of 20 mg-mL-1, solution flow rate of
1 mL-min-1, anti-solvent flow rate of 20 mL-min-1 (at 20 MPa and 5
°C) and pressure of 8.0 MPa. T:. temperature and EC: extract
concentration in the organic solution.

Coded variables Actual variables
Run T EC T (°C) EC (mg-mL?)
1 -1 -1 35.0 5.0
2 -1 +1 35.0 20.0
3 +1 -1 40.0 5.0
4 +1 +1 40.0 20.0
5 0 0 375 125
6 0 0 37.5 12.5
7 0 0 375 125

5.2.4 Determination of the percentage of encapsulation and
encapsulation efficiency

Percentage of encapsulation (PE) and encapsulation efficiency (EE)
were determined by UV-vis spectrophotometry according to
methodology of (Boschetto et al., 2013). Initially, a sample of dried
powder (extract encapsulated in PHBV) was weighed. Afterwards,
particles were dissolved in dichloromethane and the solution was
analyzed in a UV-vis spectrophotometer (Femto, model 800XI) at 415
nm, wavelength previously determined through sample scanning.
Comparing the absorbance results with a pattern curve of absorbance
versus solution concentration, the PE and EE of each run were evaluated
by the following expressions (Kalogiannis et al., 2006):

mass of extract encapsulated

PE [%] =

x 100 (1)

(mass of extract + mass of PHBV)

ercentage of extract encapsulated
EE [%] = P £ P x100 (2

theoretical loading percentage of extract encapsulated
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where, the theoretical loading percentage is the ratio between the mass of
extract and the total mass of extract and PHBYV used in the encapsulation
experiments.

5.2.5 In vitro release experiments

In vitro release tests were accomplished based on the works of (Dal
Magro et al., 2017; Loss et al., 2016). The release media used to evaluate
the co-precipitated particles were a phosphate buffer solution (PBS) pH
6.8 and a solution of HCI 0.1 M, with runs performed individually for
each medium. The first medium was chosen because is very close to the
physiological conditions, while the second one refers to the gastric system
(Danhier et al., 2010). The sample selected was from run 4. The samples
at concentration of 0.25 mg-mL* were placed in contact with the release
medium, whit temperature controlled at 37 £ 0.5 °C and rotation of 100
rpm. At scheduled time intervals, 1.0 mL was collected from the solution
and immediately replenished with pure medium to maintain the original
volume. The sample collected was filtered through a membrane filter with
porosity of 0.45 pum and analyzed at 415 nm to determine its
concentration.

5.2.6 Morphology and determination of particle size

Particles characterization was performed regarding to morphology,
by scanning electron microscopy (SEM - JEOL JSM-6390LV, United
States).

From the SEM images, particle size was determined using the
software Size Meter (version 1.1) (Aguiar et al., 2018), where it was
evaluated the measures of length and thickness (highest characteristic
measurement) of approximately 600 to 700 particles for each
experimental condition analyzed. Thereby, average particle size, standard
deviation and coefficient of variation (CV) were determined and used as
statistical tools to express the data variability.

5.2.7 Chemical profile of the extracts

P. bipinnatifidum extracts and particles of the extract encapsulated in
PHBV were analyzed by gas chromatography to access their chemical
profiles. For analysis, the extracts were solubilized in dichloromethane,
while the particles underwent an additional step to remove the polymer,
by addition 0.3 ml of methanol (which caused PHBV precipitation) and



127

0.7 ml of dichloromethane to the solution and subsequent centrifugation
at 15,000 rpm for 10 minutes. The supernatant was then removed and
analyzed.

