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RESUMO

Plantas do género Hypericum (Hypericaceae) sédo reconhecidas fontes de
moléculas com fins terapéuticos. Para espécies nativas do sul do Brasil, atividades
como antifungica e antinociceptiva ja foram relatadas, atribuidas principalmente a
compostos extraidos em suas fracfes lipofilicas como derivados de floroglucinol,
benzopiranos e benzofenonas. Neste estudo, o potencial sinérgico entre fracfes
lipofilicas de H. carinatum e o farmaco fluconazol, frente a fungos leveduriformes
emergentes, foi avaliado por duas metodologias distintas: checkerboard e
isobolograma. Para isolados de Candida krusei e C. famata o efeito da associagao foi
superior ao do farmaco isolado. Dessa forma, o perfil de suscetibilidade observado
sugere que a fracdo esteja auxiliando a acao do farmaco. Ainda abordando o potencial
terapéutico de espécies de Hypericum, a investigagcéo da atividade antinociceptiva (via
oral) do benzopirano HP1 de H. polyanthemum, quando incorporado em
nanoemulsdes, foi avaliada. Os resultados demonstraram que HP1 pode ser
adequadamente incorporado em nanoemulsdes, dada sua solubilidade no nucleo
oleoso. Em relacdo ao efeito antinociceptivo, nanoemulsdes contendo HP1
demonstraram o mesmo efeito do composto livre, em magnitude, porém em dose
inferior. A reducado da dose ativa sugere que uma melhor solubilizacdo do composto
possa ter ocorrido quando o mesmo esta inserido em nanoemulsdes. Nesse contexto,
estudos de permeabilidade intestinal ex vivo (Ussing chambers) de HP1, na sua forma
livre e incorporado em nanoemulsdes, foram realizados. Os resultados demonstraram
gue a permeabilidade intestinal do benzopirano HP1, quando incorporado em
nanoemulsdes, foi cerca de 4 vezes maior em relacdo a forma livre. Além disso,
experimentos de lipdlise in vitro mostraram que enzimas presentes no trato
gastrointestinal sdo habeis em hidrolisar nanoemulsfes a espécies coloidais, mais
soluveis e facilmente absorviveis pelas células intestinais. Ainda, a permeabilidade
intestinal do benzopirano HP1, na sua forma livre, no sentido absortivo foi maior que
no sentido secretorio indicando que transportadores ativos estdo, ao menos em parte,
auxiliando a absorcdo deste composto pelas células intestinais. Dessa forma, com
vistas a elucidar o provavel transportador ativo de HP1, dada a semelhanca estrutural
deste benzopirano com moléculas canabinoides e a relacdo existente entre os

sistemas opioide e canabinoide, a influéncia deste ultimo na absor¢cdo de HP1 foi



investigada. Os resultados demonstraram que o benzopirano HP1 pode estar
relacionado ao sistema canabinoide, mas a natureza dessa ligagdo, seja de
transporte, agonismo/antagonismo ou fisico-quimica, ndo foi possivel de ser
elucidada. Os resultados obtidos nesta tese séo relevantes a medida que espécies de
fungos leveduriformes emergentes se mostram cada vez mais resistentes aos
farmacos comumente utilizados. Além disso, a importancia destes resultados se da
pela viabilidade de incorporacdo do benzopirano HP1 em nanoemulsbes e a
capacidade desses sistemas em reduzir a dose ativa no benzopirano HP1 por uma
maior solubilizagdo do composto e assim, melhor absor¢cdo. Dessa maneira, 0s
resultados deste trabalho representam o alto potencial bioldégico de espécies de
Hypericum e abrem possibilidade para mais estudos utilizando estas plantas.

Palavras-chave: absorcdo, antifungico, antinociceptivo, HP1, Hypericum,

nanoemulsdo, permeabilidade intestinal, sinergismo.



ABSTRACT

Potentiation of action of lipophilic products from Hypericum species native to
south Brazil. Plants from genus Hypericum (Hypericaceae) are recognized as a
source of therapeutical agents. To south Brazil species, acitivities like antifungal and
antinociceptive had already been demonstrated, attributed mainly to compounds from
lipophilic fractions as phloroglucinol derivatives, benzophenones and benzopyrans. In
this study, antifungal potential of lipophilic fractions of H. carinatum and fluconazole
against emerging yeasts was evaluated by two methodologies for multiple dose-
response analyzes: checkerboard and isobologram. To Candida krusei and C. famata
isolates the effect of association was higher than the effect of fluconazole alone. Thus,
the susceptibility profile observed for these species suggests that, somehow, the
fractions are facilitating the action of drug. Still on therapeutical potential of Hypericum
species, the antinociceptive study of a benzopyran (HP1l) isolated from H.
polyanthemum, incorporate in nanoemulsions, was evaluated. The results
demonstrated that HP1 could be incorporated in a nanoemulsion system, given the
high solubility in the oil core. Regarding the antinociceptive effect, HP1 loaded in
nanoemulsions showed the same effect of free form, in magnitude, at lower doses.
These results suggest a better solubilization of HP1 when loaded in nanoemulsions,
and, thus, better absorption by organism. In this context, ex vivo intestinal permeability
studies (Ussing chambers) of HP1 free form and loaded in nanoemulsions were
performed. The results showed that the intestinal permeability of HP1 loaded in
nanoemulsions were about 4 times higher than HP1 free form. Besides, the intestinal
permeability of HP1 free form in absorptive direction was higher than secretory
direction indicating that active transporters are, at least in part, involved in HP1
intestinal absorption. Thus, in order to elucidate the probable active transporter of HP1
and since its structure looks like a cannabinoid molecule and there is a relation
between the opioid and cannabinoid pathways, the influence of intestinal cannabinoid
system in HP1 absorption was investigated. The results indicated that the benzopyran
HP1 may be related to cannabinoid system, but the nature of this interaction: transport,
agonism/antagonism or physico-chemical is still unknown. The outcomes obtained are
relevant since the resistance of emerging yeast species to available drugs, used for a
variety of fungal infections, is increasing. The importance of these findings lies also in
the feasibility of incorporating HP1 into nanoemulsions, and the capacity of these
systems in reduce the antinociceptive active doses, by higher solubilization, and thus,



absorption. Then, together the results represent the high biological potential of
Hypericum species and open new possibilities to further studies with these plants.

Keywords: absorption, antifungal, antinociceptive, HP1, Hypericum, nanoemulsion,
intestinal permeability, sinergism.
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Produtos naturais sdo uma importante fonte de novos protétipos para o
desenvolvimento de farmacos. Alguns estudos indicam que de 1981 a 2014, parte
significativa dos medicamentos aprovados pela agéncia regulatéria norte americana
(Food and Drug Administration - FDA) eram derivados de produtos naturais (BUTLER,
2008; CRAGG e NEWMANN, 2016), demonstrando que, apesar dos processos atuais
serem direcionados a farmacos sintéticos, aqueles de origem natural ainda séo

fundamentais dada sua elevada diversidade quimica.

Hypericaceae € uma extensa familia botanica, na qual 80% de sua diversidade
se deve ao género Hypericum, com cerca de 500 espécies apresentando constituintes
guimicos com atividades biol6gicas diferenciadas (CROCKETT e ROBSON, 2011). A
espécie mais estudada, H. perforatum nativa da Europa, € comercializada na forma
de extrato padronizado para o tratamento de depresséo leve a moderada (MULLER,
2005).

Evidéncias cientificas apontam para resultados biologicos relevantes
envolvendo extratos e substancias isoladas de espécies de Hypericum nativas do Rio
Grande do Sul. Dentre estas podemos citar atividades antifungica (BARROS et al.,
2013) e antinociceptiva (VIANA et al., 2003; HAAS et al., 2010; STOLZ et al., 2012)
gue foram observadas para espécies com forte tendéncia em acumular compostos
fendlicos como flavonoides (DALL"AGNOL et al., 2003), derivados de floroglucinois
(ROCHA et al.,1995; FERRAZ et al., 2002; NOR et al., 2004), xantonas (ROCHA et

al., 1994), entre outros.

BARROS e colaboradores (2013) avaliaram o efeito antifingico de fracGes
lipofilicas, ricas em derivados de floroglucinol diméricos, de cinco espécies de
Hypericum nativas do Rio Grande do Sul: Hypericum carinatum, H. caprifoliatum, H.
linoides, H. polyanthemum e H. myrianthum. Os resultados deste trabalho foram
bastante promissores principalmente para H. carinatum, com indicios de que os
derivados diméricos de floroglucindis e benzofenonas sejam os responséaveis pela
atividade antifingica apresentada. Dessa forma, o presente estudo se direciona a

estudos de associacao desta fracdo com o farmaco fluconazol.

Esses estudos séo justificaveis a medida que uma gama de fungos, antes nao
patogénicos, sdo responsaveis por causar uma série de doengas em humanos, as
chamadas infec¢fes oportunistas. Esses fungos denominados emergentes acometem
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em maior proporgdo, pacientes imunossuprimidos (GULLO, 2009). Visto que a
patogenicidade dos mesmos ainda é desconhecida, a suscetibilidade a agentes
antifingicos é muito variada, fazendo com que novas alternativas de combate a esses
micro-organismos sejam necessarias (CHEN et al., 2010).

Ainda em relacdo a espécies de Hypericum nativas do Rio Grande do Sul, h&a
um crescente interesse no estudo de fracdes lipofilicas e metabdlitos provenientes das
mesmas, em especial H. polyanthemum, acerca de efeitos sobre o sistema nervoso
central. Os primeiros estudos sobre atividade antinociceptiva (VIANA et al., 2003) das
espécies nativas comecaram ha cerca de duas décadas. Os resultados bastante
relevantes deram origem a uma série de trabalhos, tanto com fracdes quanto com
produtos isolados (HAAS et al., 2010; STOLZ et al., 2012; 2014).

Estima-se que aproximadamente 20% da populacdo europeia e 31% da norte-
americana, em especial mulheres e idosos, sofram de dor (van HECKE et al., 2013).
No Brasil, ndo existem dados concretos sobre a epidemiologia da dor, porém eles se
direcionam a seguir a tendéncia mundial fazendo com que o estudo de novas
alternativas terapéuticas contra esse sintoma, que muitas vezes pode ser
caracterizado como doenca propriamente dita, seja de suma importancia. Dessa
forma, visto que a dor possui uma natureza pluridimensional, o uso de medicamentos
analgésicos com mecanismos de acao distintos, se faz cada vez mais necessario
(SBED, 2012).

Em 2010, HAAS e colaboradores evidenciaram acdo antinociceptiva
pronunciada de um dos principais metabdlitos presentes em H. polyathemum, o
benzopirano HP1l. Apesar desta atividade ser bastante importante, a baixa
solubilidade do metabdlito em agua impede que estudos mais aprofundados sobre
essa acao sejam realizados. Além disso, a absorcéo oral de compostos lipofilicos é
extremamente influenciada pela solubilidade em agua e taxa intrinseca de dissolucao
(massa do composto dissolvida por unidade de tempo e volume) que irdo determinar
baixa permeabilidade intestinal e, em ultima analise, baixa biodisponibilidade (DESAI
et al, 2012). Assim, a incorporacdo em sistemas nanoestruturados surge como uma
importante ferramenta para contornar a problematica da solubilidade e avaliar a acéo
deste benzopirano em modelos de antinocicepcéao.

Entre os sistemas nanoestruturados destacam-se sistemas de liberagcao
lipidicos que englobam combinagfes de lipideos naturais com surfactantes, co-
surfactantes e co-solventes (PORTER et al., 2007). Compostos lipofilicos apresentam
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taxa de dissolucéo limitada, o que determina baixa permeacao através da membrana
do epitélio intestinal. Sendo assim, a incorporacdo dos mesmos em sistemas de
liberacéo lipidicos faz com que a fase de dissolucao ndo seja necessaria visto que 0s
compostos estdao apresentados na forma de uma fase coloidal dispersa
(CHAKRABORTY et al., 2009). Além disso, a digestao lipidica da formulagdo aumenta
a dispersdo da molécula aumentando assim a absorcdo intestinal (NARANG et al.,
2007).

Dessa forma, a incorporacao de compostos lipofilicos em sistemas de liberacao
lipidicos, como nanoemulsdes trigliceridicas, é benéfica para o aumento da absorcao
intestinal de moléculas lipofilicas como o benzopirano HP1.






2 OBJETIVOS
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2.1 Objetivo Geral

Avaliar o potencial sinérgico entre a fragéo lipofilica de H. carinatum com o
farmaco fluconazol contra fungos leveduriformes emergentes. Além disso, incorporar
0 benzopirano HP1, de H. polyanthemum, em nanoemulsdes a fim de verificar a
influéncia da formulagdo na sua acao antinociceptiva por via oral. Por fim, avaliar a
permeabilidade intestinal do benzopirano HP1 na sua forma livre e incorporado em

nanoemulsdes para elucidar os possiveis mecanismos de absor¢ao intestinal.

2.2 Objetivos Especificos

Capitulo 1

v' Avaliar a capacidade de sinergismo da fracao lipofilica em estudo associada ao
farmaco mais utilizado no combate de fungos leveduriformes, fluconazol, por
duas metodologias:

- Checkerboard;

- Analise Isobolar.

Capitulo 2

v Isolar o benzopirano HP1 de Hypericum polyanthemum;

v' Desenvolver e caracterizar nanoemulsdes contendo HP1 pelo método da
emulsificacdo espontanea;

v' Avaliar o efeito antinociceptivo de HP1 livre e contido em nanoemulsées pelo
teste da placa aquecida;

v Verificar possivel dano motor, nas doses ativas, de HP1 livre e contido em

nanoemulsdes pelo teste do rota-rod;
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Capitulo 3

Avaliar a permeabilidade intestinal de HP1 livre e incorporado em
nanoemulsdes pelo modelo de camaras de Ussing (ex vivo);

Verificar o possivel envolvimento de transportadores ativos na permeabilidade
intestinal de HP1 pelo modelo de camaras de Ussing (ex vivo);

Verificar o comportamento de nanoemulsdes contendo HP1 frente a enzimas
pelo método da lipdlise in vitro;

Verificar a influéncia da camada mucosa que envolve as células intestinais na
absorcédo de HP1, livre e incorporado em nanoemulsdes, pelo método da bio-

mucoadesao ex Vvivo.



3 Capitulo 1- Avaliacéo da atividade antifungica da fracéao lipofilica
de Hypericum carinatum e estudos de associagcao desta fracao com

fluconazol

Os resultados apresentados neste capitulo foram obtidos nos Laboratoérios de
Farmacognosia e de Pesquisa em Microbiologia Aplicada sob orientacdo dos
professores Dr. Gilsane von Poser e Dr. Alexandre Meneghello Fuentefria,

respectivamente.
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Desde o inicio dos anos 80, infec¢Bes fungicas tém chamado atencdo devido
ao alto numero de pacientes afetados, principalmente aqueles com o sistema
imunoldgico comprometido (GULLO, 2009; SILVA et al., 2012). Além disso, muitos
fungos que antes ndo causavam morbidade e mortalidade passaram a ser
extremamente patogénicos e as infeccdes causadas pelos mesmos foram
denominadas de oportunistas. Nessa gama de micro-organismos oportunistas
destacam-se espécies de Candida, Aspergillus e Cryptococcus (NUCCI e MARR,
2005; CDC, 2010; BYRNES et al., 2011; PFALLER et al., 2012).

A terapéutica contra as infeccdes oportunistas é baseada em farmacos
derivados de azois (ex.: fluconazol, voriconazol) e no derivado poliénico anfotericina
B (BARKER et al.,, 2004; PFALLER et al., 2010; 2014). Quando introduzidos no
mercado, estes compostos mostraram alta eficacia como agentes antifingicos
(LEWIS, 2011), porém a constante evolugdo dos micro-organismos, O USO
indiscriminado dos agentes antifungicos e os efeitos adversos severos levam a
necessidade constante de introduzir novos farmacos no mercado e/ou promover a
associacao de novas substancias com farmacos ja existentes a fim de obter maior

eficacia e menores efeitos adversos.

O género Hypericum engloba varias espécies utilizadas na medicina tradicional
(BUSSMANN et al, 2010; van VURREN e NAIDO, 2010) e reconhecidas por
apresentarem uma série de atividades biol6gicas. Dentre estas, podemos citar
atividades antifangica (BARROS et al.,, 2013; DULGER e DULGER, 2014),
antibacteriana (DALL"AGNOL et al., 2003) e antitumoral (JAYASURIYA et al., 1989).

Dessa forma, com base em relatos de atividade antifingica do género
Hypericum e na necessidade de introduzir alternativas para o tratamento de infeccdes
oportunistas, o presente estudo objetivou avaliar o sinergismo da fracéo lipofilica de

H. carinatum com o farmaco fluconazol frente a fungos leveduriformes emergentes.

3.1 O género Hypericum

Hypericaceae é uma extensa familia botanica que compreende nove géneros:
Cratoxylum Blume, Eliea Cambess., Harungana Lamarck, Hypericum L., Lianthus N.

Robson, Santomasia N.Robson, Thornea Breedlove & McClintock, Triadenum
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Rafinesque, e Vismia Vand. Dentre estes, o que apresenta maior diversidade é o
género Hypericum (CROCKETT e ROBSON, 2011) que compreende Varias espécies
utilizadas na medicina tradicional, incluindo a espécie mais estudada atualmente, H.

perforatum L., proveniente da Europa.

Estudos demonstram que extratos de espeécies brasileiras de Hypericum
apresentam atividade antifangica principalmente em suas fracoes lipofilicas (FENNER
et al., 2005; BARROS et al., 2013). Essas espécies sdo ricas em floroglucinéis
diméricos (uliginosina B, hiperbrasilol B e japonicina A), considerados marcadores
taxondmicos das que s&o encontradas no do sul do Brasil (FERRAZ et al., 2002; NOR
et al., 2004), bem como apresentam outros metabdlitos com padrdo estrutural de
floroglucindis como as benzofenonas (von POSER et al., 2006). Assim, neste estudo
foi escolhida a fracdo lipofilica de H. carinatum (Figura 3.1) em continuagdo ao
trabalho desenvolvido por BARROS e colaboradores (2013).

Sérgio Bordignon|

Figura 3.1 Hypericum carinatum Griseb.

3.2 Fungos leveduriformes emergentes

Os fungos leveduriformes emergentes se tornaram relevantes ha
aproximadamente duas décadas com o aumento do nimero de casos da Sindrome
da Imunodeficiéncia Adquirida (SIDA), utilizacéo indiscriminada de antimicrobianos de
amplo espectro, quimioterapia citotoxica e elevado nimero de transplantes (SILVA et
al., 2010; PFALLER et al., 2012). Outros fatores que contribuiram para o aumento das

infecgbes causadas por fungos emergentes foram enfermidades que debilitam o
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sistema imune de pacientes levando a ruptura das barreiras mucosas e cutaneas,
defeitos no nimero e na fung¢do dos neutrdéfilos e na imunidade celular ocasionando

assim, disfuncdes metabodlicas (SEGAL et al., 2006).

