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“O homem erudito € um descobridor
de fatos que ja existem - mas o
homem séabio & um criador de valores

que nao existem e que ele faz existir.’
(Albert Einstein)



RESUMO

Os dermatofitos sdo fungos que colonizam regiées ricas em queratina, como a
camada superficial da pele e anexos. Diversos problemas dificultam o tratamento
deste tipo de infeccdo. Baseando-se nisso, as plantas sado fontes de novas
moléculas mais eficazes e de baixo custo. A espécie Piper regnellii, pertencente a
familia Piperaceae, possui atividade contra diversos micro-organismos. O presente
estudo foi desenvolvido para avaliar a atividade antifungica de extratos e derivados
das folhas de P. regnellii, e a aplicacdo destes em dois tipos de formulagdes, uma a
base de esmalte e a outra, uma emulsdo. A atividade do extrato foi de 15,6 pg/ml, e
com o fracionamento para remocao da clorofila, a atividade se manteve. Baseando-
se nesses resultados, foram desenvolvidas duas formulag¢des topicas, um esmalte
contendo a fragédo clarificada e uma emulsdo contendo o extrato, as quais foram
submetidas a analise de permeacdo em unhas humanas e em orelha de coelho
respectivamente, por espectroscopia de fotoacustica. Além disso, o esmalte foi
submetido a testes in vitro. A concentracdo de 20 mg/ml inibiu totalmente o
crescimento fangico, e a concentracdes inferiores, o crescimento foi reduzido.
Enquanto que a emulséao foi feita avaliada toxicologicamente em coelhos. Observou-
se que nao houve diferenca entre os grupos controle e tratado nos parametros
bioquimicos e hematoldgicos, possui leve potencial para formar comedos e
acantose. A partir dos resultados deste estudo, as duas formulacdes de uso tépico
tém grande potencial para o tratamento de micoses causadas por fungos

dermatoéfitos.

Palavras-chave: Piper regnellii, dermatéfitos, formulagdes tdpicas, antifungicos,

espectroscopia de fotoacustica



ABSTRACT

Dermatophytes are fungi which colonize regions rich in keratin, as superficial layer of
skin and appendages. Several problems complicate the treatment of this type of
infection. Based on this, plants are sources of new molecules more effective and with
low cost. Piper regnellii, belonging to the family Piperaceae, showed inhibitory activity
against various microorganisms. The present study was developed to evaluate
antifungal activity of extracts and derivates from P. regnellii leaves, two types of
formulations, nail lacquer and emulsion. Extract was fractionated to removel
chlorophyll, and the antifungal activity was maintained. Two formulations were
developed, a nail lacquer and emulsion containing clarified fraction and extract
respectively, both were submitted to analysis of permeation through human nails and
rabbit’s ear by photoacoustic spectroscopy. Besides, nail lacquer was tested in vitro.
Concentration of 20 mg/ml inhibited totally fungi growth, and at lower concentrations
the growth was reduced. Emulsion was evaluated in rabbits to verify toxic effect. It
was observed that there were no differences between control and treated groups
concerning to biochemical and hematological parameters. This topical formulation
had light potential to form comedones and acanthosis. From the results obtained in
this study, two formulations of topic use have great potential for treatment of

mycoses caused by dermatophytes fungi.

Key-words: Piper regnellii, dermatophytes, topical formulations, antifungal,

photoacoustic spectroscopy
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1. REVISAO BIBLIOGRAFICA

1.1.  PELE E ANEXOS

A pele forma uma barreira biolégica muito importante para o corpo humano,
pois representa a primeira linha de defesa contra estimulos externos nocivos como
agentes fisicos (radiacdes), quimicos (pré-oxidantes) e bioldgicos (infeccoes)
(MARQUELE et al., 2005). E constituida de epiderme, derme e camadas
subcutaneas. No estrato cérneo, camada mais externa da epiderme, esta presente a
queratina, uma proteina hidrofobica. A epiderme é composta por epitélio estratificado
pavimentoso queratinizado, principalmente por queratindcitos, além de melandcitos,
células de Langerhans e de Merkel, de onde se originam pélos, unhas, glandulas
sebaceas e sudoriparas. A derme é formada, principalmente por tecido conjuntivo,
além de foliculo piloso, ductos de glandulas sudoriparas e glandulas sebaceas. A
presenca de camadas continuas de células epiteliais intimamente unidas e a
qgueratina impedem a proliferacdo de micro-organismos (BLANCO; MAZZINI, 1948).

Diversos sdo os mecanismos de defesa cutanea contra infecgbes fungicas
que ndo estdo envolvidos com o sistema imunolégico, entre os quais, o contato
direto com a luz ultravioleta, a umidade ser relativamente baixa e a competicdo com
a microbiota deste local. Além destes fatores, o processo de renovacgao celular do
estrato corneo contribui para a nao proliferacdo de micro-organismos, onde a
camada basal (células cubdides) juntamente com a camada espinhosa (células

cubdides ou ligeiramente achatadas) sdo responsaveis pela renovacao celular,



consequentemente, a medida que avancam para a superficie ha um aumento na
quantidade de queratina, as células vao se tornando achatadas com nucleo
centralizado (camada granulosa) chegando ao exterior com células achatadas,
mortas e sem nucleo formando o estrato cérneo, removendo assim micro-
organismos (WAGNER; SOHNLE, 1995). A camada granulosa possui granulos
lamelares, cujo conteldo lipidico é envolto por membrana, quando esta se rompe
libera os lipidios que sdo depositados no tecido, formando uma barreira contra a
penetracdo de substancias e a perda de agua (JUNQUEIRA; CARNEIRO, 2008).

Além disso, o sebo, produzido pelas glandulas sebaceas, forma um filme
protetor sobre a pele, contra o ressecamento e a quebra dos pélos. A presenca de
acidos graxos e acido lactico no sebo inibe a presenca de bactérias patogénicas e
fungos, devido ao pH da pele estar entre 3 e 5 (TORTORA et al., 2004).

As glandulas sudoriparas exercem importante fungdo no corpo, pois secretam
0 suor que mantém a temperatura corporal, elimina toxinas e retiram 0s micro-
organismos da pele. Além disso, o pélo se origina do foliculo piloso, constituido pela
medula (células pouco queratinizadas), cortex (células queratinizadas e compactas),
cuticula (células altamente queratinizadas em escamas), bainhas epiteliais e bainha
conjuntiva (BLANCO; MAZZINI, 1948).

As unhas sdo compostas por células claras, queratinizadas, pavimentosas,
com nucleos degenerados e retraidos, formando laminas endurecidas. A unha é a
grande parte visivel, formando a placa ungueal, e uma parte interna, a raiz da unha.
Proximo a raiz, ha uma porcdo branca chamada de lunula. Rodeando a unha,
encontra-se o bordo ungueal, e no meio esta o sulco ungueal. A porcao visivel da
unha, encontra-se sobre o leito ungueal, abaixo da raiz e da lunula encontra-se a

matriz ungueal (origina a unha) (GENESER, 2003). Este anexo € responsavel pela



protecdo dos dedos contra traumas, sensibilidade e auxilia na manipulagdo de
objetos. Algumas desordens podem ser observadas nas unhas, como a
pigmentacdo decorrente de alguma deficiéncia, distrofia, hipertrofia, inflamacao,

infeccdes, descamacoes, entre outras (MURDAN, 2002).

1.2. CARACTERISTICAS GERAIS DOS FUNGOS

Os fungos foram considerados por muito tempo como vegetais, somente em
1969 passaram a ser classificados como reino Fungi. Todos os fungos sao células
eucaridticas, porém ha uma distingdo com os demais reinos por nao sintetizar
pigmentos derivados da fotossintese, possuir quitina em sua parede celular e
armazenar glicogénio como fonte de reserva. Além disso, sdo agrupados em dois
tipos celulares, leveduriformes e filamentosos (TRABULSI; ALTERTHUM, 2008).

As leveduras sao unicelulares, tém a funcdo reprodutiva e vegetativa.
Reproduzem-se assexuadamente por brotamento da célula-mae, formando os
blastoconidios, podendo estes se desprender e formar uma nova célula ou
permanecer ligado a célula de origem, formando pseudohifas. A temperatura de
crescimento ideal é de 37°C, suas colbnias apresentam-se cremosas ou pastosas
semelhantes as col6nias bacterianas (TORTORA et al., 2004).

Os fungos filamentosos sao multicelulares, tubulares (hifas) podendo ser
septados ou nao-septados (cenociticos). O micélio é o conjunto de hifas, diferencia-
se em reprodutivo e vegetativo. O micélio reprodutivo encontra-se na superficie
aérea da colbnia, a reproducdo pode ser sexuada ou assexuada, de acordo com a

espécie, dando origem aos conidios e esporangiésporos (propagulos assexuados), €



basididosporos e ascésporos (propagulos sexuados). O micélio vegetativo esta em
contato direto com o substrato, tem a funcéo de captar os nutrientes e de promover
a sustentacdo. As colbnias apresentam-se como algodonosas, aveludadas,
pulverulentas, apresentando pigmentag¢des variadas e crescem a temperatura entre
25 a 28°C (TRABULSI; ALTERTHUM, 2008).

As doencas causadas por estes micro-organismos estdo associadas aos
elementos fungicos ou aos seus metabdlitos, sdo classificadas como reacoes
alérgicas (proteinas), toéxicas (micotoxinas) e infecgdes (micoses) (BARRET, 2002).
Durante uma reacao alérgica, o hospedeiro € sensibilizado por antigenos fungicos
presentes no ar ou de localizacao enddégena no hospedeiro, promovendo a asma
brénquica e rinite alérgica. Os principais géneros que causam a reagao Sao
Alternaria, Cladosporium, Aspergillus e Penicillium. Enquanto a intoxicacao ocorre
pela ingestao de alimentos contaminados por fungos microscépicos, produtores de
micotoxinas (micotoxicose) ou de fungos macroscopicos venenosos (micetismo)
(TRABULSI; ALTERTHUM, 2008).

Os principais géneros produtores de micotoxinas sdo Aspergillus, Penicillium,
Fusarium, Claviceps, entre outros, e as micotoxinas mais conhecidas sao as
aflatoxinas, constatadas pela primeira vez em 1960, onde milhares de aves
morreram apOs a ingestdo de racdo contaminada por Aspergillus flavus. As
micotoxinas agem principalmente na fung¢ao renal e hepatica, fatal em alguns casos.
O micetismo caracteriza-se pela ingestdo de cogumelos venenosos, principalmente
dos géneros Amanita e Psilocibe, promovendo a pertubacado gastrointestinal,
hepéaticas, levando a morte, ou alucinagdes, induzidas por fungos alucinégenos. A
infeccdo é decorrente do agente ser patdogeno primario ou oportunista (LOPES et al.,

2005).



1.3.  MICOSES SUPERFICIAIS

O termo micose foi citado pela primeira vez em 1856 por Rudolf Virchow (1821
— 1902) e significa uma doenca infecciosa causada por fungos (LACAZ, 2009). As
micoses sao classificadas de acordo com a regido que acometem no hospedeiro,
portanto se dividem em micoses superficiais (pele e anexos), micoses subcutaneas
(pele e tecidos subcutdneos), micoses sistémicas (6rgaos internos e tecidos) e
micoses oportunisticas (TRABULSI; ALTERTHUM, 2008). Ultimamente, este tipo de
infeccao microbiana esta se tornando cada vez mais preocupante, em funcéo do uso
terapéutico de antibidticos de amplo espectro, tratamentos quimioterapicos e
imunossupressores, e o avanco da AIDS (WALSH et al., 2004).

As micoses superficiais se localizam em regides cutédneas e seus anexos,
como pélos, unhas e cabelos, e subdividem-se em micoses superficiais estritas,
tinha nigra, piedras, dermatomicoses e micoses mucocutdneas (WAGNER;
SOHNLE, 1995).

As micoses superficiais estritas sdo conhecidas como pitiriase versicolor com
sinonimias micose de praia, Tinea versicolor e impingem de praia. Malassezia furfur
€ o principal agente, promovendo manchas bem delimitadas de coloracéo variavel e
localizadas (pescoco, tronco e abdémen) que sdo proeminentes apds exposicao ao
sol (RINCON et al., 2005). Enquanto a Tinea nigra localiza-se preferencialmente na
palma das maos (estrato cérneo) com lesdes papulosas de coloracdo negra, tem
como agente Cladosporium werneckii. As piedras se dividem em branca e preta. A

primeira localiza-se na regidao pubiana, axilar e facial (pélos). Caracteriza-se por



nédulos brancos e de consisténcia mole, causada por Trichosporon beigelii.
Enquanto, espécies de Piedraia, sao responsaveis pela piedra preta e instalam-se
nos cabelos. Os nédulos sdo negros ou esbranquicados, rigidos e muito aderentes.
Além disso, as micoses cutaneas sao representadas pelas candidiases que ocorrem
em varias partes do corpo. Sao infecgdes provocadas por leveduras do género
Candida (LACAZ, 2009). Os fungos dermatéfitos sdo os responsaveis pelas

dermatomicoses, explicada com maiores detalhes no préximo item.

1.4. DERMATOMICOSES

Os fungos dermatoéfitos sdo os responsaveis por essa patologia, comumente
referida como “ringworm” (ESQUENAZI et al., 2004; HARRIS, 2002). Pertencem ao
reino Fungi, divisdo Deuteromicetes, classe Coelomicetes, ordem Moniliales, familia
Moniliaceae e géneros Trichophyton, Microsporum e Epidermophyton. Weitzman e
Summerbell (1995) relatam que Raimond Sabouraud (1890) definiu taxonomia,
morfologia, métodos de cultivo e terapia contra as infec¢cées causadas por estes
fungos. Primeiramente, classificou em quatro géneros, Achorion, Epidermophyton,
Microscporum e Trichophyton, posteriormente, em 1934, Chester Emmons atualizou
a taxonomia elaborada por Sabouraud, agrupando assim em trés géneros atuais.

