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RESUMO

Mitracarpus frigidus (Willd. ex Reem Schult.) K. Schum. (Rubiaceae) é uma espécie
nativa, amplamente distribuida por todo territério brasileiro, com poucos relatos na
literatura sobre seu potencial quimico-biologico. Estudos preliminares relataram que
a planta apresenta atividade antimicrobiana, leishmanicida e antioxidante, e tem
como principais constituintes alcaloides, quinonas, flavonoides, terpenos e
esteroides. Com o intuito de dar continuidade aos estudos envolvendo esta espécie,
este trabalho teve como objetivos avaliar sua toxidade e seu potencial
farmacol6gico, bem como e isolar e caracterizar suas substancias bioativas. Do
extrato metandlico das partes aéreas de M. frigidus (MFM) foram isolados os
triterpenos acido ursdlico e ursolato de metila, e a naftoquinona psicorubrina. Os
flavonoides rutina e campferol também foram identificados. Utilizando essas
substancias como marcadores, MFM foi padronizado e avaliado para as atividades
esquistossomicida, anti-inflamatoria, laxativa e citotoxica. Além disso, sua toxidade
aguda (DLsp) e subcrénica foram avaliadas. O potencial biolégico e a composicéo
quimica do extrato em hexano e do Oleo essencial da espécie também foram
analisados. MFM apresentou atividade esquistossomicida tanto in vitro quanto in
vivo com consideravel reducdo da carga parasitaria. Também foi observada
atividade anti-inflamatéria aguda e crénica para os modelos testados, sendo a
resposta aguda mais expressiva. MFM inibiu o processo de migracdo celular
mediado pela inflamacdo e também diminuiu o processo oxidativo do organismo,
evidenciado pela baixa concentracdo de MDA, catalase e mieloperoxidase. Em
relacdo a expressdo de ciclooxigenases, MFM inibiu COX-2. Atividade citotoxica
contra células leucémicas, HL60 e Jurkat, sem inducdo de apoptose também foi
observada. Além disso, MFM induziu aumento do peristaltismo intestinal e da
producédo de fezes, o que pode estar relacionado com a presenca de antraguinonas
identificadas em MFM. A partir do estudo toxicoldégico agudo e subcrbénico de MFM
foi possivel verificar que a planta tem baixa toxidade (DLsp > 2000 mg/Kg) e que néo
provocou alteragcfes bioquimicas e hematoldgicas durante 42 dias de experimento.
As substancias acido ursolico, ursolato de metila e psicorubrina, isoladas de MFM,
apresentaram atividade citotoxica para células tumorais e para diferentes espécies
de Leishmania. Da mesma forma, o extrato em hexano apresentou atividade
antimicrobiana e leishmanicida, com especificidade e seletividade para formas
intracelulares (amastigotas). O 6leo essencial apresentou atividade antifingica e
leishmanicida. Linalol e acetato de eugenol foram identificados como as substancias
majoritarias. A partir deste trabalho, foi possivel concluir que a espécie M. frigidus,
gue nao possui relatos de uso na medicina popular, pode ser uma fonte alternativa
de estudos para o tratamento de diversas doencas, como as provocadas por fungos,
bactérias e parasitas, além de patologias relacionadas a processos inflamatorios.

Palavras-chave: Mitracarpus frigidus; psicorubrina; acido ursélico; ursolato de metila;
Oleo essencial; terapia alternativa



ABSTRACT

Mitracarpus frigidus (Willd. ex Schult Reem.) K. Schum. (Rubiaceae) is a native
species, widely distributed throughout the Brazilian territory, with few reports in the
literature on its chemical-biological potential. Previous studies reported that the plant
has antimicrobial, antioxidant and leishmanicidal, and that its main constituents are
alkaloids, quinones, flavonoids, terpenes and steroids. In order to continue the
studies involving this species, this work aimed to evaluate its toxicity and
pharmacological potential, as well as to isolate and characterize its bioactive
compounds. From the methanolic extract of the aerial parts of M. frigidus (MFM) the
triterpenes ursolic acid and methyl ursolate, and the naphthoquinone psycorubrin
were isolated. The flavonoids rutin and kaempferol were also identified. Using these
compounds as markers, MFM was standardized and evaluated for schistosomicidal,
anti-inflammatory, laxative and cytotoxic activity. Moreover, its acute (LDsp) and
subchronic toxicity were evaluated. The biological potential and chemical
composition of the hexane extract and the essential oil of this species were also
analyzed. MFM showed both in vitro and in vivo schistosomicidal activity with
considerable reduction in parasite burden. Antinflammatory activity was also
observed for the acute and chronic models tested, with a more proeminent acute
response. Those results demonstrated that MFM inhibited the inflammation cell -
mediated migration and also decreased the oxidative process of the organism, as
evidenced by the observed Ilow concentration of MDA, catalase and
myeloperoxidase. Regarding the expression of cyclooxygenase, MFM inhibited COX-
2. Cytotoxic activity against leukemia cells, HL60 and Jurkat, without apoptosis
induction was also observed. Furthermore, MFM induced increase of intestinal
peristalsis and production of faeces, which can be related to the presence of the
anthraquinones identified in MFM. From the acute and subchronic toxicity study of
MFM it was possible to verify that the plant has low toxicity (LDso > 2000 mg/kg) and
caused no hematological and biochemical changes during 42 days of experiment.
The compounds ursolic acid, methyl ursolate and psycorubrin, isolated from MFM,
showed cytotoxicity against different tumor cells and species of Leishmania.
Likewise, the hexane extract showed antibacterial and antileishmanial properties,
with specificity and selectivity for intracellular forms (amastigotes). The essential oil
showed antifungal and leishmanicidal activity. Linalool and eugenol acetate were
identified as its major compounds. In conclusion, the species M. frigidus, which has
no reports on its use in traditional medicine, could be an alternative source of study
for the treatment of various diseases such as those caused by fungi, bacteria and
parasites, and pathologies related to inflammatory processes.

Keywords: Mitracarpus frigidus; psycorubrin; ursolic acid; methyl ursolate; essential
oil; alternative therapy
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Figure 2 - Effects of the Mitracarpus frigidus methanolic extract on hepatic
granuloma. At 60 days of infection, the hepatic tissues were collected and used for
morphological study of the granulomatous area. All granulomas containing a
central viable egg were measured and photographed. In (A) general aspects of the
hepatic granulomas obtained from infected and untreated animals; (B) the infiltrate
around the granuloma in treated animals with a single dose (200 mg/kg) of
praziquantel is shown. In (C - 100 mg/Kg) and (D - 300 mg/kg) the granulomas
from infected and treated animals after 20 days with different doses of the M.
frigidus extract, showing that there are no changes in the structure and infiltrate
granulomatous in this area

Artigo 7

Figure 1 - HPLC chromatogram of Mitracarpus frigidus methanolic extract (MFM).
The analysis was done in a linear gradient of a binary solvent system A (water pH
adjusted to 4.0 with H3PO,):B (acetonitrile). The elution conditions applied were: 0-
20 min, 5-80% B and 20-30 min, 80-95% B. It was run at a flow rate of 1 mL/min
over 30 minutes, with an injection volume (“loop”) of 20 pL and UV detection was
at 230 nm

Figure 2 - Effects of MFM and positive controls (dexamethasone and
indomethacin) on changes in activities of the A) malondialdehyde (MDA)
accumulation and B) catalase enzyme in carrageenan-induced paw edema (3rd
hour) in rats. ®Statistically different from the negative control (vehicle).
bCStatistically different from the positive controls (dexamethasone and
indomethacin, respectively) (ANOVA followed by Bonferroni, P < 0.05)

Figure 3 - Effects of MFM and positive controls, dexamethasone and
indomethacin: A and C) on the weight of ear administratered orally and topically,
respectively; B and D) on changes in activity of the myeloperoxidase enzyme
administratered orally and topically, respectively, in ear edema induced by croton
oil in rats. ®Statistically different from the negative control (vehicle). P“Statistically
different from the positive controls (dexamethasone and indomethacin,
respectively) (ANOVA followed by Bonferroni, P < 0.05)

Figure 4 - Effects of MFM and positive controls (dexamethasone and
indomethacin) on the weight of ear administratered A) orally and B) topically in ear
edema induced by EPP in rats. ®Statistically different from the negative control
(vehicle). "‘Statistically different from the positive controls (dexamethasone and
indomethacin, respectively) (ANOVA followed by Bonferroni, P < 0.05)

Figure 5 - Effects of MFM and positive control (dexamethasone) on cotton pellets-
induced granuloma in rats. A) Wet weight of cotton pellet (g); B) dry weight of
cotton pellet (g); C) tissue MDA accumulation and D) weight gain of treatments.
3statistically different from the negative control (vehicle). Statistically different
from the positive controls (dexamethasone) (ANOVA followed by Bonferroni, P <
0.05)

183

209

209

210

210

210



Anexos

Figura 1 - Perfil cromatografico do 6leo essencial das partes aéreas de M. frigidus
por CG/EM

Figura 2 - FOormula estrutural e o espectro de massa dos constituintes presentes
no oOleo das partes aéreas de Mitracarpus frigidus

Figura 3 - Compostos detectadas por CLAE no extrato metandlico das partes
aéreas de Mitracarpus frigidus

Figura 4 - Espectro de massa El de psicorubrina

Figura 5 - Espectro de infravermelho de psicorubrina

Figura 6 - Espectro de ultravioleta de psicorubrina

Figura 7 - Espectro de RMN de *H [CDCls, 300 MHz] de psicorubrina

Figura 8 - Espectro de RMN de *3C [CDCls;, 75 MHz] de psicorubrina

Figura 9 - Espectro de COSY [CDClI3, 300 MHz] de psicorubrina

Figura 10 - Espectro de massa do &cido ursolico

Figura 11 — Espectro de infravermelho do &cido ursolico

Figura 12 - Espectro de RMN de *H [MeOD, 300 MHz] do &cido ursélico
Figura 13 - Espectro de RMN de **C [MeOD, 75 MHz] do &cido ursélico
Figura 14 - Espectro de RMN de Dept 135 [MeOD, 75 MHZz] do acido ursdlico
Figura 15 - Espectro de RMN de COSY [MeOD, 300 MHz] do acido ursdélico
Figura 16 - Espectro de RMN de HMBC [MeOD, 300 MHZz] do acido ursdlico
Figura 17 - Espectro de RMN de HSQC [MeOD, 300 MHz] do &cido ursolico
Figura 18 - Espectro de massa do ursolato de metila

Figura 19 - Espectro de infravermelho do ursolato de metila

Figura 20 - Espectro de RMN de *H [MeOD, 300 MHz] do ursolato de metila
Figura 21 - Espectro de RMN de **C [MeOD, 75 MHz] do ursolato de metila
Figura 22 - Espectro de RMN de Dept 135 [MeOD, 75 MHZz] do ursolato de metila

Figura 23 - Espectro de RMN de COSY [MeOD, 300 MHz] do ursolato de metila

213

214

217

219

220

221

222

223

224

226

227

228

229

230

231

232

233

235

236

237

238

239

240



Figura 24 - Espectro de RMN de HSQC [MeOD, 300 MHz] do ursolato de metila 241



LISTA DE TABELAS

Artigo 1

Table 1 — Body weight of animals and their principal organs (in g), after 42 days
of treatment.