Entre as espécies emergentes, destacam-se as do género Candida. Candida
albicans é a espécie predominante em infec¢fes invasivas (RUHNKE, 2006; HORN
et al., 2009; PFALLER et al.,, 2012). No entanto, dados epidemioldgicos tém
demonstrado um aumento em infeccBes por espécies de Candida ndo-albicans e
outras espécies de fungos leveduriformes menos comuns. As espécies mais
comumente encontradas em infec¢des, apds C. albicans, sdo C. glabrata, C.
parapsilosis, C. tropicalis e C. krusei (MICELI et al., 2010; LOCKHART et al., 2012;
GUINEA, 2006), chamando atenc&o o alto niumero de infeccdes por C. glabrata nos
Estados Unidos da América e em paises da Europa. Porém, dados de outros paises
como Brasil, demonstram que infec¢des por C. glabrata ndo sao tdo comuns, como

aquelas provocadas por C. tropicalis e C. parapsilosis (COLOMBO et al., 2006).

As espécies do género Candida sédo geralmente encontradas como comensais
nos tratos gastrointestinal e genital de pacientes sadios, todavia se tornam potenciais
patdgenos em pacientes debilitados causando infec¢cdes superficiais e sistémicas
(MICELI et al., 2011). As principais razdes da viruléncia desses micro-organismos sao
a versatilidade na adaptacéo a varios habitats diferentes e a formacao de biofilmes,
0S quais aumentam a capacidade de aderéncia a superficies facilitando as infec¢des
(RAMAGE et al., 2005).

3.3 Terapéutica contra fungos leveduriformes emergentes

Aresisténcia de espécies de Candida ndo-albicans € um dos principais desafios
na terapéutica, uma vez que a maioria das espécies oportunistas se mostra menos

suscetivel aos farmacos comumente utilizados (Quadro 3.1).
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Quadro 3.1 Suscetibilidade de algumas espécies de Candida nédo-albicans a

farmacos azdlicos utilizados na terapéutica*

Azbis
Espécie

Fluconazol Voriconazol
C. glabrata Suscetivel (dose Suscetivel (dose
dependente) a dependente) a

resistente resistente

C. tropicalis Suscetivel Suscetivel

C. parapsilosis Suscetivel Suscetivel
Suscetivel (dose
C. krusei Resistente dependente) a

resistente

*Adaptada de Miceli e colaboradores, 2010.

O conceito de suscetivel ou resistente a certos farmacos é relativo, devido a
constante modificagcdo que esses micro-organismos sofrem a fim de se adaptar no
combate a esses farmacos. Neste trabalho foram utilizados os breakpoints para testes
in vitro descritos no documento M27-S4 da CLSI (Clinical and Laboratory Standard

Institute, EUA), 2012. Esses valores estdo apresentados no quadro 3.2.
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Quadro 3.2 Breakpoints para espécies de Candida frente ao fluconazol de
acordo com a CLSI, 2012.

Espécie Fluconazol (CIM)E

S SDD R

C. albicans <2 4 =8
C. tropicalis <2 4 >8
C. glabrata - <32 =64
C. parapsilosis <2 4 =2
C. krusei R R R
C. famata* 0,5 - =8

£S: Sensivel, SDD: Sensibilidade Dose Dependente, R: Resistente. Concentracdo Inibitoria
Minima (CIM) em pg/mL. *N&o consta na CLSI, porém ha relatos na EUCAST (European Comittee on
Antimicrobial Susceptibility Test), pelo método preconizado na CLSI, que esses valores de CIM

procedem para 16 isolados avaliados.

A terapéutica utilizada contra espécies de Candida segue a cronologia de

acordo com a evolucao das pesquisas e dos proprios micro-organismos.

Desde sua introducdo, em 1958, a anfotericina B tem sido utilizada como
tratamento padrdo para doencas fungicas sistémicas, porém seus efeitos adversos
acentuados e a nefrotoxicidade relacionada a dose fizeram com que novas
alternativas fossem necessérias objetivando os mesmos efeitos com menores relatos
de toxicidade (LEWIS, 2011).

Os primeiros farmacos azodlicos introduzidos no mercado (miconazol e
cetoconazol) ndo se mostraram ideais por sua baixa biodisponibilidade e alta
toxicidade oral. No entanto com a introducéo do fluconazol esses problemas foram,
em parte, resolvidos, pois 0 mesmo apresentou excelente biodisponibilidade oral e
farmacocinética linear com ampla distribuic&do entre tecidos como camara vitrea ocular
e o fluido cerebral espinhal, além da baixa toxicidade (REX et al., 1994). Ainda, esse

farmaco também se mostrou efetivo contra candidiase orofaringea em pacientes com
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SIDA (Sindrome da Imunodeficiéncia Adquirida), embora ainda fosse problemético em
tratamentos prolongados (KONTOYIANNIS e LEWIS, 2002). Embora o fluconazol
fosse a melhor escolha, ainda apresentava problemas como a inefetividade contra
algumas espécies de Candida e de Aspergillus. Dessa forma, a introducéo dos triazéis
de amplo espectro, voriconazol (2002) e posaconazol (2006), levou a melhora no
tratamento de pacientes imunocomprometidos, sendo mais efetivo do que a
anfotericina B, até entdo utilizada nesses casos (HERBRECHT et al., 2002). Porém,
apesar do amplo espectro, esses farmacos possuem alta variabilidade

farmacocinética e podem interagir com outros medicamentos.

Por fim, a introducéo das equinocandinas, as quais apresentam mecanismo de
acao especifico para a parede celular fungica, demonstrou um avango no quesito
efeitos adversos, visto que nao danifica a célula humana. Todavia, 0 baixo espectro
de acédo ainda constitui um empecilho a sua utilizacdo (LEWIS, 2011). No entanto, o
ultimo guia publicado pela IDSA (Infectious Disease Society of America), em 2009,
recomenda a associacdo de equinocandinas com azois de amplo espectro para o
tratamento de candidemias (PAPPAS et al., 2009).

Além de espécies de Candida, um micro-organismo emergente que tem
atingido varios pacientes é Cryptococcus neoformans. A infeccdo tem ampla
distribuicdo mundial e acomete principalmente pacientes que possuem SIDA, com
mais de 80% dos casos associados aos mesmos (COX e PERFECT, 2013). O modo
de infeccdo ocorre, geralmente, por inalacdo de propagulos do meio ambiente
(PERFECT e CASADEVAL, 2002), sendo que as lesdes se assemelham ao cancer o
gue pode dificultar o diagnostico. Os farmacos de escolha no tratamento dessa
infeccdo sdo, na maioria dos casos, a combinacao de anfotericina B com 5-flucitosina
(SAAG et al., 2000). Porém em pacientes néo responsivos, ja ha relatos do uso dos
novos farmacos azolicos (FLORES et al., 2012; LOCKHART et al., 2012). N&o existem
breakpoints estabelecidos para a suscetibilidade dessa espécie aos antifungicos
utilizados na terapéutica, portanto este trabalho seguiu valores encontrados em um
estudo multicéntrico para as espécies de C. neoformans e C. gatti, 16 pg/mL
(ESPINEL-INGROFF et al., 2012).

Apesar de existirem farmacos novos para o tratamento de infeccfes fangicas

oportunistas, o fluconazol continua sendo amplamente utilizado na terapéutica por ser



33

um tratamento acessivel e de baixo custo para a maior parte dos paises, acarretando
um aumento no numero de espécies resistentes a este farmaco, e até mesmo, aos
farmacos mais novos (RENAME, 2014).

3.4 Terapias combinadas

Em virtude de falhas terapéuticas no combate a infec¢des causadas por micro-
organismos emergentes, o uso de terapias combinadas tem sido uma estratégia para
o tratamento de infecgBes fungicas sistémicas (ZARAGOZA e PEMAN, 2012). A
possibilidade de agdo em mdultiplos alvos da célula fungica significa um grande avancgo
no estudo de infec¢gdes invasivas, visto que a associacao de farmacos ja existentes
com outros nédo utilizados para este fim ou com produtos naturais pode levar a uma
reversdo da resisténcia de determinadas espécies aos compostos ja utilizados na

terapia antifungica.

A principal vantagem das terapias combinadas € alcancar o efeito sinérgico
utilizando doses mais baixas de cada componente da associacao, objetivando ndo so
melhor acdo antifungica, mas também reducédo da toxicidade (KONTOYIANNIS e
LEWIS, 2002). No entanto, essas associacoes também podem causar efeitos como
antagonismo, aditivismo ou indiferenca, nao justificando o uso da associacdo
(BERENBAUM, 1989; BOUCHER, 2006).

Ha diversas técnicas in vitro para analisar o tipo de interacdo entre compostos
visando atividade antifungica. Entretanto, é importante mencionar que essas técnicas
podem ndo representar o comportamento da associacdo in vivo (CUENCA-
ESTRELLA, 2004). As técnicas mais utilizadas para analisar interacfes entre dois
compostosa antifungicos séo: método da difusdo em disco, checkerboard,
isobolograma e time Kill. A maioria dessas técnicas utiliza indices que permitem a

classificar o tipo de associacdo (JOHNSON et al., 2004).

O checkerboard consiste na andlise da interacdo entre dois compostos em
concentragfes multiplas da sua concentracao inibitéria minima (CIM), tanto para mais
guanto para menos (JOHNSON et al., 2004). Em contrapartida, o isobolograma leva

em consideragao curvas concentracdo-resposta dos compostos em separado a fim de
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prever qual a propor¢ao da associacdo dos mesmos sera testada visando melhor agéo
antifungica (TALLARIDA et al., 2006) .

Assim, baseado no uso das terapias combinadas, os resultados apresentados
nesse capitulo tém por objetivo demonstrar a influéncia da fracdo lipofilica de
Hypericum carinatum na acao antifingica do fluconazol através de duas metodologias,
checkerboard e isolobolograma. Os resultados serdo apresentados na forma de um

manuscrito cientifico.
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Abstract

Hypericum species, Hypericaceae, are recognized as a source of therapeutical agents.
Purified fractions and isolated compounds have been shown antimicrobial activity. As
the indiscriminate use of antifungals and the increase of infections caused by emerging
species are leading to the search of new alternative treatments, the aim of this study
was to continue the study with Hypericum carinatum Griseb. lipophilic fraction, rich in
phloroglucinol derivatives, investigating the effect of its association with fluconazole
against emerging yeasts (Candida krusei, C. famata, C. parapsilosis and Cryptococcus
neoformans). The synergistic activity between H. carinatum lipophilic fraction and
fluconazole was assessed by two methodologies for multiple dose-response analysis:
checkerboard and isobologram. Regarding synergistic experiments, the effect of the
association was higher than the effect of fluconazole alone against Candida krusei and
C. famata isolates (MIC fluconazole decreased about eight and four folds,

respectively), suggesting that, somehow, H. carinatum lipophilic fraction compounds
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are facilitating the action of this drug. On the other hand, when tested against
Cryptococcus neoformans and C. parapsilosis, fluconazole showed better results than
the association. Thus, against Candida krusei and C. famata, the lipophilic fraction of
H. carinatum was able to reduce the MIC values of fluconazole and could be
considered as a potential alternative to be used against emerging yeast species.

Keywords: Candida, checkerboard, fluconazole, Hypericum carinatum, isobologram,

synergistic activity

Introduction

Fungal infections are associated with high morbidity and mortality rates. In the
last decades, emerging fungal infections, also called opportunistic infections, have
drawn attention due to the high number of immunocompromised patients affected
(Silva et al., 2012). Some species of Candida and Cryptococcus, previously considered
nonpathogenic, are now recognized as opportunistic pathogens responsible for deep-
seated mycoses (Vandeputte et al., 2012; Alcazar-Fuoli and Mellado, 2014).

The high incidence of infection by Candida species is due to many factors such
as imunossupressive therapies, invasive surgical procedures and use of broad-
spectrum antibiotics (Pfaller et al., 2012). Candida albicans is still the most prevalent
species but infections caused by non-Candida albicans (NCA) have significantly
increased, bringing even more worrying scenario due to high resistance to antifungal
exhibited by these microorganisms (Pfaller et al., 2010; 2012). Since the epidemiology
of these fungal infections is currently changing, new alternatives are needed in case
of antifungal therapy failure (Alcazar-Fuoli and Mellado, 2014).

Because of yeasts inconstant susceptibility profiles and lack of different molecular
targets, drug combinations appear as a strategy for therapy due to the multiplicity of
targets (Musiol et al.,, 2014). The main advantage of these combinations is the
synergistic interaction, in which the antifungal activity is better than the individual
effects of each compound.

Plants from genus Hypericum, Hypericaceae, are an important source of
therapeutic agents. Purified fractions and isolated compounds have shown
antibacterial and antifungal activities (Barros et al., 2013; Dulger and Dulger, 2014).
Barros et al. (2013) have reported the antifungal activity of lipophilic extracts of five

Hypericum species (H. carinatum, H. caprifoliatum, H. linoides, H. myriathum and H.
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polyanthemum) against several emerging fungal strains, with better results for H.
carinatum. According to these authors, dimeric phloroglucinol derivatives (uliginosin B,
hyperbrasilol B and japonicin A), present in lipophilic fractions could be responsible for
the antifungal activity showed by Hypericum species. Other compounds with
phloroglucinol pattern such as benzopyrans and benzophenones also showed
antifungal activity.

Due to the indiscriminate use of antifungals and the increase of infections caused
by emerging species new alternative treatments are necessary. Thus, the aim of this
work was to continue the study with Hypericum carinatum Griseb. lipophilic fraction
(LF), investigating the effect of its association with fluconazole against the emerging
yeasts Candida krusei, C. famata, C. parapsilosis and Cryptococcus neoformans. The
synergistic activity between LF and fluconazole was assessed by two methodologies
for multiple dose-response analysis: checkerboard and isobologram.

Materials and methods
Plant material

Aerial parts of Hypericum carinatum Griseb., Hypericaceae, were collected in Rio
Grande do Sul, Brazil, in December of 2009. Voucher specimens are deposited in the
herbarium of Federal University Rio Grande do Sul (ICN). Plants collection was
authorized by IBAMA (Brazilian Institute of Ambient Media and Renewable Natural
Resources) (n° 003/2008, protocol: 02000.001717/1008-60).

Lipophilic fraction preparation

The dried and powdered plant material (ca. 500 g) was extracted with hexane at
room temperature. The extract was pooled, evaporated to dryness under reduced
pressure, and the epicuticular waxes were removed by acetone treatment. The
lipophilic fraction (LF) was stored at —20 °C until biological and chemical evaluation.

LF was analyzed by HPLC using a Shimadzu 600 pump (LC-6AD) and a
Shimadzu SPD-10A dual absorbance detector. The separations were carried out with
an isocratic solvent system (60% acetonitrile: 40% water) to benzophenones
determination and (95% acetonitrile, 5% water, 0.01% trifluoroacetic acid) to
phloroglucinol derivatives using a Waters Nova-Pack C1s column (4 um, 3.9 mm x 150

mm) adapted to a Waters Nova-Pack Cis 60 A (3.9 mm x 20 mm) guard column. The
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flow rate was 1 ml/min, the detector sensitivity was 1.0 Aufs, and the detection was
performed at 270/220 nm at room temperature.

Constituents were identified by comparison with the retention times of the
authentic samples and co-injection of isolated compounds. The yields were expressed
in % (weight compound per weight dry extract) as mean of two injections.

LF toxicity

The experimental protocol was approved by Local Ethical Committee (Protocol
23081, UNIPAMPA). The toxicity of LF was evaluated by cell viability test and comet
assay, according to Gilez et al. (2012), analyzing three different fraction

concentrations: 500, 250 and 100 pg/ml.

Fungal strains

Four resistant strains to fluconazole were used in this study. Interpretative criteria
of resistance were used according to breakpoints from M27-S4 document (CLSI, 2012)
to Candida and according to Espinel-Ingroff et al. (2012) to Cryptococcus neoformans.
All strains are deposited in the Mycology Collection of Federal University of Rio Grande
do Sul, Brazil: Candida famata (RL23) originates from hemoculture, C. krusei (CK03)
from National Program of Quality Control, C. parapsilosis (RL11) from urine and
Cryptococcus neoformans (HCCRY 01) from environment (environmental pathogenic).

C. krusei ATCC 6258 was included as control in the susceptibility testing.

Antifungal activity

The screening for antifungal activity was carried out with a concentration of 500
pg/ml. In order to achieve the test concentration, samples were solubilized with
dimethyl sulfoxide 2% (DMSQO) and sabouraud dextrose broth (SDB). Further, the
minimal inhibitory concentration (MIC) was determined by the broth microdilution
method according to M27-A3 protocol (CLSI, 2008). The MIC was defined as the
lowest concentration of LF in which the microorganism tested did not demonstrate
visible growth. In microdilution experiments, samples were solubilized with DMSO 2%
and RPMI-MOPS medium (RPMI 1640 medium containing L-glutamine, without
sodium bicarbonate buffered to pH 7.0 with 0.165 mol/l of MOPS buffer. The
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concentrations of LF ranged from 1.9 to 500 pg/ml and all experiments were carried

out in duplicate. Control with DMSO 2% was previously performed.

Association studies
Checkerboard assay

The effect of fluconazole combined with LF was evaluated in quadruplicate using
the checkerboard method (Johnson et al., 2004) with slightly modifications. The
fluconazole final concentrations ranged from 0.5 to 32 pg/ml for C. famata and C.
neoformans, and 4 to 64 ug/ml for C. krusei and C. parapsilosis. On the other hand,
the concentration of LF ranged from 31.25 to 250 pg/ml for C. famata and C.
neoformans and 4 to 250 pg/ml for C. krusei and C. parapsilosis. Plates were incubated
at 37 °C for 48 h and then, the tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was used to assess the fungal cell viability.
Interaction was evaluate algebraically by determining the fractional inhibitory
concentration index (FICI) defined as the sum of the MIC of each drug in combination,
divided by the MIC of the drug used alone. An FICI < 0.5 is considered synergistic; >
0.5 and < 1 additive; >1 and < 4 indifferent, and > 4 antagonistic (Kontoyiannis and
Lewis, 2003).

Isobologram

The isobologram was performed with the association of LF and fluconazole
against C. krusei (CK03) and C. parapsilosis (RL11).

A curve concentration-effect of LF or fluconazole was determined with logarithmic
concentrations, in order to obtain the ICso (Inhibitory Concentration 50%) by non-linear
regression. Then, with these results, curves concentration-effect of association were
also performed by non-linear regression (Tallarida, 2006; 2007). The proportion of

combinations is demonstrated in Table 1.
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Table 1. Proportion of combinations used in isobologram studies

Yeasts Fluconazole LF concentration
Strains concentration (%ICs0)
(%ICsp)

50 50
25 25
125 12.5
6.25 6.25
3.125 3.125

C. krusei CK03 70 30
35 15
17.5 7.5
8.75 3.75
4.38 1.875
2.19 0.938
1.095 0.496
50 50
25 25
12.5 12.5
6.25 6.25
3.125 3.125
C. parapsilosis RL11 70 30
35 15
17.5 7.5
8.75 3.75
4.38 1.875
2.19 0.938
1.095 0.496

C. parapsilosis RL11: ICso Fluconazole: 26.55 pg/ml and ICso LF: 174.7 pg/ml; C. krusei CK03: ICso
Fluconazole: 35.58 pg/ml and ICso LF: 35.76 pg/ml.