Gas chromatography analysis was performed on Agilent GC/MS
(7890B) equipment coupled to a quadripolar mass spectrometer (5977A)
(Agilent Technologies, Palo Alto, CA, USA). The experimental
conditions of the GC/MS system were as follows: Agilent19091S
capillary column, dimension: 30 m x 250 um x 0.25 um. The mobile phase
flow (carrier gas: He) was adjusted to 1.2 mL-min™. The GC temperature
program was 85.0 °C at 4.0 minutes to 290.0 °C at a rate of 40 °C-min!
(maintained for 1.0 min) and up to 300.0 °C at a rate of 5.0 °C'min!
(maintained for 15 min). The injector temperature was 280.0 °C, sample
injection volume 1L, split ratio 1:20. The MS transfer line temperature
was set to 150.0 °C and the source of ions temperature was set at 230.0
°C. For GC-MS detection, an electron ionization system was used with
ionization energy set at 70 eV, and mass range at m.z"* 40-500. The
chemical components present in the extracts were identified by
comparison with the equipment library (Agilent P/N G1033A). The
relative amounts of each individual component were calculated using
their respective peak areas in the chromatogram. For the B-sitosterol
guantification, the calibration curves were prepared by serial dilutions at
concentration range of 0.35 to 1.75 mg-mL™. Quantifications were
performed by integrating the compound peak area. The calibration curve
equation was obtained: y = 58,212,297.15x — 2,382,298.65 (R2 = 0.9968).

5.3 Results and discussion

5.3.1 Results of extractions and chemical profile of extracts

Among the solvents employed for bioactive compounds extraction
from P. bipinnatifidum stems, ethanol extraction produced a significantly
higher yield, resulting in 13.08%. At the same time, yield of 10.34% was
obtained for leaves extraction with the same solvent. Otherwise, for the
solvents ethyl acetate and petroleum ether, the yield was 1.08% and
0.93%, respectively. This is probably due to the difference in polarity
among solvents; ethanol is a solvent of medium polarity, and thus can
solubilize a greater quantity of compounds, both polar and nonpolar. In
an extraction using a nonpolar solvent, as ethyl acetate and petroleum
ether, the compounds with high polarity are not well dissolved in the
solvent, and the extraction efficiency is lower.
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Inspection of phytochemical compounds profile allowed identifying
the presence of terpenoids, sterols, flavonoids and alkaloids in all extracts
of P. bipinnatifidum. It can be observed from Table 5.2 that almost all
compounds extracted from stems with ethyl acetate were identified
(92.83%) by the GC/MS, while about 75.31% were identified for leaves
ethanol extract, 74.82% for stems petroleum ether and 62.68% for stems
ethanol extract.

Among the compounds identified, some of them are common for all
extracts, as the phytol acetate, palmitic acid, phytol and B-sitosterol. The
last one is present in greater percentage in all the stems extracts and is
related to many pharmacological actions. It is reported that B-sitosterol
have antidiabetic and antioxidant potential (Gupta et al., 2011), anti-
inflammatory (Paniagua-Pérez et al., 2016), antibacterial (Ododo et al.,
2016) and antifungal (Mbambo et al., 2012) properties. According to (Bin
Sayeed and Ameen, 2015), B-sitosterol is a plant derived nutrient with
anticancer properties against breast cancer, prostate cancer, colon cancer,
lung cancer, stomach cancer, ovarian cancer, and leukemia. Studies have
shown that the compound interfere with multiple cell signaling pathways,
including cell cycle, apoptosis, proliferation, survival, invasion,
angiogenesis, metastasis and inflammation. Besides the highest
percentage of -sitosterol, the extract obtained from ethyl acetate solvent
also presented other sterols, such as stigmasterol and campesterol,
compounds that also have proven pharmacological activities.

The quantification of B-sitosterol was performed for all extracts,
resulting in 133.04 mg of B-sitosterol per g of extract for ethyl acetate,
92.30 mg-g* for petroleum ether, 13.14 and 17.00 mg-g™* for stems and
leaves with ethanol, respectively. These results also show that a higher
overall extraction yield is not directly related to the higher concentration
of active compounds, since the extracts obtained with apolar solvents
resulted in a higher concentration of B-sitosterol than the extracts obtained
with ethanol. Due to this, the extract obtained with ethyl acetate was the
most interesting to be used in the encapsulation in PHBV through SEDS
technique.
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5.3.2 Encapsulation of P. bipinnatifidum ethyl acetate extract in PHBV
by SEDS technique

The morphology of the encapsulated particles, characterized by
scanning electronic microscopy, is shown in Figure 5.1. It can be
observed that particles obtained in all the experimental runs presented
mostly spherical morphology, except for experimental condition 1 (35.0
°C and 5.0 mg-mL1), which presented agglomerated particle formation
with irregular shapes. Morphology and average particle size are factors
that directly influence in the particles application, affecting
physicochemical properties such as dissolution rate, stability and active
principle release. From the industrial point of view, the spherical
morphology is generally the most interesting, since it exhibits higher
surface contact area and, consequently, higher mass transfer in the
system.