Table 2 — Biochemical and hematological parameters after 42 days of treatment
with MFM

Artigo 2

Table 1 - Antitumor and antileishmanial activity of psychorubrin (1)
Table 2 - Antimicrobial activity of psychorubrin (1)

Artigo 3

Table 1 - Chemical constituents, retention index and relative concentration of
compounds of essential oil of Mitracarpus frigidus analyzed by GC-MS

Table 2 - Antimicrobial activity of Mitracarpus frigidus essential oll
Artigo 4

Table 1 - Yield (% w/w) and phytochemical screening of hexane extract (MFH)
and fractions of Mitracarpus frigidus

Table 2 - Antibacterial activity of the hexane extract (MFH) and fractions of the
Mitracarpus frigidus

Table 3 - Effects of hexane extract (MFH) and fractions of the Mitracarpus
frigidus against Leishmania promastigote and amastigote forms and murine
macrophages

Table 4 - Effect of hexane extract (MFH) and active fractions on Leishmania
major interiorized in peritoneal macrophage cells after 72 hours of treatment

Artigo 5

Table 1 - Cytotoxic activity of ursolic acid (1) and methyl ursolate (2) isolated
from Mitracarpus frigidus

Table 2 - Antileishmanial activity and cytotoxicity of ursolic acid (1) and methyl
ursolate (2) isolated from Mitracarpus frigidus

Table 3 - Effect of ursolic acid (1) and methyl ursolate (2) on Leishmania major
interiorized in peritoneal macrophage cells after 72 hours of treatment

90

91

100

101

109

109

130

131

132

133

151

152

153



Table 4 - Effect of ursolic acid (1) and methyl ursolate (2) isolated from
Mitracarpus frigidus on carrageenan-induced rat paw edema

Table 5 - Effect of ursolic acid (1) and methyl ursolate (2) isolated from
Mitracarpus frigidus on leukocyte migration and neutrophil migration in
peritoneal exudation in carrageenan-induced mice

Artigo 6

Table 1 - Effects of Mitracarpus frigidus methanolic extract (MFM) treatment on
body weight, relative organ weights and on granuloma formation, after 60 days
of infection

Table 2 - Results obtained in mice experimentally infected with 50 + 10
cercariae of Schistosoma mansoni (LE strain) treated with Mitracarpus frigidus,
orally, after 60 days of infection

Table 3 - Effects of Mitracarpus frigidus methanolic extract (MFM) treatment on
the biochemical and hematological parameters, after 60 days of infection

Artigo 7

Table 1 - Effects of the methanolic extract from aerial parts of Mitracarpus
frigidus (MFM) on carrageenan-induced rat paw edema

Table 2 - Effects of the methanolic extract from aerial parts of Mitracarpus
frigidus (MFM) on cyclooxygenase (COX) expression in carrageenan-induced
rat paw edema

Table 3 - Effects of the methanolic extract from aerial parts of Mitracarpus
frigidus (MFM) on leukocyte migration and neutrophil migration in peritoneal
exudation in carrageenan-induced mice

154

155

177

178

179

205

206

207



AcOEt
CH,Cl,
CHClI3
Da
DMSO
EDso
EPP

GC/MS

HH-COSY

HMBC

HMQC

HPLC

ICs0

v

LCso

LDso/ DLso

MDA

MeOH

LISTA DE ABREVIATURAS E SIGLAS

Acetato de etila

Diclorometano

Cloroférmio

Dalton

Dimetilsulfoxido

Median Effective Dose/ Dose Efetiva Mediana
Ethyl Phenylpropiolate/ Fenilpropiolato de Etila
Gas Chromatography - Mass Spectometry/
Cromatografia Gasosa - Espectrometro de Massas
Homonuclear Correlated Sprectroscopy/
Espectroscopia de Correlacao

Heteronuclear Multipe Bond Correlation/
Correlacdo Heteronuclear de Multiplas Ligacfes
Heteronuclear Multiple Quantum Coherence/
Coeréncia Heteronuclear Multiplo-Quéantica
High Pressure Liquid Chromatography/

Cromatografia Liquida de Alta Eficiéncia

Median Inhibitory Concentration/ Concentragdo Mediana de Inibicéo

Infravermelho

Median Lethal Concentration/ Concentracdo Letal Mediana

Median Lethal Dose / Dose Letal Mediana
Malondialdehyde/ Malonaldeido

Metanol



MFH
MFM

MIC

MSI
NP/PEG
oD

RMN de **C
RMN de 'H
ROS

TLC

uv

WHO/OMS

Extrato Hexanico das Partes Aéreas de Mitracarpus frigidus
Extrato Metandlico das Partes Aéreas de Mitracarpus frigidus
Minimum Inhibitory Concentration/ Concentracao Inibitéria Minima
Microbial Susceptible Index/ indice de Susceptibilidade Microbiana
Natural Products Reagent/ Reagente de Produtos Naturais
Optical Density/ Densidade Optica

Ressonancia Magnética Nuclear de Carbono

Ressonancia Magnética Nuclear de Hidrogénio

Reactive Oxigen Species/ Espécies Reativas de Oxigénio

Thin Layer Chromatography/ Cromatografia de Camada Delgada
Ultravioleta

World Health Organization/ Organizacdo Mundial da Saude



SUMARIO

1 INTRODUCAO

2 OBJETIVOS

2.1 OBJETIVO GERAL

2.2 OBJETIVOS ESPECIFICOS

3 REVISAO BIBLIOGRAFICA

3.1 DOENCAS TROPICAIS E NEGLIGENCIADAS

3.1.1 ESQUISTOSSOMOSE MANSONICA

3.1.1.1 ASPECTOS GERAIS DA ESQUISTOSSOMOSE MASONICA

3.1.1.2 CARACTERISTICAS MORFOLOGICAS E CICLO EVOLUTIVO DO
Schistosoma mansoni

3.1.1.3 CARACTERISTICAS CLINICAS E PATOLOGICAS DA
ESQUISTOSSOMOSE

3.1.1.4 DIAGNOSTICO E TRATAMENTO DA ESQUISTOSSOMOSE
MANSONICA

3.1.2 LEISHMANIOSE

3.1.2.1 ASPECTOS GERAIS DA LEISHMANIOSE

3.1.2.2 O PARASITA E SEU CICLO BIOLOGICO

3.1.2.3 TRATAMENTO DA LEISHMANIOSE

3.2 A COMPLEXA PROBLEMATICA DO EVENTO DE RESISTENCIA E SUAS
CONSEQUENCIAS

3.3 PROCESSO INFLAMATORIO

3.3.1 ASPECTOS GERAIS DA INFLAMACAO

3.3.2 MARGINACAO, ROLAMENTO, ADESAO E MIGRACAO
LEUCOCITARIA

3.3.3 ANTI-INFLAMATORIOS E SUAS LIMITACOES

3.4 CONSTIPACAO INTESTINAL E AGENTES LAXATIVOS

3.5 CANCER

3.5.1 A CELULA CANCEROSA

3.5.2 A PROGRESSAO TUMORAL

3.5.3 TIPOS DE CANCER (CLASSIFICACAO)

3.5.4 TIPOS DE TRATAMENTOS

22
26
26
26
27
27
27
27
28

32

35

37
37
38
41
42

45
45
48

49
50
54
55
55
57
58



3.6 TOXICIDADE DE PLANTAS MEDICINAIS

3.7 GENERO Mitracarpus ZUCC. EX SHULT. F.

3.8 A ESPECIE Mitracarpus frigidus (WILLD. EX REEM SCHULT.) K.
SCHUM.

4 REFERENCIAS

5 ARTIGOS CIENTIFICOS

5.1 Artigo 1 - In vivo laxative and toxicological evaluation and in vitro
antitumor effects of Mitracarpus frigidus aerial parts

5.2 Artigo 2 - Antitumor, antibiotic and antileishmanial properties of the
pyranonaphthoquinone psychorubrin from Mitracarpus frigidus

5.3 Artigo 3 - Essential oil of Mitracarpus frigidus as a potent source of
bioactive compounds

5.4 Artigo 4 - Antibacterial and leishmanicidal effects of Mitracarpus
frigidus

5.5 Artigo 5 - Pentacyclic triterpenoids from Mitracarpus frigidus: in vitro
cytotoxic and leishmanicidal and in vivo anti-inflammatory and
antioxidative activities

5.6 Artigo 6 - Effects of the medicinal plant species Mitracarpus frigidus on
adult Schistosoma mansoni worms

5.7 Artigo 7 - Mitracarpus frigidus: Chemical standardization and anti-
inflammatory and antioxidative effects of aerial parts methanolic extract in
animal models

6 CONSIDERACOES FINAIS

7 ANEXOS

59

62

64

66

82

83

94

104

113

134

159

184

211
213



APRESENTACAO

Os resultados que fazem parte desta tese estdo apresentados sob a forma de
artigos, os quais se encontram no item ARTIGOS CIENTIFICOS. As secbes
Materiais e Métodos, Resultados, Discussdo dos Resultados e Referéncias
encontram-se nos proprios artigos e representam a integra deste estudo.

O item CONSIDERACOES FINAIS encontrado no final desta tese, apresenta
comentarios gerais sobre todos os artigos cientificos contidos neste trabalho. E no
item ANEXO, estdo todas as informacfes das substancias identificadas e isoladas.

O item REFERENCIAS refere-se somente as citacbes que aparecem nos
itens INTRODUGAO e REVISAO BIBLIOGRAFICA.
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1 INTRODUCAO

Nos ultimos anos, a frequéncia de resisténcia microbiana e a associacdo
deste evento com doencas infecciosas graves tém aumentado de forma progressiva
(N'GUESSAN et al., 2007). Muitos micro-organismos tém desenvolvido resisténcia
tanto contra os ja bem estabelecidos antibioticos de uso convencional, quanto contra
aqueles de ultima geragdo, causando graves problemas de saude publica e
prejuizos econdmicos (SPELLBERG, BARTLETT e GILBERT, 2013).

Além dos problemas enfrentados devido a resisténcia microbiana, destacam-
se aqueles especificos de cada doenca, como os relacionados a leishmaniose, a
esquistossomose e a neoplasias. As duas primeiras sao consideradas doencas
negligenciadas e que causam sérios problemas de saude publica na maioria dos
paises tropicais e subtropicais (STEINMANN et al., 2006) e o cancer, por sua vez,
ocorre em todas as regides do planeta e acomete um numero cada vez maior de
pessoas, sendo uma das principais causas de morte em todo o mundo (WHO,
2008).

Se forem tracados paralelos entre estas doencas, um elo entre as mesmas
seria, sem duavida, as limitacbes em seu tratamento. Isto ocorre devido a varios
problemas relacionados a toxidez, resisténcia ou variacbes de sensibilidade, além
daqueles especificos a cada uma delas (BOTROS et al., 2003; HAGAN et al., 2004).
Também o aparecimento de muitos micro-organismos resistentes aos ja bem
estabelecidos antibidticos de uso convencional justifica a busca constante de drogas
mais eficazes, seletivas e com menos efeitos colaterais.

Durante séculos as plantas representaram a Unica fonte de agentes
terapéuticos para o0 homem (COUTINHO et al., 2004; MELO et al., 2009), sendo
utilizadas no tratamento de doencas e disfun¢des do organismo humano devido as
suas propriedades terapéuticas e toxicas (MARTINS et al., 2000). No inicio do
século XIX, com o desenvolvimento da quimica, as plantas passaram a ser a
primeira fonte de substancias para o desenvolvimento de medicamentos (MELO et
al.,, 2009). Nas ultimas décadas tem-se verificado um grande avanco cientifico
envolvendo estudos quimicos e farmacolégicos de plantas medicinais que visam
obter novas moléculas com propriedades terapéuticas (LU et al., 2007; MBWAMBO

et al., 2009). As plantas produzem uma grande variedade de metabdlitos que
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ganham importancia devido a suas aplicacoes terapéuticas, biotecnologicase
nutracéuticos. A producdo dos mesmos € influenciada por fatores ambientais e
genéticos e esta relacionada com sua defesa contra patégenos (bactérias, fungos ou
virus) e herbivoros ou com a competicdo com espécies vizinhas, inibindo seu
crescimento (SINGH e BHAT, 2003).

Tais metabolitos possuem grandes potencialidades como principios ativos,
podendo ser utilizados diretamente na terapia, como precursores na semi-sintese
farmacéutica ou em modelos para sintese de novos principios ativos (VIEGAS,
BOLZANI e BARREIRO, 2006). Assim, apesar dos avancos da quimica tradicional e
da farmacologia, o reino vegetal pode prover uma rica fonte de novos farmacos e
medicamentos (SINGH e BHAT, 2003).

A biodiversidade brasileira é considerada fonte de substancias biologicamente
ativas tornando sua preservacao essencial, ndo apenas pelo valor intrinseco dessa
imensa riqueza biolégica, mas também pelo seu enorme potencial como fonte de
novos farmacos. Diante disso, véarias pesquisas de bioprospeccdo dos nossos
biomas vém sendo incrementadas objetivando a busca racional de bioprodutos de
valor agregado (BARREIRO, 2009).

Na ultima década, a maneira de se pesquisar novas substancias
biologicamente ativas sofreu grandes mudancas, principalmente devido aos avangos
tecnolégicos. A industria farmacéutica tem um papel importante no desenvolvimento
de novos métodos que podem propiciar, de forma mais rapida, o surgimento de
novos medicamentos no mercado (PONTIN et al., 2008).

Um dos mais importantes fatores para o sucesso no descobrimento de um
farmaco novo é a diversidade quimica das substancias a serem selecionadas, cujas
fontes podem ser moléculas sintéticas, produtos naturais ou quimica combinatéria
(via biotecnologia). Entre estas possibilidades, os produtos naturais sao
considerados como uma das maiores fontes de diversidade quimica (DA SILVA
FILHO et al., 2004). Dessa forma, uma das estratégias para a descoberta de novas
drogas consiste na triagem de extratos naturais (plantas, fungos, bactérias, animais,
organismos marinhos) em modelos biolégicos adequados para a identificacdo de
substancias que sirvam de modelo para o desenvolvimento de novos agentes

guimioterapicos. Esta estratégia € especialmente importante para o0s paises
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tropicais, que detém a maior parte da biodiversidade do planeta (BRANDON et al.,
2005).