Theoretical additive curves (ICso add) were calculated to each combination
according the equation:

Conc. add =f x Conc. fluconazole + (1-f) x Conc. Fraction
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where, Conc. Fluconazole and Conc. Fraction represent the equi-effective
concentration of each treatment alone and f is the fraction of each sample that
composes the active concentration of association (in this study two f values 0.5 (50:50)
and 0.7 (70:30) were used). Conc. add is the total concentration and it variance add
was calculated by this equation:

Var ICsp add = f*2 x Var ICso fluconazole + (1-f)*2 x Var ICsg fraction

From these variances, confidence intervals were calculated according the
proportion of each sample in the association. Besides, the interaction magnitude was
calculated through interaction index (y), following the formula:

yb = dose fluconazole ICsg mixture + dose fraction 1Cso mixture

The interaction index is an indicator of the potency of the association. Values next
to 1 indicate additive interaction; values higher than 1, antagonistic interaction, and

values lower than 1, synergistic interaction (Grabovsky and Tallarida, 2004).

Statistical analysis

Checkerboard and toxicity data were evaluated using one-way analysis of
variance (ANOVA) followed by Tukey’s test (Sigma Stat 3.2 software, Jandel
ScientificCorporation®). In checkerboard, the difference between antifungal activity of
fluconazole alone and in combination with LF was evaluated. Differences were
considered statistically significant at p < 0.05. The isobologram data were performed
with Student t test, where 1Cso mixture is significantly shorter than 1Cso calculated (ICso
add) to a determined combination, there is a synergistic interaction (Codd et al., 2008).
The non-linear regression analysis was performed using GraphPad Prism® version
4.02.

Results and Discussion
Chemical analysis

HPLC analysis were carried out to quantify the major constituents of LF. As
demonstrated by Barros et al. (2013), the main constituents of H. carinatum lipophilic

fraction are the phloroglucinol derivative uliginosin B (1) (1.65 = 0.08%) and the
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benzophenones cariphenone A (2) (0.08 £ 0.001%) and cariphenone B (3) (0.58

0.009%), confirming the previous results.

LF toxicity

The investigated fraction (LF) did not show toxic effects at the concentration used
(250 pg/ ml) in association studies as demonstrated in the Fig.1. According to these
results, the concentration of 500 ug/ml showed DNA damage (Fig.1A) as well as
reduced cellular viability (Fig.1B). Therefore, the higher LF concentration used at this

study (250 ug/ml) is considered safe by these two toxicity methodologies.
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Fig. 1. (A) DNA damage index determined by comet assay and (B) Cell viability in
leucocytes for H. carinatum lipophilic fraction (LF) in three different concentrations.
Phosphate buffered saline (PBS) was used as negative control and hydrogen peroxide
(10 uM) (H20y) as positive control in both experiments. DMSO 2% was used as diluent
control in these assays. Vertical bars are mean + SD of three different replicates.

Different letters represents significant differences at p<0.05 (Tukey test).

Antifungal activity
Concerning the antifungal capacity, LF was capable of inhibit the fungal growth

in a moderate way (Table 2). This capacity may be attributed to the presence of dimeric
phloroglucinol derivatives as uliginosin B (1) and the benzophenones cariphenone A

(2) and cariphenone B (3). These results are in accordance with those described by

Barros et al. (2013).
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Table 2. Minimal Inhibitory Concentration (MIC) of Hypericum carinatum lipophilic

fraction (LF) against emerging yeasts strains

Species Strains MICALF
Candida famata RL23 250
Candida krusei CKO03 >1000

Candida parapsilosis RL11 250
Cryptococcus neoformans HCCRYO01 125

aMIC (ug/ml): Minimal inhibitory concentration

Association studies

The results obtained in the checkerboard analysis (Fig. 2) are interesting, since
LF was capable of reduce the fluconazole MIC values for all species tested. For C.
neoformans, C. krusei and C. parapsilosis the fluconazole MIC decreased about eight
fold (% Cell damage = 75.6%, ICIF = 0.375; % Cell damage = 91.2%, ICIF = 0.25 and
% Cell damage = 71.3%, ICIF = 0.5, respectively), while for C. famata this value was
about four fold (% Cell damage = 94.4%, ICIF = 0.5). Nevertheless, for C. neoformans
and C. parapsilosis, the fluconazole MIC was capable of achieve a higher cell damage
in comparision with association. Therefore, the use of the combinations is only justified
when decrease of drug dose is needed, especially in cases where the microorganisms

are resistant to this azole.
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Fig. 2 Interaction between the lipophilic fraction of H. carinatum (LF) and fluconazole
against C. neoformans HCCRYO0l1 (MICruco=32 pg/ml, MICr=250 pg/ml,
Association=MIC/8riuco:MIC/4LF) (A), C. famata RL 23 (MICriuco=8 pg/ml, MICr =250
pg/ml,  Association=MIC/4ruco:MIC/4F) (B), C. krusei CKO3 (MICriuco=32 pg/ml,
MICLF>250 pg/ml, Association=MIC/4ruco:MIC/4F) (C) and C. parapsilosis RL 11
(MICF1uco=32 pg/ml, MICLr =250 pg/ml, Association=MIC/8Fico:MIC/4r) (D) by
checkerboard method, stained with tetrazolium salt MTT. Vertical bars are mean + SD
of four different replicates. Different letters represents significant differences at p<0.05
(Tukey test).

Concerning the isobologram analysis the curves concentration effect of each
compound tested (fluconazole and LF) showed ICso values of 35.58 pg/ml and 35.76
pg/ml for C. krusei and 26.55 pg/ml and 174.7 pg/ml for C. parapsilosis, respectively.

It is important to note that this methodology was not applied to C. famata and
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Cryptococcus neoformans due to the impossibility of to construct dose response
curves with fluconazole alone.

The results obtained in the isobologram (Fig. 3), are in agreement with those
obtained the checkerboard analysis, where synergistic effect was found to both
species tested (C. krusei CK 03 and C. parapsilosis RL11). The interaction index (y)
was less than 1 for all proportions tested for C. krusei (ys0:50=0.36; y70:30= 0.57) and for
C. parapsilosis (ys0:50=0.79; y70:30= 0.75). However, this index against C. parapsilosis
was closer to 1, indicating a probable presence of additive effect instead of synergistic,
corroborating with the ICIF (0.5) found for this association in the checkerboard

analysis.
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Fig. 3 Interaction analysis of fluconazole with the lipophilic fraction of H. carinatum (LF)
(ICs0) against C. krusei (CK03) (A) and C. parapsilosis (RL11) (B). The continuous line
represents the additivity line and the points the experimental combinations at different
levels. * represents significant differences between DeqADD (calculated) and Degmix
(experimental) with p<0.05. (=) Additive Equieffective Concentration (70:30), ()
Concentration equi-effective of the association (70:30), (+) Additive Equi-effective

Concentration (50:50) and (#) concentration equi-effective of the association.

The increased incidence of systemic infections caused by NCA species and the
high mortality rates due to acquired resistance against drugs current utilized is
worrisome, as well as the high incidence of polymicrobial fungal infections (Ruhnke,
2014; Trifilio et al., 2015). Therefore, the association between different compounds
could be an excellent strategy to reduce the drug doses, and thus, achieve the

resistance reversion.
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There are two hypotheses to lipophilic fraction of H. carinatum decreases the MIC
of fluconazole. The first could be related to the general action mechanism of phenolic
compounds, change the fungal dimorphism (Zhang et al., 2011) and/or opening of
membrane ionic channels (Rao et al., 2010) both found for C. albicans. The second
hypothesis lies in the fact that some benzophenones are able to block the cytochrome
P-450 (Podust et al., 2007). Nevertheless, since it is a fraction, the synergistic effects
of the bioactive compounds mixture could be responsible by increase the effectivity of
itself, and then, the antifungal effect is achieved by a sum of mechanisms (Wagner,
2011)

Some studies report association between extracts and antifungal drugs such as
essential oils in association with ketoconazole against several fungal species (Giordani
et al., 2004) and benzophenone enriched fraction from Brazilian red propolis with
fluconazole and anidulafungin against C. parapsilosis and C. glabrata (Pippi et al.,
2015). On the other hand, many studies have demonstrated the association between
plant metabolites and antifungal drugs against Candida species. For example, the
association of the tannin punicalagin and fluconazole against C. albicans and C.
parapsilosis (Endo et al., 2010) and flavonoids (catechin, quercetin and
epigallocatechin gallate) associate with fluconazole against C. tropicalis (Da Silva et
al., 2014).

There are no doubts that combined therapy between LF and fluconazole is
benefic, but further studies must be performed in order to determine the nature of this
interaction. The analysis of isolated compounds of this fractions alone and/or combined
with fluconazole is needed aiming to standardize this association in cases where the

monotherapy with fluconazole is ineffective.

Conclusion

The results of this study reinforce the use of Hypericum species as source of
products with biological importance. Association studies are very significant, especially
in emerging fungi, which are worldwide distributed and frequent causes of infections in
immunocompromised patients. The lipophilic fraction of H. carinatum was able to
reduce the MIC of fluconazole, probably by facilitating the access of the drug within the
fungal cell. These results are important due to the increasing resistance of emerging
yeast species to available drugs used for a variety of fungal infections and the

exploration of potential alternative therapeutic sources for multidrug therapy.
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4 Capitulo 2- Atividade antinociceptiva de nanoemulsdes contendo

0 benzopirano HP1 de Hypericum polyanthemum

Os resultados apresentados neste capitulo foram obtidos nos Laboratorios de
Farmacognosia, Desenvolvimento Galénico, Psicofarmacologia Experimental, sob
orientacdo dos professores Dra. Gilsane Lino von Poser, Dr. Helder Ferreira

Teixeira e Dra. Stela Maris Kuze Rates, respectivamente.
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A Associacgao Internacional de Estudos da Dor define dor como “uma
experiéncia sensorial e emocional desagradavel associada a um dano real ou
potencial dos tecidos ou descrita em termos de tais lesdes” (IASP, 2014). A dor possui
dois principais componentes: a sensagao dolorosa e a reatividade emocional a dor
(LOESER e TREEDE, 2008). Em modelos animais apenas a sensac¢ao dolorosa é

analisada.

Estima-se que 1 em cada 5 adultos sofra de dor e que 1 em cada 10 seja
diagnosticado com dor cronica anualmente (IASP, 2014). Essa enfermidade afeta
todas as populacfes sem discriminar idade, sexo, raca ou geografia. Além disso, pode
ser caracterizada como aguda, cronica, intermitente ou uma combinagao das trés. A
dor pode ter sérias consequéncias como depressao, inabilidade de manter relacdes
sociais e profissionais e possiveis pensamentos suicidas. Dessa forma, € imperativo
gue o tratamento da dor seja feito de uma forma rapida e eficaz (GOLDBERG e
McGEE, 2011).

Ha varios medicamentos utilizados para o tratamento da dor e a escolha se da
com base no tipo e intensidade da mesma. Apesar disso, a introducdo de novas
alternativas terapéuticas se faz necessaria em virtude do grande nimero de pacientes
afetados e dos efeitos adversos que os medicamentos, hoje utilizados, podem causar.
Dessa forma, espécies vegetais podem constituir uma excelente fonte de compostos
para este fim (CALIXTO et al., 2000; ALMEIDA et al., 2001).

Hypericum polyanthemum Klotzsch ex Reichardt € uma planta bianual nativa
do sul do Brasil reconhecida por apresentar acdo antinociceptiva (VIANA et al., 2003).
Essa planta apresenta como principais metabdlitos ativos o derivado de floroglucinol
uliginosina B (NOR et al., 2004) e os benzopiranos HP1 (6-isobultiril-5,7-dimetoxi-2,2-
dimetil-benzopirano), HP2 (7-hidréxi-6-isobutiril-5-metoxi-2,2-dimetil-benzopirano) e
HP3 (5-hidroxi-6-isobutiril-7-metdxi-2,2-dimetil-benzopirano) (FERRAZ et al., 2001)
(Figura 4.1).
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Figura 4.1 Benzopiranos de H. polyanthemum: HP1 (1), HP2 (2), HP3 (3).

O benzopirano HP1 apresenta agcdo antinociceptiva mediada pelo sistema
opioide como ja evidenciado por estudos deste grupo (HAAS et al., 2010). Ainda,
estudos na literatura cientifica destacam a importancia do nucleo benzopirano como
responsavel por atividades farmacologicas ligadas ao sistema nervoso central como
por exemplo tonabersat e carabersat (anticonvulsivantes) (UPTON et al., 1997,
PARSONS et al., 2011), espinosina (ansiolitico) (LIU et al., 2015) e o canabinoide A-
9-tetrahidrocanabinol, o THC (antinociceptivo e psicotrépico) (WELCH et al., 1999).

Evidéncias apontam para uma relacao entre os sistemas opioide e canabinoide,
inclusive compartilhando efeitos farmacolégicos como antinocicepcédo, hipotermia,
inibichio de atividade locomotora, hipotensdo e sedacdo (MANZANERES
et al., 1999; MASSI et al., 2001). Especificamente para acado antinociceptiva, essa
relacdo pode ser bidirecional ou sinérgica. Além disso, esses receptores sao
expressos em areas anatémicas relevantes para a analgesia como medula espinhal e
corno dorsal, onde podem ser co-localizados no mesmo neurbénio (WELCH e
STEVENS, 1992; HOHMANN et al., 1999; SALIO et al., 2001).

A via oral é considerada a mais conveniente e econdmica devido ao conforto e
facil aceitacédo pelo paciente (FUCHS et al., 2004; BARROS, 2010; BRUNTON et al.,
2011). Para alcancar efeito sistémico, os farmacos devem atingir o sistema vascular,
0 que requer prévia dissolucdo no suco gastrico. No entanto, devido a baixa
solubilidade em agua, a absor¢cédo de compostos lipofilicos, como o benzopirano HP1,
pela via oral é frequentemente deficiente. Em 2010, estimou-se que cerca de 70% das
novas entidades candidatas a farmacos apresentavam baixa solubilidade em agua
(KU e DULIN, 2010).



57

Para contornar estes obstaculos, farmacos lipofilicos tém sido incorporados em
sistemas de liberacao lipidicos, como nanoemulsées 6leo em agua (McCLEMENTS,
2013) com o objetivo de aumentar sua solubilidade e melhorar seus aspectos
biofarmacéuticos, visando melhor absorgéo pela via oral (KOTTA et al., 2012). As
nanoemulsées possuem varias caracteristicas peculiares devido ao tamanho de
particula reduzido, que as habilitam como excelentes sistemas transportadores para
compostos lipofilicos como (McCLEMENTS, 2011):

(a) Permitem que enzimas digestivas ajam com mais rapidez e liberem o contetdo da

nanoemulsdo que sera entdo absorvido;

(b) Facilitam a permeacdo na mucosa que recobre células epiteliais no intestino
delgado, facilitando a absor¢do do composto;

(c) Possuem a capacidade de serem transportadas diretamente para as células

epiteliais pelo mecanismo transcelular ou paracelular;

(d) A solubilidade em agua de um composto lipofiico aumenta em funcédo da
diminuicdo do tamanho das particulas, o que pode promover uma melhor absorcéo do

mesmo.

Assim, devido a baixa solubilidade do benzopirano HP1 (5ug/mL), este estudo
objetiva a incorporacdo do mesmo em nanoemulsdes e a influéncia na sua acéo

antinociceptiva quando incorporado nessas formulacdes

4.1 Hypericum polyanthemum

Hypericum polyanthemum (Figura 4.2) possui como principais metabdlitos
secundarios o derivado de floroglucinol uliginosina B e os benzopiranos HP1, HP2 e

HP3, sendo eles responsaveis pelas atividades biolégicas atribuidas a essa espécie.
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Figura 4.2 Hypericum polyanthemum (Foto G. von Poser)

Dentre as atividades biologicas atribuidas a uliginosina B, destacam-se
potencial antinociceptivo ndo mediado pelo sistema opioide (STOLZ et al., 2012). Para
0s benzopiranos, estudos demonstram efeito inibidor da monoaminoxidase (GNERRE
et al., 2001), antinociceptivo mediado pelo sistema opioide (HP1) (HAAS et al., 2010),

entre outros.

4.2 Nocicepcao

A dor é composta por dois fatores interligados, a nocicepcao e a reatividade

emocional a dor.

A nocicepcéo se refere a atividade do sistema nervoso aferente, induzida por
estimulos nocivos, sejam eles exdgenos (mecanicos, quimicos, fisicos e bioldgicos),
ou endogenos (inflamacdo, aumento do peristaltismo, isquemia tecidual). Sua
percepcao em nivel periférico se da em estruturas situadas nas terminacdes nervosas

livres, denominadas nociceptores (FUCHS et al., 2004).

A reatividade emocional a dor corresponde a interpretacdo afetiva dessa
sensacdao, influenciada por estados psicolégicos, experiéncias anteriores e fatores

culturais, sociais e ambientais (FUCHS et al., 2004).

O manejo farmacoldgico da dor tem sido realizado através de terapia com
multifarmacos, ou seja, diferentes farmacos com mecanismos de acdo distintos,
minimizando os efeitos adversos (EKSTEROWICZ, 2010). A escolha dos farmacos se
da se acordo com a origem da dor. Os medicamentos utilizados podem ser divididos
em trés categorias: analgésicos ndo-opioides, analgésicos opioides e co-analgésicos
(adjuvantes) (AMERICAN PAIN SOCIETY, 2008).
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Os analgésicos ndo opioides incluem paracetamol, aspirina e analgésicos nao
esteroides e sdo utilizados para o tratamento da dor leve a moderada. Os analgésicos
opioides como morfina, oxicodona, tramadol e codeina, sdo utlizados para o
tratamento da dor mais severa e sdo, quando possivel, evitados em virtude de seus
efeitos adversos pronunciados. Por fim, os co-analgésicos incluem anestésicos e
relaxantes musculares que podem auxiliar no alivio da dor (WUHRMAN e COONEY,
2011).

Apesar de existirem diversas opcdes terapéuticas para o combate a dor, os
efeitos adversos que estes medicamentos podem causar sao prejudiciais ao paciente,
guando em usos prolongados. Analgésicos ndo opioides podem induzir Ulcera
gastrointestinal, sangramentos e complicacbes cardiovasculares em virtude da
inibicdo da enzima cicloxigenase (COX) (WOODCOCK, 2009; TRELLE et al., 2011) e
opiodes podem provocar dano cognitivo, depresséo respiratoria e dependéncia por
ativacao das vias opioides cerebrais (BENYAMIN et al.,2008; von KROFF et al., 2011,
AMERICAN PAIN SOCIETY, 2008). Dessa forma, o tratamento da dor deve ser
realizado de forma rapida e precisa a fim de evitar a dor cronica, situacdo onde ha
necessidade de tratamentos farmacoldgicos prolongados, acarretando possiveis

riscos ao paciente.

Nesse contexto, novas alternativas terapéuticas como o uso de compostos
oriundos de plantas sdo uma importante estratégia para o tratamento e controle da
dor, com o objetivo de diminuir os efeitos adversos e assim melhorar a qualidade de

vida de pacientes que sofrem dessa injuria.