Regarding to the average particle size, all experimental conditions
resulted in submicrometer particles (size between 0.1 and 1.0 pm),
according to the classification cited by Silva et al. (2014), as shown in
Table 5.3. Similar results were obtained by (Dal Magro et al., 2017) in
the encapsulation of resveratrol in PHBV by the same technique.
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Figure 5.1. SEM images of the P. bipinnatifum extract encapsulated in PHBV by

SEDS technique. Experimental conditions: 1: 35 °C and 5.0 mg-mL! of extract;

2:35°C and 20.0 mg'mL™; 3: 40 °C and 5.0 mg'mL; 4: 40 °C and 20.0 mg-mL

15,6 and 7: 37.5 °C and 12.5 mg-mL. All runs were performed with 20.0
8.0 MPa.
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The lowest mean particle size value was recorded in the assay
with the highest extract concentration and lowest temperature (20.0
mg-mL? and 35.0 °C), with a value of 0.622 + 0.232 um. On the other
hand, the highest value was recorded for the assay with lower extract
concentration and higher temperature, resulting in 0.971 + 0.290 pum.
These results indicate that increasing temperature leads to an increase in
the average particle size and, as the extract concentration increases, size
decreases. This behavior can be confirmed analyzing the response surface
of the variables temperature and extract concentration on the particle size,
shown in Figure 5.2. One-way analysis of variance (ANOVA, P<0.05)
indicated that both extract concentration and temperature had a significant
influence on mean particle size, with p-value equal to 0.0425 and 0.0337
for extract concentration and temperature, respectively.



135

Figure 5.2. Response surface of temperature versus extract concentration to mean
particle size.
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Table 5.3 also presents the percentage of encapsulation and
encapsulation efficiency achieved in the SEDS process. The highest
encapsulation efficiency was obtained in the run with the highest extract
concentration and lower temperature (20 mg-mL* and 35 °C), followed
by the run with the highest extract concentration and higher temperature
(20 mg-mL-*and 40 ° C), that is, when a 1:1 extract-PHBV ratio was used.
Similar results were reported by (Boschetto et al., 2013) for grape seed
extract encapsulation in PHBV and by (Priamo et al., 2010), who
observed that increasing B-carotene concentration and maintaining fixed
PHBV concentration, higher percentage of solute was encapsulated,
increasing SEDS process efficiency.

According to one-way ANOVA, only the extract concentration had a
significant effect on the encapsulation efficiency (P = 0.0291). Figure 5.3
shows the response surface of the effects of temperature and extract
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concentration on this parameter. The fact that temperature has not
influenced significantly the process efficiency is an interesting result,
since it becomes possible to work at the lowest level of temperature,
reducing the risk of bioactive compounds degradation. In addition to that,
employing lower temperatures implies in lower cost of system operation.

Figure 5.3. Response surface of temperature versus extract concentration to
encapsulation efficiency.
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Therefore, it can be stated that the best condition for P. bipinnatifidum
extract encapsulation is run 2 (35 °C and 20 mg-mL!), when working at
the highest level of extract concentration, or a 1:1 ratio of extract-PHBV,
and lower temperature level.

For the release experiments, run 2 were employed due to greater
encapsulation efficiency exhibited. Fig. 5.4 shows the time evolution of
release percentage in PBS pH 6.8 and HCI 0.1 M, from 0 to 168 h.
Different release profiles were observed for the different media, which
means that the pH of the medium did affect the release of extract. A burst
release can be seen in the first 24 h for the PBS medium and then the
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increase increased at a lower rate. However, in HCI medium the release
profile more slowly, releasing only after the first 24 hours, reaching a
release of around 10% from 96 to 168 h, while for the PBS medium
release was 82% at 96 h and reached 90% in 168 h. According Dal Magro
et al. (2017), the burst release enables the achievement of the effective
concentration of compound rapidly in plasma, while the controlled release
allows maintaining this concentration for a long time. The poor
bioavailability of some compounds due to its fast metabolism and
elimination could be partially avoided by this process, extending its
biological in vivo half-time.