Os dermatéfitos infectam principalmente a area cuténea, cujo tecido possui
grande quantidade de queratina depositada. Sdo conhecidos como queratinofilicos,
pois degradam a queratina e a utilizam como principal fonte de nutriente. Outros

recursos sao essenciais para o desenvolvimento como carboidratos, proteinas,



fésforo, cloro, enxofre, so6dio, potassio, calcio e magnésio que estao presentes em
sais como o fosfato monopotassico, fosfato dipotassico, cloreto de calcio, sulfato de
magnésio, cloreto de sédio e cloreto de potassio (ESTEVES, 1990).

Dependendo do local anatbmico e o agente etiolégico envolvido, as
dermatomicoses sdo designadas com conceitos clinicos diferentes, iniciado com o
termo Tinea (WEITZMAN; SUMMERBELL, 1995). Tinea pedis é a mais comum das
dermatomicoses. Os principais fungos que causam este tipo de dermatomicose séo
Trichophyton  rubrum,  Trichophyton mentagrophytes var. interdigitale e
Epidermophyton floccosum. A pele caracteriza-se com descamacao, fissuras e
pulverulenta, podendo desenvolver a hiperqueratose e infeccdo secundaria causada
por bactérias Gram-negativas, induzindo lesdes exudativas (WAGNER; SOHNLE,
1995). Tinea corporis localizada no tronco, ombros € membros, manifesta-se com
placas escamosas e arredondadas, e bordas elevadas e eritematosas (STRATEN et
al., 2003). Enquanto que Tinea cruris esta presente principalmente na virilha, regiao
perianal e coxa, frequentemente encontrada em homens adultos e os principais
agentes sao T. rubrum e E. floccosum, promovendo lesbes eritematosas
(WEITZMAN; SUMMERBELL, 1995).

Além da pele, os dermatofitos podem atingir os pélos, como exemplo Tinea
capitis que se localiza no couro cabeludo, e apresenta-se com descamacao difusa,
alopecia sem inflamacgao e com pontos negros, e foliculite. Ressalta-se que este tipo
de micose, é mais prevalente em criangas do que em adultos, em funcdo da
mudanca de pH e a oleosidade presente nessa regido (REBOLLO et al., 2008).
Outra regiao, porém menos frequente, é a barba, denominada entdo de Tinea

barbae. Os fungos infectam os pélos formando ndédulos e lesbes exudativas,



podendo se agravar na presencga de foliculite bacteriana e encravamento dos pélos
(STRATEN et al., 2003).

A onicomicose, também conhecida como Tinea unguium, pPoOSsSui COMO
representantes principais T. rubrum e T. mentagrophytes. Este tipo de micose
caracteriza-se como unhas friaveis, corroidas, secas, escamosas, com estrias
longitudinais, podendo haver separacao do limbo e do leito da unha. Outros fungos
das espécies Microscporum, Epidermophyton, Candida albicans, Rhodotorula sp.,
Aspergillus sp., Penicillium sp., Fusarium oxysporum, entre outros, também podem

causar esta infeccao (LACAZ, 2009; KAZEMI, 2007).

1.5. SUBSTANCIAS ANTIFUNGICAS

Ha uma grande dificuldade em tratar infec¢des fungicas superficiais, devido ao
uso inespecifico, alto custo e longo periodo de tratamento (ODDS, 2003b). Outro
fator importante é a caracteristica da célula fungica ser eucaridtica, ou seja,
apresenta uma grande similaridade com a célula dos mamiferos, exigindo assim,
que as substancias antifungicas tenham uma seletividade tdxica apenas ao
patégeno e nao ao hospedeiro (HARRIS, 2002)

Segundo Odds (2003b) a busca de novos agentes antifungicos deve se basear
em macromoléculas essenciais para a sobrevivéncia, crescimento, fatores de
viruléncia e morfogénese celular fungica.

Diversas sdo as classes de substancias utilizadas para o tratamento de

infeccdes fungicas superficiais causadas por dermatéfitos, entre as quais a



griseofulvina, principio ativo mais usado, seguido de azoéis e alilaminas. Enquanto,
para micoses profundas, estdo os poliénicos, os azbis e atualmente, as
equinocandinas (HECTOR, 2005).

A griseofulvina (Fig. 1, 1) € um metabdlito produzido por Penicillium
griseofulvum, descoberto em 1939. Seu mecanismo de acado € inibir a funcdo dos
microtubulos interferindo no processo mitético, na sintese de acido nucléico e nas
fungdes citoplasmaticas (HECTOR, 2005; ODDS, 2003a; ODDS, 2003b; ZHANG et
al., 2007).

Os azéis sdo muito utilizados na forma farmacéutica de uso topico, atuam na
enzima 14-a-lanosterol demetilase, a qual impede a conversdo de lanosterol em
ergosterol, acarretando assim em um aumento na permeabilidade e rigidez da
membrana, levando a inibicdo do crescimento e replicacao fungica (ZHANG et al.,
2007). Canuto e Rodero (2002) propuseram que espécies de Candida tém maior
probabilidade de desenvolver resisténcia a essa classe de antifungicos.

Foster et al. (2005) verificaram o efeito de fluconazol (Fig.1, 2) no tratamento
de criancas com Tinea capitis. O farmaco quando utilizado por trés semanas,
promoveu a cura de 44,5% do grupo tratado, e quando utilizado por seis semanas,
49,6% do grupo tratado apresentou-se curado. Porém, foram verificados efeitos
adversos durante o tratamento, como anormalidades hepaticas, hipotensao postural,
prurido, dor abdominal, gastroenterites e vomitos.

Outras classes de antifungicos também atuam na rota biossintética do
ergosterol, entre elas as alilaminas e as morfolinas. Como representante principal do
primeiro grupo, ressalta-se a terbinafina, que atua na enzima esqualeno epoxidase,
inibindo-a, sendo muito eficaz em fungos filamentosos e ineficiente para leveduras

patogénicas (ODDS, 2003b).



Nimura et al. (2000) compararam a atividade antifungica in vitro das alilaminas.
terbinafina e butenafina. Estas substancias aprensentam maior atividade fungicida
contra espécies de Trichophyton, e com menor intensidade, para C. albicans e M.
furfur. Além disso, verificaram a atividade de cetoconazol (Fig. 1, 3) e neticonazol, os
quais foram fungistaticos para C. albicans e M. furfur, inativo para T. rubrum. A
amorolfina foi fungicida contra todos os fungos citados.

Porém, Garg et al. (2006) observaram que a terbinafina foi altamente eficaz
contra isolados clinicos de Candida na india. Aproximadamente 76% dos isolados
foram sensiveis, enquanto que para as demais drogas, os isolados foram sensiveis
a 100% para anfotericina B, 56% para itraconazol, 40% para cetoconazol e 36%
para fluconazol.

A classe das morfolinas, em destaque a amorolfina, tem agdo na enzima A'*-
redutase e A®- A’-isomerase, da via de biossintese de ergosterol (ODDS, 2003b).
Estas substancias possuem amplo espectro de acéo, além dos dermatéfitos, atuam
também contra Candida e outros fungos filamentosos como Henderson-ula e
Scopulariopsis (ZAUG, 1995).

Entre os poliénicos, a anfotericina B (Fig. 1, 4) e nistatina (Fig. 1, 5) sdo os
principais representantes. S&o altamente seletivos a célula fungica, pois atuam na
ligacdo irreversivel com o ergosterol, alterando a permeabilidade da membrana e

promovendo a liberacao do conteudo intracelular (ZHANG et al., 2007).
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Figura 1 Estrutura quimica de farmacos antifingicos utilizados no tratamento de
micoses. (1) griseofulvina, (2) fluconazol, (3) cetoconazol, (4) anfotericina B, (5)
nistatina.



1.6. FORMULACOES TOPICAS ANTIFUNGICAS

Definem-se farmacos de uso tépico como sendo aqueles que sao
administrados em uma regido externa a superficie do corpo. As formas
farmacéuticas utilizadas com essa finalidade sdo solucoes, tinturas, locdes, cremes,
pomadas, géis, esmaltes e pastas (BUHSE et al., 2005).

Para o tratamento de doencas infecciosas cutaneas € necessario que o
principio ativo seja liberado no local da infeccdo a uma concentracdo adequada para
ter o efeito farmacolégico. O principio ativo e o excipiente devem ter caracteristicas
fisico-quimicas adequadas de permeacdo. Terapia tépica é de grande utilidade no
tratamento de micoses superficiais, como Tinea corporis, pitiriase versicolor, entre
outras. Porém, quando a infeccao atinge foliculos pilosos, como a tinea capitis, esse
tratamento ndo € o mais correto. No entanto, outros fatores podem contribuir para
que o tratamento seja mais eficaz, no caso de Tinea pedis ou pé-de-atleta, como o
pé € uma regidao onde a umidade se faz muito presente, é necessario que o local
esteje seco antes da aplicacdo do farmaco. Outro fator importante, como pode haver
proliferacdo bacteriana no local, faz-se necessario a combinagcdo com um
antibacteriano (WEBSTER, 2001).

Os fungos dermatéfitos durante o processo infeccioso se instalam nas
camadas mais externas da epiderme, sendo assim, um agente antifungico deve ser
liberado no estrato corneo para que possa inibir o crescimento ou matar os mesmos
(PERSHING et al., 1994).

A terapia topica ndo é um processo invasivo, o farmaco deve agir no local da

infeccdo, possuir baixos efeitos colaterais e interagbes com outras substancias,



permitindo assim, melhor adesdo e redugdo de custos durante o tratamento. O
esmalte é uma boa opcao de tratamento para onicomicoses, pois através de um
sistema de liberacdo permite melhor penetracdo da droga (EFFENDY, 1995;
MURDAN, 2002).

Pierard et al. (1995) analisaram a atividade de terbinafina (Fig. 2, 1) e
itraconazol (Fig. 2, 2) no estrato cérneo com os seguintes tratamentos, 200 mg de
itraconazol duas vezes diariamente, e 250 mg de terbinafina por dia. Observou-se
que a 200 mg de itraconazol apresentou uma resposta mais rapida do que a
terbinafina, contra T. rubrum, T. mentagrophytes, Microsporum canis, enquanto que
para C. albicans, a terbinafina nao apresentou atividade.

Repka et al. (2004) utilizaram gel contendo cetoconazol 0,125% e carbopol
974P NF em unhas. Foi verificado que o gel teve uma boa bioadesao, cerca de 2,5
vezes maior que o controle (tratado com agua destilada) e apresentou 60% de
permeabilidade.

Davies (2006) selecionou 40 pessoas com onicomicose, 61% tinham infec¢ao
por T. rubrum e 34,6% com T. mentagrophytes. Depois de 12 semanas de
tratamento com pomada contendo clotrimazol 1%, foi confirmado cura completa de
todos os pacientes.

Fang et al. (2002) verificaram a absorcado pericutanea in vitro de hidrogéis
contendo nonivamide e varios polimeros, como a quitosana e carboximetilcelulose
sbédica. Dados experimentais sugerem que a quitosana presente aumentou a
permeabilidade de nonivamide na pele de ratos Wistar.

Osborne et al. (2004) verificaram a atividade de terbinafina em pdé em unhas
humanas infectadas com T. rubrum. A concentracdo fungicida foi de 4 ug/ml e 1

Hug/ml depois de uma e quatro semanas de incubacao, respectivamente.



O ciclopirox (Fig. 2, 3) pertencente a classe dos antifungicos hidroxipiridona,
age na quelacdo de metais polivalentes catibnicos como o Fe*® e na inibicdo de
enzimas metalo-dependentes, cuja funcao é degradar peréxidos toxicos. Gupta et al.
(2000) verificaram que a atividade de um esmalte contendo ciclopirox a 8% foi
efetivo no tratamento de onicomicoses causada por T. rubrum. Contudo, outros
estudos revelaram que este composto possui atividade sobre outros fungos, como
espécies de Candida e ndo dermatéfitos. E considerado seguro, pois no estudo, o
ciclopirox apresentou baixos efeitos colaterais. Bohn e Kraemer (2000) averiguaram
0 espectro de atividade do ciclopirox e constataram que foi efetivo a diversos fungos
(leveduras, dermatofitos e nao dermatéfitos). A concentracdo de 0,49 pg/ml inibiu
somente T.rubrum e M. canis, com o aumento da concentracdo o espectro de acao
aumenta também.

A amorolfina (Fig. 2, 4) € um importante principio ativo usado somente em
formulagdes topicas no tratamento de micoses superficiais. Na forma farmacéutica
de esmalte, apresentou 6tima penetracdo em concentragdes clinicamente efetivas e
efeito prolongado, ou seja, uma simples aplicacdo garantiu a efetividade por uma
semana (MARTY, 1995; ZAUG, 1995).

Alguns medicamentos ou cosméticos de uso tépico podem causar a formacao
de comedo, sendo este, uma das primeiras etapas do processo de inflamacédo. A
comedogénese consiste em alteracbes que ocorrem durante o processo de
queratinizacdo (ROMANOWSKI; SCHUELLER, 1997; FARRAR; INGHAM, 2004).
Os comedos séao formados pela juncao de lipideos e queratina dentro da porcéo
média do foliculo piloso, com a expansao gradual do comedo, o foliculo se dilata e
ocorre também a atrofia do epitélio folicular e glandulas sebaceas (COTRAN et al.,

1991).