4.3 Sistemas opioide e canabinoide

Entre as opcdes existentes para o tratamento da dor estdo os farmacos da
classe do opioides como morfina, codeina, tramadol, entre outros (ROSENBLUM et
al., 2008). O sistema opioide inclui quatro principais subtipos de receptores: mi (L),
kapa (k), delta (A) (KIEFFER, 1995) e o receptor do tipo opioide (ORL-1) (MEUNIER
et al., 1995; 1997). Evidéncias sugerem que os farmacos considerados analgésicos
fortes estao relacionados com a ativacao do receptor mi (1) (KIEFFER e GAVERIAUX-
RUFF, 2002).
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Estudos prévios deste grupo comprovaram que a atividade antinociceptiva do
benzopirano HP1 é relacionada com o sistema opioide, visto que a acéo foi bloqueada
pelo antagonista naloxona (HAAS et al., 2010). Este mesmo estudo indicou que a
curva dose resposta deste composto segue o padrao de forma de sino ou “U” invertido,
caracteristica de alguns farmacos opioides como a buprenorfina (DUM et al., 1981,
LISAZOIN et al., 1991). A buprenorfina apresenta esse comportamento devido ao
agonismo parcial do receptor mi (1) (HEEL et al., 1979) e, em altas doses, a ativagéo
do receptor do tipo opioide (ORL-1) (WNENDT et al., 1999; BLOMS-FUNKE et al.,
2000; HUANG et al., 2001). A ativacao deste ultimo pode desencadear resposta pro-
nociceptiva ou, a0 menos, anular respostas antinociceptivas (MOGIL e PASTERNAK.
2001). Ainda, essa molécula pode funcionar como agonista (TYERS, 1980) ou
antagonista (LEANDER, 1988) do receptor kapa (k) opioide.

Evidéncias demonstram similaridades comportamentais, anatdmicas e
bioquimicas entre os sistemas opioide e canabinoide (subtipos CB; e CB>) (KIEFFER,
1995; HOWLETT et al., 2002). Ativacdo de um desses sistemas pode produzir efeitos
comportamentais semelhantes incluindo antinocicepcdo, hipotermia, sedacao,
inibicdo da motilidade intestinal e depressdo motora (MANZANARES et al., 1999).
Ainda, os dois tipos de receptores sao encontrados em regides cerebrais
reconhecidas por participar da antinocicepcao (CICHEWICZ, 2004), sugerindo que
possam agir sozinhos ou em conjunto. Além disso, o receptor mi () opioide e o CB;
canabinoide podem ser co-localizados ho mesmo neurénio, inclusive compartilhando
o mesmo RNA mensageiro, evidenciando a forte relacdo entre esses dois sistemas
(SHAPIRA et al., 2000; 2003).

Estudos clinicos e pré-clinicos demonstraram que a interacao entre os sistemas
opioide e canabinoide pode levar a aplicacdes terapéuticas promissoras no tratamento
da dor. Por exemplo, ligantes simultaneos dos receptores mi (1) opioide e o CB;
canabinoide se mostram analgésicos em potencial sem causar tolerancia (LE NAOUR
et al., 2013; FERNANDEZ-FERNANDEZ et al., 2014)
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4.4 Sistemas nanoestruturados como carreadores de compostos
lipofilicos pela via oral

A administracdo de compostos pela via oral € um dos métodos mais tradicionais
em virtude da conveniéncia e concordancia do paciente (PLAPIED et al., 2011). Para
alcancar a circulagéo sistémica e atingir o sistema alvo, 0s compostos necessitam

atravessar o trato gastrointestinal.

Muitos compostos com fins terapéuticos possuem baixa solubilidade, baixa
permeabilidade e/ou reduzida estabilidade no trato gastrointestinal e assim,
apresentam baixa biodisponibilidade oral (ENSIGN et al., 2012). Por exemplo,
paclitaxel, aprovado para o tratamento de cancer de ovario e mama, tem
biodisponibilidade menor que 6% quando administrado pela via oral (MALINGRE et
al., 2001) e as principais razfes desta baixa absor¢céo residem na baixa solubilidade
em agua, afinidade por bombas de efluxo e rapida metabolizacdo pelas enzimas do
citocromo P-450 no trato gastrointestinal (ZHANG e BENET, 2001).

Com vistas a contornar os problemas de absorcdo de compostos lipofilicos,
sistemas de liberacao lipidicos tém sido descritos como alternativas para aumentar a
solubilidade e permeabilidade, prevenir a degradacao enzimatica na parede intestinal
e superar as barreiras de bombas de efluxo para facilitar a disponibilidade no tecido
ou célula de interesse (GANTA et al., 2010). Em especial, destacam-se formula¢cdes
compostas por combinac¢des de lipideos naturais, com surfactantes, co-surfactantes e

co-solventes (PORTER et al., 2007) como por exemplo, as hanoemulsdes.

Nanoemulsdes sao sistemas heterogéneos 6leo em agua com tamanho de
particula usualmente <500 nm. A versatilidade destes sistemas esta baseada nos
diferentes tipos de oleos e modificadores de superficie que podem ser utilizados
(SARKER, 2005). O nucleo oleoso desse tipo de formulacéo é capaz de incorporar
adequadamente compostos muito pouco soluveis em agua (TIWARI e AMIJI, 2006).
Esses sistemas sdo usualmente estabilizados com surfactantes anfifilicos como
lecitina de gema de ovo, um dos componentes das membranas celulares, portanto,

compativeis com sistemas bioldgicos.
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Ha diversos estudos que demonstram que nanoemulsées podem aumentar a
absorcao oral de compostos (YANG e BENITA, 2000; TIWARI e AMIJI, 2006; VYAS
et al., 2008; BALI et al. 2010). Os mecanismos ja descritos sao:

(1) Composto lipofilico presente na sua forma solivel na nanoemulsao, ndo
necessitando a fase de dissolucdo no trato gastrointestinal (WICKLINE e LANZA,
2003);

(2) Transferéncia direta dos compostos pela fusdo das goticulas de 6leo com
as membranas biologicas (WICKLINE e LANZA, 2003);

(3) Goticulas oleosas da nanoemulsdo podem ser absorvidas pelo sistema
linfatico (NISHIOKA e YOSHINO, 2001).

A carga da superficie das nanoemulsdes também pode influenciar na
disposicéo in vivo e clearence, e assim aumentar as interagcdes com as membranas.
Essas cargas sao expressas em termos de potencial zeta e sdo resultantes da
ionizacao de compostos formando uma monocamada na interface dleo/agua (TIWARI,
2007).

Dessa forma, os resultados apresentados neste capitulo tém por objetivo
demonstrar a incorporacdo do benzopirano HP1 em nanoemulsdes e a influéncia na

sua acédo antinociceptiva quando incorporado nesses sistemas de liberacéo.
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Nanoemulsion improves the antinociceptive activity of HP1, a benzopyran from

Hypericum polyanthemum.

Meirelles, G.1, Bridi, H.1, Stolz, E.1, Rates, S.1, Teixeira, H.%, von Poser, G.1"

!Pharmaceutical Sciences Postgraduate Program, Federal University of Rio Grande
do Sul, Av. Ipiranga, 2752, 90610-000 Porto Alegre, Brazil.

Abstract

The genus Hypericum (Hypericaceae) represents a source of compounds with
antinociceptive activity. Among them, our group has been studying the benzopyran
HP1 from Hypericum polyanthemum Klotzsch ex Reichardt. Despite its antinociceptive
effect already demonstrated in mice, the low solubility of HP1 could represent an
obstacle to further studies aiming at developing new analgesic drugs. The
nanotechnology has been considered a fruitful approach to improve the solubility and
bioavailability of drugs. In this context, the aim of this study was to investigate the
impact of nanoencapsulation on the antinociceptive effect of HP1 in mice hot-plate test.
The results revealed that the benzopyran HP1 was successful incorporated into a
nanoemulsion system, given its high solubility in the oil phase. Regarding the
pharmacological effect, HP1 (15, 30, 45 and 60 mg/kg, p.o.) in both forms, free and
loaded in a nanoemulsion, displayed the pattern of bell-shapped dose response curve.
HP1 loaded nanoemulsion displayed the maximal antinociceptive effect at lower dose
than HP1 free-form. The highest effect of free compound was found at 45 mg/kg, while
the HP1 loaded in a nanoemulsion reached the same effect at 30 mg/kg. These results
suggests that the effect found might be attributed to an increase of solubility and, thus,
better absorption by the organism. The results obtained in this study corroborate with
literature data, where several studies demonstrate absorption enhancement and thus,
improvement of biopharmaceutical aspects, such as bioavailability when a compound

is loaded in nanoemulsions.
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Introduction

The International Association for the Study of Pain (IASP) and the World Health
Organizaton (WHO) define pain as a “unpleasant sensory and emotional experience
associated with actual or potential tissue damage” (WHO, 2007; IASP, 2014). Pain is
considered a major clinical, social, and economic problem in populations around the
world (HENSCHKE et al., 2015). Besides, is the defining feature for several diseases
diagnoses and could serve as an index of severity and activity of an underlying
condition, a prognostic indicator, and a determinant of health service use (MCBETH
and JONES, 2007).

There are many drug options to pain treatment and the decision is taken based
on the type and intensity of symptoms. On the other hand, there are a high number of
patients affected by this injury and the adverse effects of drugs clinically used are
pronunced (WOODCOCK, 2009; TRELLE etal., 2011). The mainly adverse effects are
constipation, depression, tolerance, dependence, gastrits and ulcers (BRUNTON et
al., 2011). Therefore, new therapeutic alternatives are needed and the vegetal species

could constitute an excellent source of products to this purpose (CALIXTO etal., 2000).

Hypericum polyanthemum Klotzsch ex Reichardt is a biannual plant native to
South Brazil that presents as main active metabolites the phloroglucinol derivative
uliginosin B (NOR et al., 2004) and the benzopyrans HP1 (6-isobutyryl-5, 7-dimethoxy-
2, 2-dimethyl-benzopyran), HP2 (7-hydroxy-6-isobutyryl-5-methoxy-2,2-dimethyl-
benzopyran), and HP3 (5-hydroxy-6-isobutyryl-7-methoxy-2,2-dimethyl-benzopyran)
(FERRAZ et al., 2001). To benzopyran HP1 (Figure 1), the antinociceptive activity has
already been demonstrated in rodents (HAAS et al., 2010). In spite of this activity, the
low water solubility (5 uyg mL1) of this compound constitutes an obstacle to in vivo

further studies.
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Figure 1. Chemical structure of benzopyran HP1.

Regarding administration route, the oral delivery is the dominant pathway of drug
therapy and will continue to be due to safety, efficacy, and easily access with minimal
discomfort for patients when compared with other routes (LENNERNAS, 2007). To
reach the systemic effects, drugs must achieve the vascular system, which need
previous dissolution in the gastric juice of stomach- However, given the low water
solubility, the absorption of lipophilic compounds, as HP1, by this route is frequently
deficient. Besides low solubility, there are many barriers that could hamper the
absorption of this type of compound, like limited absorption site, metabolizing intestinal
enzymes and hepatic first pass metabolism (DAHAN and HOFFMAN, 2007)

To overcome these hindrances, lipophilic compounds have been incorporated in
lipidic release systems (POUTON et al., 2006) aiming to increase solubility and
improve biopharmaceutical aspects, such as permeation and bioavailability (KOTTA et
al., 2012). Among these systems, nanoemulsions have drawn attention by peculiar
characteristics due to the low size of particles. These systems present more stability
and ease penetration in the intestinal mucosa, which enable them as excellent carrier
systems to lipophilic compounds (RAJPOOT et al., 2011; McCLEMENTS, 2011; 2013).
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Thus, given the low water solubility of benzopyran HP1, this study aims the
incorporation of this compound in a triglyceride nanoemulsion and to verify the impact
of nanoemulsification on HP1 antinociceptive effect in the mice hot-plate test.

Material and Methods

Plant material

Flowering aerial parts of Hypericum polyanthemum were collected in Cagapava
do Sul, Rio Grande do Sul state, Brazil, in September of 2011. Plants were identified
by Dr. Sérgio Bordignon (UNILASALLE, RS). Voucher specimens were deposited in
the herbarium of Federal University Rio Grande do Sul (ICN). Plant collection was
authorized by IBAMA (Brazilian Institute of Ambient Media and Renewable Natural
Resources) (n° 003/2008, protocol: 02000.001717/1008-60).

Extraction and isolation

The dried and powdered plant material (ca. 500 g) was successively extracted
with n-hexane at room temperature (solvent renewal each 24 hours). The extracts were
pooled, evaporated to dryness under reduced pressure, and the epicuticular waxes
were removed by acetone treatment. This fraction was stored at —20 °C until isolation

process.

The acetone-soluble fraction was subjected to dry column vacuum
chromatography (DCVC) on silica gel 60 GF2s4 as stationary phase and n-hexane—
dichlorometane (100:0—50:50) gradient as mobile phase in order to obtain enriched
fractions of HP1l. Then, these fractions were submitted to centrifugal planar
chromatography (CPC) (Chromatotron®, model 7924 T, Harrison Research, San
Bruno, CA, USA) on silica gel 60 GF2s4 as stationary phase and n-hexane—ethyl

acetate (100:0—50:50) as mobile phase to obtain the compound HP1.

The identity of HP1 was confirmed by Nuclear Magnetic Resonance (*H and *3C

NMR) and mass spectrometry (Supplementary Data). These results were compared
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with previous data of the compound (FERRAZ et al., 2001). Besides, the purity was
confirmed by High Performance Liquid Chromatography (HPLC) using a system
previously validated composed by acetonitrile (60%) and water (40%) as mobile phase
and using a Waters Nova-Pack C18 column (4 pm, 3,9 mm x 150 mm) adapted to a
guard column Waters Nova-Pack C18 60A (3,9 mm x 20 mm). The flow rate was
1mL/min at A=230 nm in 25 °C.

Characteristics of benzopyran HP1

To evaluate the characteristics of water solubility, the partition coefficient (log
Pow) was performed in computational software (ACD Labs Release 2012 — File version
14.1, Build 65894, 17 Sep 2013). After that, the compound solubility in the
nanoemulsion oil core was assessed. For this purpose, an excess of HP1 was added
in 500 pL of medium chain triglycerides (MCT), under agitation, for 24 hours. Then, the
solutions were centrifuged and the supernatant was diluted with methanol HPLC grade
(1:400). The samples were evaluated by HPLC using the same method described

previously.

Nanoemulsion preparation

The nanoemulsions were prepared by means of spontaneous emulsification
method (YU et al., 1993; BOUCHEMAL et al., 2004). The oil core (8% of MCT, 2% egg
lecithin and HP1) and aqueous components (1% of polyssorbate 80) were dissolved
in ethanol:acetone (50:50) mixture and ultrapure water, respectively. Increasing
amounts of HP1 (1.5, 3.0, 4.5 and 6.0 mg/mL) were added to organic phase. This
phase was poured, slowly, under moderate magnetic stirring, on the aqueous phase.
The solvent excess was eliminated under reduced pressure in 50 °C until the final

volume required (5 mL).
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Nanoemulsion characterization

Particule size

The nanoemulsions were characterized according the particle size and
polydispersion index through dynamic light scattering, in Malvern Zetasizer ZS
(3000HS Zetasizer, Malvern Instruments, Worcestershire, UK) equipment. The results

were expressed as mean of three determinations of three different nanoemulsions.

Zeta potential

The zeta potential was determined according the particles eletroforetic mobility
in Malvern Zetasizer ZS (3000HS Zetasizer, Malvern Instruments, Worcestershire, UK)
equipment. The results were expressed as mean of three determinations of three

different nanoemulsions.

Morphological evaluation

To evaluate the oil droplets morphology, the nanoemulsions were visualized in
transmission electronic microscopy transmission electronic microscopy (JEOL JEM
1200 ExIl), in 120kV voltage and 300.000x magnification. The samples were prepared
24 hours before analysis and maintained in desiccator. After preparation, samples
were deposited in cuprum metallic supports (200 mesh) and submitted to negative

contrast with uranile acetate solution (2%).

Pharmacological study

Animals

Male CF1 mice (25-30 g) from the breeding colony of Federal University of
Santa Maria (UFSM) were used. Before the experiments, the animals were housed in
plastic cages of 17x28x13 cm, 6 per cage, under a 12 h light/dark cycle (lights from

7:00 to 19:00h) at constant temperature (23 °C = 2). The animals were kept in an
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exhaustion system (ventilated shelves Alesco®) and monitored humidity, with free
access to standard certified rodent diet and tap water. The experiments were
performed between 10:00 to 16:00 hours, with 1 hour of adaptation in the experimental
room. Before the administration by oral route, the animals were fasted by 2 hours. All
protocols were approved by local research ethical committee (UFRGS) (n° 26390) and
comply with the Brazilian law and the CIOMS (Council for International Organization of
Medical Sciences International) (INTERNATIONAL GUIDING PRINCIPLES FOR
BIOMEDICAL RESEARCH INVOLVING ANIMALS, 2012)

Drugs and treatments

The following drugs were used: morphine (Cristalia®) and haloperidol (Galena®).
HP1 free form was dissolved in a mixture of polyssorbate 80 (2%) and saline solution
(0.9% NaCl) and HP1 loaded in nanoemulsions was administered directly. The control
animals received vehicle (saline solution with 2% of polyssorbate 80 or blank
nanoemulsions). The doses were chosen according to previous studies from our group
(HAAS et al.,, 2010). Besides, the sample size was nine (9) animals per group
considering an alfa value of 0.01, test power 0.9 and the statistic test for each

experiment.

Hot plate test

For hot plate test, the mice were habitude to the nonfunctioning apparatus for 1
minute. After that, the animals were placed on the functioning hot plate (Ugo Basile®)
at 53 + 2 °C (AMRESH et al., 2007) to determine baseline responsiveness. The latency
time was counted to the mice lick one of its hind paws or jump. After that, the animals
were withdrawn of hot plate. The mice that presented baseline reaction of more than

20 s were eliminated from experiment.

The selected animals received the respectively treatments by oral route (1
mL/100 g), in the following doses: HP1 free form (15, 30, 45 and 60 mg/kg), HP1
loaded nanoemulsions (15, 30, 45 and 60 mg/kg), vehicle control, blank nanoemulsion
and morphine as positive control (10 mg/kg). After 60 minutes, the mice were placed

again in the hot plate and the latency time was measured. In the second session, a
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maximum latency time of 40 s was imposed in order to avoid tissue damage. The
percentage of maximum possible antinociceptive effect was calculated according the

follow equation:

% MPE = (Post drug latency- pre-drug latency) x 100

(Cut-off latency- pre-drug latency)

Motor Coordination test (Rota Rod)

For the motor coordination test, the rota rod apparatus was used (DUNHAM and
MIYA, 1956). The apparatus consist of a cylinder of 3 cm in diameter rotating at 5 rpm.
One day before testing, the animals were trained once during five minutes. On the test
day, the mice were trained again for five minutes and those that were able to stay 90
seconds balanced on the rota rod were selected to analysis. The selected mice
received HP1 free form and HP1 loaded nanoemulsions at active doses, vehicle
control, blank nanoemulsion, morphine (10 mg/kg) and haloperidol as positive control
(4 mg/kg).

Statistical analysis

Data were analyzed by one way analysis of variance (ANOVA) and two-way
repeated measure analysis of variance (ANOVA), both followed by Student-Newmann-
Keuls test. All results were expressed as mean + S.E.M. The analyses were performed
using Sigma Stat 2.03 software (Jandel Scientific Corporation, San Rafael, CA, USA).

Differences were considered statistically significant at p< 0.05.
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Results and Discussion

Physicochemical properties of nanoemulsions

The nanoemulsions were characterized in terms of droplet size, polydispersity
index and zeta potential. The results are presented in Table 1.