Figure 5.4. In vitro release profiles in 0.25 mol.L™* HCI () and PBS pH 6.8 (m)
of particles obtained in the co-precipitation run 2.
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To verify the possible occurrence of bioactive compounds degradation
due to the supercritical process, encapsulated particles were submitted to
GC/MS analysis. Figure 5.5 shows the chromatograms of P.
bipinnatifidum extract obtained with ethyl acetate (Figure 5.5-A) and the
particles obtained in run 2 (35 °C and 20 mg-mL) (Figure 5.5-B).


https://www.sciencedirect.com/topics/chemistry/coprecipitation
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Figure 5.5. Chromatograms by GC/MS. A: Ethyl acetate extract and B: Particles
of run 2 (35 °C and 20 mg-mL™). 1: a-resorcinol; 2: phytol acetate; 3: 3,7,11,15-
tetramethyl-2-hexadecen-1-ol; 4: palmitic acid; 5: phytol; 6: linoleic acid; 7:
acetate of 7-metil-Z-tetradecen-1-ol; 9: a-glyceryl linoleate; 10: heptacosane; 11:
ingol 12-acetate; 12: nonacosane; 13: dl-a-tocopherol; 15: D-asarinin; 16:
campesterol; 17: stigmasterol; 18: B-sitosterol; 19: cyclerenol acetate; 20: betulin;
21: 5-nanalol; 22: Palmitic acid methyl ester; 23: 8,11-octadecadienoic acid
methyl ester.
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Comparing them, it is possible to imply that major compounds of P.
bipinnatifidum extract were not degraded after co-precipitation process,
with presence of phytosterols B-sitosterol, campesterol and stigmasterol.
The chromatogram of encapsulated particles also showed some fatty acids
that were not previously present in the extract, like the palmitic acid,
methyl ester and 8,11-octadecadienoic acid, methyl ester, possibly due to
the occurrence of some fatty acids esterification during the SEDS process.
This result demonstrates that the co-precipitation process by SEDS
technique must be used with caution for samples that have fatty acids in
their composition.
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Quantification of B-sitosterol in some experimental conditions was
also performed and the results are shown in Table 5.4. The particles with
best encapsulation efficiency and lower particle size (run 2) presented
180.45 mg of B-sitosterol per g of extract, run 6 (central point) presented
133.36 mg-g't and run 1, the lower encapsulation efficiency, only 119.40
mg-g*. Comparing the amount of B-sitosterol in run 2 with the compound
in the original extract, the concentration increased from 133.04 mg-g* to
180.45 mg-g%, an increase of around 35%. This result suggests that the
encapsulation process resulted in the purification of the extract, increasing
the concentration of the active compound [-sitosterol. According to
(Freiberger et al., 2015), volatile compounds may reduce their
concentration in the capsules because of their high volatility. Compounds
that presented high CO; affinity may also have been partially lost during
SEDS process, having migrated to soluble phase and being dragged out
of the precipitation camera.

Table 5.4. B-sitosterol quantification in P. bipinnatifidum extract
obtained with ethyl acetate (EA extract) and capsules of run 1 (35 °C;
5.0 mg'mL™), Run 2 (35 °C; 20.0 mg-mL™?) and Run 6 (37.5 °C; 12.5
mg-mL™Y).

Concentration Concentration
(mg-g* of particles) (mg-g* of extract) *
EA - 133.04
Extract
Runl 19.91 119.40
Run 2 99.52 180.45
Run 6 88.27 133.36

* calculated as concentration (mg-g™* of particles)x100/PE.
5.4 Conclusions

P. bipinnatifidum extract encapsulation in PHBV by SEDS technique
resulted in high encapsulation efficiency (89.56%) using the highest
extract concentration (20.0 mg-mL?) and lower temperature (35 °C).
Under these conditions, the lowest mean particle size was also observed,
resulting in 0.622 £ 0.232 pum, with a coefficient of variation of 37.34%.
Most of the runs resulted in particles with spherical morphology. The
encapsulation process can be considered promising since it caused few
changes in the extract chemical composition, maintaining its main
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constituents, and even increasing the concentration of the main compound
identified, the B-sitosterol.
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CAPITULO 6

CONCLUSOES

Os estudos realizados nessa tese sobre as atividades biolégicas
de P. bipinnatifidum comprovaram a utilizacéo dessa espécie ha medicina
popular para o tratamento de algumas doencas, principalmente as
associadas a dor e a inflamacdo. Basicamente, este trabalho teve como
objetivo investigar as agfes farmacoldgicas dos extratos de P.
bipinnatifidum e propor um método de encapsulagdo. Resultados
interessantes foram obtidos, sendo os principais descritos a seguir.