Os extratos de muitos organismos vivos sdo ricos em substancias quimicas
produzidas pelo metabolismo especial para a comunicagéo intra- e inter- especifica,
para defesa contra infeccbes e ataques de predadores, protecdo contra formas
radicalares de oxigénio e em resposta ao estresse ambiental. Estas substancias sao
denominadas produtos naturais (PNs) e apresentam grande diversidade estrutural e
uma gama enorme de atividades farmacologicas (HARVEY, 2008). A maioria dos
PNs bioativos sao de baixo peso molecular (<1000 Da), o que facilita sua absor¢éo e
metabolizacdo, tornando-os Uteis como drogas para o tratamento de diversas
doencas (COLEGATE e MOLYNEUX, 2008). Segundo estes mesmos autores, a
busca de PNs bioativos se constitui em uma estratégia de sucesso na descoberta de
novos medicamentos.

Enquanto alguns extratos sao analisados do ponto de vista da sua
composicdo quimica, outros tém suas atividades biologicas testadas em varios
sistemas de bioensaios. Estas abordagens, quando conduzidas em separado, se
constituem num fator limitante na busca de PNs bioativos, pois ndo correlacionam
informacdes quimicas e biologicas (HARVEY, 2008). Por considerar importante a
correlacdo entre estas informacdes, buscou-se por meio desta, identificar PNs
bioativos de uma das espécies do programa de triagem biol6gica realizado no
Laboratério de Produtos Naturais Bioativos do Departamento de Bioquimica —
ICB/UFJF, no qual foram testadas dezenas de extratos vegetais em varios modelos
biologicos, muitos deles mostraram-se suficientemente ativos para justificar seu
fracionamento quimico.

A espécie selecionada para esta pesquisa foi Mitracarpus frigidus (Willd. ex
Reem Schult.) K. Schum, nativa do Brasil, que apresenta poucos relatos na literatura
sobre as suas propriedades biolégicas. Estudos preliminares demonstraram que a
espécie possui atividade leishmanicida, antimicrobiana e antioxidante, o que a torna
bastante interessante do ponto de vista farmacolégico (FABRI, 2008; FABRI et al.,
2009).
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Com o intuito de dar continuidade a estudos envolvendo esta espécie,
propbe-se isolar e caracterizar as substancias bioativas, bem como avaliar sua

toxidade e seu potencial farmacoldgico.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Realizar estudos farmacologicos/biolégicos e toxicologicos de Mitracarpus

frigidus e identificar as substancias potencialmente bioativas.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Avaliar o potencial antimicrobiano e leishmanicida da particdo hexanica
das partes aéreas de M. frigidus;

2.2.2 Isolar e identificar as substancias potencialmente ativas de M. frigidus;

2.2.3 Verificar o potencial biologico das substancias isoladas no item 2.2.2;

2.2.4 Padronizar o extrato metandlico das partes aéreas de M. frigidus;

2.2.5 Avaliar o potencial esquistossomicida in vitro e in vivo do extrato
metandlico de M. frigidus;

2.2.6 Avaliar o potencial anti-inflamatério in vivo do extrato metandlico de M.
frigidus;

2.2.7 Avaliar o potencial laxativo in vivo do extrato metandlico de M. frigidus;

2.2.8 Avaliar o potencial téxico para células tumorais in vitro do extrato
metandlico de M. frigidus;

2.2.9 Avaliar o potencial toxicoldégico agudo (DLsg) € subcrdnico do extrato
metanadlico de M. frigidus;

2.2.10 Analisar a composicdo quimica e o potencial antimicrobiano,

antioxidante e leishmanicida do 6leo essencial de M. frigidus.



27

3 REVISAO BIBLIOGRAFICA

3.1 DOENCAS TROPICAIS E NEGLIGENCIADAS

3.1.1 ESQUISTOSSOMOSE MANSONICA

3.1.1.1 ASPECTOS GERAIS DA ESQUISTOSSOMOSE MASONICA

A esquistossomose esta presente na populacdo humana desde a antiguidade.
Ha registros de que foram encontradas lesdes tipicas da doenca e antigenos do
parasito detectados por anticorpos monoclonais em eluato de tecido de mumias
egipcias da XX dinastia (aproximadamente 3000 anos de idade). O principal
hospedeiro vertebrado do Schistosoma mansoni € o homem, que possui vital
importancia para a manutencdo da sua sobrevivéncia, o que torna bastante razoavel
supor que a relagcéo entre 0 homem e 0 S. mansoni se situe em tempos ainda mais
remotos (NEVES et al., 2005).

A esquistossomose € uma das doencas parasitarias mais importantes em
todo o mundo, sendo prevalente em regides tropicais e subareas tropicais. Mais de
230 milhdes de pessoas estdo infectadas, com uma estimativa de 700 milhdes de
pessoas em situacdo de risco em 77 paises endémicos (WHO, 2012).

Essa infeccdo € endémica na Ameérica do Sul (Brasil, Suriname e Venezuela),
Caribe (incluindo Porto Rico, Santa Lucia, Republica Dominicana), maioria dos
paises do oeste equatorial e centro sul da Africa e da peninsula Arabica (FERRARI,
MOREIRA e CUNHA, 2008; WHO, 2012).

No Brasil, a introdugéo do S. mansoni ocorreu por meio do trafico de escravos
vindos da Africa. Em terras brasileiras o S. mansoni encontrou o seu hospedeiro
intermediario (Biomphalaria sp.), o que permitiu a instalacdo e proliferagdo desta
espécie. O S. haematobium foi também introduzido pelos escravos africanos, e
posteriormente 0 S. japonicum com 0s imigrantes oriundos do continente asiatico,
mas a instalacdo dessas duas ultimas espécies ndo ocorreu devido a auséncia dos
hospedeiros intermediarios suscetiveis (S. japonicum, cujo hospedeiro suscetivel é o

caramujo do género Oncomelania e o S. haematobium é o caramujo do género
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Bulinus). Como os escravos africanos foram trazidos inicialmente para trabalharem
nos engenhos de cana-de-agucar, os primeiros focos da doenca se instalaram na
regido canavieira do Nordeste, posteriormente com 0S movimentos migratorios a
doenca foi se expandindo para outras regifes do pais. A existéncia de clima
apropriado para a transmissdo e as condigbes socio-econdmicas precarias
(saneamento basico, educacdo sanitaria, entre outras) permitem a manutencdo da

endemia nas areas onde foram implantadas (NEVES et al., 2005).

3.1.1.2 CARACTERISTICAS MORFOLOGICAS E CICLO EVOLUTIVO DO

Schistosoma mansoni

A morfologia do S. mansoni deve ser estudada nas varias fases do seu
complexo ciclo biolégico, que é composto por duas fases parasitarias: uma no
hospedeiro definitivo (vertebrado/homem) e outra no hospedeiro intermediario
(invertebrado/caramujo). Ha ainda duas passagens de larvas de vida livre no meio
aquatico, que se alternam com as fases parasitarias. As fases evolutivas consistem
no verme adulto (macho e fémea), ovo, miracidio, esporocisto e cercéaria
(CIMERMAN e CIMERMAN, 2002). O ciclo evolutivo do parasito leva por volta de 80
dias para ser completado, isso considerando condigBes favoraveis. O ciclo é
sexuado no homem e o periodo decorrido entre a penetracdo das cercarias e 0
encontro de ovos nas fezes é cerca de 40 dias. No molusco, o ciclo é feito de modo
assexuado e tem uma duracdo aproximada de 40 dias (Figura 1) (KATZ e ALMEIDA,
2003).
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Figura 1 - Ciclo biolégico do Schistosoma mansoni.

O S. mansoni macho mede aproximadamente 1 cm, possui cor
esbranquicada com tegumento recoberto de minusculas projecdes denominadas de
tubérculos e apresenta o corpo dividido em duas porcdes: anterior, na qual &
encontrada a ventosa oral e a ventosa ventral chamada acetabulo, e a posterior
onde é encontrado o canal ginecoforo que consiste em dobras laterais do corpo no
sentido longitudinal, para albergar a fémea e fecunda-la. O verme n&do possui 6rgéo
copulador, entdo os espermatozoides passam pelos canais deferentes, que se
abrem no poro genital dentro do canal ginecéforo, alcancando a fémea e
fecundando-a (NEVES et al., 2005).

A fémea possui corpo cilindrico, mais longo e fino comparado com o macho
(REY, 2002). Ela tem um comprimento de aproximadamente 1,5 cm, com tegumento
liso e apresenta uma coloracdo escura devido ao ceco conter sangue semi digerido.
Na metade anterior € encontrada a ventosa oral e o acetabulo, seguidos destes

temos a vulva, depois utero com um ou dois ovos, e ovario. A metade posterior é
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preenchida pelas glandulas vitelogénicas e o ceco (NEVES et al, 2005). O
revestimento externo dos vermes adultos € formado por uma espessa citomembrana
gue recobre o tegumento e que apresenta em sua superficie grande quantidade de
pequenos tubérculos, mais abundantes na superficie dorsal (REY, 2002).

O ovo apresenta formato oval e a parte mais larga um espiculo voltado para
tras. O que caracteriza o ovo maduro € a presenca de uma miracidio formado e
visivel pela transparéncia da casca (KATZ e ALMEIDA, 2003). Na ocasidao da
postura, os embrides (miracidios) dos ovos estdo em formacédo, e apenas depois de
alguns dias que os mesmos amadurecem e se tornam aptos a eclodir. Logo apos
abandonarem a casca, as larvas nadam ativamente, percorrendo grandes circulos.
O miracidio é o primeiro estagio de vida livre do Schistosoma (REY, 2002).

Os miracidios de S. mansoni apresentam fototropismo, buscando sempre
areas mais claras, embora ndo tenham olhos ou 6rgao fotossensiveis conhecidos.
Nadam preferencialmente préximo a superficie da agua, sendo capazes de buscar o
molusco hospedeiro em profundidades de um ou dois metros (CIMERMAN e
CIMERMAN, 2002).

O miracidio, ap0s penetrar no interior do molusco, se transforma em
esporocisto (CIMERMAN e CIMERMAN, 2002). Na sua fase de desenvolvimento se
apresenta como esporocisto primario (forma de tubo enovelado imével e contendo
varias células germinativas em multiplicacdo) e como esporocisto secundéario que
possui a mesma arquitetura, mas depois se rompe liberando 20 a 40 esporocistos
filhos (FERREIRA, FORONDA e SCHUMAKER, 2003).

A formacdo do esporocisto secundario no interior do esporocisto primario
inicia-se a partir do 14° dia apds a penetracdo do miracidio no molusco, no interior
do esporocisto secundario encontram-se células germinativas aglomeradas em
grandes vacuolos (KATZ e ALMEIDA, 2003). Os esporocistos secundarios migram
para o hepatopancreas e o ovostestis do molusco, o qual continuam a crescer até
alcancar a maturidade. Apresenta na extremidade anterior uma protuberancia movel
e um poro para a eliminagdo de cercarias, levando em média 3 a 4 semanas o
tempo para a maturacao dos esporocistos filhos e formacao das primeiras cercarias
(REY, 2002).

As cercarias quando saem dos esporocistos, entram nos espagos

sanguineos que envolvem o hepatopancreas e ovotéstis, migrando pela corrente
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circulatéria do molusco chegam a algumas éareas muito vascularizadas do
tegumento. Provocam a formacao de pequenas vesiculas na superficie externa, e ao
romper a vesicula saem para o0 meio exterior (FERREIRA, FORONDA e
SCHUMAKER, 2003). As cercéarias possuem ventosas que auxiliam na sua fixacédo
na pele do hospedeiro facilitando o processo de penetracdo (NEVES et al., 2005).

AplOs penetracdo no hospedeiro, as cercarias se transformas em
esquistossébmulos que consistem em larvas alongadas, cujos tegumentos
modificaram e adquiriram propriedades novas, inclusive resisténcia a acao litica do
soro. Os esquistossémulos logo se adaptam ao meio interno isoténico do hospedeiro
definitivo facilitando a sua entrada nos vasos sanguineos ou linfaticos do mesmo
(KATZ e ALMEIDA, 2003).

O esquistossémulo fica no tecido por dois a trés dias, e no fim desse periodo,
se 0 parasita nao foi destruido pelo sistema de defesa do hospedeiro, penetra em
um vaso cutaneo e segue via circulacdo sanguinea em direcdo ao coracdo e aos
pulmbes. Apdés uma semana, 0S esquistossdmulos se fixam no sistema porta
hepatico, ai crescem e amadurecem até o fim da quarta semana (REY, 2002).

O desenvolvimento dos helmintos se completa no sistema porta intra-hepatico
depois de quatro semanas apés a chegada do esquistossdmulo nesse local, depois
migram para as vénulas mais finas, que séo tributarias da veia mesentérica inferior e
para o plexo hemorroidario superior (REY, 2002). Quando atinge a vida adulta do
seu ciclo biolégico no sistema vascular do homem e de outros mamiferos, o S.
mansoni alcanca as veias mesentéricas (principalmente a veia mesentérica inferior),
migrando contra a corrente circulatéria (NEVES et al., 2005).