Table 1. Nanoemulsion characteristics

® (nm)* PDI? Zeta potential Content
(mV) (mg/mL)
HP1 (1.5 169.65 + 0.118 £ -27.917 1.46 £ 0.001
mg/mL) 1.317 0.038 0.383*
HP1 (3.0 174.00 = 0.114 + -22.544 + 2.94 +0.014
mg/mL) 6.986 0.003 1.887*
HP1 (4.5 164.43 0.134 £ -15,933 4.28 + 0.001
mg/mL) 0.833 0.0001 0.513
HP1 (6.0 159.3 0.218 + -26.65 + 5.99+0.124
mg/mL) 4.30 0.017*** 3.65**
Blank 168.06 + 0.118 + -16.578 + -
10.98 0.005 1.412

Droplet size; 2 Polydispersion index

***Statistical difference by One Way ANOVA followed by Tukey's test related to blank nanoemulsion at
p<0.001

**Statistical difference by One Way ANOVA followed by Tukey’s test related to blank hanoemulsion at
p<0.01

*Statistical difference by One Way ANOVA followed by Tukey's test related to blank nanoemulsion at
p<0.05

The results indicated that the spontaneous emulsification generated
monodisperse nanoemulsions (polydispersion index < 0.25) with average of particle
size around 170 nm. The benzopyran HP1 seems to be incorporated in the internal
phase of formulations. These results could be explained by the low HP1 water
solubility, since HP1 partition coefficient octanol/water (logPow) was 4.3 + 0.39,

characteristic of lipophilic compounds.
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The solubility in the nanoemulsion oil core (MCT) was also evaluated, finding the
value of 41.25 = 0.97 mg/mL, which is very high and promotes the compound
solubilization inside the oil core. The zeta potential ranged from -15 mV to -28 mV. The
negative charge, attributed to egg lechitin and MCT presence, contributes to
nanoemulsion stability by repulsion between droplets (LAWRENCE, 1996).
Significative differences were found between blank and HP1 loaded nanoemulsions
with higher values, in modulus, when the compound is encapsulated, probably due to
HP1 adsorption in the interface o/w. The higher HP1 solubility in the oil core and the
zeta potential more negative indicate that part of the molecule is inside of the oil core
and part is in the interface o/w associated with surfactants.

The nanoemulsions droplet morphology was evaluated by Transmission Eletronic
Microscopy (TEM) as represented in figure 2. The photomicrographs revealed
spherical structures with average diameter between 100 and 200 nm, defined interface
without deposit of compound.

Figure 2. Nanoemulsion micrographs after HP1 incorporation (magnification
300.000x).
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Antinociceptive activity

Regarding pharmacological results, HP1 loaded in nanoemulsions had it active
dose reduced as shown in figure 3. The maximum effect of HP1 free form was found
at 45 mg/kg while HP1 loaded nanoemulsions reached the same effect at 30 mg/kg.
Considering the same lipidic proportion in tested formulations, the maximum effect at
lower concentrations could be attributed to better solubilization of the compound when

loaded in nanoemulsions.

804
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Figure 3. Dose reponse curve of % of Maximum Possible Antinociceptive Effect
(%MPE) of HP1 free form (O) or loaded in nanoemulsions (M). The results are
presented as mean * standard error (n=9 mice/group). Significantly different values
were detected by one-way ANOVA followed by Student Newmann Keuls test. *p<0.05
compared to vehicle free HP1 at 30 mg/kg.

The benzopyran HP1 demonstrated antinociceptive action in a dose dependent
way supporting the data presented by HAAS et al. (2010). In that study, the authors
showed that the effect presented by HP1 is mediated by the opioid system, since it
was blocked by naloxone, an antagonist of this system. Scientific evidences point to
the benzopyran skeleton, that presents an interesting pharmacological potential. In this

context, many molecules having this nucleus, natural or synthetic, have demonstrated
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relevant pharmacological activities: tonabersat (SB-220453) with anticonvulsivant
properties (PARSONS et al., 2001), compounds with 7-hydroxi-2H-1-benzopyran, 2,3-
diaryl and halogenated benzopyrans with anti-inflammatory potential and antipyretic
activities by cicloxigenases inhibition (PRASANNA et al., 2004; EISSA et al., 2009)
and even more, cannabinoids as A°-tetrahydrocannabinol (THC) (WELCH et al., 2009)

The dose-response bell-shaped curve presented by benzopyran HP1, free form
and loaded in nanoemulsion, is characteristic of some peculiar opioid analgesics such
as buprenorphine and its metabolite norbuprenorphine (MARTIN et al., 1976; HUANG
et al., 2001). This behavior has been attributed to the partial agonism of mu (p) opioid
receptor (MARTIN et al., 1976) and interaction with supraspinal opiod like receptors
(ORL-1) which could provoque an effect pro-nociceptive or, at least, oppose opioid
receptor mediated antinociception at higher doses (MOGIL and PASTERKNAK, 2001).
Furthermore, buprenorphine has also the capacity of activates the delta (A) opioid
receptor as an antagonic ligand (SADEE et al., 1982), whilist, the main opposite effect
in the opioid system are due to interactions with mu (u) and ORL-1 receptors (LUFT
and COWAN, 2004). Therefore, the dose response curve presented by HP1 might be
attributed with interactions with different opioid receptors, in a relation of

agonism/antagonism dose dependant.

The use of nanotechnology based formulations as release systems is well
documentated in literature. The analgesic compounds morphine (WANG et al., 2008)
and acetylsalycilic acid (TANG et al.,, 2012) have already been incorpored in
nanomulsions in order to increase the absorption, and thus, pharmacodynamic activity.
Besides, better oral absorption of lipophilic compounds loaded in nanoemulsions has
been demonstrated (TIWARi and AMIJI, 2006; PARVEEN et al., 2011; SARI et al.,
2015).

Some physico-chemical mechanisms have been proposed to describe this effect.
The first explanation is the fact that small negatively charged nanoparticles could go
through the mucus layer of epithelial cells and, then, be absorbed by intestin (CONE,
2009). Besides, the lipid droplet superficial area increases with the decrease of particle
size leading to an increase of lipid digestion by gastrointestinal enzymes (LI et al.,
2011). Additionally, the bioavailability of lipophilic compounds could be diminished if

the lipidic phase consist of indigestible lipid. In formulations with digestible lipids (like
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MCT), the compound can be solubilized by micelles, mixed micelles, vesicles and free
fatty acids as result of lipid digestion and thus, be absorbed by intestinal cells
(CHAKRABORTY et al., 2009; QIAN et al., 2012).

In this context, HP1 loaded nanoemulsions produced the same effect than free
form, but in a lower doses. This reduction in doses sugggests that HP1 when loaded
in a nanoemulsion system might has a better solubilization in the gastrointestinal tract.
Other impacts of a lipophilic compound nanoemulsification are described in literature
as increasing of residence time in gastrontestinal tract, intestinal limphatic pathways
stimulus, intestinal permeability alteration and/or reduction in the efflux transporters
and metabolism activities (KOTTA et al., 2012). As can be seen in figure 3, the dose-
response curve of free compound is given in higher doses and this fact could be
atributted to a defficient solubilization of free molecule when administred only with aid

of surfactants.

Finally, the active doses (HP1 free form and loaded in nanoemulsions) were
evaluated in the rota rod test, to discard the possible motor impairement caused by
them in the hot plate (Figure 4). The results demonstrated that the benzopyran HP1
free form and loaded in nanoemulsions did not show motor impairment in animals
(Fireatment (7.97)=6.392.p<0.001; Finteraction(7.97)=18.941. p<0.001), using haloperidol as

positive control.
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Figure 4. Effect of benzopyran HP1 free form (45 mg/kg) and loaded in nanoemulsion
(30 mg/kg); haloperidol (positive control) and morphine (positive control of
antinoception) in Rota Rod apparatus. The fall number (A) and the permanence time
(B) were evaluated. The results are presented as mean * standard error (n=7
mice/group). Significantly different values were detected two way repeated measures
ANOVA followed by Student Newmann Keuls test *** p<0.001 comparing TO with T60.

Conclusions

The results show the feasibility of incorporating HP1 into nanoemulsions. The
antinociceptive effect of HP1 loaded in nanoemulsions was the same of free
compound, but in lower doses (45 to 30 mg/kg). These results corroborate with
literature data, where many studies demonstrate absorption enhancement and thus,
improvement of biopharmaceutical aspects, such as bioavailability when a compound
is loaded in nanoemulsions. However, assessing how nhanoemulsions behave across
the grastrointesinal tract and how the compound is released of this systems is needed
in order to permit a better understanding of how this molecule exerts its antinociceptive

action in a nanoemulsion form.

O T0
[ T60
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Supplementary Data

Material and Methods

HP1 identification

In order to identify the benzopyran HP1 spectroscopic and spectrometric
methods were performed.

Magnetic Nuclear Resonance (*H and 3C) was performed on a Varian MR400
spectrometer (at 400 MHz to 'H and 100 MHz to 13C). Spectra were recorded in CDCls
(Sigma Aldrich, St Louis, United States). Mass spectra was acquired in a positive-ion
mode on a Waters Q-TOF (Waters Corp., United States).

Analitical methodology validation

Chromatographic conditions

The chromatographical analysis was performed using a High Performance
Liquid Chromatograph Shimadzu® managed by the Software Labsolutions (1,24 SP2
version), with two pumps system Shimadzu® (LC-6AD), automatic injector Shimadzu®
(10AD) and UV/Vis dual detector Shimadzu® (SPD 20AV). The separations were
carried out with an isocratic system composed by acetonitrile (60%) and water (40%)
using a Waters Nova-Pack C18 column (4 um, 3,9 mm x 150mm) adapted to a guard
column Waters Nova-Pack C18 60A (3,9 mm x 20 mm). The flow rate was 1mL/min
and the injection volume 20 pL. The detector sensibility was 1AUFS and the detection

was performed in A=230 nm in 25°C.
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Analytical validation

The methodology to quantify the benzopyran HP1 was validated following the
normatives of ICH (The International Conference on Harmonisation of Technical
Requirements for Registration of Pharmaceuticals for Human Use) (Document Q2A,
1996). The evaluated parameters were linearity, precision, robustness and limit of
detection and quantification.

To the linearity curves, methanolic solutions of benzopyran HP1 were prepared
in seven concentrations (125; 93.75; 31.25; 15.62; 7.81; 3.91 e 1.955 ug/mL). The
solutions were injected in triplicate. The average of injections was obtained after peak
integration corresponding to HP1. After integration, a graphic was constructed plotting
area versus concentration to obtain the calibration curves. The standard deviation (SD)
and the relative standard deviation (RSD) were considered to each solution. The
curves were repeated in three different experimental days.

The limits of detection (DL) and quantification (QL) were determined according

the calibration curve, following the equations:
DL=3,3 x sd/Ic
QL=10 x sd/Ic

Where sd represents the intercept standard deviation and Ic the inclination average of

each curves.

Intermediate precision (interday and intraday) of chromatographic procedure
was assessed by determining the RSD of values obtained after three injections in three
different days. Three concentrations were evaluated within the calibration curve (125;
15.62 e 1.955 pg/mL). The robustness was assessed alternating few modifications in
the oven temperature. Three concentrations were evaluated (125; 15.62 e 1.955

pHg/mL) at three temperatures (20, 25 e 30 °C). The injections were made in triplicate.



87

Results and Discussion

HP1 identification

The results obtained by spectroscopic (Figures 1 and 2) and spectrometric (Figure 3)
analyzes were compared with authentic samples.
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Figure 1. 'H Nuclear Magnetic Ressonance of HP1
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Validation of an HPLC method for HP1 determination

Concerning the validation procedure, the HP1 retention time was approximately
8.4 minutes with intraday variation coefficient 0.48. The total time of analysis, 15
minutes, was suitable with total elution of compound. The chromatographic profile
could be visualized in figure 4.
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Figure 4. Chromatographic profile of benzopyran HP1 using the proposal method in
this study.

The linearity of method was performed at seven concentrations, between 1.995
and 125 pg/mL. The table 1 represents the used concentrations to built the linearity

curve. The graphical respresentation of curve can be visualized in figure 5.
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Table 1. Peak areas in the analysed concentrations by HPLC

Concentration (ug/mL) Area + SD RSD (%)

125 11363559 + 45697 0.32
93.75 8435034+ 123846 1.47
31.25 2920170 + 31758.2 1.08
15.62 1537170 £ 20159.5 1.31
7.81 779377.9 + 14496 1.85

3.1 385465.2 + 4977.8 1.29
1.995 224943.3 +3528.6 1.56

1.5:10°7 - y= 89960x+73090

R2= 0.9998

1.0x10°7 <

5000000.0+

Area (mVs™)

0.0

0 50 100 150
Concentration (png/mL)

Figure 5. Calibration curve of the benzopyran HP1 by HPLC.

In the linear regression, the determination coefficient (R?) that represents the
association grade between the independent variable (x) and the dependent variable
(y) must be closer to 1, which means strong correlation between the variables. The
determination coefficient 0.9998 shows that the correlation between benzopyran
concentration and equipament response is suitable. Evaluating the linear regression,
significative F values to a<0.0001 (80480) were found, proving the linear relation of

variables.
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The detection limit (DL) is expressed as the smaller analyte concentration that
could be detected by the proposal method, while the quantification limit (QL) is the
smaller concentration that could be quantified with suitable accuracy and precision
(Document Q2-A, ICH, 1996). Using the equations presented in the material and
methods section, were found values of 0.28 pg/mL and 0.944 pg/mL to DL and QL,
respectively. These values demonstrated that the proposed method is enough
sensitive to analyze the benzopyran HP1.

In order to evaluate the method precision the repeatibility (intraday precision)
and intermediary precision (interday precision) assay were performed. The results
were presented in table 2.

Table 2. Peak areas of benzopyran HP1 in the precision tests

Conc?. Day 1 Day 2 Day 3 Mean £ SD RSD (%)
(Mg/mL)
125 11327862 11343581 11496882 1138944.7 0.82
Interday +93377.41
precision 15.62 1517011 1544175 1533183  1531456.3 0.89
+ 13644.07
1.955 224943.3 229855.7 221572 225457 + 1.85
4165.65
Test 1 Test 2 Test 3 Mean £ SD RSD (%)
125 11330710 11430570 1122307 1137862.3 0.91
+ 104260.7
Intraday 15.62 1526125 153125 1501782 1517010.67 0.87
precision +13273.44
1.955 200461 197724 198872 199019 + 0.69
1374.41
aConcentration

The variations observed in the results could be considered appropriate once the
percentual relative standart deviation values are lower than 2%. In accordance to these

results, it is possible to affirm that the method is precise (ICH, 1996).The robustness
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was evaluated based on little modification in the oven temperature. The results are

presented in table 3.

Table 3. Robusteness presented by the proposal method in function of temperature

variation
Conc.? Peak area  Peak area  Peak area  Peak area RSD (%)
(Mg/mL) 20°C 25°C 30°C Mean + SD
125 11628959 11514196 11463848 11535668+ 0.73
84624.07
15.62 15172829 1533183 1565155 1557056 + 1.35
21027.44
1.955 223012.70 221572 222033.30 222206 0.33
735.69
aConcentration
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5 Capitulo 3 — Avaliacdo da permeabilidade intestinal de HP1 livre e

incorporado em nanoemulsdes trigliceridicas

Os resultados apresentados neste capitulo foram obtidos nos Laboratérios de
Farmacognosia e Institut Galien, Université Paris Sud, sob orientagéo dos

professores Dra. Gilsane Lino von Poser, Dr. Gilles Ponchel, respectivamente.
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A administracdo oral de compostos é a via com maior aceitacao pelo paciente,
principalmente, pela facilidade de administracdo. No entanto, essa via apresenta
problemas relacionados a baixa absor¢cdo intestinal e, por conseguinte,
biodisponibilidade. A baixa absor¢cdo é resultante das propriedades fisico-quimicas
dos compostos, fatores fisiologicos e fatores relacionados a forma de dosagem
(WASHINGTON, 2001; AGUEROS et al., 2011).

As propriedades fisico-quimicas dos compostos e a fisiologia do trato
gastrointestinal afetam a permeacdo de moléculas na membrana das células
intestinais. Fatores como solubilidade, coeficiente de particdo (Log D, Log P), pKa,
peso molecular, formacdo de agregados, tamanho de particula, pH no Iamen
intestinal, area absortiva, fluxo sanguineo intestinal e acdo de enzimas influenciam na
absorcao por essa via (UNGELL, 1997; UNGELL e ABRAHAMSSON, 2001). Apesar
desses fatores estarem fortemente envolvidos, a solubilidade em agua e a
permeabilidade frente a células intestinais, sdo os fatores determinantes da alta ou
baixa absorcao de compostos (WASHINGTON, 2001), sendo que aqueles com baixa

solubilidade em agua apresentam a absorcéo mais deficiente.

A fim de contornar a problematica de absor¢cdo de compostos com baixa
solubilidade em agua, os mesmos tém sido incorporados em sistemas de liberacao
lipidicos que podem contornar o problema de baixa absorcdo aumentando a
solubilidade e /ou a dispersdao no ambiente gastrointestinal aquoso. Ainda, esse tipo
de formulacdo apresenta impacto positivo na permeabilidade intestinal o que por
consequéncia, melhora sua absorcdo (CARRIERE, 2015). Esses sistemas mantém o
composto em um a forma coloidal dispersa evitando que o mesmo precipite nos fluidos
intestinais, para entédo ser absorvido na forma de micelas, micelas mistas ou vesiculas
em conjunto com os sais biliares da digestdo (CHAKRABORTY et al., 2009).

Ha diversas técnicas utilizadas para avaliar permeabilidade intestinal in vitro.
Destacam-se os modelos que utilizam membranas artificiais (PAMPA) (KANSY et al.,
2001), modelos de cultura celular (Caco-2) (BALIMANE e CHONG, 2005) e modelos
ex-vivo utilizando tecidos intestinais (Ussing Chambers) (UNGELL et al, 1997). O
modelo mais amplamente utilizado € o modelo de cultura celular (Caco-2), embora o
modelo ex-vivo de Ussing chambers apresente algumas vantagens como expressao

de transportadores de membrana, manutencdo da producao de muco intestinal e
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dados experimentais que podem ser comparados diretamente quando utilizados o
mesmo modelo animal in vivo (MAZAFERRO et al., 2012).

5.1 Absorgao intestinal de compostos

A via oral é a via preferencial para administragdo de compostos em virtude das
vantagem que a mesma oferece emrelagéo as outras vias (nao invasiva, menor custo,
menos efeitos adversos em relagdo ao local de administracdo, etc). A importancia
dessa via de administracdo é refletida no fato de que >60% das novas entidades
moleculares recebidas pelo FDA (Food and Drug Administration) para a aprovacao,
em 2014, eram formulac¢des destinadas a via oral (MULLARD, 2015).

Compostos administrados pela via oral devem atravessar o0 trato
gastrointestinal antes de alcancar os capilares que levam a veia porta. Esse sistema
compeende varios 6rgaos com func¢des distintas:

(1) Boca ou cavidade bucal: onde esta a saliva composta de muco, agua, sais

e enzimas (amilase e lipase);
(2) Faringe e esodfago: agem como um caminho até o estbmago;

(3) Estbmago: onde ocorre a digestdo. Contém suco gastrico composto de

acido cloridrico e algumas enzimas digestivas como pepsina e a lipase gastrica;

(4) Intestino delgado: é dividido em trés sec¢des (duodeno, jejuno e ileo), onde
a maior parte da aborcéo ocorre com a passagem de compostos diretamente para a
circulacao sistémica, ou entdo, primeiramente para a circulacao linfatica e apds, para

0 sangue.