Varias sao as técnicas de andlise de permeacao de formulacdes topicas, entre
elas a espectroscopia de fotoacuUstica, que é uma técnica nao invasiva e auxilia na
determinacao de permeacao de compostos através da pele e unhas, possibilitando a
analise de amostras sem a sua destruicao e a necessidade de preparacao prévia. A
técnica consiste na incidéncia de luz sobre a amostra, excitando as moléculas, que
ao decairem o estado energético transforma o calor em ondas no ar da célula
fotoacUstica gerando assim, o som, que é captado por um microfone. E possivel
tracar um perfil de profundidade do material permeado na amostra, baseado na
seguinte equacéo, us=(d/Trf)”2, que determina o comprimento de difusao térmica (us),
f a freqléncia utilizada e d a difusividade da amostra. De acordo com a regidao do
espectro que houve alteracdo do sinal, quando comparado com o controle, é
possivel determinar a profundidade que a formulacao foi absorvida (SEHN et al.,
2009). Nuglisch et al. (2005) verificaram que duas formula¢cdées contendo ciclopirox
apresentaram oOtima permeacdo em unhas humana por essa técnica de
espectroscopia. Truite et al. (2007) avaliaram a penetracao pericutdnea em coelhos,

de formulacdes fitoterapicas para o tratamento do vitiligo.
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Figura 2 Antifungicos usados em formulacbes tépicas. (1) terbinafina, (2)
itraconazol, (3) ciclopirox, (4) amorolfina.

1.7.  PLANTAS MEDICINAIS

Atualmente, os farmacos utilizados na clinica foram descobertos pelo estudo de

plantas e outros produtos naturais baseados no uso popular com finalidades



terapéuticas, e estd em continuo processo de novas descobertas. Ha uma infinidade
de plantas, porém, poucas foram validadas do ponto de vista farmacoldgico e
fitoquimico (YUNES; CECHINEL FILHO, 2001). A busca de novas drogas deve ser
feita devido a emergéncia de agentes nos ultimos 30 anos, como o virus da AIDS,
virus Ebola, virus H1N1, virus H5N1, e a resisténcia de micro-organismos a
farmacos. Mecanismos como inativagdo enzimatica, bomba de efluxo (expulsao do
antibiotico), modificacdo estrutural do alvo de acgdo, inespecificidade de alvos,
diminuicdo da captacdo de antibidticos permitem que o micro-organismo se torne
resistente (DEMAIN, 2009). Além da resisténcia, outros fatores corroboram a
necessidade para o desenvolvimento de novas drogas, como limitacbes
terapéuticas, toxicidade, interacbes medicamentosas e biodisponibilidade
insuficiente da droga.

A interacdo das plantas com o ambiente e o mecanismo de defesa contra
micro-organismos € parasitas invasores sao responsaveis pela producdo de
metabdlitos secundarios, os quais sao importantes candidatos a agentes
antimicrobianos (SILVA et al., 2009).

Hussain et al. (2003), analisaram a atividade do 6éleo essencial de Citrus
aurantifolia e Mentha viridis contra isolados clinicos de pacientes com E. floccosum,
T. mentagrophytes e T. rubrum. A concentracao inibiéria minima destes 6leos variou
entre 56 e 112 pg/ml. Foi verificado também a inibicAo da enzima queratinase
presente nestes fungos, e o 6leo inibiu a concentragédo entre 64 e 72 pg/ml.

A partir do bulbo de Allium cepa L., foi obtido o extrato aquoso, preparado nas
concentragbes entre 0,78 a 50% (v/v em meio de cultura) para os testes
microbiolégicos. A concentracdo de 3,12% apresentou efeito fungistatico em T.

mentagrophytes e T. rubrum. Foram observadas anomalias morfoldgicas nas hifas,



ou seja, teve acdo em componentes externos e internos da membrana, como
nucleos e mitocondrias (GHAHFAROKHI et al., 2004).

A espécie Vernonanthura tweedieana é utilizada na medicina popular paraguaia
para tratar doencas de pele, como ferimentos, infeccbes fungicas e eczema. A
substancia 6-cinamoil-1-hidroxieudesmo-4-en-3-um, obtida do decocto das raizes,
apresentou atividade fungicida e fungistatica entre 4 e 32 pg/ml para C. albicans,
Cryptococcus neoformans, Microsporum gypseum, Saccharomyces cerevisiae € T.
mentagrophytes. O composto foi mais ativo contra T. mentagrophytes com CIM e
CFC de 4 ug/ml (PORTILLO et al., 2005).

Park et al. (2009) verificaram a atividade contra T. mentagrophytes de quatro
6leos essenciais, citral, eugenol, nerolidol e a-terpinol. O citral apresentou melhor
atividade, onde a concentracao de 0,1 mg/ml inibiu o crescimento de hifas, enquanto
que os demais 6leos promoveram somente distorcdo nas hifas na concentracédo de
0,2 mg/ml de eugenol, 0,4 mg/ml de nerolidol e 1 mg/ml de a-terpinol.

Biomas importantes, como o Cerrado brasileiro agrupa aproximadamente 6000
espécies catalogadas. O uso popular dessas plantas tem contribuido para a
descoberta de extratos e compostos com diversas atividades biolégicas, entre as
quais, a antifungica. Os extratos obtidos das espécies originadas dessa regido
Kielmeyera coriaceae, Renealmia alpinia, Stryphnodendron adstringens e Tabebuia
caraiba apresentaram atividade contra T. rubrum, com valores de MIC variando entre
23,23 e 170,39 ug/ml, enquanto que para C. albicans apresentaram pouca atividade
(SILVA et al., 2009). Em contrapartida, Ishida et al. (2006) verificaram que a
presenca de taninos condensados na subfracdo cetbnica obtida da espécie S.
adstringens sao responsaveis pela atividade contra C. albicans a concentracdo de

7,8 pug/ml.



Além disso, outro bioma muito importante e rico em plantas medicinais é a
Caatinga. No estudo realizado por Cruz et al. (2007), espécies utilizadas
popularmente com finalidades terapéuticas tiveram seu uso comprovado, como
Ziziphus joazeiro Mart. (enxaguatério bucal para candidiase e uso tépico para
micoses superficiais), Caesalpinia pyramidalis Tul. (enxaguatério bucal para
candidiase), Bumelia sartorum Mart. e Hymenea courbaril L., ambos de uso tépico
para tratar micoses superficiais.

Svetaz et al. (2010) analisaram 327 espécies de plantas de sete paises latino-
americanos. As plantas foram agrupadas em espécies ja relatadas com atividade
antifungica e nao relatadas. Dentre os grupos relatados estdo algumas espécies da
familia Arecaceae, Asteraceae (Mikania periplocifolia Hook. & Arn.), Combretaceae,
Fabaceae, Polygonaceae, Sapindaceae, Winteraceae (Drimys winteri J. R. Forster &
G.) e Zingiberaceae, contra M. gypseum, T. rubrum, T. mentagrophytes e E.
floccosum. Com relagdo ao outro grupo, destacam-se Asteraceae (Critonia morifolia
(Mill.) R. M. King), Bromeliaceae, Euphorbiaceae, Humiriaceae, Malpighaceae,
Myrtaceae, Rutaceae, Winteraceae (Drimys brasiliensis Miers).

Glaucium grandiflorum é usada na medicina tradicional iraniana para dermatite.
O extrato obtido a partir das folhas foram incorporados em concentracbes variadas
entre 1 a 5% em creme base, com a finalidade anti-inflamatéria e analgésica. A
concentracdo de 5% apresentou efeito similar ao gel de piroxicam (anti-inflamatério)
enquanto que a atividade analgésica foi menos efetiva do que a pomada de salicilato
de metila (analgésico) (MORTEZA-SEMNANI et al., 2004).

Orddnez et al. (2009) utilizaram o extrato das folhas de Sechium edule
(Curbubitaceae), planta popularmente usada no México. O extrato apresentou

atividade antibacteriana, com MIC variando entre 20 a 40 pg/ml, e atividade



antifungica, entre 20 — 800 pg/ml. Baseando nesses resultados, foram formulados,
solucdo e hidrogel contendo sulfato de gentamicina, hidrogel base e hidrogel
contendo fluido de extrato a 0,24%. Em especial, o hidrogel contendo extrato foi
ativo contra Staphylococcus aureus, Pseudomonas aeruginosa, C. albicans e

Aspergillus spp.

1.8. PIPERACEAE

A familia Piperaceae pertence a classe Magnolipsida, subclasse Magnoliidae,
subordem Nymphaeiflorae e ordem Piperales (MACRAE; TOWERS, 1984; SANTOS
et al., 2001 apud PESSINI, 2003a). Nas regides tropicais e subtropicais,
aproximadamente 2000 espécies representam 0s quatro maiores géneros da familia,
Piper, Peperomia, Sarchorhachis e Ottonia. Ha grande variedade de grupos de
compostos sintetizados por essa familia, como amidas, fenilpropandides, lignanas e
neolignanas, acidos benzbicos, terpenos e cromonas, alcalbides, policetideos entre
outros, (KATO; FURLAN, 2007; STOHR et al., 2001). Diversas sdo as atividades
atribuidas a ela, como antifungica, antibacteriana, antitumoral, antiviral, antioxidante,
moluscicida e antileishmanial (JOHAN et al., 2008).

O género Piper possui aproximadamente 700 espécies amplamente
distribuidas em regides tropicais e subtropicais, tanto no hemisfério norte quanto no
sul, e popularmente sdo usadas como plantas medicinais (PARMAR et al., 1997).

Freixa et al. (1998) relataram a atividade de varias espécies, entre as quais

Piper elongatum C. DC. e Piper fulvescens C. DC. Extratos obtidos das suas folhas



utilizando diclorometano inibiram o crescimento de M. gypseum e T.
mentagrophytes.

P. fulvescens C. DC., espécie nativa do Paraguai, € popularmente usada para
tosse, bronquite, asma e gastrite. A partir das folhas dessa espécie foram isoladas
neolignanas que foram submetidas a testes antifungicos. Verificou-se que
eupomatendide-5 (Fig. 3, 2) ndo apresentou atividade contra T. mentagrophytes,
entretanto, eupomatendide-6 (Fig. 3, 3) e conocarpano (Fig. 3, 4) tiveram o6tima
atividade, com valores de MIC de 1 e 8 ug/ml, respectivamente, e para M. gypseum,
de 0,5 e 16 pug/ml. Enquanto para C. albicans e C. neoformans, os eupomatendides
foram inativos e apenas o conocarpano foi ativo, com valores de 8 e 16 ug/ml,
respectivamente (FREIXA et al., 2001).

Piper regnellii utilizada popularmente para tratamento de feridas, infeccdes,
inflamacoes, entre outras, teve a atividade comprovada contra varios tipos de micro-
organismos. Segundo Holetz et al. (2002) em um estudo de avaliacdo de plantas
popularmente utilizadas para o tratamento de doencas infecciosas, verificaram que o
extrato das folhas de P. regnellii apresenta CIM de 7,8 ug/ml para S. aureus, 15,6
ug/ml para Bacillus subtilis, 250 pg/ml para P. aeruginosa, 125 ug/ml para Candida
krusei.

Schmidt et al. (2009) analisaram plantas brasileiras usadas tradicionalmente no
tratamento de feridas, constataram que o extrato hexanico de P. regnellii foi 0 mais
ativo contra B. subtilis, na concentragdo de 100 pg/disco promoveu zona de inibi¢cao
de 12 mm. Outras atividades ja foram relatadas para a espécie P. regnellii contra
fungos dermatéfitos T. rubrum, T. mentagrophytes, M. gypseum e M. canis
(KOROISHI et al., 2008), e protozoarios Trypanossoma cruzi (LUIZE et al., 2006) e

Leishmania amazonensis (VENDRAMETTO et al., 2010).



Pessini et al. (2003b) isolaram neoglinanas de P. regnellii, conocarpano,
eupomatendide-3 (Fig. 3, 1), eupomatendide-5 e eupomatendide-6. Exceto o
eupomatendide-3, todas as outras neolignanas apresentaram 6tima atividade com
MIC variando entre 1,56 a 6,25 ug/ml para S. aureus, B. subtilis e Escherichia colli.
O composto eupomatendide-5 foi o mais ativo contra S. aureus com MIC de 1,56
ug/ml. Luize et al. (2006) também analisaram a atividade das neolignanas citadas
anteriormente, verificaram que eupomatendide-5 foi 0 composto mais ativo contra a
forma epimastigota de T. cruzi e ndo apresentou citotoxicidade em células Vero.

Além da atividade antifungica, outras atividades biolégicas sao atribuidas as
espécies de Piper. Piper porphyrophyllum N.E. Br., nativa da Malasia, possui acéao
contra bactérias Gram-negativas e Gram-positivas (WIART et al., 2004). Na China,
espécies de Piper sdo usadas para doencas reumaticas e do trato respiratério. Stdhr
et al. (2001) verificaram que Piper kadsura, na concentracao de 10 pug/ml inibiu a
atividade de 5-lipoxigenase, enquanto que outras espécies como Piper
boehmeriifolium var. tonkinense, Piper laetispicum e Piper martinii além de P.
kadsura, inibiram a atividade de 5-lipoxigenase como cicloxigenase-1, enzimas
importantes no metabolismo do &cido aracdoénico. Neolignanas de P. kadsura
apresentaram atividade anti-neuroinflamatéria, entre elas “piperkadsin C” (Fig. 3, 5)
e futoquinol (Fig. 3, 6) inibiram a producao de 6xido nitrico em células da micréglia e
as demais neolignanas tiveram acdo moderada na producdo de éxido nitrico em

células BV-2 (KIM et al., 2010).
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Figura 3 Neolignanas isoladas de espécies de Piper. (1) eupomatendide-3, (2)
eupomatendide-5, (3) eupomatendide-6, (4) conocarpano, (5) “piperkadsin C”, (6)
futoquinol.