O acasalamento entre os parasitas ocorre geralmente depois da terceira
semana apos a chegada do esquistossbmulo ao figado, ocorrendo nesse periodo o
inicio da atracdo entre os sexos. O aparelho reprodutor feminino se desenvolve
muito lentamente, se ndo houver acasalamento com os machos e fecundacéo (REY,
2002). As fémeas fazem postura no nivel da submucosa, sendo que cada fémea faz
postura de aproximadamente 400 ovos por dia, ha parede de capilares e vénulas, e
cerca de 50% destes chegam ao meio externo (NEVES et al., 2005).

Os ovos colocados nos tecidos levam em média cerca de uma semana para
amadurecerem, ou seja, formarem miracidio e da submucosa chegam a luz

intestinal. Essa migragdo demora dias, decorre um periodo minimo de seis dias, tal
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s

tempo € necessario para que haja a maturacdo dos ovos. Os ovos podem ficar
presos na mucosa intestinal ou serem arrastados para o figado. Quando chegam a
luz intestinal, sdo arrastados para o exterior juntamente com o bolo fecal,
alcancando a agua, os ovos liberam o miracidio, estimulado por fatores como
temperatura alta, luz intensa e oxigenacao da agua (NEVES et al., 2005).

Os ovos maduros do S. mansoni tém uma expectativa de vida de
aproximadamente 20 dias, e caso nao ocorra a expulsdo do ovo dentro de trés a
quatro semanas ap0s a oviposicdo o miracidio morre. No meio exterior, 0S 0V0S
sobrevivem de 2 a 5 dias na massa fecal sélida e na liquida apenas 1 dia, devido
aos processos de fermentacdo ou de putrefacdo das fezes (KATZ e ALMEIDA,
2003).

3.1.1.3 CARACTERISTICAS CLINICAS E PATOLOGICAS DA
ESQUISTOSSOMOSE

No hospedeiro ha o desenvolvimento de trés fases evolutivas importante para
a patogenia da doenca que sdo o esquistossémulo, adulto e ovos, relacionados com
alteracbes morfoldgicas, bioquimicas e antigénicas do verme (HUGGINS, BATISTA
e MEDEIROS, 1998). A patogenia da esquistossomose mansonica é dependente de
diversos fatores importantes como a carga parasitaria, a linhagem do parasito e as
caracteristicas do hospedeiro e seu meio, do qual sdo relevantes aspectos
relacionados a idade, estado nutricional e estado imunoldgico que é importante para
regular a carga parasitaria, determinacdo da sintomatologia e controle de
reinfecc¢des; sendo dificil a distingdo entre acéo direta do parasita e seus elementos
ou se é resposta do hospedeiro (CIMERMAN e CIMERMAN, 2002).

Um mesmo individuo em determinado decurso de tempo apresenta uma
variacdo na carga parasitaria. Nas areas endémicas a carga parasitaria pode
aumentar de acordo com a idade, alcancando pico maximo entre as idades de 15,
20 e 25 anos. A carga parasitaria € um importante fator na determinagdo da
gravidade da doenca (REY, 2002).

Nos diferentes estagios que o verme apresenta, sdo desenvolvidos
mecanismos de escape. O esquistossomulo até chegar a fase adulta desenvolve

algumas mudancas que o torna menos vulneravel a acdo do sistema de defesa do
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hospedeiro. O verme adulto apresenta uma maior resisténcia as defesas do
hospedeiro. O ovo é o principal fator patogénico na esquistossomose, sendo que o
ovo maduro e o antigeno soltuvel eliminado pelos poros dos ovos sao responsaveis
pela reacdo inflamatoria granulomatosa nos tecidos. As cercarias de S. mansoni
produzem dermatite cercariana quando penetram na pele do homem, ocorrendo no
local da penetracdo eritema, edema, papula e dor (CIMERMAN e CIMERMAN,
2002).

As manifestagBes clinicas da doenca esquistossomose ocorrem em trés
fases: a primeira, ou dermatite cercarial, que € uma reacdo aguda a penetracéo da
pele por cercarias. A segunda € uma reacao da doenca do soro, febre de Katayama,
gue ocorre 6 a 8 semanas depois da exposicao e apresenta como manifestacéo
febre, urticaria, dor abdominal, diarréia e dor muscular. O terceiro estagio consiste
numa infeccdo cronica da maioria dos 6rgdos internos como figado, baco, bexiga,
coracao e pulmdes (ROWLAND, 2002).

A febre de Katayama se inicia com a producdo de ovos e ao aumento da
estimulacdo antigénica do hospedeiro. As manifestacdes ocorrem aproximadamente
de 3 a 7 semanas apos a infeccao, podendo haver sintomas como febre, anorexia,
mal-estar, dor abdominal, diarréia, cefaléia, hepatoesplenomegalia e eosinofilia.
Depois de 6 meses, o quadro clinico da infeccdo pode evoluir para a
esquistossomose crénica (SILVA, 2008a).

Na fase aguda, as manifestacbes mais graves acontecem apos reinfecgdes e
em individuos mais hipersensiveis, podendo manter-se por dois ou trés dias. Além
disso, pode ocorrer um moderado processo inflamatério nos pulmdes e figado,
devido & migracdo dos esquistossémulos, e a partir dos vermes adultos pode
acontecer obstrugdo embdlica de vasos, necrose em volta dos tecidos por morte dos
vermes, sendo posteriormente ser substituido por tecido cicatricial (CIMERMAN e
CIMERMAN, 2002).

O estagio crbnico é caracterizado pela reacdo granulomatosa, desenvolvida a
partir da liberacdo de antigenos e enzimas dos ovos do S.mansoni. Isso demonstra
a importancia do ovo como agente patogénico, que produz efeito mais nocivo que o
préprio verme adulto. Apenas metade dos ovos produzidos consegue alcancar a luz
intestinal para serem eliminados, mas muitos dos ovos que ndo conseguem deixar 0

organismo do hospedeiro continuam a evoluir até produzirem miracidio, mesmo
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estando na parede do intestino, figado ou em outros 6rgdos, tais ovos
desencadeiam uma reacgdo inflamatéria e posterior formagdo de granuloma
(CIMERMAN e CIMERMAN, 2002).

As formas clinicas crénica da esquistossomose sao: |) Formas assintomaticas
e intestinais, os sintomas sao geralmente vagos, com predominancia de diarréia,
sangue e muco de permeio com as fezes, dores abdominais, anorexia, estado
nauseoso e sintomas nervosos como fadiga e cefaléia (PESSOA e MARTINS,
1988); 1) Forma hepatointestinal, com diarréia, epigastralgia e hepatomegalia,
havendo presenca de lesdes hepaticas discretas; Ill) Forma hepatoesplénica
compensada € caracterizada pelo envolvimento do figado e do baco, havendo
hepatoesplenomegalia, hipertensdo portal, presenca de varizes esofagogastricas
cuja ruptura é responsavel por hemorragias geralmente graves (SILVA, 2008a). Na
forma hepatoesplénica descompensada ha maior tendéncia a hemorragia, ascite e
edemas, com aparecimento de circulacdo colateral superficial e insuficiéncia
hepética severa; V) Forma cardiopulmonar, decorrente das condigbes
hemodinamicas da esquistossomose hepatoesplénica, havendo tosse com laivos de
sangue, febre, sinais de bronquite ou broncopneumonia e crises asmaticas (BRASIL,
2005).

A sintomatologia da infec¢cdo pode variar muito, pois depende da localizacao e
intensidade das les@es, fator que leva a diferentes formas clinicas da doenca que
tem inicio na fase aguda, passando pela fase crbnica, chegando até a forma
compensada que pode se apresentar com ou sem hipertenséo, podendo evoluir para
a forma descompensada com formacdo de ascite e também complicacdes
vasculopulmonares, ictericia e encefalopatias (NEVES et al., 2005).

Ha varias formas ectbépicas de esquistossomose mansonica, principalmente
com envolvimento do sistema nervoso central, podendo encontrar os ovos do S.
mansoni em praticamente todos os 6rgdos do hospedeiro como o0s pulmdes,
pancreas, rins, sistema genito-urinario, linfonodos, tiredide e coracdo (SILVA,
2008a). Ovos e granulomas podem ser encontrados no esbdfago, estdbmago,
apéndice, vesicula biliar (causando colecistite catarral ou ulcerosa) e peritdnio,
atingindo excepcionalmente o ureter, bexiga, pénis, escroto, vesicula seminal e

testiculo. No sistema genital feminino é de incidéncia mais rara, acometendo tubas,
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ovarios, endométrio (produzindo hemorragias), abscesso perianal, fistula retovaginal
e anal (BOGLIOLO e BRASILEIRO FILHO, 2006).

3.1.1.4 DIAGNOSTICO E TRATAMENTO DA ESQUISTOSSOMOSE MANSONICA

O diagnéstico da esquistossomose crbnica geralmente baseia-se no encontro
de ovos de S. mansoni nas fezes. Recomenda-se submeter pelo menos trés
amostras fecais a técnicas rotineiras de concentragdo ou de Kato-Katz para o
diagnostico de infeccBes leves. A escolha entre técnicas quali ou quantitativas
depende do contexto clinico e epidemiolégico em que o0s resultados serdo
interpretados (FERREIRA, FORONDA e SCHIMAKER, 2003).

O teste de eclosdo de miracideos € empregado em situacbes em que se
deseja avaliar a viabilidade dos ovos eliminados nas fezes, principalmente no
acompanhamento de pacientes em tratamento (NEVES et al., 2005).

Nos casos de infec¢céo crbnica, a eliminacdo dos ovos pelas fezes pode ficar
reduzida em funcao de sua retencdo na mucosa do intestino grosso e reto. Portanto,
torna-se necessaria a realizacdo de uma bidpsia retal para a identificacdo dos ovos
retidos em casos suspeitos e que o exame de fezes séo repetidamente negativo
(FERREIRA, FORONDA e SCHIMAKER, 2003).

O objetivo basico da farmacoterapia no controle da esquistossomose
pressupde a reducéo da prevaléncia e prevencéo de formas mais graves da doenca.
Trés farmacos sé&o utilizados atualmente: o metrifonato, ativo contra S.
haematobium; a oxamniquina, ativa contra S. mansoni e 0 praziquantel, ativo contra
todas as espécies de Schistosoma de interesse humano (BRASIL, 2002). Tem sido
observada em experiéncias controladas, a existéncia de helmintos com baixa
susceptibilidade aos farmacos empregados (DRESCHER et al., 1993; COURA,
1995; FALLON, SMITH e DUNNE, 1995; PENIDO, COELHO e NELSON, 1999),
desencadeando a emergente necessidade de se desenvolverem novos
esquistossomicidas, bem como moduladores dos processos inflamatorios presentes
nessa parasitose (PYRRHO et al.,, 2002; RIBEIRO-DOS-SANTOS, VERJOVSKI-
ALMEIDA e LEITE, 2006).

Diversas plantas ja possuem sua atividade esquistossomicida relatada, sendo

uma alternativa para o tratamento dessa doenca. Ruiz et al. (2005) identificaram que
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0 uso do extrato hidroetandlico de Eleocharis sellowiana Kunth, em experimento in
vitro, mostrou-se ser ativo no processo de desova do caramujo Biomphalaria
glabrata, uma vez que a maioria dos embrides morria entre o terceiro e o sétimo dia
apos a exposicdo ao extrato. J4 no estudo realizado por Hamed e Hetta (2005),
Citrus reticulata L., foi utilizada para o tratamento da esquistossomose em modelos
experimentais in vivo e foi verificado que além da atividade esquistossomicida, os
extratos foram capazes de proteger o figado (hepatoprotecao).

Outros pesquisadores também observaram a relagdo direta da atividade
esquistossomicida com a capacidade antioxidante dos extratos, os quais protegem o
tecido hepatico do dano oxidativo da infec¢cdo por S. mansoni (EL-SHENAWY,
SOLIMAN e ABDEL-NABI, 2006; EL-SHENAWY, SOLIMAN e REYAD, 2008).

Os extratos de Zingiber officinalis Roscoe (SANDERSON, BARTLETT e
WHITFIELD, 2002) e dos frutos de Balanites aegyptiaca (L.) Del. (Hegleig) (KOKO et
al.,, 2005), apresentaram excelentes resultados quando administrados para o
tratamento da doenca em modelos experimentais in vitro e in vivo. Ambos foram
capazes de reduzir o niumero de parasitas recuperados dos animais tratados, por
perda de motilidade ou completa morte dos parasitas, reducdo da carga parasitaria e
contagem de ovos encontrados nos tecidos e nas fezes.

Aléem de extratos de plantas medicinais, compostos isolados de vegetais
também ja foram relatados. A maioria dessas substancias apresentou atividade
esquistossomicida in vitro, por meio de destruicdo do tegumento do verme, alterando
sua motilidade, ou por provocando a sua morte (MAGALHAES et al., 2009;
MORAES et al., 2010; HOLTFRETER et al., 2011; MAGALHAES et al., 2011).