Os enterdcitos sao células epiteliais presentes no intestino envolvidas na
absorcdo de compostos sejam eles enddgenos ou exdgenos. Essas células
expressam transportadores dependentes de trisfosfato de adenosina (ATP) nas
membranas apical e basolateral que participam da absorcéo e/ou efluxo de moléculas
(HUGHES et al., 2008). Apesar de haver especificidade de substratos para o0s
transportadores, esta € bem menor do que aquela encontrada para enzimas. No

entanto, alguns casos devem ser considerados como especificidade para peptideos



97

(PEPT) e moléculas ionizadas (PMAT, OTCN, OCT) (THE INTERNATIONAL
TRANSPORTER CONSORTIUM, 2010; ESTUDANTE et al., 2013).

Além dos transportadores ja mencionados, receptores presentes no sistema
nervoso entérico (como opioides e canabinoides) (MASSA et al., 2005; HOLZER,
2009) também podem estar presentes na membrana dos enterdcitos. O receptor
canabinoide CB;: por exemplo, pode ser encontrado na membrana dessas células
epiteliais, principalmente aquelas presentes no célon (1ZZO e SHARKEY, 2010).
Entretanto, ainda ndo esta claro se esse tipo de receptor pode ter envolvimento com
o transporte de substéncias para a corrente sanguinea, porém sabe-se que na
presenca de agonistas canabinoides, a permeabilidade intestinal se mostra
aumentada em virtude da reducdo de expressao de proteinas das tight junctions, e
consequente abertura das mesmas (MACCARRONE et al., 2015).

Ao chegar no intestino delgado, as moléculas podem ser absorvidas por
transporte passivo ou ativo (via transportadores ATP dependentes). A difusédo passiva
compreende dois fendmenos: paracelular, onde o composto difunde através de poros
aquosos presentes nas tight junctions (entre duas células epiteliais) e transcelular,
onde a difuséo se da através da borda em escova dos enterdcitos. O transporte ativo,
por sua vez, ocorre através dos transportadores mencionados anteriormente (HURST
et al., 2007).

Antes de alcancar a membrana dos enterdcitos, compostos devem atravessar
a barreira mucosa que protege as células epiteliais. Nessa barreira, muitos compostos
ou sistemas de liberagdo podem ficar presos e serem assim removidos pela
renovacao dessa camada (ocorre aproximadamente entre 47 e 270 minutos) (LEHR
et al., 1991; DUNNHAUPT et al., 2015). A camada mucosa é composta de proteinas,
carboidratos, lipideos e altas quantidades de agua (EHEHALT et al., 2004;
HANSSON, 2012). As principais proteinas formadoras dessa camada sdo as mucinas,
glicoproteinas secretadas pelas células calciformes dos intestinos delgado e grosso
(ALLEN et al., 1998; KIM e HO, 2010). Essas glicoproteinas possuem carga negativa
devido aos seus carboidratos (residuos de sulfato e acido sialilico) (LARSSON et al.,
2009; PEARSON e BROWNLEE, 2010).

(5) Intestino grosso: armazena temporariamente substancias nao digeridas;
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(6) Pancreas e figado: apesar de ndo pertencerem ao trato gastrointestinal
propriamente dito, estas glandulas exocrinas contribuem substancialmente no
processo de absorgcédo intestinal de substancias. O pancreas secreta enzimas
digestivas (proteases, lipases e amilases) a fim de digerir componentes de alimentos
(carboidratos, gorduras, proteinas, etc) e bicarbonato de sédio para neutralizar os
acidos estomacais. O figado, por sua vez, produz a bile que contém os sais biliares e
fosfolipideos que agem como surfactantes para emulsificar lipideos, aumentando a
absorcao.

5.2 Absorcao intestinal de compostos lipofilicos

Compostos lipofilicos possuem baixa solubilidade em agua o que leva a baixa
dissolucéo nos fluidos intestinais e absor¢cdo dessas moléculas pela via oral. Além
disso, a baixa solubilidade também pode ocasionar variabilidade e falta de
proporcionalidade nas doses administradas (PORTER e CHARMAN, 2001).

Nas ultimas décadas, a administracao oral de compostos lipofilicos tem tomado
uma nova dimensdo com o advento dos sistemas de liberacdo lipidicos, como
carreadores de compostos pouco soluveis em agua (POUTON, 2006). Dentre esses
sistemas destacam se as nanoemulsdes definidas como sistemas isotropicos
dispersos com tamanho de goticula entre 50-500 nm (SOLANS et al., 2003),

termodinamicamente estaveis .

Apo6s a administracdo oral de nanoemulsdes, a lipase gastrica inicia 0 processo
de digestado dos triglicerideos. Simultaneamente, a agitacdo mecanica (propulséo e
retropropulsdo) do estdémago facilita a formacdo de uma emulsdo composta pelos
fluidos gastricos aquosos e produtos da digestao lipidica. Apés, no intestino delgado,
os triglicerideos nao digeridos sdo transformados em diglicerideos, monoglicerideos
e acidos graxos livres pela acdo da lipase pancreatica e co-lipase. Assim, a presenca
de lipideos exdégenos no intestino delgado faz estimula a secrecédo de sais biliares,
fosfolipideos e colesterol pelo figado. Dessa forma, os produtos da digestdo lipidica
sdo incorporados em estruturas coloidais, incluindo micelas e vesiculas unilamelares
ou multilamelares formadas na presenca dos sais biliares. Essas espécies coloidais

sao entao absorvidas por transporte ativo ou passivo (CHAKRABORTY et al., 2009).
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Além disso, € importante salientar que sistemas de liberacado lipidicos como
nanoemulsées que apresentam carga negativa, expressa em termos de potencial
zeta, tem mais facilidade de atravessar a camada mucosa pois nao sofrem o
fenbmeno de atracao eletrostatica com as glicoproteinas presentes no muco e assim
chegam mais facilmente na borda das células epiteliais do que sistemas positivamente
carregados que podem ser imobilizados no muco por interagdes ionicas (CRATER e
CARRIER, 2010).

5.3 Permeabilidade intestinal

A perrmeabilidade intestinal em conjunto com solubilidade, taxa de dissolu¢éo
e transito gastrointestinal, € uma das variaveis biofarmacéuticas que determina a
extensdo de absorcao intestinal de compostos, tanto em humanos como em animais

(LENNERNAS et al., 1992; AMIDON et al., 1995).

E importante considerar que a permeabilidade intestinal depende de multiplos
mecanismos de transporte, paralelos ou ndo, como: difusdo passiva ( transcelular),
transporte ativo e efluxo (mediados por carreadores dependentes de ATP). Além
disso, compostos também podem permear pela via paracelular, apesar de estudos in
vivo demonstrarem que essa via contribui muito pouco para a absorcéo de compostos
farmacologicamente ativos (FAGERHOLM et al., 1996).

O jejuno é aregido do intestino delgado onde ocorre a absorcédo da maior parte
dos compostos. Esse fato se da por essa regido do intestino possuir maior area
superficial e por ser o local onde a maioria dos transportadores ativos esta localizada
(LENNERNAS et al., 1992; SUN et al., 2002).

O método mais comumente utilizado para avaliar permeabilidade intestinal in
vitro é aquele que utiliza células Caco-2 (derivadas de adenocarcinoma humano de
célon) (BALIMANE e CHONG, 2005). Essas células sofrem, em cultura, diferenciacao
espontanea e se tornam polarizadas (com uma superficie apical e outra basolateral),
assumindo assim caracteristicas de enterdcitos com tight junctions e exibindo fun¢des
inerentes as células epiteliais do intestino. Apesar dessa diferenciacdo, o0s
transportadores de membrana sdo expressos por essas células em quantidades muito

menores quando comparada a situacao in vivo (SUN et al., 2002). Além disso, ndo ha
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producdo de muco por essas células fazendo com que sua influéncia ndo possa ser
estudada (DEFERME et al., 2008). Modelos de co-cultura celular (por exemplo
Caco2/HT29) tem sido propostos (WIKMAN-LARHED e ARTURSSON, 1995).
Entretanto, o uso de tecido vivo e intacto se mostra mais realistico, como por exemplo

0 modelo de ussing chambers.

O modelo de ussing chambers € eficiente para investigacfes de transporte e
metabolismo de compostos ex vivo. Este modelo utiliza por¢des teciduais de intestino
gue sdo montadas entre dois compartimentos de difusao celular (UNGELL, 1997). Os
compartimentos mucoso e seroso sao normalmente mantidos em tampao Krebs-
Ringer bicarbonato que é continuamente gaseificado com uma mistura O2:CO- (95:5)
para prover tensdo de oxigénio suficiente para manter a viabilidade do tecido
(DEFERME et al., 2002). O composto a ser testado & entdo adicionado no lado
MUCOSO OuU Seroso para estudar o sentido absortivo ou secretorio. Ainda, parametros
eletrofisiol6gicos sdo monitorados ao longo do experimento. Dessa forma, a diferenca
de potencial reflete o gradiente de voltagem gerado pelo tecido, a resisténcia
transepitelial, a integridade tecidual e a corrente de curto circuito os fluxos ibnicos ao
longo do epitélio (POLENTARUTTI et al., 1999).

As maiores aplicacfes da técnica de ussing chambers sdo a determinacao do
transporte transepitelial de compostos em combinacdo com metabolismo intestinal
(ROGERS et al., 1987; ANNAERT et al., 2000), estudo de diferencas regionais na
absorcao intestinal (NEJDFORS et al., 2000; HWANG et al., 2002; BAJKA et al.,
2003), e o envolvimento de transportadores intestinais na absor¢cdo de compostos (
MOLS et al.,, 2005; ZAKELJ et al., 2006). No entanto, esse meétodo nao foi
desenvolvido como uma ferramenta de high throughput screening, mas se utilizado da
forma correta, oferece diversas vantagens em relagcdo a outros utilizados para o
mesmo fim (UNGELL, 2002).

Para comecar ha uma boa correlacdo com a permeabilidade aparente do jejuno
humano, in vivo (LENNERNAS et al., 1997), para compostos de baixa e alta
permeabilidade, principalmente quando o transporte passivo esta envolvido. Ainda, a
técnica pode ser utilizada em diferentes regidées do trato gastrointestinal, avaliando
assim caracteristicas regionais de absorcdo de compostos (UNGELL et al., 1997,
POLENTARUTTI et al., 1999). Este método também é muito Gtil na avaliagdo de
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mecanismos de absorcdo (UNGELL, 2002). Por fim, poder ser utilizados tecidos
humanos, porc¢des de bidpsia e porgdes intestinais de animais (SODERHOLM et al.,
1998; SJOSTROM et al., 2000; UNGELL, 2002).

Dessa forma, os resultados apresentados neste capitulo exploram os
parametros que regem a permeabilidade intestinal de HP1 na sua forma livre e quando
incorporado em nanoemulsdes, pelo método de Ussing chambers. Os resultados

estdo apresentados na forma de um manuscrito cientifico.






MANUSCRITO 3- Intestinal permeation enhancement of benzopyran

HP1 when loaded in triglyceride nanoemulsions.

Manuscrito em preparacao






105

Intestinal permeation enhancement of benzopyran HP1 when loaded in

triglyceride nanoemulsions.
Meirelles, G*2., Mendes, C!., Teixeira, H2., von Poser, G2., Ponchel, G*.

I Institut Galien Paris-Sud, CNRS UMR 8612, Univ. Paris Sud, Univ. Paris Saclay, 5 rue Jean Baptiste

Clément, Chatenay-Malabry,France

2 Federal University of Rio Grande do Sul, Post Graduate Program in Pharmaceutical Sciences, 2752

Ipiranga Avenue, Porto Alegre, Brazil

Abstract

The benzopyran HP1 is a substance known to exert antinociceptive action in mice
(p.0). Although HP1 pharmacological potential, its poor water solubility leads to poor
intestinal permeation and absorption. To overcome these hindrances, alternatives as
incorporation in nanostructured lipidic release systems have been used. Thus, the
aims of this study were to evaluate the intestinal permeability of HP1 (free form and
loaded in nanoemulsions) in the Ussing chamber model (ex vivo) to have a better
understanding of how this molecule can be absorbed following oral delivery. The
Ussing chambers experiments demonstrated significant differences in the permeation
fluxes through the rat jejunum intestinal membrane, with higher values in the
absorptive direction, indicating that active transporters were, at least partially, involved
in the HP1 transport across intestine. Since HP1 structure looks like a cannabinoid
ligand, the implication of intestinal cannabinoid receptor (CB1) in HP1 absorption was
investigated using different intestinal portions: jejunum and colon. No differences were
found when jejunum tissue was used. In contrast, in colonic tissue the results
presented an interesting effect, with a possible interaction between HP1 and CB:
receptor. Regarding the release system, HP1 permeation loaded in nanoemulsions
was assessed. The nanoemulsion apparent permeability was 4 times higher than HP1
free form, thus improving its absorption. Together, these results help to understand the
absorption process of benzopyran HP1 (free form and loaded in nanoemulsions).
Ussing chambers are an interesting model in pre-clinic studies since some robust
correlations have been established between permeability obtained in rats and humans

for both absorption mechanisms: carrier-mediated or passive diffusion. Applied to HP1,
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these correlations suggest that this molecule as a fairly good probability to be efficiently
delivered to humans, provided an adequate formulation based in lipid release systems
and able to ensure an adequate dissolution profile in the gastrointestinal tract.

Keywords: Benzopyran HP1, intestinal permeability, cannabinoid receptor,
nanoemulsion

*Correspondance author Dr. Gilles Ponchel (gilles.ponchel@u-psud.fr)
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Introduction

The genus Hypericum (Hypericaceae) represents a source of compounds with
antinociceptive activity (BONKANKA et al., 2011; BRIDI et al., 2016; RAZIQ et al.,
2016). Among them, benzopyran HP1 from Hypericum polyanthemum Klotzsch ex
Reichardt, is a substance known to exert this action in mice by oral route (HAAS et al.,
2010; MEIRELLES et al., 2016 not published data).

Scientific evidences pointed out that the benzopyran skeleton derivatives could
be responsible by pharmacological activities due to a synergism between the systems
opioid and cannabinoid (CICHEWICZ, 2004; DESROCHES and BEAULIEU, 2010).
Some molecules with this type of structure have demonstrated antinociceptive activity
such as A°-tetrahydrocannabinol (THC) (WELCH et al., 2009) and sculetin
(RZODKIEWICZ et al., 2015).

Cannabinoids and opioids produce analgesia through a G-protein system
coupled mechanims, that could even be co-localized in the same neuron
(CICHEWICZ, 2004). Furthermore, studies have demonstrated that the analgesic
effect of the most famous cannabinoid molecule, THC, is at least in part, mediated by
opioid receptor, indicating a connection between this two signaling pathways (MASON
et al.,, 1999; WELCH and EADES, 1999). HAAS et al (2010) have demonstrated that
HP1 exerts its antinociceptive activity by opioid system and since the connection
between opioid and cannabinoid pathways has already been described, the hypothesis
of HP1 be a substract of CB1 receptor on intestinal epithelial cells (MACCARRONE et

al., 2015) aiming oral absorption should be further investigated.

The oral administration is the dominant delivery route because offers many
advantages such as being painless and easily self administrable resulting in a high
patient acceptance (BERNKOP-SCHNURCH, 2013). In spite of these advantages,
currently drug developments projects are impaired because of poor gastrointestinal
absorption, and then, poor biavailability (LENNERNAS, 2007). In accordance with this
fact, several marketed drugs presents problems of low permeability, rapid metabolism
and poor safety and tolerability (HODJSON, 2001). It is estimated that approximately
40% of approved drugs and 90% of drugs in development are classified as poorly water
soluble (<100 ug/mL) (TAKAGI et al., 2006). Therefore, since the water solubility is a
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critical determinant to drug absorption, a poor dissolution rate could implicates in low
permeability, thus, alternatives that improves this aspect are necessary.

Recently, we have demonstrated that a triglyceride nanoemulsion is capable of
improving the antinociceptive activity of benzopyran HP1 by oral route (MEIRELLES
et al., 2016 not published data) and the better explanation is the higher solubilization
and, and consequently, absorption by epthelial cells from small intestine.

Lipid based drug delivery systems, as nanoemulsions, have gained attention in
drug delivery of poorly water soluble (eg. HP1) drugs due to their ability to improve the
solubility of these drugs (JANNIN et al., 2008). The absorption of drug from these
systems depends on many factors including particle size, degree of emulsification and
lipolysis and rate of dispersion (POUTON, 2000).

Thus, the aim of this study was to evaluate the intestinal permeability of HP1
(free form and loaded in nanoemulsions) in the Ussing chamber model (ex vivo) to
have a better understanding of how this molecule can be absorbed and exert its
antinociceptive activity following oral delivery. Moreover, an in vitro digestion method
was performed to know the impact of enzymatic lipolysis in the nanoemulsion. Finally,

the influence of intestinal mucus in the nanoemulsion intestinal passage was achieved.

Material and Methods

Reagents

HP1 was isolated from aerial parts from Hypericum polyanthemum according
Meirelles et al., 2016 (not published data). Sulfobutyl éther B-cyclodextrin was donated
by Captisol® (California, United States). Pancreatin from porcine pancreas and
rimonabant hydrochloride were purchased from Sigma Aldrich, France. Acetonitrile
and Methanol HPLC grade were obtained from VWR reagents (Fontenay-sous-bois,
France). Egg lechitin (Lipoid® E80) was kindly donated by Lipoid (Steinhausen,
Switzerland) and medium chain triglycerides (Miglyol® 812) were acquired from Sasol

(Hamburg, Germany). Krebs Bicarbonate Ringer Buffer at pH 7.4 with or without 1%
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of sulfobutyl éther.3-cyclodextrin and 2% of pancreatin was prepared according the
protocol described below.

Nanoemulsion preparation

Triglyceride nanoemulsion was prepared by means of spontaneous
emulsification method (YU et al.,, 1993; BOUCHEMAL et al., 2003). The oil core
(medium chain triglycerides (8%), egg lechitin (2%) and benzopyran HP1 (3.0 mg mL"
1)) and aqueous components (polyssorbate 80 (1%)) were dissolved in an
ethanol:acethone (50:50) mixture and ultrapure water, respectively. The oil phase was
shed, slowly, under moderate magnetic stirring, on the aqueous phase. The solvent

excess was eliminated under reduced pressure at 50°C until de final volume required.

Physico-chemical characterization of nanoemulsion

The mean particle size and polydispersion index were detected through
dynamic light scattering, in Malvern Zetasizer ZS (3000HS Zetasizer, Malvern
Instruments, Worcestershire, UK) equipment. The zeta potential was determined
according the particles eletroforetic mobility in the same equipment. The results were

expressed as mean of three determinations of three different nanoemulsions.

Intestinal permeation studies

Krebs Ringer Bicarbonate Buffer

The studies were carried out in Krebs Ringer Bicarbonate Buffer (KBr Buffer)
(UNGELL et al., 1992) with slightly modifications. The following composition was used:
NaCl (108 mM), KCI (4.7 mM), NazHPO4 (1.8 mM), KH2PO4 (0.4 mM), NaHCO3 (15
mM), MgSOs4 (1.2 mM), CaClz (1.25 mM) and D-glucose (11.5 mM), added of 1% of

sulfobutyl éther B-cyclodextrin and 2% of pancreatin.
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Ex-vivo experiments by “Ussing Chambers”

Male Wistar rats (200-250 g) were sacrificed by CO gradient and then, jejunum
or colon were excised, rinsed with cold Krebs Bicarbonate Buffer and cut into segments
of 2-3 cm without Peyer’s Patches.