Outras classes de substancias sintetizadas por espécies de Piper apresentam
atividade antifungica, como amidas de Piper arboreum, Piper tuberculatum e Piper
hispidum, sao ativas contra espécies de Cladosporium sphaerospermum e
Cladosporium cladosporioides (ALECIO et al., 1998; VASQUES DA SILVA et al.,

2002). Substancias derivadas do acido benzoico de Piper lanceaefolium, como &cido



metil-éster lanceaefdlico (Fig. 4, 1) inibiu o crescimento na concentracdo de 100
ug/ml de C. albicans (LOPEZ et al., 2002). Cromonas preniladas como metil-2,2-
dimetil-2H-1-cromeno-6-carboxilato (Fig. 4, 2) e metil-2,2-dimetil-8-(3’-metil-2’-
butenil)-2H-1-cromeno-6-carboxilato  (Fig. 4, 3) sdo compostos antifungicos
presentes nas folhas de Piper aduncum (MORANDIM et al., 2005).

Piper abultiloides, conhecida popularmente como “caapeba de Santa Catarina”
€ usada com propriedades analgésicas. A partir de suas folhas foram obtidos o
extrato bruto 80% em solucédo hidroetandlica e fracées hexanica, diclorometanica e
aquosa. O extrato bruto foi mais ativo contra Candida tropicalis a concentracéo de
30 pg/ml, a fracdo hexanica foi a mais ativa, contra Candida glabrata, com MIC de
7,8 ug/ml (JOHAN et al., 2008).

Piper betle usada tradicionalmente na Tailandia e em paises tropicais, no
tratamento de doencas de pele, ocular, urticaria, oclusdo dos brbénquios, na
prevencao bucal e dermatolégica. Trakranrungsie et al. (2008), analisaram extratos
das folhas de P. betle, rizomas de Alpinia galanga Willd. e bulbos de Allium
ascalonicum L. O extrato de P. betle e A. ascalonicum apresentaram melhores
resultados contra T. mentagrophytes com [C90 de 230,4 e 204,85 ug/ml,
respectivamente, enquanto A. galanga foi mais ativa contra M. canis., com valor de
106,68 pug/ml.

Svetaz et al. (2010) analisaram a atividade antifungica de diversas familias de
plantas, inclusive a Piperaceae, entre as quais foram ativas contra dermatéfitos e
apresentaram MIC de 125 ug/ml. Entre elas encontram-se Piper amalgo L., Piper
glabratum Kunth,, Piper jacquemontiamum Kunth., Piper scabrum Lam.

A piperovatina (Fig. 4, 4), uma isobutilamida isolada de Piper psicatorum,

aumenta a descarga de calcio intracelular através da despolarizacdo de canais de



sédio (McFERREN et al., 2002). Outra espécie originada da Tailandia é a Piper
sarmentosum, cujas substancias isoladas pelitorina (Fig. 4, 5) e 1-(3,4-
metilenodioxifenil)-1E-tetradeceno (Fig. 4, 6) tem acdo contra Mycobacterium
tuberculosis, porém sao inativas contra Plasmodium falciparum (RUKACHAISIRIKUL
et al., 2004). P. betle possui atividade antidiabética (ARAMBEWELA et al., 2005).
RODRIGUES et al. (2009) isolaram trés alcal6ides de Piper tuberculatum, dihidro-
piplartina (Fig. 4, 7), piplartina (Fig.4, 8 ) e acido 3,4,5-trimetdxidihidrocinadmico (Fig.
4, 9), e apresentaram atividade antinociceptiva visceral induzida por acido acético.
Além dos extratos e substancias isoladas da familia Piperaceae, formulagdes
tépicas também sao desenvolvidas a partir das plantas dessa familia. Como
exemplo, Pothomorphe umbellata (L.) Mig. Répke et al. (2002) incorporaram o
extrato da raiz dessa planta em um gel hidrofilico, e foram desenvolvidas outras trés
formulacées contendo 4-nerolidilcatecol (Fig. 4, 10), gel hidrofilico, gel-creme e
emulsdo O/A. Com base na atividade oxidante comprovada anteriormente, foi
analisado a permeacdo cutanea das formulagdes, as quais tiveram 6étima
permeabilidade. Devido a atividade antifungica de P. betle, Trakranrungsie et al.
(2008) desenvolveram uma formulagédo contendo extrato dessa espécie. O extrato
foi incorporado em creme a concentragdo de 10% e mostrou-se bem efetiva em

testes in vitro.
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Figura 4 Classes de substancias isoladas de Piper sp. (1) metil-éster lanceaefélico,
(2) metil-2,2-dimetil-2H-1-cromeno-6-carboxilato, (3) metil-2,2-dimetil-8-(3’-metil-2’-
butenil)-2H-1-cromeno-6-carboxilato, (4) piperovatina, (5) pelitorina, (6) 1-(3,4-
metilenodioxifenil)-1E-tetradeceno, (7) dihidro-piplartina, (8) piplartina, (9) acido
3,4,5-trimetoxidihidrocinamico, (10) 4-nerolidilcatecol.



2. OBJETIVOS

Objetivo Geral:
v' Avaliar formulagbes tépicas antifUngicas para o tratamento de

dermatomicoses contendo extrato e fracao das folhas de Piper regnellii.

Objetivos especificos:

v' Avaliar a atividade das substancias isoladas de Piper regnellii contra
dermatdfitos

v' Verificar a atividade antifingica em possiveis alvos, como na ligacao com
esterol de membrana e na fase do crescimento fungico

v" Produzir duas formulacdes tépicas antifungicas

v' Determinar a atividade in vitro do esmalte contendo fragcdo hexano

v' Avaliar a permeagdo das formulagbes em epiderme e unha por
espectroscopia de fotoacustica

v" Estudo toxicolégico em animais, de uma emulsao contendo extrato da planta,
incluindo andlise bioquimica, hematolégica sanguinea e histolégica de

orgaos.
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Abstract: The dermatophytes are filamentous fungi that cause cutaneous fungal
infections because they use keratin as a nutrient source. For this study the
antidermatophyte activity of the extracts and derivates from leaves of Piper
regnellii was analyzed. From the dichloromethane extract (EBD) neolignans such



as eupomatenoid-3 and eupomatenoid-5 were obtained, and it was submitted to
fractionation to remove the green residue, designated as the chloroform fraction
(FF). Extracts, chloroform fraction and compounds were tested against
Trichophyton rubrum ATCC 28189 to determine the minimum inhibitory
concentration (MIC). The chloroform fraction was incorporated to nail lacquer
that was analyzed by photoacoustic spectroscopy, in vitro assay and scanning
electronic microscopy. For antifungal activity in solid medium the
dichloromethane extract and chloroform fraction were used. The compounds
eupomatenoid-3 and eupomatenoid-5 were less active than the dichloromethane
extract against 7. rubrum. EBD and FF showed moderate activity in hyphal
growth inhibition in solid medium and EBD did not link to ergosterol. Nail
lacquer containing the chloroform fraction showed good penetration through the
nail as determined by photoacoustic spectroscopy. From in vitro studies it was
observed that nail lacquer concentrations above 20 mg/mL prevented the growth
of fungi, but concentrations up to 2.5 inhibited the growth. Scanning electronic
microscopy was used to confirm the in vitro nail lacquer activity results. The
specie P. regnellii showed great antifungal activity against 7. rubrum, and nail
lacquer containing its chloroform fraction has great potential to treat
onychomycosis caused by these microorganisms.

Keywords: Piper regnellii; nail lacquer; dermatophyte; Trichophyton rubrumi;
onychomycosis

1. Introduction

In tropical and subtropical countries, fungal infections are one of the most common skin
diseases. Among them, in Brazil, one of the main superficial fungal infections are
dermatophytoses. Among the fungal agents responsible for this are the dermatophytes which
infect keratinized structures, including nails, hair and skin because they can use the keratin as
nutrient source. The genera causing these infections are Epidermophyton, Microsporum and
Trichophyton [1]. In the last 30 years, there has been has increased concern about fungal
infections due to the increasing the number of immuno-compromised patients and individuals
who receive chemotherapy treatment like cancer patients and transplant recipients, treated
with immunosuppressive drugs [2]. There is a major concern with the effectiveness of
antifungals, due to their limitations and also the toxicity of the same, which can lead to the
non-recurrence of the fungistatic effect or lead to resistance over the treatment period [3].
Because of this recently chemical and pharmacological studies on substances derived from
plants with therapeutic properties are increasingly taking place.

The family Piperaceae, consisting of the genera Piper, Peperomia, Ottonia and
Pothomorphe, has medicinal properties widely employed by the population [4]. Regarding the
genus Piper, phytochemical searches worldwide have isolated many classes of bioactive



compounds like alkaloids, amides, propenylphenols, lignans, neolignans, terpens, chalcones,
flavones and many others [5]. This genus displays a variety of biological activities, for
example the antifungal activity of Piper arboreum and Piper tuberculatum against
Cladosporium cladosporioides [6], Piper fulvescens against Trichophyton mentagrophytes
and Microsporum gypseum [7,8], moreover, the specie Piper regnellii showed activity against
Staphylococcus aureus and Bacillus subtilis, yeasts Candida krusei and Candida albicans [9],
dermtophyte Trichophyton rubrum, T. mentagrophytes, Microsporum canis, M. gypseum [10],
protozoa like Leishmania amazonensis [11] and Trypanosoma cruzi [12].

The human nail is composed by highly compressed and keratinized dead cells. Many nail
disorders may occur such as dystrophy, hypertrophy, inflammation, infection, efc [13].
Onychomycosis is a type of ungual disorder. The main fungi that cause this pathology are
Epidermophyton floccosum, T. mentagrophytes and T. rubrum [14].

Oral therapy displays some disadvantages such as systemic adverse effects and drug
interactions. To work around this, topical therapy is advantageous because the drug acts
directly at the site of action and this possibly reduces the side effects, drug interactions and
costs of treatment [15]. The use of nail lacquer formulations containing an antimycotic may
act as a regular transungual delivery system thereby facilitating the penetration of the active
principles into the nail [15,16].

The aim of this study was to determine the antifungal activity against 7. rubrum of extract,
fractions and compounds from leaves of P. regnellii. In addition, a nail lacquer containing the
chloroform fraction to treat onychomycosis was developed and the activity of this formulation
was analyzed by photoacoustic spectroscopy, in vitro assay and scanning electronic
microscopy.

2. Results and Discussion

A 9:1 hydroethanolic extract, a dichloromethane extract (EBD) and an aqueous extract
were obtained from the leaves of plant P. regnellii. The EBD was clarified using chloroform
as mobile phase, and then called the chloroform fraction (FF). In addition, compounds as
eupomatenoid-3 and eupomatenoid-5 were isolated from the EBD. All the extracts and
derivates were submitted to the antifungal activity assay.

The minimal inhibitory concentration of the extract was 15.6 ug/mL, as described by
Koroishi et al. [10] and that of the chloroform fraction was 7.8 ug/mL. The two isolated
neolignans, eupomatenoid-3 and eupomatenoid-5 showed activity greater than 100 pg/mL and
25 ug/mL, respectively. Nystatin, ketoconazole, fluconazole and amphotericin B were used as
standard drugs, and their MIC values were 0.78, 0.39, 3.2 and 0.39 pg/mL, respectively
(Table 1). The minimal concentration values required for inhibition of spore germination are
also presented in Table 1. The results were satisfactory. The MIC values of the extract and
fractions were not significantly different, showing that even after removal of the dark green
residue using chloroform in the clarification process the activity is retained. In previous
studies different hydroethanolic extracts of the same plant were tested against yeasts,
dermatophytes and non-dermatophytes, and the microorganisms most sensitive to the extracts
were dermatophytes, 7. rubrum, T. mentagrophytes, M. canis and M. gypseum [10]. Other
Piper species contain compounds with antifungal activity, such as the amides of Piper



arboreum and Piper tuberculatum, active against Cladosporium sphaerospermum and C.
cladosporioides, respectively [6]. Danelutte [17] examined the activity of flavonones and
prenylated hydroquinones of Piper crassinervium against the same fungi, which varied
between 1 and 5, and 1 to 10 pg/mL, Freixa et al [8] studied the activity of three neolignans
of Piper fulvescens, enpomatenoid-5, eupomatenoid-6 and conocarpan, and only the first one
was not active against the dermatophyte 7. mentagrophytes, while the other compounds
showed activity at 1 and 8 pug/mL, respectively. Many other species have been studied for
antidermatophyte activity, like species of the family Asteraceae. For example, the chloroform
extract of Pterocaulon polystachyum showed better activity at a concentration of 12.5 pg/mL
against 7. mentagrophytes [2]. Prasad et al. [18] checked the activity of 4’-methoxyflavone, a
compound isolated of Psoralea coryfolia (Fabaceae), with a MIC value of 62.5 pug/mL vs. T.
mentagrophytes and T. rubrum and 125 pg/mL against E. floccosum and M. gypseum. Among
other species Ziziphus joazeiro Mart. (Rhamanaceae) and Caesalpinia pyramidalis Tul are
active against Candida guilliermondii and T. rubrum with MIC values between 6.25 and 25
pg/mL. In previous studies it was verified that the extracts obtained of leaves from P.
regnellii significantly inhibited the germination of 7. rubrum spores at concentration of 7.8.