Curcumina, um derivado polifendlico extraido de pimentas turméricas,
mostrou-se significativo modulador da resposta imune celular e humoral em
camundongos infectados, reduzindo o numero de parasitas presentes nesses
animais e patologias hepaticas decorrentes da infeccdo aguda por essa parasitose
(ALLAM, 2009).
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3.1.2 LEISHMANIOSE

3.1.2.1 ASPECTOS GERAIS DA LEISHMANIOSE

As leishmanioses sdo doencas infecto-parasitarias de  carater
antropozoondtico, ndo contagiosas, de transmissao vetorial, causadas por diferentes
espécies de protozoarios flagelados pertencentes ao género Leishmania
(ASHFORD, 2000; CRUZ et al., 2009). Este género compreende varias espécies
pertencentes a ordem Kinetoplastida. S&o parasitos unicelulares, com ciclo de vida
heteroxénico, apresentando-se sob a forma promastigota flagelada extracelular no
trato digestivo dos hospedeiros invertebrados (fleb6tomos) e sob a forma amastigota
intracelular obrigatdria de células do sistema mononuclear fagocitario (SMF) dos
hospedeiros vertebrados (DINIZ, 2004; RODRIGUES, 2005).

As leishmanioses possuem ampla distribuicdo geogréfica incluindo regides
tropicais, subtropicais e certas zonas temperadas, sendo considerada endémica em
parte da Asia, india, América Central e do Sul, Baixo Mediterraneo e alguns paises
da Europa (WHO, 2010).

De acordo com a Organizagdo Mundial de Saude (OMS), as leishmanioses
acometem 15 milhGes de pessoas no mundo, com 2 milhdes de novos casos a cada
ano (WHO, 2010) e, por esta razdo, tem sido considerada como uma das seis
principais doencas tropicais infecciosas. No Brasil, de acordo com os dados do
Ministério da Saude/ Fundagdo Nacional de Saude (BRASIL, 2002) as
leishmanioses encontram em franca expansdo geografica, constituindo um
importante problema de saude publica pela sua magnitude, transcendéncia e pouca
vulnerabilidade as medidas de controle.

Das 14 espécies de Leishmanias encontradas no Brasil, 10 conhecidamente
infectam o homem (CRUZ et al., 2009). Dependendo de diversos fatores, como a
espécie envolvida, a interacdo com a resposta imune do hospedeiro vertebrado, a
patogenicidade do parasito e sua capacidade de invaséo e tropismo, as infeccbes
por Leishmania podem assumir diferentes formas clinicas (RODRIGUES, 2005;
MONZOTE et al., 2007). Estas podem ser agrupadas em dois grupos: leishmaniose
visceral ou calazar, que corresponde a forma clinica mais grave da doenca,

potencialmente fatal quando néo instituido o tratamento adequado e leishmaniose
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cutanea ou tegumentar que inclui um espectro da doencga geralmente referida pelas
suas caracteristicas clinicas e patoldgicas: leishmaniose cutanea, mucocutanea e
difusa (GRIMALDI e TESH, 1993; ASHFORD e BATES, 1998; BASANO e
CAMARGO, 2004).

3.1.2.2 O PARASITA E SEU CICLO BIOLOGICO

Parasitos de todas as espécies de Leishmania sdo morfologicamente
similares e, enquanto a identificacdo presuntiva pode ser realizada por meios
substanciais. Uma andlise bioquimica é requerida para a identificacdo dos niveis da
espécie (ASHFORD, 2000).

Existem dois estagios de vida das leishmanias: amastigosta e promastigota.
As amastigotas sdo formas intracelulares obrigatorias, ovais ou fusiformes, com
diametro de no maximo 5 pm, contendo um unico ndcleo, um cinetoplasto e uma
invaginacao na regiao anterior do corpo formando a bolsa flagelar, onde se localiza o
flagelo. Dependendo da preparacdo, quando fixadas e coradas pelos métodos
derivados de Romanovsky como Giemsa e Leishman, aparecem, a microscopia
Otica, como citoplasma corado de azul-claro, onde sédo encontrados nucleos grandes
e arredondados, ocupando as vezes um terco do corpo do parasito, e cinetoplasto
em forma de pequeno bastonete, ambos corados em vermelho-parpura, além de
vacuolos que podem ser ou néo visualizados (NEVES et al., 2005).

As formas amastigotas sdo adaptadas a se desenvolver no interior de
fagolisossomo das células hospedeiras. O vacuolo parasitoforo apresenta um forte
sistema &acido hidrolitico, 0 que n&o constitui um problema, visto que os parasitos
sao aciddfilos e a presenca de enzimas e lipofosfoglicanas (LPGs) na sua superficie
celular os protegem das enzimas lisossomais (BURCHMORE e BARRET, 2001). As
formas amastigotas se dividem repetidamente por divisdo binaria simples,
longitudinal, sendo deslocadas para os vacuolos até que a célula hospedeira se
rompa, liberando-as (ASHFORD, 2000). O isolamento das formas amastigotas pode
ser feito por meio de animais infectados ou de culturas de células de macréfagos
infectados in vitro (ASHFORD e BATES, 1998). Apesar de apresentarem maior

dificuldade de manipulacédo e cuidados especificos, algumas espécies ja possuem
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seu cultivo axénico descrito, sendo denominada amastigotas-like, muito Gteis para
screening primario de drogas (SILVA, 2008b; CRUZ et al., 2009).

As promastigotas sdo formas flageladas encontradas no trato digestorio do
hospedeiro invertebrado. S&o alongadas, com flagelo livre e longo, emergindo do
corpo do parasito na porgéo anterior. O nucleo é arredondado ou oval, e esta situado
na regido mediana ou ligeiramente na porcao anterior do corpo. O cinetoplasto em
forma de bastéo localiza-se na posicdo mediana entre a extremidade anterior e o
ndcleo. As formas promastigotas possuem de 10 a 15 pym de comprimento por 2 a
3,5 um de largura e seu flagelo apresenta sempre medidas iguais ou superiores ao
maior diametro do corpo (NEVES et al., 2005). Durante o desenvolvimento no
intestino do inseto vetor, as diferentes espécies de Leishmania sofrem
transformacdes morfolégicas e alguns autores referem-se a estas formas por
diferentes nomes. Bates (2007) classificou o desenvolvimento das promastigotas em
cinco formas: ) promastigotas prociclicas, que € o primeiro estagio do vetor, sendo
uma forma com pouco movimento e que se multiplica no sangue ingerido; II)
promastigotas nectomonadas, nesse estagio a replicacdo do parasito torna-se mais
lenta e diferencia-se em uma forma alongada e com uma forte motilidade, pois
nesse estagio possui carater migratorio; 1) promastigotas leptomonades, sao
formas curtas resultantes da diferenciacdo das promastigotas nectomonadas que se
destinam a replicacdo na fase de alimentacdo com acUcares do inseto vetor; 1V)
promastigotas haptomonadas, sdo formas que possuem expansao da extremidade
flagelar e ficam aderidas na superficie cuticular da valvula estomacal e V)
promastigotas metaciclicos, sdo formas resultantes da diferenciagdo de alguns
promastigotas leptomonades, sendo o estagio infectivo para os mamiferos.

Todas as formas de leishmaniose sao transmitidas pelo vetor flebotomideo.
No momento do repasto sanguineo em um individuo ou animal infectado, as formas
amastigotas sao ingeridas juntamente com o sangue e/ou linfa intersticial pelo inseto
vetor. O alimento, juntamente com as formas amastigotas, € envolvido pela matriz
peritréfica, uma membrana quitinosa secretada pelas células epiteliais do intestino.
ApoOs 4-5 dias do repasto infectante para o vetor, as formas amastigotas se
transformam em promastigotas (CHANG, CHAUDHURI e FONG, 1990; ASHFORD e
BATES, 1998; SACKS e KAMHAWI, 2001). Essas formas promastigotas multiplicam-

se por divisdo binéaria, sendo que a sua diferenciacdo depende do tempo de infeccéo
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e do lugar onde se encontra. As formas infectantes para os mamiferos sao as
formas metaciclicas que sdo as formas livres, migram rapidamente e possuem corpo
pequeno e flagelos longos. Esta corresponde ao Ultimo estagio evolutivo dos
promastigotas (BATES, 2007).

Os hospedeiros vertebrados séo infectados quando as formas promastigotas
metaciclicas séo inoculadas pelas fémeas dos insetos vetores, durante o repasto
sanguineo. Estes insetos possuem o aparelho bucal muito curto e adaptado para
dilacerar o tecido do hospedeiro, formando condigbes para obter sangue durante a
alimentacdo. A saliva do inseto é inoculada neste ambiente e exerce papel
importante como anticoagulante, vasodilatador e na antiagregacdo de plaquetas,
favorecendo o fluxo de sangue e linfa para o alimento. Além destes efeitos, sabe-se
que fatores presentes na saliva de flebotomideos tém acdo quimiotatica para
monaocitos e imunorreguladores, com a capacidade de interagir com macroéfagos,
aumentando sua proliferacdo e impedindo a acédo efetora destas células na
destruicdo dos parasitos. As formas promastigotas metaciclicas séo resistentes a
lise pelo sistema complemento, devido, em parte, a modificagbes estruturais nas
lipofosfoglicanas. Elas podem ainda interagir com proteinas do soro para ativar o
sistema complemento, facilitando a adesdo a membrana do macrofago (NEVES et
al., 2005; BATES, 2007).

A internalizacdo do parasito se faz por meio de endocitose mediada por
receptores na superficie do macréfago. Sabe-se que durante esse processo, devido
a causas fisiologicas, a célula hospedeira aumenta intensamente a atividade
respiratOria e ocorre a liberagcdo de Oxido nitrico, radicais livres, que sao lesivos as
membranas celulares (BURCHMORE e BARRET, 2001). Porém, os parasitos
possuem mecanismos de escape que inutilizam este ataque. Uma vez no interior do
macréfago, o parasito reside dentro do vacuolo parasitéforo. Neste, a forma
promastigota diferencia-se em amastigota, que multiplica-se por divisdo binaria e,
apo0s sucessivas divisdes, o macrofago rompe e as amastigotas serdo fagocitadas
por novas células hospedeiras, propagando a infeccdo no hospedeiro vertebrado
(Figura 4) (BURCHMORE e BARRET, 2001; NEVES et al., 2005).
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Figura 4 — Ciclo biol6gico da Leishmania sp.

3.1.2.3 TRATAMENTO DA LEISHMANIOSE

A escolha do tratamento depende da espécie do parasito, da sensibilidade
aos farmacos, do tipo e estdgio da doenca e do estado imunoldgico do paciente
(SANTOS et al., 2008). Os antimoniais pentavalentes sdo os medicamentos
indicados para o tratamento de todas as leishmanioses, sendo que nos casos de
falha dos tratamentos com antimoniais, os farmacos utilizados como segunda
escolha séo anfotericina B e pentamidina. No entanto, o uso dessas drogas deve ser
feito sob vigilancia, em servigcos especializados e com o0 paciente hospitalizado
(BRASIL, 2005). No Brasil, o tratamento preconizado pelo Ministério da Saude

(BRASIL, 2007) baseia-se, principalmente, no antimonial pentavente (Glucantime®),
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entretanto, todos os medicamentos utilizados na terapia possuem muitos efeitos
adversos devido a sua toxidade (ALMEIDA e SANTOS, 2011). Por este motivo, é de
fundamental importancia a busca por novas substancias leishmanicidas desprovidas
de efeitos toxicos e capazes de atuarem contra as espécies mais resistentes
(SANTOS et al., 2008).

Estudos em diversos paises como Brasil, Argentina, México e Paraguai
identificaram o potencial de muitas plantas contra espécies de Leishmanias
(FERREIRA et al., 2002; CHAN-BACAB et al., 2003; BRAGA et al., 2007; FABRI et
al., 2009; SULSEN et al., 2007). Essa atividade se deve a diversos metabolitos
destacando naftoquinonas, ligninas, alcaloides, chalconas e triterpenos (TANAKA et
al., 2007), apesar de, até 0 momento, nenhuma dessas substancias possuirem sua
efichcia e seguranca comprovadas. Mesmo assim, o estudo de produtos naturais
constitui uma estratégia importante para a obtencédo de novas formas de tratamento

para as leishmanioses (GIL et al., 2008).

3.2 A COMPLEXA PROBLEMATICA DO EVENTO DE RESISTENCIA E SUAS
CONSEQUENCIAS

O surgimento da resisténcia a antimicrobianos € um exemplo classico de
evolugdo em resposta a uma forte pressdo seletiva. Hospitais e outros
estabelecimentos constituem um ambiente ecoldgica particular, na qual diversos
tipos de micro-organismos circulam e interagem entre si diretamente, por meio da
reproducdo e da troca de plasmideos e/ou indiretamente, por meio de interacbes
entre pacientes e funcionarios (PRATES e BLOCH-JUNIOR, 2001; RODRIGUES-
VERDUGO, GAUT e TENAILLON, 2013).