HP1 free form permeation experiments

The jejunum portions (1 cm?) were mounted in “Ussing chambers” with modified
Krebs Bicarbonate Buffer in the acceptor compartiment (mucosal or serosal side,
depending on the direction to be analyzed). The sample was then placed in the
respective compartiment, mucosal side when the absorptive direction was analyzed
and serosal side when the secretory direction was analyzed. The system was
maintained at 37°C and continuously oxigenated with O2/CO. (95:5%). At pre
estabilished time intervals (0, 30, 60, 90,120 and 180 minutes) aliquots of 500 pL were
withdrawal from the acceptor compartment and replaced by the same amounts of fresh
buffer in order to maintain the mass balance. Aliquots were also withdrawal from the
donator compartment at the beginning and at the end of experiment to monitor any
changes in the concentration during the experiment. These assays were conducted in
jejunum and colon. The experiments were repeated in the absorptive direction at 4°C,
where the activity of ATP-dependent transporters is disabled and the absorption occur
only by passive diffusion. The samples were then analyzed by HPLC means, using a
Waters 515 pump and a Waters 717 plus autosampler. UV absorbance at 230nm was
monitored with a Waters 486 absorbance detector. Free HP1 (0.344 mM) was

analyzed in both directions.

After that, the influence of the cannabinoid system in the transport of HP1 across
intestinal membrane (jejunum and colon) was assessed by adding CB; inverse agonist,
rimonabant, 30 minutes before addition of HP1 in Ussing chamber. This time of 30
minutes is enough to rimonabant bind in the sites of CB1 receptor in order to investigate

its influence in HP1 transport.
Furthermore, the apparent permeability was calculated following the equation:

Papp= (dQ/Dt) x (1/ACy)
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where (dQ/Dt) is the flow of HP1 across the intestinal membrane, A is the surface of
membrane and Cyis initial concentration of HP1. In order to standarize the conditions
Papp was calculed between 30 and 120 minutes of experiment, obeying the curves
linearity.

HP1 nanoemulsion permeation experiments

The experimental design was the same of HP1 free form, except that only the
absorptive direction at 37°C was analyzed. Moreover, a set of experiments with a semi-
permeable membrane (cut-off 40,000 g/mol) was also conducted in order to evaluate
the mucus influence in HP1 nanoemulsion passage across the intestinal membrane.
In addition, the influence of CB: inverse agonist, rimonabant, in the nanoemulsion

passage was investigated in the absorptive direction at 37°C.

Electrical parameters

During all experiments, electrical parameters were evaluate in order to ensure
the tissue viability. A four electrode system was used to achieve electrical
measurements. Transmucosal potential difference (PD) was recorded between two
KCI saturated bridges connected to a MDVC-2C voltage clamp (BioRad®, France) via
calomel electrodes filled with KCI satured solution (2M). Potential difference was short-
circuited during the experiment by a short-circuit current (Isc) via agar bridges placed
in each half-cell and adapted to platinum electrodes connected to an automatic MDCV-
2C voltage clamp. Delivered Isc (short-circuit current) was corrected for fluid resistance
and recorded at pre-set times. The transmucosal epithelial resistance (% TEER) was

calculed according the Ohm’s law:
TEER = AU/10,
AU= Ulo-Uo

where, U= Transmucosal potential difference and Uio- Transmucosal potential

difference when a current of 10pA is applied.
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In vitro nanoemulsion lipolysis

In vitro lipolysis experiments were conducted according GRIFFIN et al., 2014
with slightly modifications. 0.5 g of nanoemulsion was dispersed in 45 mL of digestion
buffer (50 mM tris maleate, 150mM NaCl, 5 mM CaCl,, pH = 7.5) added of 5 mM of
taurocholic acid and 1.25 mM phosphatidylcholine (conditions simulating fasted state
intestinal conditions). Digestion was initiated by addition of 5 mL of pancreatin extract
(2% wiv), freshly prepared as described by SEK et al., 2002. Lipolysis was followed
over 90 min at 37 °C using a pHameter seven multi (Mettler Toledo®), and mantaining
the pH at 7.5 using 0.2 M NaOH. Aliquots of 5 mL were withdrawal from the digestion
medium at time zero (before addition of pancreatin solution) and at pre-set time
intervals (5, 10, 15, 30, 60 and 90 minutes) after addition of pancreatin solution.
Samples were subsequently centrifuged using a Optima LE 80K Beckman coulter
ultracentrifuge (Beckman Instruments, Palo Alto, USA) equipped with 90 Ti rotor for 90
min at 37°C and 30000 rpm in order to separate the sample into two phases: an
intermediate aqueous phase (containing bile salts, fatty acids and monoacyglicerols)
and an upper oily phase (containing undigested triacylglycerols and/or diacylglycerols).
Each layer was then, diluted with a mixture of acetonitrile:water and evaluated for HP1

content using HPLC.

Ex vivo mucoadhesion

Ex vivo mucoadhesion on rat intestinal mucosa was performed according the
method described by DURRER et al., 1994 a, b.

Male Wistar rats (200-250 g) were sacrificed by CO; gradient and then, jejunum
was removed, rinsed with cold Krebs Bicarbonate Buffer and cut into segments of 4
cm? without Peyer’s Patches. Each segment was opened longwise and mounted into
aluminum plates carefully in order to not remove the mucus layer. A second aluminum
plate, with 2 cm? cleft in the center, was then fixed over the first plate to the purpose of
fix the slice there. Following the experiment, 0.5 mL of a nanoemulsion preparation
(200 pg mL1) in modified Krebs Bicarbonate Buffer was added in the plates (2 cm?
cleft) at room temperature and the supernatant was withdrawal in pre-set times (1, 3,

5, 15, 30 and 60 minutes), diluted with a mixture of acetonitrile:water and analyzed by
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HPLC. The difference between the amount of HP1 in the initial solution and in the
supernatant is the HP1 quantity adhered in the mucus layer.

Results and Discussion

Ussing chambers experiments are a very convenient model for both attempting
to predict oral absorption intensity and elucidating absorption mechanisms directly in
the animal tissues, which are to be used in further pharmacokinetics studies
(BERGGREN et al., 2004; van DER KERKHOF et al., 2006). This method is recurrently
compared with those of monolayers of human colonic adenocarcinoma-derived cell
line (Caco-2), the most frequently used (VARMA and PACHANGNULA, 2005;
AGUEROS et al., 2009). In fact, the use of a living tissue gives a result more realistic
because of it is capable of express all membrane transporters, the mucus production
is maintained during all experiment and the results could be directly correlated to in
vivo experiments that will be conducted in the same animal model (MAZZAFERRO et
al., 2012).

This model is widely used to investigate intestinal transport of drugs as well as
regional variations in transport whereas studies in human tissues are limited, due to a
shortage of tissue specimens (LENNERNAS et al., 2007). Furthermore, highly
correlations between permeability in rat jejunum tissue and corresponding human data
can be found for drug intestinal permeability with both carrier-mediated and passive
diffusion absorption mechanisms (LENNERNAS et al., 1997; 2007). Nevertheless, itis
important to note that bioavailability cannot be predicted by the Ussing chamber model,
only permeability (CAO et al., 2006).

Therefore, permeation studies of HP1 (free form and loaded in nhanoemulsions)

were achieved by Ussing chambers method in Wistar rats.

Owing to low water solubility of benzopyran HP1 (5 p/mL), 1% of sulfobutyl éther
B-cyclodextrin was added to KBr Buffer to facilitate solubilization. Additionally, 2% of
pancreatin was also added to buffer in order to mimic as much as possible the
conditions of the intestinal environment. Therefore, the effect of KBr buffer added of

sulfobutyl éther B-cyclodextrin and pancreatin on the tissue integrity was tested by
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measuring the tissue resistance during the experiment (Figure. 1). The results showed
that the buffer was not capable of end up with tissue integrity.
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Figure 1. Effect of modified KBr buffer (®) and HP1 free form (solubilized in modified
KBr buffer) in the absorptive (O) and secretory (x) directions on the TEER
(Transmucosal Eletrical Resistance) of jejunum mucosa of Wistar Rats mounted in

Ussing Chambers at pH 7.4. Data expressed as mean +SD (n=4).

Significative differences between permeation fluxes and percentage of molecule
that can cross the intestinal tissue were evidenced to HP1 free form. Between 30 and
120 minutes the apparent permeability in the mucosal-serosal direction (absorptive)
was 2.90 + 0.58 x 10°® cm s while the value found to serosal-mucosal direction
(secretory) was 1.20 + 0.37 x 10° cm s, indicating that uptake active transporters
were at least partially involved in the transport of the molecule across intestine. These
results were confirmed when the experiments were performed at 4°C, with a two folds
decrease of the apparent permeability to 1.10 + 0.31 x 10® cm st under conditions
where the absorption occur only by passive diffusion (ATP dependent transporters
disabled) (MARDONES et al., 2004).
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Hence, these investigations have demonstrated that active transport of HP1 is
as important as passive mechanisms. Since its structure looks like a cannabinoid
molecule such as THC (A°- tetrahydrocannabinol) and there is a strong correlation
between the patwhways opioid and cannabionoid (CICHEWICZ, 2004), the implication
of the intestinal receptor CB: in HP1 absorption was investigated using different
intestinal portions: jejunum and colon. This different portions were used because all
other experiments were done using jejunum portions and there are evidences that this
type of receptor is more expressed in epithelial colonic cells (WRIGHT et al., 2005;
MARQUEZ et al., 2009).

No differences were found in HP1 free form permeation in jejunum tissue
(Figure 2A). On the other hand, in colonic tissue the CB: inverse agonist rimonabant
had an interesting effect (Figure 2B). At the first 30 minutes, all HP1 disponible could
cross the colonic epithelial cells, after that, the passage remained at a constant rate.
This fact might be explained by the possible interaction of HP1 with CB1 receptor after
30 minutes. Studies have shown that agonists of cannabinoid system (CB:) could
enhance molecule permeability by reducing the expression of tight junction proteins
and antagoinists have the opposite effect (MACCARRONE et al., 2015). The results
obtained to HP1 free form in colonic epithelial cells could be hypothesized as a
competition between HP1 and rimonabant by CB1receptor. When CB: inverse agonist
is not present, lower HP1 quantitites could cross the intestinal tissue, probably due to
an interaction or antagonistic or just physical-chemical with this receptor. Nevertheless,
this possible interaction can not explain the results found in jejunum tissue, which leads

to the possibility of a unknown drug transporter be participating of HP1 absorption.
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Figure 2. Amount of HP1 absorbed across the jejunum tissue (A) and colonic tissue
(B) in absence (®) and in presence (a) of CB: inverse agonist, rimonabant. Data
expressed as mean =SD (n=4). Significative different values were detected by t-test.
#%p<0.001.

In order to explain the better antinociceptive results observed for trigliceryde
nanoemulsion than to HP1 free form (MEIRELLES et al., 2016, not published data),
the permeability of HP1 loaded in a triglyceride nanoemulsion was also assessed. The
physicochemical characterization demonstrated size average of 150.44 + 6.9 nm and

zeta potential of -18.10 + 6.5 mV corroborating with our previous results.

Initially, in vitro digestion of triglyceride nanoemulsion was evaluated to
demonstrate the effect of pancreatic enzymes in the release system. The amount of
free fatty acids released from the nanoemulsion was about 60% as showed figure 3A.
When HP1 amounts were quantified in the oil and aqueous colloidal phases, the results
were according the amount of free fatty acids released in the digestion media (Figure
3B). It is important rebound that poorly water soluble drugs might precipitate in the
gastric and intestinal fluids without the presence of specific vehicles as lipidic systems.
This type of system helps lipophilic drugs to remain dispersed in a colloidal solution
throughout its transit in the gastrointestinal tract. The lipidic components of a
triglyceride nanoemulsion and their lipolysis products are probably re-organized in
complex structures with bile lipids (bile acids, phospholipids and colesterol) before be

absorbed in the brush border of intestinal cells (CARRIERE, 2015). These results
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demonstrate the importance of nanoemulsions as HP1 release systems and helps to
clarify the mechanisms of HP1 absorption when loaded in these systems.
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Figure 3. Amount of free fatty acids (FFA %) released from triglyceride nanoemulsions
(A) and distribuition of HP1 (%) between the oily and the aqueous colloidal phase (B)

over 90 minutes of in vitro lipolysis. Data expressed as mean +=SD (n=3).

The effect of triglyceride nanoemulsions in the HP1 permeability was then
evaluated. The figure 4 shows that the percentage of HP1 in the acceptor side is much
higher when it is loaded in nanoemulsions than when it is in the free form. Moreover,
the HP1 apparent permeabilitity (Papp) has increased from 2.90 + 0.58 x 10 cm s to
11.47 = 2.03 cm st when loaded in nanoemulsions, an enhacement ratio about 5.26.
These results helps to clarify those obtained in the antinociception study (Meirelles et
al., 2016, not published data), where HP1 loaded in nanoemulsions presented an
antinociceptive effect in lower doses, most likely by an enhancement of intestinal

permeability.
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Figure 4. Amount of HP1 absorbed across the jejunum tissue in free form at absorptive
direction at 37 ° C (®) and 4 °C (O) and when loaded in triglyceride nanoemulsions at
37 °C (). Data expressed as mean +SD (n=4). Significative different values were
detected by t-test. **p<0.01.

After reach the brush border of intestinal cells, drug candidates must overcome
a layer of high viscoelasticity and adhesive mucus. This mucus protects mucosal
surfaces in intestinal tract and many drug delivery systems could be caught there by
steric hindrances or adhesion processes. Subsequently, this systems could be
removed by mucus turnover (NETSOMBOON and BERKNOP-SCHNURCH, 2016).

Some strategies to avoid the back diffusion of drug delivery systems have been
applied such as employment of negatively charged systems. The mucus gel barrier is
composed by cross linked entagled mucin fibers, sloughled cells, bacteria, lipids, salts,
proteins, macromolecules and cellular debris (MOGHISSI et al., 1960; COLES et al.,
1984; JOHANSSON et al., 2011) and exhibits a negative net charge (HASSAN and
GALLO, 1990). Thus, negatively charged systems can move easily within the mucus,
whereas positively charged systems are immobilized due to ionic interactions. Since
HP1 nanoemulsion has a negative charge (-18.10 £ 6.5 mV) experiments with a semi-
permeable membrane over the mucosal side, avoiding the direct contact between
nanoemulsion droplets negatively charged and intestinal mucus were done to confirm

if this system could be entrapped in the mucus layer.
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As can be seen in figure 5, any trace of HP1 was found in the acceptor side
when loaded in a nanoemulsion system. Unexpectedly, very few quantities of HP1 free
form have the ability to cross the intestinal membrane when the semi-permeable
membrane was present (cut-off membrane: 40.000 g/mol and MW HP1=290.34 g/mol)
indicating that both HP1 in both conditions (free form and loaded in nanoemulsions)
have in the mucus interaction a determinant factor to be absorbed. It is important to
note that the result obtained for HP1 free form is probably due to the high lipophilicity
of molecule that needs to be associated with mucus components to be absorbed.
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Figure 5. Amount of HP1 (free form (O) and loaded in nanoemulsions (O)) absorbed
across the jejunum tissue with a semi-permeable membrane over the mucosal

avoiding mucus interaction .Data expressed as mean +=SD (n=4).

To confirm these results, mucoadhesion experiments ex vivo were performed.
In 30 minutes, about 50 % of nanoemulsion was adhered in intestinal mucus (Figure
6). Despite HP1 nanoemulsion having a negative charge, it is capable of be adhered
in the mucus layer due to the diffusion process until epithelial cells. The mucoadhesion
is important to retain the dosage form at the site of action and thus, provide an
enhancement of absorption. It is important to highlight that mucoadhesion must occur
in a shortly period since the intestinal mucus turnover (estimated between 47 and 270

minutes) (LEHR et al.,, 1991) could remove the delivery system from intestinal
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environment. The fact that in 30 minutes, the HP1 nanoemulsion mucoadhesion have
already reached a plateau of 60% is benefic ever since it happens before the start of
intestinal mucus turnover and hence, works to improve the contact time and at the end,

the system absorption.
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Figure 6. % of HP1 nanoemulsion mucoadhesion at different times. Data expressed

as mean +SD (n=4).

Conclusions

To sum up, the active transport of benzopyran HP1 free form is as important as
passive transport and there is a probability of intestinal cannabinoid system be involved
in this transport. However, the existence of a specific intestinal transporter of HP1 must
be further investigated. Regarding lipidic release systems, HP1 when loaded in
nanoemulsions, presents a higher apparent permeability by the dispersion in colloidal
solution increasing the solubility and thus, permeability. Together, these results help to
clarify those obtained in our previous study concerning antinociceptive activity, where

HP1 incorpored in nanoemulsions demonstated a lower effective doses.
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De acordo com as evidéncias cientificas acerca do potencial biologico de
espécies de Hypericum do Sul do Brasil, varios pesquisadores tém direcionado seus
estudos a analise fitoquimica e exploracdo de atividades bioldgicas de extratos e
produtos isolados destas espécies.

Assim, este trabalho objetivou complementar estudos ja iniciados com
determinadas espécies nativas do Rio Grande do Sul. Inicialmente, o estudo de
atividade antifungica contra fungos emergentes foi aprofundado, com base no trabalho
de BARROS e colaboradores (2013). ApGs, de acordo com o estudo de HAAS e
colaboradores (2010) se deu inicio a investigacbes com formulacdes
nanotecnoldgicas contendo o benzopirano HP1, reconhecido por sua acédo
antinociceptiva.

Como ja discutido ao longo deste trabalho, apesar de novos medicamentos
terem sido inseridos na terapéutica antifingica, o nimero de infeccbes causadas por
fungos leveduriformes emergentes, principalmente do género Candida esta crescendo
cada vez mais (PFALLER et al., 2014). Dado esse fato, alternativas que almejem a
terapia multialvos, ou seja, diferentes compostos com diferentes mecanismos de acéo
sdo cada vez mais importantes.

Conforme observado nesta tese, a fracéo lipofilica de Hypericum carinatum
apresentou atividade antifungica moderada. A acdo observada pode ser atribuida a
presenca de floroglucinois diméricos (uliginosina B) e benzofenonas (carifenonas A e
B), caracteristicos desse tipo de fracdo. Alguns autores atribuem metabdlitos destas
classes como responsaveis pela atividade antifungica presente em fracdes e extratos
lipofilicos de Hypericum (DALL’AGNOL et al., 2003; FENNER et al., 2005).

Em virtude dos resultados observados para H. carinatum, estudos de
associacao da fracdo lipofilica com fluconazol foram realizados. O fluconazol foi
escolhido para esse estudo por ser amplamente utilizado no sistema publico de saude,
ser de baixo custo e facil acesso (RENAME, 2014).