Table 1. Antifungal activity of extract, fraction and isolated compounds of leaves
from P. regnellii against T. rubrum.

Antifungal Activity
Minimal concentration Minimal inhibitory
required for inhibition of concentration (ug/mL)

spore germination (ug/mL)

Dichloromethane extract (EBD) 7.8 15.6
Chloroform fraction (FF) 7.8 7.8
Eupomatenoid-3 >100 >100
Eupomatenoid-5 12.5 25
Amphotericin B 0.2 0.4
Nystatin 0.4 0.8
Fluconazole 1.6 32
Ketoconazole 0.2 0.4

There are two phases of fungal growth, spore germination and hyphal growth, where drug
action can occur. The hyphal growth inhibition was analyzed and the extract and fraction
showed moderate inhibition at a concentration of 100 pg/mL, while amphotericin B inhibited
it at 10 ug/mL, as observed in the Figure 1. DMSO and water were employed as controls.



Figure 1. Antifungal active in solid medium against 7. rubrum. A= Negative
control — DMSO 100, 10, 1, 0.1%; B= Amphotericin B — 100, 10, 1, 0.1 ug/mL
and water. C= Dichloromethane extract (EBD) and D= Chloroform fraction (FF) —
1000, 100, 10 and 1 pg/mL. The water was used as control, and the concentrations

decrease in clockwise fashion.

Many different modes of action can be studied, for example, the biosynthesis of ergosterol
or the interference of drug-ergosterol binding with cell functions. Ergosterol is lipid that
forms part of the membranes of fungi and protozoa. For example amphotericin B binds to

ergosterol perturbing membrane functions and

causing leakage of cell contents [19]. Figure 2

shows the effect of exogenous ergosterol on the MIC of the drugs.

Figure 2. Ergosterol effect assay in 7. rubrum — Exogen ergoterol (62.5 — 500
pg/mL) was added on the MIC of the dichlomethane extract (EBD), amphotericin

B (Amp B) and nystatin (Nys).
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When the concentrations of ergosterol increase the values of the MIC of amphotericin B
also increase. In the absence of ergosterol the MIC of this drug was 1.56 pg/mL, and by



varying the substrate between 0 to 500 pg/mL, the MIC changed from 1.56 to 25 pug/mL,
indicating binding with the ergosterol. Despite this, the extract and nystatin did not have the
same activity as amphotericin B, because when the ergosterol concentration increased the
MIC values remained the same.

Figure 3. Antifungal activity of nail lacquer with different concentrations of
extract against 7. rubrum. A= Control; B= Nail lacquer without fraction; Nail
lacquer with fraction: C=2.5 mg/mL; D=5 mg/mL; E= 10 mg/mL; F= 20 mg/mL;

G= 40 mg/mL; H= Micolamin.
. F ¢

The chloroform fraction was incorporated into nail lacquer at various concentrations
ranging between 0.3 to 40 mg per mL. The concentration of 20 mg/mL did not present visible
growth compared the control (Figures 3F and 3A). However, concentrations above 2.5
mg/mL inhibited the growth of fungi (Figure 3C) at the point of application of the nail
lacquer. Figure 4 shows images of MEV of T. rubrum. As previously mentioned, in this
method was possible to confirm the reduction of the growth of cultures treated with nail
lacquer containing chloroform fraction. There is a reduced growth of cells treated near the nail
lacquer (Figures 4C, 4E and 4G). Comparing the figures 4D, 4F and 4H could see cell growth
was lower at a concentration of 5 mg/mL. It is possible the active compounds spread by the
agar and in higher concentrations the compounds inhibited the growth.




Figure 4. Scanning electronic microscopy of Trichophyton rubrum treated with
different concentrations of fraction in nail laquer. A and B = control; C and D=
nail lacquer without fraction; E and F= nail lacquer with 1.25 mg of chloroform
fraction; G and H= nail lacquer with 5 mg of chloroform fraction. C, E and G=
samples taken near the nail lacquer; D, F and H=samples taken far the nail
lacquer. Magnification: 3000x (A) and 2000x (B — H). Bars 5 um.

The human nail is susceptible to a large number of fungal (onychomycosis) and other
infections [21]. The photoacoustic spectroscopy technique if used to measure the thermal
diffusivity (d) of human nails [21]. Figure 5 shows the spectra of the drugs on the nail. The
medicine was placed on top of the nail and a top spectrum was obtained soon after. The
graphic shows the curve of the absorption spectrum of the bottom of the nail 30 min after
application of FF fraction. After 5 h of application of the product, could be performing the
spectrum observed in the inner part of the permeation of the nail. The band around 670 nm
becomes visible, showing the permeation. The nail lacquer containing the FF fraction showed
good penetration in the nail and the absorption is still equal after extending the time. Nuglisch
et al [22] verified that using two formulations contained cyclopirox the propagation rate
through the nails in different samples from healthy volunteers showed that the photoacoustic



spectroscopy technique is a useful tool to analyze the penetration of topical formulations in
human nails.

Figure 5. Photoacoustic Spectroscopy Measurement. After 20 min the FF fraction
was detected at 670 nm. Spectra obtained with excitation performed in the nail.
The light modulation frequency was 20 Hz. The inset highlights the presence of
the FF fraction absorption in the spectrum. With this procedure the penetration
depth in the nail (the thermal diffusion length) corresponds to about 670 nm.
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3. Experimental

3.1. Plant material

The leaves from Piper regnellii (Miq.) C. CD. var. pallescens (C. DC.) Yunck
(Piperaceae) were collected in April 2006 in Horto of Medicinal Plants “Prof®. Irenice Silva”
on the Campus of Universidade Estadual de Maringa. The plant material was identified by
Marilia Borgo of the Botanical Department of Universidade Federal do Parand, and a voucher
specimen (HUM 8392) is deposited at the Herbarium of Universidade Estadual de Maringa,
Parana, Brazil.

3.2. Preparation of plant extract and fractions

Dried and powdered plant material (leaves) was extracted by maceration with 9:1 ethanol-
water at room temperature at a leaves:solvent ratio of 1:10 (w/v). After the extract was filtered
and the filtrate was evaporated to dryness under reduced pressure at 40 °C to give an aqueous



extract and a dark green residue which was washed with dicloromethane and the organic
solvent removed to give the dicloromethane extract that was submitted to two processes. First,
to isolate the compounds eupomatenoid-3 and eupomatenoid-5 the techniques already
described in previous studies [10,12,20] were used. The extract was submitted to vacuum
chromatography on silica gel eluted with solvents of increasing polarity. The hexane fraction,
obtained by this process, was rechromatographed by column chromatography on silica gel 60
(70-230 mesh) eluted with hexane and hexane-chloroform in the following proportions: 49:1,
19:1, 9:1 and 1:1, v/v, chloroform, ethyl acetate, acetone and methanol. The second process,
to remove (clarify) the green residue was used D-chloroform colunm eluated with chloroform,
obtaining the chloroform fraction.

3.3. Nail lacquer formulation

The formulation used consisted of a solvent volatile (ethanol, ethyl acetate, methanol),
apolar soluble polymer (methacrylic acid copolymer, vinyl polymers), plasticizer (triacetine,
dibutyl vitalato) and the chloroform fraction, at concentrations between 0.6 to 40 mg/mL.

3.4. Microorganism used and growth conditions

The test specie used for this investigation was 7. rubrun ATCC 28189. The fungi was
maintained on Sabouraud dextrose agar (SDA) slants at 28 °C and subcultured monthly
throughout this study.

3.5. Antifungal activity assay

3.5.1. Microbroth dilution assay

Culture was grown on Sabouraud dextrose agar (SDA, Difco Laboratories, Detroit, MI,
USA) tubes for 7-14 days, after which time spores were harvested from sporulating colonies
and suspended in sterile ion solution. The concentration of spores was adjusted to 1.0 x 10°
spores/mL using a hemocytometer. The antifungal assay was performed by the microdilution
technique in sterile flat botton microplates. Each well contained appropriate test samples,
Sabouraud dextrose broth and approximately 2 x 10°-3 x 10’ spores in a total volume of 100
puL. The plates were incubated at 28 °C for 72 h. Two susceptibility endpoints were recorded
for each isolate. The MIC was defined as the lowest concentration of compounds at which the
microorganism tested did not demonstrate visible growth. For this experiment the



dichloromethane extract, the chloroform fraction, the isolated compounds and nystatin,
amphotericin, fluconazole and ketoconazole at concentrations between 0.2 to 100 ug/mL as
standard drugs were used. For comparative purposes, the plates were incubated at 28 °C for
20-30 h and then examined for spore germination under an inverted microscope. For
quantification, spores were considered germinated if they had a germ tube at least twice the
length of the spore.

3.5.2. Antifungal activity in solid medium

Petri-plates containing 20 mL de SDA medium were seeded with 10 pL of standard spore
suspension (10° spores/mL). The plates were incubated in a humidified chamber at a
temperature of 28 °C until the diameter growth mycelial growth 2-3 cm. After, the disks were
placed at a distance of 0.5 cm from the edge of the colony. About 10 uL of serial dilutions of
dichloromethane extract, chloroform fraction, DMSO, and water were added to the disks. The
plates were incubated at a temperature of 28 °C until final growth. The inhibition of hyphal
elongation was observed by the lack of growth around the disk containing the drug test [18].

3.5.3. Ergosterol Effect Assay

For this assay, the ergosterol was added the Sabouraud dextrose broth medium at four
concentrations: 500, 250, 125 and 62.5 pg/mL. The dichloromethane extract was transferred
to the first well, a two fold serial dilution was perfomed and the medium was incubated at 28
°C for 72 h. Amphotericin B and nystatin were used as controls [3].

3.5.4. In vitro test with the nail lacquer containing fraction

In this test, the nail lacquer was applied at glass slides forming a line. Concentrations
between 0.3 to 40 mg/mL were analyzed, and Micolamin was used as control drug. The
inoculum used had 3 x 10* spores/mL. The microculture was placed in a Petri dish in a moist
chamber at a temperature of 28 °C for 5 days. Later, the cultures underwent scanning
electronic microscopy. Three portions were removed, far, near and upon the application point.

3.5.5. Scanning electronic microscopy

The microculture was fixed in glutaraldehyde 2.5% in 0.1 M cacodilato buffer for 1 day.
Later, it was washed in 0.1 M cacodilato buffer. The samples were placed on a specimen



support with poly-L-lysine. Subsequently, the samples were dehydrated in graded ethanol, 15—
100% for 15 min each. Then, they were submitted to critical-point-drying in CO,, coated with
chromium in a Penning sputter system in a high-vaccum chamber chamber (Gatan-Model
681), coated with gold and observed with a Shimadzu SS-550 Scanning electron microscope
field-emission scanning electron microscope.

3.6. Photoacoustic Spectroscopy Measurements

The photoacoustic spectroscopy (PAS) measurements were performed using an
experimental setup as shown in Figure 5. The monochromatic light was obtained from a 1000
W xenon arc lamp (Oriel Corporation 68820). The monochromator used was also from Oriel
Instruments (model 77250). The light beam was modulated with a mechanical chopper
(Stanford Research Systems SR540). The photoacoustic cell was homemade projected to have
a minimal volume. It was made of aluminum block, machined to hold samples with maximum
dimensions of about 5 mm in diameter and 1 mm thick, which allows light to enter through a
high transparent quartz window of 6 mm in diameter and
2 mm thick. The micro-phone chamber was 15 mm away and connected to the sample holder
chamber by means of a 1 mm diameter duct. The used capacitive microphone is a very
sensitive 12 mm diameter Bruel & Kjaer model 2639, which presents a high gain of 50
mV/Pa and flat frequency response performance from 1 Hz to 10 kHz. The lock-in amplifier
was from EG & G Instruments, model 5110. All the photoacoustic spectra were obtained at a
modulation frequency of 25 Hz and recorded between 250 and 800 nm. The data acquisition
was performed by a personal computer and the PAS spectra were normalized with respect to
the carbon black signal. In the photoacoustic measurements, the thermal diffusion length (1)
defines the sample nail [22] depth which contributes to the signal. This parameter is defined as
W = (d/nf)m, in which d is the sample thermal diffusivity and f the light modulation
frequency. With low frequencies one can inspect at long depths beneath the nail surface,
while higher frequencies probe the nail surface. This is the well known characteristic of this
technique, widely used to perform depth profile analysis. Taking f = 25 Hz and the thermal
diffusivity of the nail measured before as d = 8.1 x 10™*cm?/s [23], the studied samples present
thicknesses varying from 400 to 600 um. The samples were excited first onto the sample
external face and after that they were turned upside down to impinge the light in the sample
internal face. In this way, the detection of the fraction FF optical absorption bands at the
internal side of the sample means that the applied substances propagated through the wound.