Estudos realizados no periodo de 1973 a 1994, pela Organizagdo Europeia
para Pesquisa e Tratamento do Cancer, mostraram que durante o periodo de 1973 a
1985, bactérias Gram-negativas eram as principais causadoras de infec¢cdes em
pacientes oncoldgicos, enquanto nos ultimos anos desta analise, a bactérias Gram-
positivas eram as predominantes. Esta troca na dominéncia de patdégenos foi
coincidente com a introducdo, em 1985, da terceira geracdo de cefalosporinas,
ceftazidima e ceftriaxona, e foi possivelmente causada pelo uso generalizado destas

drogas (PETERSON, 2009). Entre as bactérias mais comumente envolvidas com
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resisténcia as drogas e infeccdo hospitalar estdo Staphylococcus aureus,
Pseudomonas aeruginosa, Haemophilus influenzae, Klebsiella sp, Streptococcus
pneumoniae, Acinetobacter sp, Proteus mirabilis e Escherichia coli, e em muitas
delas esta resisténcia ocorre em funcdo da producdo de amplo espectro de f3-
lactamases (PETERSON, 2009).

A incidéncia de infec¢bes fungicas, tanto por fungos filamentosos como por
leveduras, e a resisténcia dos mesmos as drogas também tém aumentado
drasticamente nos ultimos 15 anos (GUPTE, KULKARNI e GANGULLI, 2002).

Infecgbes causadas por micro-organismos resistentes nao atingem somente a
saude humana. Na pecuéaria, grandes séo os problemas enfrentados pelos criadores
de gado leiteiro susceptivel a mastite, uma condicdo inflamatéria da glandula
mamaria causada por bactérias, principalmente S. aureus, E. coli e P. aeruginosa,
que acarreta mudancas nas caracteristicas fisicas do uUbere e do leite de vaca
(PRATES e BLOCH-JUNIOR, 2001). O mesmo quadro pode ser verificado no que
diz respeito aos fitopatdgenos. O surgimento da resisténcia em fungos
fitopatogénicos de importancia agronémica & considerado um fator limitante da
efichcia e da vida util das mais variadas estratégias de controle de doencas
(HEANEY et al., 2000). Muitos géneros de fungos, tais como Aspergillus, Botrytis,
Venturia, Ustilago, Marnaporte, Colletotrichum, Alternaria, Cercospora,
Cladosporium e Penicillium, tém desenvolvido estratégias de resisténcia contra os
fungicidas mais amplamente empregados, como os das classes dos benzimidazéis,
das estrobilurinas, das fenoxiquinolinas e das anilinopirimidinas, sendo 0 uso
indiscriminado destas drogas o principal fator de inducdo de resisténcia
(STEFFENS, PELL e TIEN, 1996).

Espécies vegetais com atividade antimicrobiana estdo amplamente
distribuidas em diversas familias vegetais como Piperaceae (LENTZ et al., 1998),
Hypericaceae, Asteraceae, Caryophyllaceae, Euphorbiaceae, Fumariaceae,
Gesneriaceae, Lamiaceae, Rosaceae (TAYLOR, MANANDHAR e TOWERS, 1995),
Lyrthaceae, Myrtaceae, Apocynaceae, Casuarinaceae (AHMAD e BEG, 2001) entre
outras.

As substéncias antimicrobianas isoladas de plantas apresentam, com raras
excecoes, grandes diferencas estruturais em relagdo aos antibioticos derivados de

micro-organismos. Podem agir como reguladores do metabolismo intermediario,
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ativando ou blogueando reacgdes enzimaticas, afetando diretamente uma sintese
enzimatica seja em nivel nuclear ou ribossomal, ou mesmo alterando estruturas de
membranas (SINGH e SHUKLA, 1984).

Os principais grupos de compostos com propriedades antimicrobianas,
extraidos de plantas incluem: terpenoides e 6leos essenciais (NASCIMENTO et al.,
2008); alcaldides (MOREL et al., 2005); lectinas e polipeptideos (ZHANG e LEWIS,
1997) e substancias fendlicas e polifendis, que séo: fendis simples, acidos fendlicos,
guinonas (STERN et al., 1996), flavonas, flavondis e flavonoides (KUSTER,
ARNOLD e WESSGOHANN, 2009), taninos (SCALBERT, 1991) e cumarinas
(O'’KENNEDY e THORNES, 1997).

Mecanismos de acdo antimicrobiana para algumas dessas classes ja foram
descritos. Para os alcaloides, essa propriedade pode ser atribuida a sua habilidade
de intercalarem com o DNA microbiano (PHILLIPSON e O’NEIL, 1989). Para os
terpenoides, o mecanismo de acao ainda ndo esta bem esclarecido, mas especula-
se que estejam envolvidos na ruptura de compostos lipofilicos das membranas
microbianas (BAGANBOULA, UYTTENDAELE e DEBEVERE, 2004).

Os compostos fendlicos possuem uma relativa toxicidez a micro-organismos
devido a localizacdo e ao numero de grupos hidroxilas presentes nos grupamentos
fendlicos, sendo que quanto maior o numero de hidroxilagbes, maior a toxidade
(GEISSMAN, 1963). Além disso, ja foi descrito que quanto maior a oxidagdo dos
fendis, maior seu efeito inibitério (SCALBERT, 1991). O mecanismo responsavel
pela toxidade de compostos fendlicos para micro-organismos inclui a inibicao
enzimatica por compostos oxidados, possivelmente por meio de reagcdes com grupos
sulfidrilas ou por interagcbes ndo especificas com as proteinas (MASON e
WASSERMAN, 1987). Os taninos possuem a habilidade de inativar adesinas
microbianas, enzimas, proteinas transportadoras de membrana, etc. Os taninos
condensados podem se ligar as paredes celulares de bactérias de ruminantes,
impedindo seu crescimento (JONES et al., 1994). As antraquinonas possuem anéis
aromaticos com duas cetonas substituidas. Elas s&o ubiquitinadas in natura e séo
altamente reativas. Conhecidas como estabilizadores de radicais livres e também
por complexarem irreversivelmente com aminoacidos nucleofilicos em proteinas,
frequentemente conduzindo a sua inativagcdo e perda de fungdo. Os alvos das

antraguinonas nas células microbianas sdo adesinas expostas a superficie,
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polipeptideos da parede celular e enzimas ligadas & membrana (STERN et al.,
1996).

Ja os flavonoides, de maneira geral, sdo conhecidos por serem sintetizados
por plantas em resposta a infeccao microbiana (DIXON, DEY e LAMB, 1983). Sua
atividade € provavelmente devido a habilidade de se complexarem com as proteinas
extracelulares e solaveis e com a parede celular bacteriana (CUSHNIE e LAMB,
2005). Flavonoides lipofilicos podem romper a membrana microbiana (TSUCHIYA et
al., 1994). Segundo CHABOT et al. (1992), flavonoides desprovidos de grupamentos
hidroxila em seus anéis B sdo mais ativos contra micro-organismos do que aqueles
hidroxilados, o que corrobora com a proposta de que o alvo antimicrobiano seja a
membrana. No entanto, alguns autores se opdem a esta teoria, argumentando que
guanto maior o niumero de hidroxilagbes, mais ativo serdo os compostos (SATO et
al., 1996).

3.3 PROCESSO INFLAMATORIO

3.3.1 ASPECTOS GERAIS DA INFLAMACAO

Nos ultimos anos, um grande interesse tem sido demonstrado na tentativa de
buscar respostas referentes a etiologia fisiopatolégica e controle farmacologico do
processo inflamatorio. Este interesse, dentro da medicina experimental, deve-se a
descoberta de que os danos teciduais que ocorrem em diversas doencgas existentes
resultam de uma resposta inflamatéria (MONTHANA, 2011).

A palavra inflamagéo, do grego phlogosis e do latim flamma, significa fogo,
area em chamas, foi descrita pela primeira vez por Celsus, um escritor romano que
viveu entre os anos 30 aC e 38 dC, onde observou os quatro sinais cardinais da
inflamac&o: calor (aumento da temperatura local), rubor (hiperemia), tumor (edema)
e dor, as quais Virchow acrescentou o quinto sinal clinico, a perda da fungéo (functio
laesa) (ROCHA E SILVA e GARCIA LEME, 2006). Em 1793, John Hunter, um
cirurgido escocés, observou que a inflamagdo ndo € uma doenca, e sim uma
resposta inespecifica que tem um efeito salutar sobre seu hospedeiro (ROCHA E
SILVA e GARCIA LEME, 2006).
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Assim, a resposta inflamatoria representa um dos mecanismos de defesa do
organismo. Supondo que nao existisse 0 processo inflamatorio, teriamos
consequéncias graves: haveria um descontrole das infec¢gdes, ndo haveria
cicatrizacdo das feridas e, além disso, o processo destrutivo nos 6rgdos atacados
seria permanente. As reacOes inflamatorias, por exemplo, sdo o pilar de doencas
cronicas, tais como a artrite reumatoide, a aterosclerose e a fibrose pulmonar, assim
como de reacgOes de hipersensibilidade potencialmente fatais a picadas de insetos,
drogas e toxinas (BHANDARE et al., 2010; MUELLER, HOBIGER e JUNGBAUER,
2010).

Existe uma série de fen6menos bioldgicos envolvidos no processo
inflamatorio, que se associam e se complementam e, com isso, formam reagfes em
cascata, envolvendo a interagdo complexa entre as células inflamatorias, tais como
macroéfagos, neutrdfilos e linfécitos (TEDGUI e MALLAT, 2001). Esses fendbmenos
podem ser desencadeados por varios fatores, chamados agentes flogogénicos.
Dentre os tipos flogogénicos, destacam-se: 1) agentes fisicos, em que os fatores
fisicos, como o calor excessivo (queimaduras), o frio exagerado (congelamento),
traumatismos, fraturas, incisdes, raios ultravioletas e radiacdes ionizantes sdo as
causas importantes da inflamacéo; Il) agentes quimicos, neste caso, a inflamacéo é
determinada pela acédo de substancias quimicas de natureza muito variadas, como
substancias céusticas, acidos, alcalis, 6leo de croton, terebentina, formaldeido,
carragenina; Ill) agentes infecciosos, em que o fator desencadeante da inflamacéo é
de origem biolégica, como bactérias, fungos, virus, protozoarios (CARVALHO, 2004)

Além do combate ao agente agressor, de forma a evitar a sua disseminacéo
as outras regides do corpo, a resposta inflamatéria tem a finalidade de eliminar
produtos resultantes da destruicdo celular, assim, promovendo condi¢des ideais
para a reparacdo do tecido lesado. Todo esse processo de restituicdo da
normalidade tecidual é concluido pela reparacdo, fendmeno inseparavel da
inflamacéo (TEDGUI e MALLAT, 2001).

A inflamacgédo é uma resposta celular e humoral de intensidade variavel com
repercussdes locais, loco-regionais ou sistémicas. A cascata de eventos
desencadeada ap0s uma agressao ou estimulo tem como resultado o aumento do
calibre vascular, aumento da permeabilidade vascular, recrutamento de leucocitos

como resultado de uma interagdo complexa entre diferentes tipos celulares
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residentes no tecido e varios mediadores pro-inflamatorios (NICKOLOFF e NESTLE,
2004; SHERWOOD e TOLIVER-KINSKY, 2004).

O tempo de duracdo e a intensidade do agente inflamatério determinam
diferentes graus ou fases de transformacdo nos tecidos. Categoricamente, a
resposta inflamatoria é dividida em trés distintas fases, sendo que cada fase é
mediada aparentemente por diferentes mecanismos. Inicialmente, € evidenciada
uma fase aguda, caracterizada por ser de duracdo variavel e alteracbes vasculares
(fluxo e calibre vascular, aumento da permeabilidade vascular), seguida de uma fase
subaguda, em que nota-se, predominantemente, a infiltracao leucocitaria e de outras
células fagociticas (quimiotaxia, ades&do, transmigracdo e fagocitose) e
posteriormente, ocorre a fase crbénica, onde a proliferacdo é fato de destaque, em
gue ocorre a regeneracéo tecidual e fibrose (SANTOS JUNIOR, 2003).

Primeiramente, os fenbmenos vasculares predominam no foco da inflamacéo,
onde ocorre um aumento da dilatacdo dos vasos e ainda, um aumento da
permeabilidade capilar (CIRINO et al., 2003) gerados principalmente pelos seguintes
mediadores: prostaglandinas, histamina, serotonina, leucotrienos, Cba, e
substancias liberadas localmente nas terminacgdes nervosas (taquicininas e o
peptideo relacionado ao gene da calcitonina — CGRP) (HEDQVIST, GAUTAN e
LINBOM, 2000; LECCI et al., 2000). Este aumento da permeabilidade vascular
culmina com a saida de exsudato, ou seja, um fluido rico em proteinas para o meio
extravascular resultando em acumulo deste, no local da lesdo, o que caracteriza o
edema (PATTERSON e LUM, 2001; LEY, 2002).