Os resultados obtidos nos testes de associacdo entre a fracao lipofilica de H.
carinatum e fluconazol foram interessantes e concordaram pelas duas técnicas
utilizadas. Pelo método do checkerboard, a fracéo lipofilica de H. carinatum foi capaz
de diminuir a CIM de fluconazol para todos os fungos leveduriformes testados,
ocorrendo a reversao da resisténcia para C. krusei e C. famata (de 32 ug/mL para 8
pg/mL para C. krusei e de 8 ug/mL para 2 pg/mL para C. famata). Para C. parapsilosis
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e Cryptococcus neoformans, o fluconazol na sua CIM foi capaz de provocar dano
celular maior do que a associacéo, nao justificando o uso da mesma. Os resultados
da analise isobolar corroboram com aqueles obtidos no checkerboard, havendo
sinergismo para C. krusei e um possivel efeito aditivo para C. parapsilosis. Esses
resultados sao relevantes a medida que cepas de fungos antes sensiveis aos agentes
antifingicos, estdo cada vez mais se tornando resistentes.

O uso indiscriminado de agentes antimicrobianos tem resultado no surgimento
de cepas resistentes de diversas espécies fungicas (HUANG e CAO, 2012), fazendo
com que o tratamento dessas infecces seja cada vez mais desafiador (PFALLER,
2012). A resisténcia clinica de espécies de Candida ao fluconazol é extensamente
documentada (CLANCY et al., 2005; PFALLER et al.,, 2006; TORTORANO et al.,
2006), sendo que atualmente estima-se que existam aproximadamente 30 espécies
capazes de provocar infeccdes sistémicas, principalmente em pacientes
imunossuprimidos (PFALLER e DIEKEMA, 2004; 2007; PFALLER et al., 2010; 2012;
ZHANG et al., 2015).

A resisténcia ao fluconazol € encontrada em maior proporcdo em espécies de
Candida nao-albicans (CLEVELAND et al., 2012). Adicionalmente, ha espécies que
apresentam resisténcia intrinseca como C. krusei e aquelas que adquirem facilmente
0s genes de resisténcia, como C. glabrata (CHAPELAND-LECLERC et al., 2010).
Esses dados vao ao encontro da patogenicidade desconhecida de espécies de
Candida nao-albicans e o uso indiscriminado de fluconazol, restringindo as opc¢des
terapéuticas para o tratamento de infeccOes causadas por estes micro-organismos.

Os farmacos azolicos, entre eles o fluconazol, inibem o crescimento fungico por
interferir na biossintese do ergosterol na membrana celular (WHITE et al., 1998;
KANAFANI e PERFECT, 2008). Para as benzofenonas, o possivel mecanismo de
acao reside no fato que alguns compostos dessa classe sédo capazes de bloquear o
complexo enzimatico citocromo P-450 e assim impedir a formacédo do ergosterol da
membrana fangica (PODUST et al.,, 2007). Ainda, a literatura cientifica relata o
mecanismo de acdo para compostos fendélicos em geral, presentes em fracfes
lipofilicas, tais como alteragéo no dimorfismo do fungo (ZHANG et al., 2011), abertura
de canais idnicos de membrana (RAO et al., 2010) e ruptura da membrana (GALLUCI
et al., 2014). Baseados nesses mecanismos, a fracdo lipofilica de H. carinatum pode
estar auxiliando a entrada de fluconazol na célula fungica por algum dos mecanismos
citados, visto que a fragdo sozinha demonstrou agao apenas moderada.
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Os resultados obtidos neste trabalho reforcam a importancia de terapias
multialvos no combate de fungos leveduriformes emergentes. H& véarios estudos na
literatura que comprovam a importancia desse tipo de associacdo (ROCHA DA SILVA,
2014; PIPPI et al., 2015; KATRAGKOU et al., 2015). Nao ha duvidas de que a terapia
combinada entre a fracdo lipofilica de H. carinatum e fluconazol é benéfica, porém
mais estudos devem ser realizados para determinar a natureza dessa interagéo e qual
0 mecanismo de acdo da mesma. Por se tratar de uma fracdo, € muito dificil prever
gual composto esta agindo ou se a mistura deles é responsavel pelo efeito. Portanto,
analises dos compostos isolados das fracdes, sozinhos e em combinacgédo, se fazem
necessarias para em um futuro padronizar essa associacdo que foi capaz de reverter
a resisténcia de alguns fungos ao fluconazol.

Estudos com extratos de espécies vegetais sdo de grande valia com o intuito
de alcancar um perfil de atividade biologica para determinada classe de metabdlitos
majoritarios para cada espécie. Porém, atualmente, o advento de novas tecnologias
esta direcionando cada vez mais para trabalhos com compostos isolados de plantas
e que futuramente possam ser utilizados com protétipos de farmacos ou mesmo como
farmacos.

Nesse contexto, HAAS e colaboradores (2010) avaliaram o perfil
antinociceptivo de trés benzopiranos isolados de Hypericum polyanthemum. Neste
estudo foi observado que o benzopirano HP1 possui acdo antinociceptiva mediada
pelo sistema opioide. Entretanto, apesar desse efeito importante, a baixa solubilidade
em agua deste composto dificulta a avaliacdo do mesmo em estudos mais
aprofundados acerca desta atividade.

O benzopirano HP1 foi habil ao exercer sua acao antinociceptiva pela via oral
(45 mg/kg). Os resultados obtidos nesta tese corroboram com aqueles demonstrados
anteriormente (HAAS et al., 2010), onde esta molécula apresenta uma curva dose
resposta caracteristica em forma de sino ou U invertido. Dentre os farmacos opioides
conhecidos atualmente, apenas a buprenorfina e seu respectivo metabdlito, a
norbuprenorfina apresentam esse tipo de comportamento (LUFTY et al., 2003). Como
explanado no capitulo 2, esse farmaco apresenta farmacologia complexa sendo
agonista potente, porém parcial do receptor mi (u) opioide, além de ser agonista do
receptor do tipo opioide (ORL-1) quando em altas concentracdes (KHANNA e
PILLARISETTI, 2015). A ativacdo desse receptor no corno dorsal tem efeito
analgésico, porém a ativacao cerebral pode bloquear a antinocicepcao (DAVIS, 2012),
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caracterizando a curva em forma de sino. Esse tipo de comportamento pode estar
envolvido na farmacologia do benzopirano HP1, visto que grande parte dos farmacos
opioides apresentam curva dose resposta sigmoidal e ndo em forma de sino. Apesar
disso, mais evidéncias devem ser analisadas a fim de confirmar essa hipotese.

Além de todo o envolvimento do sistema opioide, deve se levar em
consideracdo a relacdo entre os sistemas opioide e canabinoide visto que,
estruturalmente, a molécula do benzopirano HP1 possui relagdo com ligantes do
sistema canabinoide (Figura 5.1).

Figura 5.1 Relacao estrutural entre o benzopirano HP1 (1) e o ligante canabinoide A°®-
tetrahidrocanabinol (THC) (2)

Farmacos ligantes dos sistemas opioide (mi (u)) e canabinoide (CB1) possuem
perfis farmacologicos semelhantes demonstrando efeito antinociceptivo, sedacéo,
hipotensado, depressdo motora, entre outros (MANZANARES et al., 1999; MASSI et
al., 2001; MALDONADO e VALVERDE, 2003; CORCHERO et al., 2004). Além disso,
canabinoides podem modular a funcdo opioide em varios niveis, desde associacéo
direta receptor-receptor até alteracdes a nivel de liberacdo de peptideos endégenos
e/ou compartilhamento de sinais de transducédo. Evidéncias dessas interacdes podem
ser observadas em estudos que apresentam casos de tolerancia cruzada, potenciacéo
multua e comunicacdo entre os receptores (CICHEWICZ e McCARTHY, 2003;
MALDONADO e VALVERDE, 2003; ROBERTS et al., 2006; COX et al., 2007;
WELCH, 2009).
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Dada a interacdo entre esses dois sistemas, nesta tese foi investigada a
possivel participacdo do sistema canabinoide intestinal na absor¢éo do benzopirano
HP1. Evidéncias sugerem que além da presenca no sistema nervoso entérico como
0s receptores opioides, 0s receptores canabinoides também podem estar presentes
na membrana das células epiteliais intestinais, principalmente nas do célon (1ZZO e
SHARKEY, 2010).

Os resultados demonstraram que quando o receptor canabinoide (CB1) esta
bloqueado, a nivel de célon, h4 uma maior taxa de absorcdo do benzopirano HP1.
Estas evidéncias sugerem que possa ocorrer uma competicdo entre rimonabanto
(agonista inverso canabinoide) e HP1 pela ligagdo ao receptor. Na auséncia do
agonista inverso, uma fracdo de HP1 pode se ligar a esse receptor e assim se tornar
indisponivel para ser absorvida pela célula intestinal. No entanto, ndo se pode atribuir
o transporte intestinal de HP1 ao sistema canabinoide, visto que a ligacdo pode ser
de antagonismo ou por simples interagao fisico quimica.

Como evidenciado nesse estudo, o transporte ativo € tdo importante quanto o
transporte passivo na absorcéo intestinal do benzopirano HP1, porém o mecanismo
pelo qual o transporte ativo ocorre ndo foi possivel de ser elucidado. Entre os
transportadores intestinais ja relatados na literatura (THE INTERNATIONAL
TRANSPORTER CONSORTIUM, 2010; ESTUDANTE et al., 2013), a molécula de
HP1 ndo possui 0s requisitos minimos necessarios, estruturalmente, para ligar-se em
nenhum deles e por esta razdo, o envolvimento do sistema canabinoide foi
investigado. E importante ressaltar que o receptor canabinoide (CB1) n&o se trata de
um transportador propriamente dito, como os demais, e por isso mais estudos devem
ser realizados a fim de elucidar qual o tipo de interacéo ocorre entre HP1 e o receptor
canabinoide (CB1). Além disso, o transporte ativo de HP1 pode ser realizado através
de transportadores ainda néo elucidados.

Além de estudos de acdo antinociceptiva e permeabilidade intestinal do
benzopirano HP1 na sua forma livre, nesta tese também foram desenvolvidos estudos
utilizando sistemas de liberacéo lipidicos a fim de contornar o problema da baixa
solubilidade em 4gua de HP1.

Nas ultimas décadas, a administracéo oral de moléculas com baixa solubilidade
em agua tomou uma nova dimensao com o surgimento sistemas de liberacao lipidicos
gue visam aumentar a solubilidade e, por conseguinte, a biodisponibilidade dessas
moléculas (POUTON et al., 2006). Essas formulagfes incluem solugcbes ou
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suspensdes oleosas, emulsdes, micro ou nanoemulsbes (POUTON, 2000). No
mercado farmacéutico j& ha farmacos incorporados com sucesso nesses sistemas de
liberagdo, tais como efavirenz (Sustiva®), saquinavir (Fortovase®), ritonavir (Norvir®) e
clofazamine (Lamprene®).

As propriedades unicas dessas formulacdes, sua diversidade fisico—quimica e
a biocompatibilidade com membranas biolégicas fazem com que sejam boas
candidatas como carreadoras de compostos lipofilicos. Entre os sistemas de liberacao
lipidicos, as nanoemuls6es chamam atencdo por sua estabilidade e facilidade de
penetracdo nas mucosas do intestino delgado, que em Ultima andlise, facilita a
absorcao do composto que as mesmas carreiam (RAJPOOT et al., 2011).

Os resultados obtidos nesta tese estdo alicercados no fato que as
nanoemulsdées aumentam a solubilidade de compostos lipofilicos e assim, melhoram
a absor¢do dos mesmos. O fato do benzopirano HP1 quando incorporado em
nanoemulsdes apresentar dose efetiva menor que quando administrado na sua forma
livre corrobora com diversos estudos na literatura que demonstram reducao da dose
ativa de um composto quando inserido em um sistema nanoestruturado (GANTA et
al., 2010; CHHABRA et al., 2011; RAGELLE et al.,2012).

A absorcéo de compostos lipofilicos inseridos em nanoemulsdes ocorre pela
liberacdo do mesmo do nucleo oleoso e incorporacdo em micelas mistas formadas
com os sais biliares da digestédo lipidica. Essa absorcdo ocorre em duas fases:

digestiva e absortiva.

A fase digestiva requer a hidrdlise dos triacilglicerois da fase oleosa,
inicialmente pela lipase gastrica, em produtos mais polares como os monoacilglicerois
e acidos graxos livres que chegam a primeira porcdo do intestino, o duodeno,
juntamente com o conteudo gastrico (CAREY et al., 1983). No intestino, o baixo pH
do conteldo gastrico provoca a liberacdo do horménio secretina da mucosa duodenal
diretamente na corrente sangtinea. Assim, o pancreas produz e secreta bicarbonato
de sédio e as enzimas lipase e co-lipase a fim de facilitar a digestdo dos triacilglicerois
ainda nao digeridos no estdbmago e neutralizar o pH dos fluidos intestinais
(BORGSTROM, 1980; BERNBACK et al., 1989) Parcialmente ionizados, os acidos
graxos livres e monoacilglicerois agem como potentes agentes emulsificantes e
promovem a ligagdo do complexo lipase/co-lipase na superficie da nanoemulséo.

7

Visto que esse complexo enzimatico € solivel em agua, é capaz de se ligar na
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interface 6leo/dgua da nanoemulsdo e agir promovendo a hidrolise da fase oleosa
(KOZLOVM e HELFRICH, 1992; EMBLETOM e POULTON, 1997). Por fim, 0 processo
digestivo termina com a formacdo de micelas mistas ou vesiculas formadas pelos
produtos da digestdo (monoacilglicerois e acidos graxos livres) com os sais biliares
presentes no intestino, e prontas para serem absorvidas (OLLIVON et al., 1988;
PATERNOSTRE et al,1998) . Essa fase € considerada critica pois ha uma mudanca
de ambiente que circunda a formulacdo e se a mesma ndo contiver os componentes
adequados pode levar a precipitacdo da molécula alvo e consequente piora na
absorcao (GRIFFIN et al., 2014).

Na fase absortiva, as espécies coloidais (micelas mistas, vesiculas e acidos
graxos livres) sédo absorvidas pelas células epiteliais do intestino por difusdo passiva,
difuséo facilitada e/ou transporte ativo. No citosol, a proteina ligante de acidos graxos
transporta essas espécies coloidais da membrana apical até o reticulo endoplasmatico
liso (CHAKRABORTY et al., 2009). Assim, um gradiente de concentracgao facilita a
absorcao dos acidos graxos em processo mediado por carreador (STREMMEL, 1988).
Apés, as espécies coloidais sdo transportadas, via sistema porta, para corrente
sanguinea e podem permanecer dessa forma por um longo periodo até atingirem o
sistema alvo (HWANG e MAUK, 1977).

O aumento da permeabilidade do benzopirano HP1, quando inserido em
nanoemulsdes (manuscrito 3) pode explicar a diminuicdo da dose ativa em estudos
de acao antinociceptiva (manuscrito 2). Essa melhora se deve, provavelmente, a uma
melhor solubilizacdo da molécula com a formacao de espécies coloidais, evidenciadas
nos experimentos de lipdlise in vitro, e, por conseguinte melhor absorcéo pelas células

epiteliais do intestino, sem o risco de precipitacdes.

Por fim, cabe ressaltar que antes de chegar a superficie das células intestinais
0S compostos tanto na sua forma livre quanto quando inseridos em sistemas de

liberacdo, devem atravessar a camada de muco que protege essas células.

O benzopirano HP1 (livre ou inserido em nanoemulsfes) € dependente de
interagcdes com a camada mucosa para alcancar a superficie das células intestinais.
Visto que o0 mesmo € uma molécula bastante lipofilica, necessita de interagcdes com
0s componentes do muco, provavelmente formando complexos com proteinas e

carboidratos, para entdo alcancar a superficie das células intestinais e ser absorvido.
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Em contrapartida, as nanoemulsdes também necessitam de interagdo com 0 muco
para serem absorvidas. Esses sistemas apresentaram mucoadeséo em cerca de 30
minutos, 0 que permite com que as enzimas do trato gastrointestinal ajam e liberem o
conteudo do nucleo oleoso para formar as micelas mistas e vesiculas para a absorgéo

como explanado anteriormente.

Os resultados apresentados nesta tese sdo de grande importancia no que diz
respeito a estudos com formulagcbes contendo compostos isolados de plantas. O
objeto de estudo, benzopirano HP1, foi isolado pela primeira vez no ano de 2001
(FERRAZ et al., 2001) e desde entdo, tem sido muito investigado, apresentando

diversas atividades bioldgicas.



7 CONCLUSOES GERAIS
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Este estudo demonstrou o quéo ricas em compostos com atividades biologicas
importantes séo as espécies de Hypericum nativas do Sul do Brasil. Este trabalho foi
dividido em dois capitulos com enfoques diferenciados, porém ambos dando
continuidade a trabalhos prévios produzidos no grupo de pesquisa.

Os resultados apresentados no primeiro capitulo comprovaram que a associagao
de dois produtos no combate a fungos leveduriformes resistentes a farmacos
comumente utilizados € benéfica. A explicagdo mais provavel para a reducdo na
concentracgao inibitéria minima do fluconazol quando associado com a fracao lipofilica
de H. carinatum esté no fato de que metabdlitos presentes na fracdo podem estar, de
alguma maneira, possibilitando o maior acesso do farmaco a célula fangica,

conseguindo assim erradicar 0 micro-organismo.

Entretanto, é preciso avaliar qual composto da fracédo € responsavel pela acao
antinfingica ou se essa atividade provem de um possivel efeito sinérgico entre os
metabolitos presentes nesta fragcdo. Apos, é necessario verificar se a associagao entre
compostos isolados da fracdo e fluconazol € positiva, e assim, prever o possivel

mecanismo de acdo da mistura.

O segundo capitulo apresentou a incorporacao do benzopirano HP1, isolado de
H. polyanthemum, em nanoemulsdes visando maior absor¢cdo deste composto pelo
organismo e melhora na acdo antinociceptiva. Além disso, nesse capitulo também
foram apresentados estudos de permeacéo intestinal tanto de HP1 na sua forma livre
guanto contido em nanoemulsdes. Os resultados corroboraram com varios estudos
da literatura, onde ha diminuicdo da dose ativa de um composto lipofilico quando
incorporado em sistemas de liberacdo lipidicos, por uma maior eficiéncia de

solubilizagéo e assim absorcao.

Em relacdo a estudos de permeabilidade intestinal do benzopirano HP1 na sua
forma livre, os resultados demonstram que o processo de transporte ativo é tao
importante quanto o transporte passivo na absorcdo dessa molécula pelas células
intestinais. No entanto, o correto transportador ativo ndo foi possivel de ser elucidado,

ocorrendo a possibilidade de envolvimento do sistema canabinoide intestinal.
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Em conjunto, os resultados dos dois capitulos desta tese demonstram o alto
potencial farmacoldgico de espécies de Hypericum e abrem possibilidades para novas
perspectivas de estudos com essas plantas.



8 PERSPECTIVAS
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Com base nos resultados apresentados nesta tese as perspectivas sao:

— Avaliar a agéo antinociceptiva do benzopirano HP1 (livre e incorporado em
nanoemulsdes) em diferentes tempos, duas e trés horas, a fim de verificar a
duracgéo do efeito antinociceptivo. Os resultados apresentados foram obtidos
em uma hora;

— Verificar qual o tipo de ligagdo do benzopirano HP1 com o receptor
canabinoide (CBi:) para poder entdo, fazer uma correlacdo com a acéo
antinociceptiva via sistema opiode;

— Investigar possiveis transportadores ativos envolvidos na absorcgéo intestinal
do benzopirano HP1.
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