4. Conclusions

In conclusion, Piper regnellii showed effective antifungal activity, although the isolated
compounds eupomatenoid-3 and eupomatenoid-5 showed low activity when compared the
dichloromethane extract and chloroform fraction. The incorporation of this fraction in a
vehicle, nail lacquer, showed good permeation through the nail and good in vitro activity
against 7. rubrum. Furthermore, the dichloromethane extract was not able to bind ergosterol.
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ABSTRACT

Dermatophytes colonized outer layers of epidermis and infections caused by them
are named mycoses. Antifungal drugs of topical use have to be delivery in the
stratum corneum to inhibit growth or kill the fungi, and the concentration must be
efficient to reach the fungi. Several disadvantages of current antifungal indicate the
search for new molecules which provide a better efficacy. Plants are sources of
bioactive molecules and the Piperaceae family is a good example, because it has
many species with different biological activities already reported scientifically. Piper
regnellii has showed activity against various microorganisms, including bacteria,
protozoa, dermatophytes and others. Due to the diversity of bioactives compounds
derived from plants, they could be incorporated in formulations to treat diseases.
Because the antifungal activity of extracts of P. regnellii against dermatophytes
reported in previous studies, this paper aimed to develop a topical formulation
containing extract obtained from leaves of this specie. The model of study to evaluate
the formulation action was albino New Zealand rabbits, and formulation was applied
in right ear for a maximum 30 days. During the treatment, the animals did not show
physic change, especially in the skin of ear. The blood and ears were collected and
subjected to hematological, biochemical and histological analysis. Beyond the
macroscopic characteristics, the ears were also submitted to microscopic evaluation,
as presence of comedones and acanthosis on epidermis. The photoacoustic
spectroscopy (PAS) was used to analyze the formulation permeation through the
skin. The analysis showed that the formulation did not induce toxicological effects,
confirmed by hematological and biochemical tests. So, the formulation was not able
to induce comedogenic potential and acanthosis, and the data obtained by PAS

showed that the formulation probably did not permeated into skin, and this result is



good because the formulation used to treat mycose should not delivery the deep

interior.

Key words: Piper regnellii, dermatophytes, toxicological evaluation, topical

formulation

1. INTRODUCTION

Rudolf Virchow was the first researcher to use the term mycose in 1856 that
means infections produced by parasites microfungi with great importance in clinical
tropical medicine. These microorganisms invade several types of tissues and
infections are divided in three groups of dermatological interest, mycoses, general
clinic and surgical (NEGRONI, 2010). The dermatophytosis is a type of superficial
mycose and it is caused by the dermatophytes which involve 45 species framed in
three genera Trichophyton, Microscoporum and Epidermophyton (TRABULSI;
ALTERTHUM, 2008). Dermatophytes colonize outer layers of epidermis and drugs
must have good liberation in the stratum corneum, whose activity should be efficient
to kill or inhibit growth (PERSHING et al., 1994; WEBSTER, 2001). And then, the
compound and excipient must have physic-chemical characteristics for appropriate
permeation (MURDAN, 2002). Many of antifungal drugs are used to treat fungal
infections but, in superficial mycose caused by dermatophytes, drugs as griseofulvin,
azoles and allylamines are commonly used in medical clinic (HECTOR, 2005).

According to Odds (2003), the search of new antifungal should be reasoned
in essential macromolecules for survival, growth, virulence factors and cell
morphogenesis. In general, due to the large number of microorganisms, it is

necessary the development of new drugs. Several factors as mechanisms of



resistance, emergence of new diseases, drug interactions, costly, side effects and
low bioavailability of the drug lead to the search for new molecules which should be
more actives, with broad spectrum of action and reducing the factors mentioned
above.

For this reason, plants are great sources of new bioactives molecules that
synthetize important secondary metabolites which act as attraction of pollinators,
resistance toward insects and against microbial infection. There are a large number
of classes of secondary metabolites with antimicrobial properties as protein,
flavonoids, tannins, alkaloids, chromones, lignans, neolignans, terpens,
sesquiterpens and others. Piper regnellii (Piperaceae) has compounds against many
of microorganism, including bacteria (HOLETZ et al., 2002; PESSINI et al., 2003),
protozoa (LUIZE et al., 2006; VENDRAMETTO, 2010), dermatophytes (KOROISHI et
al., 2008).

The diversity of studies of bioactives compounds of plants, which should be
better enforced, in other words, they should be incorporated in topical formulations,
or other types of formulations, to really treat diseases. For example, Glaucium
grandiflorum is used in Iranian traditional medicine to cure dermatitis, its extract was
added to cream base with the purpose anti-inflammatory and analgesic. This
formulation showed an effect similar to piroxicam gel (MORTEZA-SEMNANI et al.,
2004). Due to activity of Piper betle against Trichophyton mentagrophytes with 1C90
of 230.4 ug/ml, whose extract was incorporated in cream and proved very effective
(TRAKRANRUNGSIE et al., 2008).

The administration of topical products, as cosmetics or drugs, may trigger
inflammation as the most common effect. This reaction is characterized by warmth,

redness, swelling and pain (ROMANOWSKI; SCHUELLER, 1997). The epidermis is



divided into basal layer (cuboidal cells), spinous layer (cuboidal cells or slightly
flattened), granular layer (increase of keratin, flattened cells and central nucleus) and
stratum corneum (superficial flattened cells, dead and no nucleus), with cell renewal,
the microorganisms are removed from the outer surface epidermal (WAGNER;
SOHNLE, 1995). The topical products may cause comedones whose formation is the
first step of inflammatory process. During the comedogenisis process, there are two
changes in keratinization process, hyperproliferation of keratinocytes layer in the
follicle wall and reduced desquamation due to increased cohesion between
keratinocytes (FARRAR; INGHAM, 2004).

Photoacoustic spectroscopy (PAS) is a technigue non invasive helpful to
determine penetration and distribution profile of compounds through the skin in both
in vivo and in vitro tests and this demonstrate the importance of this technique in
research of formulations of topic use (SEHN et al., 2009).

In this study, the crude extract obtained from leaves of P. regnellii was
incorporated into a non-ionic A/O emulsion. The formulation was tested in rabbits,
and then, the toxicological evaluation was done, which included hematological and
biochemical analysis of the blood, histopathological evaluation and photoacoustic

analysis of permeation in the ear.

2. METHODOLOGY

2.1.  Plant material

The leaves of P. regnellii (Miq.) C. DC. var. pallescens (C. DC.) Yunck (Pijperaceae)

were collected in the “Horto Didatico de Plantas Medicinais Prof. Irenice Silva” of the



Universidade Estadual de Maringa, Parana. A voucher specimen was deposited at
the Herbarium in the UEM, the number is HUM 8392. The leaves were dried in oven

and then submitted to milling.

2.2. Hydroethanolic extract preparation

The powder of leaves were ground in a maceration with ethanol:water (9:1) at room
temperature and stirring until the total depletion. The solvent was removed using
rotary evaporator at 40°C, was obtained two phases, aqueous and dark green extract
(residue). The phase aqueous was lyophilized and the residue was washed with
dichloromethane which was removed to give the dichloromethane extract, and stored

in the freezer.

2.3.  Preparation of topical formulation

The emulsion non-ionic (A/O) formulation was prepared by the following procedure.
The dichloromethane extract was diluted in isopropyl myristate. The oil phase was
constituted by stearic acid (1.83%), glycerin monostearate (6.83%), solid vaseline
(14%), cetyl alcohol V (12.5%), ethoxylated lanolin (3.33%), then, was weighted and
melted to approximately 70°C. The aqueous phase at the same temperature was
added to oil phase and mixed with the help of a pistil until the total cooling. After, the
extract was incorporated. Two formulations were prepared. The first contain extract

and the second has not. The formulations were stored in plastic bottles.

2.4. Animals



In this experiment were used adult male and female albino New Zealand rabbits
weighing around 2.5 Kg, were obtained from the “Fazenda Experimental de Iguatemi”
— UEM were used. The animals were maintained in individual cages for 15 and 30
days, the following rental terms with water and chow will. 54 animals were used and
divided into three groups, control, treated and control of base, and subdivided each
group in 15 days and 30 days of treatment. This study was approved under the
protocol CEEA n. 023/2009 by the Committee on Ethical Conduct in the Use of

Animals in Experimentation — UEM.

2.5. Treatment of animals with topical formulation

Every day, before of the treatment, the rabbit’s ears were cleaned with distilled water
every day. The application of the formulation was made in concave areas of the right
ears of animals once a day by 15 and 30 days. As control, distilled water was applied
on the left ears. Besides, the control animals received only distilled water in both
ears. In the groups control and treated there were 6 male and 6 female animals.

Only, the control of base consisted of males.

2.6. Toxicological evaluation

The study was realized based on Resolution-RE n° 90, ANVISA (2004), which is
guide for the realization of studies of pre-clinical toxicity of herbal medicines. Before
the animals were sacrificed, approximately 10 ml of blood was collected by veneous

cardiac punction from each animal. The samples were submitted to hematological



and biochemical analysis. The first one, erythrocytes and leucocytes were quantified.
And the biochemical analysis of protein total, alkaline phosphatase, aspartate
aminotransferase and alanine aminotransferase were made using a Labtest
Diagnostica Kit, and the absortion optical was performed according to the rules of

each test recommended by the manufacturer, in a Varian Cary/1E UV visible.

2.7.  Morphological evaluation skin of rabbit ear

2.7.1. Macroscopy evaluation

After cleaning the ears and before application of formulation, it was analyzed
whether there was presence of irritation reactions like to erythema, edema, epithelial

desquamation, inflammation process and comedones.

2.7.2. Fixation and staining using the technique of hematoxylin — eosin (HE)

Samples for histological evaluation were collected at the 15th and 30th day,
the animals were sacrificed by overdose of sodium thiopental 40mg/Kg, followed by
removal of the ears with 3 cm length of right and left ears, which were fixed in Bouin’s
solution for 12 hours, dehydrated using graded concentration solution of ethanol (70,
80, 90 and 100%), diaphanized in xilol and embedded in histological paraffin.
Transverse semi-serial sections of 7 um of thickness were obtained using a Leica
RM 2245 microtome (Leica Microsystems, Wetzlar, Germany) with a steel knife. The
histologic sections were stained with hematoxylin and eosin to evaluate

microscopically.



2.7.3. Microscopy evaluation

The histological analysis was to determine the potential comedogenic
(capacity to induce the development of comedones), acanthosis (increasing
thickness of the epidermis) and presence of inflammatory infiltrate. For the potential
comedogenic the sections were measured with 10X ocular objective containing
micrometer disc (ruler), using the factor of correction 10. The size of comedones
were separated into groups, small (<400um), medium (between 400 — 850um) and
large (>850um). Each type of comedone was multiplied by a factor attributed, as 0.5
to small, 2 to medium and 5 to large. This determine individual score (ISc), but it is
necessary to determine the total score, which is possible to get through the media
group’s score (MSc). The values of MSc describe the potential of comedones, as
none (MSc < 10), light (10 < MSc < 30), moderate (30 < MSc < 90) and severe (MSc
> 90). For evaluation of local tolerance it was observed the presence of acanthosis
and inflammatory infiltrate, using the numeric scale between 0.5 and 3 and zero for
absence, that based on the thickness of the epidermis and increase in the number of
cells that make up the stratum corneum. The acanthosis’ scale is divided in 0.5
(increase of 10 to 50%), 1 (increase of 51 to 100%), 2 (increase of 101 to 150%) and
3 (above 150%). To analyze acanthosis 40X ocular objective and the correction’s
factor was 2.5 was used. Finally, regarding inflammatory infiltrate there is a scale too.
It is divided in groups, 0.5 (very small increase of inflammatory cells), 1 (small
increase), 2 (moderate increase) and 3 (severe increase and presence of

eosinophills and abscesses formation) (TRUITE et al., 2007).

2.8. Photoacoustic spectroscopy measuments of the ears



For this experiment 6 animals were used, they were treated with topical
formulation containing or not extract. The procedure was performed in time intervals
of 0, 60, 90, 120, 150 and 180 minutes, and 30 days of treatment. After death of
animals, treated ear was collected and cartilages were removed, remaining the
stratum corneum, the epidermis and the dermis. The sample was placed in a cell with
a support for the sample with dimension of 5mm in diameter and 2mm thick, sealed
with a quartz window, which permit the incidence of radiation on the sample. The
Lock-in amplifier was from EG & G Instruments (model 5110). The monochromatic
light was obtained from a 1000W xenon arc lamp (Oriel Corporation 68820) and a
monochromator (model 77250, Oriel Instruments). First, the sample was placed with
the epidermal part was put up, in the cell to analyze the modulation frequency was 40
Hz. After, the dermis was analyzed in the frequency 10 Hz. The light absorbed by the
sample excite the molecules, releasing energy, which is transferred as heat for the
air in contact the sample, this generated sound captured by the microphone. With the
variation of frequency of modulation incident light, it is possible to trace the depth
profile of the material in the permeate sample. The thermal diffusion length (us) is
defined as the depth which the heat waves generated may propagate to the surface
and contribute to the generation of photoacoustic signal. The value ys is defined as s
= (d/mrf)"2, pe is length of thermal diffusion (cm), d is thermal diffusivity (cm?/s) and f is
a modulation frequency of the light beam (Hz). The modulation frequency was 10 and
40 Hz and recorded between 200 to 450nm to perform the PAS spectra, which
normalized with respect to the carbon black signal, considering the skin’s diffusivity of

4 x10™ cm?/s.



2.9. Statistical analysis

Data were expressed as mean + standard deviation of all groups divided by
treatments. The statistical analysis was performed using the software Statistica 8.0.
Statistical significance was determined using one-way ANOVA following the
Dunnett’s test to compare of treated group against the control group by multiple

comparisons. The level of significance was set as P-value was less than 0.05.

3. RESULTS AND DISCUSSION

The rabbits are used in several studies of toxicological evaluation in animals.
Biochemical evaluation is necessary because the drugs may interfere with the
function of various organs. Every day, the ears were analyzed macroscopically and
there were not characteristics of erythema, edema, desquamation, inflammatory
reactions or comedogenic effects, and the treated skin is not oily presented. There
were not observed behavioral alterations and weight. According to the Table 1, the
parameters were normal for all groups studied, which included total protein, alkaline
phosphatase, aspartate aminotransferase and alanine aminotransferase that are
used to check liver and kidney alterations. Regarding hematological results,
erythrogram, platelets and leucogram did not show alterations (Table 2 and 3). The
hemogram is used for diagnosis and control of various diseases, which also indicate
abnormalities in the production, duration and destruction of blood cells, acute or
chronic infection, allergy and abnormal clotting (MOTTA, 2009).