Posteriormente, evidencia-se uma fase subaguda em que ocorre o fendbmeno
da quimiotaxia, caracterizada por migracdo e infiltracdo leucocitaria e de células
fagociticas, no sitio da lesdo (ALl et al., 1997; FRANGOGIANNIS, SMITH e
ENTMAN, 2002). No local da lesdo, ocorre o reconhecimento do agente agressor
por meio de neutréfilos e macréfagos, apos este reconhecimento, essas células
englobam e o destroem (fagocitose) e liberam enzimas lisossomais a fim de destruir
o agente agressor (RODRIGUES et al., 2002). Ainda no foco inflamatério, ocorre um
importante evento: a ativacdo dos mastocitos e agregacao plaguetaria, que tambéem
resultam na liberacdo de mais mediadores quimiotaticos. Dentre os mediadores

quimiotéticos citam-se: os prostanoides (PGl,, PGD,, PGE; e PGF2a), derivados da
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via da lipoxigenase (5 HETE, LTB,), cininas, substancias liberadas de neutrofilos
ativados, entre outros (TAN, LUSCINKAS e HONNER-VANNIASNKIM, 1999).
Finalmente, ap6s a fase subaguda, ocorre uma complexa série de eventos na
tentativa de reconstituir o tecido danificado por meio da ativacdo de células
mesenquimatosas (resposta primaria), incluindo hiperplasia, hipertrofia, e producao
de matriz extracelular. A injaria inflamatoria (injuria secundaria) € mantida e induz o
processo de cicatrizacdo (resposta secundaria) que frequentemente reconstitui o

sitio lesado com tecidos fibroblasticos menos especializados (SUZUKI et al., 2003).

3.3.2 MARGINACAO, ROLAMENTO, ADESAO E MIGRACAO LEUCOCITARIA

O recrutamento leucocitario promove uma série de mudangas ndo s6 nas
células leucocitarias como nas células endoteliais vasculares ativadas por varias
citosinas, como IL-1 e TNF. As células endoteliais secretam substancias
quimioatrativas que conduzem o0s neutrofilos para extremidade dos vasos
sanguineos, este processo é de extrema importancia para o seu recrutamento ao
sitio inflamatério (ABBAS, LICHTMAN e POBER, 2003).

Inicia-se o rolamento por intermédio das seletinas, que sdo moléculas de
adesdo presentes na superficie das células do endotélio e do leucdcito, essas
moléculas sdo compostas por oligossacarideos chamados de Syalil-Lewis X que tem
a finalidade de promover um maior numero de pontes de ligacGes entre a superficie
do leucdcito e a superficie do endotélio. Entretanto, para que o processo ocorra 0s
leucdcitos precisam aderir-se de maneira eficaz as células do endotélio, permitindo
gue as integrinas possam ser estimuladas e ativadas, por acdo de mediadores
inflamatorios, tornando-se avidas por se ligarem principalmente a receptores ICAM-1
(molécula de adesdo intercelular-1), se tornando um pré-requisito para ativacdo do
leucocito (YANG et al.,, 2005; HEIT, COLARUSSO e KUBES, 2005). Esse
mecanismo é fundamental para gerar respostas rapidas como na reorganizacao do
citoesqueleto (WEI et al., 2004, HORDIJK et al., 2003). Quando ligadas aos
receptores ICAM-1 gera-se um sinal para dentro da célula via proteina ERM,
responsaveis pela formagdo da actina e miosina 0 que resultara na contracdo
endotelial (HORDIJK, 2003). Algumas ligacdes resultam na formagdo da ROS no

gual se gera um estresse da fibra citoesquelética, alterando a estrutura da actina e
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miosina. A formacdo da ROS também resulta na degradacéao da juncao protéica do
endotélio o que leva a sua abertura, assim finalmente os leucocitos conseguem
atravessar a membrana endotelial e chegar ao local em que ocorreu o dano tecidual
(Figura 2) (DEKKER e SEGAL, 2000; JASON et al., 2001).

Aderéncia

Transmigragao

Fonte: COUTINHO, MUZITANO e COSTA, 2009.

Figura 2 — Esquema ilustrativo da migracao de leucdcitos através do endotélio vascular.

3.3.3 ANTI-INFLAMATORIOS E SUAS LIMITACOES

Os anti-inflamatérios estdo entre os agentes terapéuticos mais utilizados,
porém apresentam algumas limitagdes com relagdo a sua poténcia, eficacia e efeitos
adversos (PARENTE, 2001; FIORUCCI et al., 2001). Os AINES (anti-inflamatorios
nao esteroidais) apresentam efeitos gastrointestinais adversos e os AINEs seletivos
para COX-2 foram associados a pequenas alteragbes cardiovasculares, porém
proeminentes em alguns pacientes (PARENTE, 2001; BOERS, 2001). Os anti-

inflamatorios esteroidais apresentam acentuados efeitos adversos devido a acao



50

comum aos esteroides. Ja os recentes moduladores ou anti-citocinas (anti-IL-16 e
anti-TNF-a) sdo mais caros e a via de administracdo é subcutanea, pelo menos duas
vezes por semana, o que diminui a adesédo ao tratamento (CALIXTO et al., 2004).
Devido a esses inconvenientes, torna-se necessaria a busca por substancias
naturais com potencial anti-inflamatério que possam dar origem a novos farmacos de
baixo custo e com efeitos adversos reduzidos, ou que ao menos possam auxiliar no
entendimento de mecanismos de acéo.

Dados da literatura mostram que moléculas de origem vegetal apresentam
importantes atividades antiinflamatérias e que muitas de suas acdes sao
relacionadas a habilidade de inibir a sintese ou acédo de citocinas, quimiocinas e
moléculas de adesao, vias do acido araquiddnico e éxido nitrico (CALIXTO et al.,
2004; WERZ, 2007).

As preparagOes de plantas, por sua vez, frequentemente inibem mais de uma
via de acgdo, maximizando os efeitos anti-inflamatorios e minimizando efeitos
adversos (SCHMITZ e BACHER, 2005). Isso se deve ao fato de haver uma mistura
de substancias que podem agir sinergicamente ou antagonicamente, por meio de
diferentes mecanismos de a¢édo. Além disso, sugere-se que 0s compostos derivados
de plantas possam ser utilizados na forma de monopreparados ou em associacoes
aos medicamentos atuais com o objetivo de diminuir custos e aumentar a eficacia
(CALIXTO et al., 2004).

3.4 CONSTIPACAO INTESTINAL E AGENTES LAXATIVOS

A constipacdo intestinal consiste em dificuldade para evacuar, fezes
endurecidas e secas e dores abdominais. A presenca de constipacéo esta associada
a falta de residuos dentro do colon, perda de sensibilidade dos 6érgdos que
desencadeiam os mecanismos da defecacdo, perda das contragbes dos musculos
envolvidos com a defecacdo e obstrucdo mecanica, dai os mais idosos
apresentarem maior frequéncia de constipacdo do que os mais jovens (DANTAS,
2004). Também ocorre mais frequentemente em mulheres do que nos homens,
principalmente naquelas com inatividade fisica diaria, baixa renda, baixo nivel
educacional, baixo consumo de liquidos e alimentos ricos em fibras (COTA e
MIRANDA, 2006).
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A maioria dos pacientes que apresenta o quadro de constipacdo ndo procura
ajuda médica para realizar o tratamento. Quando o0s sintomas permanecem, €
necessario buscar as causas primarias e determinar qual € o tratamento mais
adequado (WANNMACHER, 2005).

A modificacdo dos habitos alimentares, proveniente da ocidentalizacdo e
industrializagdo, tem introduzido um elevado consumo de alimentos refinados
desprovidos de fibras alimentares, contidas em maiores quantidades em frutas,
vegetais e cereais integrais. Por esse motivo, atualmente, existe uma elevada
incidéncia de doencas que eram pouco frequentes no passado, as chamadas
“‘doencas de civilizagcdo”, fazendo parte deste elenco a constipacdo intestinal
(ANDRE et al., 2000; COTA e MIRANDA, 2006).

Dessa forma, a mudancga no estilo de vida, que inclui modificagbes na dieta,
maior atividade fisica, ingestdo de maior quantidade de liquidos, reeducacao
intestinal e auxilio de preparados de fibras vegetais podem ser os componentes de
terapéutica de sucesso para a maioria dos casos de constipacao intestinal (COTA e
MIRANDA, 2006).

A constipacdo pode ter causa motora, por distarbios da motilidade
enterocdlica, consequente a condicbes metabdlicas, miopatias e neuropatias, ou
causa mecanica, por suboclusédo intestinal. Entre as causas motoras, estdo a
sindrome do colon irritavel, uso crbénico de laxativos, megacolon, alimentacdo
inadequada, lesGes neuroldgicas, sedentarismo, desequilibrio hidroeletrolitico,
fatores psicogénicos, hipotireoidismo e efeito colateral de medicamentos, como
antiacidos (com calcio e aluminio), antiespasmadicos, diuréticos, analgésicos,
anticonvulsivantes e antidepressivos. Entre as causas mecanicas estdo os tumores
benignos e malignos, diverticulite, colite isquémica e compressao extrinseca. Devem
ser consideradas, também, as afeccdes proctoldgicas, como fissuras, hemorroidas e
proctite, que dificultam a evacuacao (DANTAS, 2004).

Constipagdo € um sintoma e ndo uma doenca. Pode estar associada, sem
gue possamos estabelecer a relacdo causa-efeito, com infeccdo urinéria, enurese
noturna e incapacidade de contrair a bexiga. A incidéncia € trés vezes maior nos
homens obesos, e duas vezes maior nas mulheres obesas, do que na populacao

com peso normal. Nao podemos esquecer que a causa mais frequente é a funcional,
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mas, para que possamos ter certeza desse diagnostico, as causas organicas devem
ser excluidas (DANTAS, 2004).

No contexto da constipacdo crbnica, medidas nao-medicamentosas
constituem a primeira escolha para manejo inicial, com énfase em abordagem
dietética e de habitos de vida. Dependendo do mecanismo gerador do problema,
outras abordagens nao-medicamentosas sdo propostas. Os laxativos estédo
indicados quando as primeiras alternativas falham, ndo demonstrando diferenca
significativa de eficacia entre eles, sobretudo por longo prazo. Quando usados em
esquemas recomendados, sua seguranca se equivale (WANNMACHER, 2005).

Diversos tipos de laxantes s&o prescritos, € um numero ainda maior € obtido
sem prescri¢ao, indicando uma preocupacéo cultural pela regularidade intestinal. Em
geral, esses farmacos séo classificados, com base no seu mecanismo de agédo, em
agentes expansores da massa, agentes osmoticos e agentes irritantes ou
estimulantes (BURROWS e MERRITT, 1983).

Laxantes expansores de massa sao polimeros organicos que interagem com
a agua e tém a capacidade de manté-la retida nas fezes. Dentre tais polimeros
podemos incluir as fibras dietéticas como farelo, medicamentos como Psyllium,
polimeros sintéticos como metilcelulose. Sua principal funcdo é evitar a absorcéo de
agua pelo intestino delgado e conserva-la retida nas fezes. O aumento do volume e
peso das fezes estimula a motilidade e acelera o transito intestinal do bolo fecal. Um
dos principais efeitos colaterais que ocorrem sao provocados pela fermentagéo
dessas fibras, causando a formacgéo de gases e flatuléncias, inchacos e retencéo de
liguidos (BURROWS e MERRITT, 1983).

Os agentes osmoticos sao ions ou moléculas volumosas adicionadas ao
conteudo intestinal, que retém agua dentro do limen por efeito de for¢a osmatica, ou
gue estimulam secrecdes intestinais ou motilidade, assim causando o aumento da
frequéncia e facilidade de defecagdo (SCHILLER, 2001). ions como o magnésio,
fosfato ou sulfato retém agua no intestino por forca osmotica e provocam distensao,
estimulando suas contracdes. As solucdes eletroliticas isosméticas que contém
polietilenoglicol sdo utilizadas como solugbes para lavagem do coélon,
principalmente, na preparacdo de procedimentos radiologicos ou endoscopicos, bem
como para remocao de toxinas ingeridas (KATSUNG, 2003). Outro exemplo é a

lactulose, um dissacarideo sintético (galactose-frutose), que ndo € absorvido pelo
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intestino, mas pode ser metabolizado por bactérias intestinais e se transformar em
um acido graxo de cadeia curta, que € facilmente absorvido, ou pode permanecer no
[imen, exercendo suas atividades osmoéticas (HAMMER et al., 1989). Sorbitol e
manitol sdo alcodis de acgucares, assim como a lactulose; também ndo séo
absorvidos pelo intestino. Em um estudo realizado por Lederle et al. (1990),
observou-se que o tratamento com sorbitol era tdo eficaz quanto a lactulose. Sua
maior vantagem € o baixo custo.