Os extratos com solvente etanol e acetato de etila dos talos de P.
bipinnatifidum resultaram em elevada atividade antioxidante, com ICso de
27,11 e 59,43 pg.mL, respectivamente, sendo o extrato de acetato de
etila nas concentragdes de 80,0 e 160,0 ug.mL"* comparavel com o padréo
acido ascorbico em relagdo ao percentual de inibicdo do radical DPPH.
Resultado semelhante foi obtido na andlise antioxidante pelo método
FRAP.

A atividade antimicrobiana de extratos de P. bipinnatifidum
contra S. pyogenes foi alta para o extrato de acetato de etila (MIC 3,6
mg.mL1) e baixa para o extrato de etanol. Para os microrganismos de E.
faecalis e Listeria monocytogenes, apenas o extrato de acetato de etila
resultou em atividade antimicrobiana, com MIC de 10,0 mg.mL™ para
ambos os microrganismos. N&o houve atividade contra P. aeruginosa
para ambos os extratos.

Estes resultados estdo diretamente relacionados a composicao
quimica dos diferentes extratos, onde compostos que contribuem para as
atividades antimicrobiana e antioxidante estdo presentes em maiores
guantidades no extrato de acetato de etila, como os flavonoides
Quercetina, luteolina e apigenina, e os fitoesterdis [-sitosterol,
estigmasterol e campesterol.

Nos testes in vivo, 0 extrato de acetato de etila a 500 mg.kg?
apresentou atividade antinociceptiva significativa nos testes de
contor¢Bes abdominais induzidas por &cido acético e formalina (em
ambas as fases do teste). O extrato na mesma concentragdo também
reduziu o edema da pata induzido por carragenina até 6 horas apds
administracdo, demonstrando significativa atividade anti-inflamatéria. Os
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receptores opidides mediaram o efeito antinociceptivo do extrato e seu
efeito anti-inflamatdrio esta relacionado com a inibicdo do estresse
oxidativo. Os efeitos antinociceptivo e anti-inflamatério do extrato,
provavelmente, estdo relacionados a presenga do composto B-sitosterol,
considerando que este composto estd em consideravel concentracdo no
extrato e ja possui atividade antinociceptiva e anti-inflamatéria
comprovadas. No teste do campo aberto, o extrato a 500 mg.kg™* ndo
causou alteracdes na locomocdo espontanea dos animais. Por fim, a
administracdo aguda do extrato a 2000 mg.kg™ ndo causou mortalidade
em camundongos, 0 que demonstra que esse extrato é desprovido de
toxicidade aguda.

Os ensaios de encapsulamento do extrato de acetato de etila pela
técnica SEDS resultaram em maior eficiéncia de encapsulamento
(89,56%) utilizando 20 mg.mL* de concentracédo de extrato (relagdo 1:1
extrato e PHBV) e temperatura de 35 °C. Nessas condi¢Oes também foi
verificado o menor tamanho médio de particulas, resultando em 0,622 +
0,232 um, com coeficiente de variagcdo de 37,34%. A maioria dos ensaios
resultaram em particulas com morfologia esférica. A analise
cromatografica das particulas obtidas demonstrou que 0 processo
provocou pequena variagdo na composicao quimica do extrato, mantendo
seus principais constituintes, como o0s fitoesterdis, campesterol,
estigmasterol e B-sitosterol. Para o fitoesterol p-sitosterol, houve aumento
em torno de 35% em sua concentragdo no extrato apds o processo de
encapsulacdo, sendo este um resultado bastante interessante,
considerando as ac¢fes farmacoldgicas ja relatadas cientificamente desse
composto.