Truite et al. (2007) verified toxicity of phytotherapics formulations for vitiligo

treatment, it was seeing that these formulations did not promote biochemical and



hematological alterations, and others factors, as comedogenic potential, macroscopy
evaluation, they also had not significant differences. Kanjanapothi et al. (2004)
investigated toxicity in rats of ethanolic extract of Kaempferia galanga suspended in
5% Tween 80 was administered orally by gavaging. Abnormalities and
histopathological changes were not detectable between all control and treated
animals, and biochemical and hematological analysis showed no differences, but
there was slight decrease of differential count of leukocytes.

The rabbits were submitted for diet containing Catha edulis leaves for six
months and liver enzymes were quantified on the plasma. There was significant
increase in plasma levels of alkaline phosphatase, an increase of indirect bilirubin
with a concomitant decrease in direct bilirrubin levels. Sections of liver displayed
increase chronic inflammation (AL-HABORI et al., 2002).

According to Table 4, the topical formulation tested shows be light potential
comedogenic, in other words, when treated and control groups of different treatment
periods are compared there are not significant differences, the p value is higher than
0.05. Comedogenic potential is grouped according to the mean the group’s score
(MSc). In treated animals, the left ear was used as control, just receiving distilled
water, and right ear was treated with the topical formulation. Moreover it was also
compared between the control and treated animals. The control group was treated
only with distilled water in both ears. It was observed predominance of small
comedones as showed in Figure 1, which shows the size of comedones below 400
um. Moreover, in this figure are showed open and close comedones. The degree of
acanthosis is determined by comparing epidermal thickness of the left and right ears.
It was seen that there were not significant difference between the treated and control

groups of periods. In fact, the presence of inflammatory infiltrate was not observed in



all ears. The data of all parameters analyzed in animals treated with topical
formulation without extract (only the base) were not showed in the tables, but the
animals treated with the test topical formulation showed similar results those groups
treated only with the base.

Many of products of topical application may cause the comedone formation.
Some researches found that application made in the outer ear canal of albino rabbits
of New Zealand is a good model to study the comedogenic potential. They applied
the product to be tested in the rabbit's ears and observed the appearance of
comedones every day, during two weeks. Next, the product was classified according
to its comedogenic potential (ROMANOWSKI; SCHUELLER, 1997). The rabbit’s ear
is a model very useful for research of topical skin irritations and follicular irritants. In
human skin, the response to produce some kind of problem is slow and it may take
up to 6 months for many commercial products. However, the rabbit's ears are so
sensitive and the response to daily application of a test agent appears in two weeks,
for example superficial erythema and desquamation and a follicular keratosis
(FULTON Jr. et al., 1984).

The rabbit ear model was developed by Kligman and Mills (1972) and
Kligman and Kwong (1979) verified the comedones appearance as discrets, uniforms
sized, cylindrical to global horny masses and the size is proportional to the potency of
the test products. The acantoshis is another parameter necessary to analyze
epidermis of ears, moreover, it is the increase of thickness of epidermis with
increased cell number and or nuclei in the basal layer. Kanjanapothi et al. (2004)
observed that hexane fraction of K. galanga dissolved in ethanol when applied to

dorsal skin of the trunk, it was not able to dermal irritation on the rabbits’ skin.



The photoacoustic spectroscopy is a technique important to analyze
permeation of the formulations of topical use. The skin has absorption in visible
spectrum of violet around 400 nm due to disintegration of melanin giving yellow
staining of skin. Before analysis in the ear, the absorption spectrum of topical
formulation was analyzed (Figure 2). Figure 3 shows the absorption of spectrum of
tested formulation at light modulation frequency of 40 Hz (permeation in skin). It's
possible that the topical formulation tested has the same absorption of skin because
of this could not be possible to see differences increasing the duration of treatment,
moreover, the profile curves of the treated skin at all times and untreated skin were
similar in both the analysis of the top as the bottom. In the lower part the same result
was observed (Figure 4), but the frequency used was 10 Hz. Figures 5 and 6 show
the spectrum absorption in the treatment of 30 days, comparing with other spectrum
results showed the same profile.

Sehn et al. (2003) verified the permeation of three sunscreens into the
human skin in vivo by this technique and the results evidencing the sensibility of this
technigue to evaluate of permeation of compounds through the skin. The PAS was
also used to check the penetration of an ointment containing bee propolis for the
treatment of wound healing, and was confirmed that the formulation permeated
reaching deeper area of the wound (SEHN et al., 2009).

Topical formulation analyzed for toxicological and permeation evaluation
showed satisfactory results, mainly by hematological and biochemical evaluation
which did not show differences between control and treated groups, and the
formulation has light comedogenic potential. Furthermore, it is expected that the
formulation had permeated into the skin but only superficial layer, because mycoses

caused by dermatophytes are mainly in the surface layer of the skin.



Table 1 — Biochemical evaluation of rabbits’ blood (n = 6/group). Data were expressed as mean + SEM

GROUPS DIVIDIDED BY PERIOD OF TREATMENT

TREATMENT BY 15 DAYS TREATMENT BY 30 DAYS
MALES FEMALES MALES FEMALES
Control Treated Control Treated Control Treated Control Treated
Total proteins 6.42+0.40 6.31+0.44 7+0.25 6.17 £ 0.69 6.37+05 6.66+0.45 570+0.38 6.33+0.32
Alkaline phosphatase 719+3.87 6.93+259 510+ 047 11.86+4.08 11.75+6.1 7.36x3.77 942+5.02 13.74+7.21
AST 95.9 + 30.4 90 + 28 93 +26 63 +2.65 722+245 101+224 78.8+22.3 89 +43.1
ALT 36.2+11.8 29.2+7.75 404 +12.2 34+17.5 235+541 31.9+11.38 31.3+13.2 28.17+2.93

* Dunnett’s test with significance P < 0.05, all the analysis showed no significance differences in relation control group. Units of reference: Total proteins
— g/dL; Alkaline phosphatase — U/L; AST (aspartate aminotransferase) — U/L; ALT (alanine aminotransferase) — U/L.



Table 2 — Erythrogram and platelet series of hematological evaluation (n = 6/group). Data were expressed as mean + SEM.

GROUPS DIVIDIDED BY PERIOD OF TREATMENT

TREATMENT BY 15 DAYS

TREATMENT BY 30 DAYS

MALES FEMALES MALES FEMALES
Control Treated Control Treated Control Treated Control Treated

Platelets 352.2+92.04 322+ 34.61 317 £ 51.31 370 £ 35.3 389.4 +75.89 344.28 +44.27 314+67.26 375.5+9.2
Erythrogram

Erithrocytes 6.32+0.49 6.48 + 0.31 6.25+0.76 6,43 + 0,41 6.46 + 0.25 6.50 + 0.68 5.7 £ 0.41 6.35+0.21

Hemoglobin 12.92 £ 0.95 13.03+0.7 13.05+0.79 12.85+0.73 13.20 + 0.61 12.87 +1.06 11.95+0.7 12.85+0.35

Hematocrit 42.66 +3.12 42.30 £1.97 43.08 +1.85 42.45 + 3.33 43.06 £ 2.15 41.81 £2.42 38.83+2.34 41.85+233

M. C. V. 67.62+3.92 65.26+1.55 69.48 + 6.49 66.1+3.4 66.66 + 1.71 64.61 +3.34 68.18 2.7 66 + 5.94

M. C. H. 20.5+0.95 20.3+0.47 21 +1.27 20.03 + 0.31 20.42 +0.28 19.9 £ 0.65 20.98+0.34 20.25+1.2

M. C. H. C. 4266 +3.11  31.08 £0.39 43.08+1.85 30.35+1.37 30.68 +0.78 30.81 £ 0.84 30.8+0.82 30.7+0.85

* Dunnett’s test with significance P < 0.05, all the analysis showed no significance differences in relation control group. Units of reference: platelets — 10°
cell/uL, erytrocytes — 10° cell/uL; hemoglobin — g/dl; hematocrit - %; mean corpuscular volume (M. C. V.) - p%; mean corpuscular hemoglobin (M. C. H.) — pg

(picograms); mean corpuscular hemoglobin concentration (M. C. H. C.) - %.



Table 3 — Leucogram of hematological evaluation (n = 6/group). Data were expressed as mean + SEM.

GROUPS DIVIDIDED BY PERIOD OF TREATMENT

TREATMENT BY 15 DAYS TREATMENT BY 30 DAYS
MALES FEMALES MALES FEMALES
Leucogram Control Treated Control Treated Control Treated Control Treated
Leucocytes 827+223 7.88x2.71 7.97 +1.08 7.45+2.65 6.41+0.8 7715 6.87 +1.43 8.12 +0.04
Rods 0.95+0.47 0.93+0.26 0.83 £0.09 1.07 1.26 +0.53 0.87 +0.27 1.44 +0.83 1.21 £ 0.57
Segmented 27+1.05 2631093 216+0.56 2.67+1.11 1.8+£0.37 156+0.14 2.36 £ 0.64 244 +047
Basophils 164+038 1.11+0.18 2.79 £ 1.01 1.53 + 1.41 1.85+0.34 2.28+0.77 242+1.21 1.22 £ 0.58
Typical lymphocytes 472+ 14 43+0.6 4.04 £1.07 3.89+0.91 4.1+0.65 4.3+0.89 4.49 +0.93 5.07 £ 0.38
Monocytes 5+1.15 5.61+1.7 6.80 + 1.33 3.52+0.6 3.13+0.87 5.38x1.24 291 +£0.15 3.65 £ 0.55

* Dunnett’s test with significance P < 0.05, all the analysis showed no significance differences in relation control group. Units of reference: Leucocytes — 10°
cell/uL; Rods — 10 cell/uL; Segmented — 10° cell/uL; Basophils — 10° cell/uL; Typical lymphocytes — 10° cell/uL; Monocytes — 10° cell/L.



Table 4 — Microscopy evaluation of rabbit’s ears (n=6/group)
GROUPS DIVIDIDED BY PERIOD OF TREATMENT

TREATMENT BY 15 DAYS TREATMENT BY 30 DAYS
MALES FEMALES MALES FEMALES
Control Treated Control Treated Control Treated Control Treated

Microscopy evaluation

Acanthosis 0.5 0.5 0.5 0.5 0 2 0 0.5
Inflammatory infiltrate None None None None None None None None
Potential Comedogenic

Right ears (MSc) 9.8 11.4 12.4 10.3 9.3 10.8 8 9.3
Left ears (MSc) 7.2 6.9 51 11.9 12 7.4 9.4 13.7

* Dunnett’s test with significance P < 0.05, all the analysis showed no significance differences in relation control group. The acanthosis’s scale is divided
in 0.5 (increase of 10 to 50%), 1 (increase of 51 to 100%), 2 (increase of 101 to 150%) and 3 (above 150%). The values of MSc describe the potential
comedogenic, as none (MSc < 10), light (10 < MSc < 30), moderate (30 < MSc < 90) and severe (MSc > 90).
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Figure 1 — Histological sections of rabbit’s ears treated and not treated. (A) without
comedone, (B) presence of closed and (C) open comedone, size smaller than 400
pm. Hematoxylin eosin staining technique, magnification of 100X.
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Figure 2 - Optical absorption spectra of the topical formulation
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Figure 3 — Photoacoustic Spectroscopy Measurement, after treatment with topical
formulation on rabbit’s ear. The top of samples were analyzed to 40 Hz frequency, in
the time between 0 to 3 hours of treatment.
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Figure 4 — Photoacoustic Spectroscopy Measurement, after treatment with topical
formulation in rabbit’s ear. The lower of samples were analyzed to 10 Hz frequency,
in the time between 0 to 3 hours of treatment.
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Figure 5 — Photoacoustic Spectroscopy Measurement, after 30 days of treatment
with topical formulation in rabbit’s ear. The top of samples were analyzed to 40 Hz
frequency.
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Figure 6 — Photoacoustic Spectroscopy Measurement, after 30 days of treatment
with topical formulation in rabbit’s ear. The lower of samples were analyzed to 10 Hz
frequency.

4. REFERENCES

AGENCIA NACIONAL DE VIGILANCIA SANITARIA. 2004. Available at: <HTTP://e-
legis.anvisa.gov.br/leisref/public/showAct.php?id=10242>. Acess: 01 jun. 2009.

AL-HABORI, M.; AL-AGHBARI, A.; AL-MAMARY, M.; BAKER, M. Toxicological
evaluation of Catha edulis leaves: a long term feeding experiment in animals.
Journal of Ethnopharmacology, Limerick, v. 83, p. 209 — 217, 2002.

FARRAR, M. D.; INGHAM, E. Acne: Inflammation. Clinics in Dermatology,
Philadelphia, v. 22, n. 380, p. 380 — 384, 2004.

FULTON JUNIOR, J. E.; PAY, S. R.; FULTON, J. E. Comedogenicity of current
therapeutic products, cosmetics, and ingredients in the rabbit ear. Journal of the
American Academy of Dermatology, St. Louis, v. 10, n. 1, jan., 1984.



HECTOR, R. F. An overview of antifungal drugs and their use for treatment of deep
and superficial mycoses in animals. Clinical Techiniques in Small Animal
Practice, Philadelphia, v. 20, p. 240 — 249, 2005.

HOLETZ, F. B.; PESSINI, G. L.; SANCHES, N. R.; CORTEZ, D. A. G.; NAKAMURA,
C. V.; DIAS FILHO, B. P. Screening of some plants used in brazilian folk medicine for
the treatment of infectious diseases. Memérias do Instituto Oswaldo Cruz, Rio de
Janeiro, v. 97, n. 7, p. 1027-1031, oct., 2002.

KANJANAPOTHI, D.; PANTHONG, A.; LERTPRASERTSUKE, N.; TAESOTIKUL, T.;
RUJJANAWATE, C.; KAEWPINIT, D.; SUDTHAYAKORN, R.; CHOOCHOTE, W.;
CHAITHONG, U.; JITPAKDI, A.; PITASAWAT, B. Toxicity of crude rhizome extract of
Kaempferia galanga L. (Proh Hom), Journal of Ethnopharmacology, Limerick, v.
90, p. 359 — 365, 2004.

KLIGMAN, A. M.; MILLS, O. H. Acne cosmetica. Archives of Dermatology,
Chicago, v. 106, p. 843 — 850, dec., 1972.

KLIGMAN, A. M.; KWONG, T. An improved rabbit ear model for assessing
comedogenic substances. British Journal of Dermatology, Oxford, v. 100, p. 699 —
702, 1979.

KOROISHI, A. M.; FOSS, S. R.; CORTEZ. D. A. G.; UEDA-NAKAMURA, T.;
NAKAMURA, C. V.; DIAS FILHO, B. P. In vitro activity of extracts and neolignans
from Piper regnelli against dermatophytes. Journal of Ethnopharmacology,
Limerick, v. 117, p. 270 — 277, 2008.

LUIZE, P. S.; UEDA-NAKAMURA, T.; DIAS FILHO, B. P.; CORTEZ, D. A. G;
NAKAMURA, C. V. Activity of neolignans isolated from Piper regmellii (Mig.) C. DC.
var. pallescens (C. DC.) YUNCK against Trypanosoma cruzi. Biological &
Pharmaceutical Bulletin, Tokyo, v. 29, p. 2126 — 2130, 2006.

MORTEZA-SEMNANI, K.; SAEEDI, M.; HAMIDIAN, M. Anti-inflammatory and
analgesic activity of the topical preparation of Glaucium grandiflorum. Fitoterapia,
Milano, v. 75, p. 123 — 129, 2004.

MOTTA, V. T. Bioquimica clinica para o laboratério. 5. ed. Rio de Janeiro:
Medbook — Editora Cientifica Ltda, 2009.

MURDAN, S. Drug delivery to the nail following topical application. International
Journal of Pharmaceutics, Amsterdam, v. 236, p. 1 — 26, 2002.



NEGRONI, R. Historical aspects of dermatomycoses. Clinics in Dermatology,
Philadelphia, v. 28, p. 125 — 132, 2010.

ODDS, F. C. Antifungal agents: mechanisms of action. TRENDS in Microbiology,
Cambridge, v. 11, n. 6, p. 272 — 279, jun., 2003.

PERSHING, L. K.; CORLETT, J.; JORGENSEN, G. In vivo pharmacokinetics and
pharmacodynamics of topical ketoconazole and miconazole in human stratum
corneum. Antimicrobial Agents and Chemotherapy, Washington, v. 38, n. 1, p. 90
- 95, jan., 1994.

PESSINI, G. L.; DIAS FILHO, B.; NAKAMURA, C. V.; CORTEZ, D. A. G.
Antibacterial activity of extracts and neolignans from Piper regnellii (Miq.) C. DC. var.
pallescens (C. DC.) Yunck. Memérias do Instituto Osvaldo Cruz, Rio de Janeiro, v.
98, n.8,p. 1115-1120, dec., 20083.

ROMANOWSKI, P.; SCHUELLER, R. Fundamentos dos testes de seguranca de
produtos cosméticos, Cosmetics & Toiletries, Sao Paulo, v.9, p. 55 — 59, sept./oct.,
1997.

SEHN, E.; SILVA, K. C.; RETUCI, V. S.; MEDINA, A. N.; BENTO, A. C.; BAESSO, M.
L. Photoacoustic spectroscopy to evaluate the penetration of sunscreens into human
skin in vivo: A statistic treatment, Review of Scientific Instruments, Lancaster, v.
74,n. 1, jan., 2003.

SEHN, E.; HERNANDES, L.; FRANCO, S. L.; GONCALVES, C. C. M.; BAESSO, M.
L. Dynamics of reepithelialisation and penetration rate of a bee prépolis formulation
during cutaneous wounds healing. Analytica Chimica Acta, Amsterdam, v. 635,
115-120, 2009.

TRABULSI, L. R.; ALTERTHUM, F. Microbiologia. 5. ed. Sao Paulo: Editora
Atheneu, 2008, 760 p.

TRAKRANRUNGSIE, N.; CHATCHAWANCHONTEERA, A.; KHUNKITTI, W.
Ethnoveterinary study for antidermatophytic activity of Piper betle, Alpinia galanga
and Allium ascalonicum extracts in vitro. Research in Veterinary Science, Oxford,
v. 84, p. 80 — 84, 2008.



TRUITE, C. V. R.; PHILIPPSEN, G. S. UEDA-NAKAMURA, T.; NATALI, M. R. M,;
DIAS FILHO, B. P.; BENTO, A. C.; BAESSO, M. L.; NAKAMURA, C. V.
Percutaneous penetration, melanin activation and toxicity evaluation of a
phytotherapic  formulation for vitiligo therapeutic. Photochemistry and
Photobiology, Augusta, v. 83, 1529-1536, 2007.

VENDRAMETTO, M. C.; SANTOS, A. O.; NAKAMURA, C. V.; DIAS FILHO, B. P
CORTEZ, D. A. G.; UEDA-NAKAMURA, T. Evaluation of antileishmanial activity of
eupomathenoid-5, a compound isolated from leaves of Piper regnellii var. pallescens.
Parasitology International, Amsterdam, v. 59, p. 154 — 158, 2010.

WAGNER, D. K.; SOHNLE, P. G. Cutaneous defenses against dermatophytes and
yeasts. Clinical Microbiology Research, Washington, v. 8, n. 3, p. 317 — 335, jul,
1995.

WEBSTER, G. F. Topical medications: a focus on antifungals and topical steroids.
Clinica Cornersttone, v. 4, n. 1, p. 33 — 38, 2001.



6. CONCLUSOES

A partir das folhas de P. regnellii foram obtidos extrato diclorometano, fracédo
cloroférmio e neolignanas, que foram submetidos a testes antifungicos, e aplicados

em duas formulacées de uso tdpico:

v" O esmalte contendo fracao cloroférmio reduziu o crescimento fungico em testes
in vitro, observadas por microscopia eletrénica de varredura. A formulacao teve
boa permeabilidade em unha, a freqiéncia de modulacdo de 20 Hz e

apresentando picos de absorgado a 670 nm.

v' Estudos envolvendo coelhos sao uteis no desenvolvimento de formulacbes
tépicas, devido a semelhangca com a pele humana e a resposta rapida a

sensibilidade causada por substancias aplicadas na pele desses animais.

v' A emulsao antifingica ndo promoveu reacdes teciduais nos animais durante o
tratamento, assim como, nos testes toxicolégicos envolvendo analises
bioquimicas e hematologicas. Nao houve diferengas significativas entre os
grupos. Pela andlise microscopica das orelhas, foi determinado que, a emuls@o
possui um leve potencial comedogénico, mas incapaz de induzir a acantose e

processos inflamatorios.

v Com os resultados obtidos neste estudo, conclui-se que a espécie P. regnellii,
apresenta grande potencial antifingico, contra dermatéfitos, e as formulacdes
contendo seus principios ativos, possuem grande capacidade de tratar micoses

causadas por estes micro-organismos.



ANEXOS

As substancias eupomatendide-3 e eupomatendide-5 foram analisadas a 300
MHz, diluido em cloroférmio deuterado (CDCI;) e obtidos os seguintes
espectros:

v' Espectros de Ressonancia Magnética Nuclear de 'H

v Espectros de Ressonancia Magnética Nuclear de '3C

v' Espectros de DEPT

v' Espectros de COSY

v' Espectros de HMQC

Para a analise microscépica, as orelhas foram processadas por técnicas
histologicas

Para o experimento in vivo usando coelhos, o projeto foi aprovado pelo Comité
de Conduta Etica no Uso de Animais em Experimentacao;

Patente depositada sob o nimero PI0704809-2 junto ao Instituto Nacional de

Propriedade Industrial e publicada na Revista da Propriedade Industrial n° 2003,

pg. 71.
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PROCESSAMENTO DAS ORELHAS PARA ANALISE HISTOLOGICA

12 ETAPA — FIXACAO EM REAGENTE DE BOUIN
As orelhas foram fixadas por 24 horas em reagente de Bouin. Ap6s o

periodo, o reagente foi substituido por etanol 70%, deixado por no minimo 24 horas.

22 ETAPA — INCLUSAO EM PARAFINA
Este processo consiste na desidratacdo em concentracdes crescentes de

etanol, seguido de diafanizagao com xilol e a inclusdo em parafina histoldgica.

ETAPAS REAGENTES TEMPO DE TRATAMENTO
I Desidratagao Etanol 70% No minimo 24 horas
Il Desidratagéao Etanol 80% 15 minutos
1] Desidratagao Etanol 90% 20 minutos
Y Desidratagao Etanol 100% 30 minutos
Vv Desidratagéao Etanol 100% 50 minutos
Vi Desidratagao Etanol 100% 40 minutos
Vi Diafanizagéo Xilol 2 horas
VI Inclusao Parafina 1 hora
IX Incluséo Parafina 2 horas
X Incluséo Parafina Emblocamento

32 ETAPA — CORTES EM MICROTOMO

Os blocos contendo os 6rgaos foram ajustados para que ndo haja desgaste
da navalha do micréstomo, posteriormente, foram hidratados no minimo 24 horas
em geladeira. Foram feitos cortes transversais de 7 uym de espessura, usando

micrétomo Leica RM 2245 (Leica Microsystems, Wetzlar, Germany). O material foi




esticado em banho (agua quente) e “pescados” com a lamina, previamente tratada

com solucdes adesivas.

42 ETAPA — COLORACAO COM HEMATOXILINA-EOSINA
Inicialmente, as laminas foram colocadas em estufa a 60°C por 15 minutos.

Seguido dos seguintes processos:

ETAPAS REAGENTES TEMPO DE TRATAMENTO
I Desparafinizacao Xilol 10 minutos
Il Desparafinizagéo Xilol 10 minutos
Il Hidratagao Etanol 100% 2 minutos
v Hidratagao Etanol 100% 2 minutos
\Y Hidratagéao Etanol 90% 2 minutos
VI Hidratagao Etanol 80% 2 minutos
VI Hidratagao Etanol 70% 2 minutos
VIII Hidratagéao Agua destilada 2 minutos
IX Coloragéo Hematoxilina 15 segundos
X Coloracao Agua (Enxaguar 4 vezes) 5 minutos (em repouso)
Xl Coloragao Eosina 15 segundos
Xl Coloracao Agua Enxaguar 2 vezes
Xl Desidratacao Etanol 90% Passar
XV Desidratagao Etanol 100% 5 minutos
XV Desidratagao Etanol 100% 5 minutos
XVI Diafanizacao Xilol:etanol (1:1) Passar
XVII Diafanizagéo Xilol 5 minutos
XVIII Diafanizagéao Xilol 5 minutos




Para a preservacdao do material, foi feito a montagem da lamina com a

laminula utilizando adesivo Permount.

* PREPARO DOS REAGENTES:

a. Reagente de Bouin
O reagente foi preparado pela mistura de 750 ml de &cido picrico, 250 ml de

formaldeido e 50 ml de acido acético.

b. Adesivo de Haupt

Foi dissolvido 1 g de gelatina incolor em 50 ml de agua destilada. Cerca de 2
g de fenol foram dissolvidos em 50 ml de 4gua destilada. As duas solugdes foram
misturadas, e 15 ml de glicerina foram adicionados. O adesivo foi mantido em

geladeira.

c. Hematoxilina Harius

Aproximadamente 1 g de hematoxilina foi dissolvido em 10 ml de etanol
absoluto, e 20 g de alumen de amédnio em 200 ml de agua destilada quente. As duas
solugbes foram misturadas e aquecidas rapidamente (sem deixar ferver). Apds,
foram adicionados 0,5 g de éxido de mercurio. Apos esfriar bem (se possivel por em
banho de gelo), 6 ml de &cido acético P. A. foram adicionados. Deixou-se maturar

por 3 a 4 dias. Antes do uso, a solucéo foi filtrada.

d. Eosina Y com floxina B

i.  Solucéo de eosina Y



2,5 g de eosina Y foram dissolvidos em 50 ml de agua destilada e 200 ml de
etanol 95%.
ii. Solucao de floxina B
1 g de floxina B foi solubilizada em 100 ml de agua destilada, e armazenada

em geladeira.

ii.  Solucao de uso
Para a solucéo final, 88 ml de solucdo de eosina Y foram misturadas com 1

ml de solucao de floxina B e 0,4ml de &cido acético.



TABELA UTILIZADA PARA ANALISE HISTOLOGICA DAS ORELHAS

NUumero do animal 1 2

Seccgdes examinadas 2 2

Comedos
- grande
- médio
- pequeno

Total

Acantose

Infiltrado inflamatorio

Outras observacgdes

NUmero do animal 1 2 3

4 5 6 Total ISc

MSc

Tipos de Comedos
Grandes (x5)
Médios (x2)
Pequenos (x0,5)

ISc

ISc — indice do escore, MSc — Escore médio

Escore Médio (MSc)

Potencial Comedogénico

MSc <10
10 < MSc <30
30 <MSc <90

MSc > 90

Nenhum
Suave
Moderado
Severo




Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas
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