Laxantes amolecedores do bolo fecal ttm a capacidade de se emulsificarem
com as fezes e amolecé-las, facilitando seu transito (KATSUNG, 2003). Destaca-se
0 Oleo mineral, que administrado via oral, ndo é quimicamente ativo no corpo, porém
altera as caracteristicas fisicas das fezes agindo como um lubrificante do bolo fecal.
Sua utilizacdo em longo prazo pode causar ma absorcao de vitaminas lipossoluveis,
e sua absorcéo pelo intestino pode causar reacdes de corpo estranho na mucosa
intestinal e linfonodos regionais. Além disso, pode causar problemas no ténus do
esfincter anal (SCHILLER, 2001).

Laxantes estimulantes e irritantes do trato intestinal sdo chamados assim
porque tém a finalidade de estimular a motilidade (SCHILLER, 1997). Incluem o 6leo
de ricino, o bisacodil e também as antraquinonas, que sdo metabdlicos especiais
encontrados em diversas plantas medicinais tais como as dos géneros Cascara e
Senna (KATSUNG, 2003). Os derivados de difenilmetano, como por exemplo, o
bisacodil - um éster diacético - utilizado como catartico e hidrolisado no intestino
delgado e coélon por enterases endogenas, depois convertido para sua forma livre
gue apresenta os grupos difenolicos. Tal medicamento tem seu efeito obtido entre
seis e oito horas (FLIG, HERMANN e ZABEL, 2000).

Antraquinonas apresentam diferentes formas de acao laxativa dependendo da
sua estrutura base. Os glicosideos constituem as formas de transporte e de maior
poténcia farmacologica, porém, pela reduzida lipossolubilidade, ttm menores indices
de absorcao (menor biodisponibilidade) que as correspondentes antraquinonas livres
(SIMOES et al., 2007). As antronas e diantronas sdo mais ativas que as formas
oxidadas e constituem as formas realmente ativas dos compostos antracénicos
(KOBASHI et al., 1980). Outro ponto importante é a presenca de hidroxilas nesses
compostos, sendo as posicbes C-1 e C-8 essenciais para a acao laxativa
(WAGNER, 1988).
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Varios mecanismos de acao tém sido propostos para explicar o efeito laxativo
de antraquinonas, os quais incluem a inibicdo da Na/K-ATPase (SIMOES et al.,
2007), a estimulacédo direta de contragdo da musculatura lisa do intestino pelo
aumento da motilidade, relacionada com a liberagéo de prostaglandina (BEUBLER e
KOLLAR, 1988), histamina (CAPASSO et al.,, 1986) ou serotonina (BEUBLER e
SCHIRGI-DEGEN, 1993) e inibicio dos canais de cloreto (SIMOES et al., 2007).

3.5 CANCER

O termo céancer é a traducado latina do grego carcinoma (de karkinos =
crustaceo, caranguejo). Essa terminologia foi utilizada pela primeira vez por Galeno
a fim de descrever um termo maligno na mama, com veias superficiais turgidas e
ramificadas, semelhando-se as patas de caranguejo (FLECK, 1992). Atualmente,
esse termo é utilizado como sinonimia de neoplasia maligna.

Neoplasia pode ser entendida como proliferagcdo celular anormal,
descontrolada e autbnoma, ou seja, fora do controle dos mecanismos que regulam a
multiplicacdo celular. As células reduzem ou perdem a capacidade de se diferenciar
em consequéncia de alteracbes nos genes que regulam o crescimento e a
diferenciacao celular (BOGLIOLO e BRASILEIRO FILHO, 2006).

O cancer, segundo a Agéncia Internacional de Pesquisa sobre Céancer, € a
principal causa de Obito no mundo, correspondendo a 7,6 milhdes de oObitos (cerca
de 13% do total). Em 2008, o cancer de pulmao, figado, estbmago, colon e mama
foram responséveis pela maioria dos 6bitos por essa doenca. Cerca de 30% das
mortes por cancer se devem a cinco fatores comportamentais e dietéticos: indice de
massa corporea elevada, baixo consumo de frutas e legumes, falta de atividade
fisica, tabagismo e consumo de alcool (WHO/GLOBOCAN, 2010). Em 2009,
ocorreram no Brasil aproximadamente 172 mil O&bitos por neoplasias,
correspondendo a 16% do total de Obitos no pais, perdendo somente para doencas
do aparelho circulatério (BRASIL, 2012).
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3.5.1 A CELULA CANCEROSA

As principais caracteristicas das células cancerosas séo a perda da inibi¢cao
por contato, independéncia com relacdo aos fatores de crescimento, imortalidade,
tumorogénese, desvio no controle da apoptose e potencial replicativo limitado.
Porém, essa célula preserva certo grau de diferenciacdo caracteristico do tecido
original (HANAHAN e WEINGERG, 2000).

As caracteristicas morfolégicas mais marcantes desse tipo de célula séo
anormalidades no nucleo: volumoso, multiplos, nucléolos visiveis, hiperploidia;
anormalidades no tamanho das células: heterogéneas; anormalidades
citoplasmaticas: aumento da relacdo citoplasma-nucleo; anormalidades da
membrana citoplasmatica: perda da inibi¢cdo por contato, modificagdo da adesividade

e modificacdo dos antigenos de superficie (APTSIAURI, 2007).

3.5.2 A PROGRESSAO TUMORAL

A formacdo e o desenvolvimento das neoplasias, denominado de
carcinogénese, € 0 processo complexo que ocorre em trés etapas consecutivas:
iniciacdo, promocao e progressao (Figura 3) (BOGLIOLO e BRASILEIRO FILHO,
2006).
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Celula Tecido

CaNCEerigeno

Célula Tecido
Cancerosa infiltradao

Fonte: http://bioquimicacancer.blogspot.com/2011/06/carcinogenese-o-comeco-da-patologia.html

Figura 3 — Etapas do desenvolvimento das neoplasias.

A iniciacdo acontece com uma desregulacdo gendmica, devido a um agente
carcinogénico ou oncoiniciador, que provoca modificacdes permanentes em alguns
de seus genes e transforma a célula. Uma célula iniciada torna-se menos responsiva
a fatores que inibem o crescimento celular, ou aos indutores de diferenciacéo
celular, ou a apoptose. Os agentes oncoiniciadores sao substancias eletrofilicas
commuita afinidade por compostos nucleofilicos, como proteinas, RNA e DNA.
Exemplos de agentes carcindgenos: sulfato de dimetila, metilnitrosureia, cloreto de
vinila, aflatoxinas, dimetilnitrosamina e benzopireno (KUMAR, 2005).

A promocgao acontece por meio de uma série de interagBes entre citocinas,
fatores de crescimento e seus receptores, consistindo na proliferagcdo ou expanséo
das células iniciadas. Ha uma perda da homeostasia tissular e o surgimento de
clones celulares transformados pelo efeito dos agentes cancerigenos classificados
como oncopromotores. A célula iniciada é transformada em célula maligna de forma
lenta e gradual. Para que ocorra essa transformacdo é necessario um longo e
continuado contato com o0 agente cancerigeno promotor. A suspensao do contato
muitas vezes interrompe 0 processo nesse estagio, pois a acdo do promotor é
reversivel. Os promotores sdo substancias que tém em comum a propriedade de

irritar os tecidos e de provocar reacfes inflamatoérias e proliferativas. O promotor
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mais conhecido é o acetato de 12-o-tetradecanoilforbol (TPA) (BOGLIOLO e
BRASILEIRO FILHO, 2006), além de outros ésteres de forbol e fendis (SILVA e
HARTMANN, 2006).

Apds seu surgimento, o cancer sofre, com frequéncia, modificacdes biologicas
gue o tornam, em geral, mais agressivo e maligno. Esse fendbmeno € denominado de
progressdo tumoral. Essa etapa da origem ao fendmeno de disseminacao
metastatica, caracterizando-se pela multiplicagdo descontrolada, sendo um processo
irreversivel. A doenca ja esta instalada, evoluindo até o surgimento das primeiras
manifestacdes clinicas. Além da aquisicdo de novas caracteristicas intrinsecas das
células tumorais, a progressao dos tumores depende também de fatores do paciente

como o estado hormonal e sua resposta imunitaria (SILVA e HARTMANN, 2006).

3.5.3 TIPOS DE CANCER (CLASSIFICACAO)

Os tumores podem ser classificados de acordo com: I) o comportamento
clinico (benignos ou malignos); Il) o aspecto microscoépico (critério histomorfoldgico)
e lll) a origem da neoplasia (critério histogenético). O critério mais frequentemente
adotado é o histomorfolégico, ou seja, aquele que identifica a neoplasia pelo tecido
ou ceélula que estéa proliferando. Nesse sentido, algumas regras séo importantes: |) o
sufixo “oma” € empregado na denominacdo de qualquer neoplasia benigna ou
maligna; 1) a palavra carcinoma indica tumor maligno que reproduz epitélio de
revestimento e indica malignidade quando usada como sufixo, como no caso das
adenocarcinomas; Ill) o termo sarcoma refere-se a uma neoplasia maligna
mesenquimal e usado como sufixo, indica tumor maligno de determinado tecido,
como os fibrossarcomas; 1V) a palavra bastoma pode ser usada como sinénimo de
neoplasias e quando empregada como sufixo, indica que o tumor reproduz
estruturas com caracteristicas embrionarias como as nefrobastomas (BOGLIOLO e
BRASILEIRO FILHO, 2006).

Em resumo, para se denominar um tumor, toma-se o nome da célula, tecido
ou 6rgao afetado e acrescentam-se 0s sufixos — oma ou — sarcoma. Além disso, o
nome do tumor pode conter outros termos para identificar certas propriedades da
lesdo ou sua diferenciagdo: carcinoma epidermoide (epitélio neoplasico com

diferenciacdo semelhante a da epiderme). Ainda existem os casos onde epbnimos
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sao utilizados na denominacdo da lesdo, como nos casos dos tumores de Wilms,
linfomas de Hodgkin e tumores de Burkitt (TEIXEIRA e FONSECA, 2007).

3.5.4 TIPOS DE TRATAMENTO

Com o objetivo de tratar o cancer com maior eficiéncia, esquemas
terapéuticos utilizando cirurgias, radioterapia e quimioterapia tém sido cada vez mais
prevalentes (GUIDA et al., 2008; REINER et al., 2009).

A cirurgia oncoldgica com intuito curativo realiza a remocao do tumor, de sua
drenagem linfatica, dos linfonodos locais e do tecido normal, em quantidade
suficiente, a fim de manter uma adequada margem de seguranca (TEICH e
FRANKS, 1990).

A radioterapia € um método capaz de destruir células tumorais, empregando
feixe de radiagfes ionizantes. Uma dose pré-calculada de radiacdo € aplicada, em
um determinado tempo, a um volume de tecido que engloba o tumor, buscando
erradicar todas as células tumorais, com menor dano possivel as células normais
circunvizinhas, a custa das quais se fara a regeneragcdo da area irradiada (BRASIL,
2008).

A quimioterapia consiste na utilizacdo de medicamentos a fim de destruir as
células cancerosas blogueando o seu desenvolvimento. A maior parte destes
medicamentos é derivada de plantas, organismos marinhos e micro-organismos.
Esses agentes incluem uma grande variedade de compostos que atuam por
diversos mecanismos. As substancias naturais ou derivadas tém-se mostrado
importantes no tratamento do cancer, destacando os antitumorais vincristina e
vinblastina, extraidos de Catharanthus roseus (L.) G. Don, que contribuiram para
remissdo e cura de leucemias em criangas, teratomas testiculares, linfomas de
Hogkin e muitos outros tipos de cancer; o etoposideo, encontrado no Podophyllum
pellatum Linn., é amplamente utilizado em casos de cancer de pulméo e o taxol,
produto isolado de Taxus brevifolia Nutt., utilizado para o tratamento de céancer de
mama e de ovario, sendo lider em vendas entre as drogas antitumorais (MANN,
2002).

A cirurgia e a radioterapia séo efetivas no tratamento de tumores solidos, mas

no tratamento de tumores disseminados atuam somente como paliativos. Nesses
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casos, a quimioterapia permanece sendo o tratamento de escolha, mas seu efeito
toxico sobre os tecidos normais geralmente limitam seu uso (BAXEVANIS, PEREZ e
PAPAMICHAIL, 2009).

As células do cancer frequentemente expressam antigenos associados que
podem ser reconhecidos pelas células T de defesa. Esta condicdo proporciona o
emprego de imunoterapias para o tratamento de diversos tipos de cancer
(BRUSERUD et al.,, 2008), com o intuito de aumentar as respostas imunes
antitumorais (BAXEVANIS, PEREZ e PAPAMICHAIL, 2009)

As estratégias possiveis de imunoterapia para o tratamento do cancer incluem
varias formas de vacinas, como as de peptideo ou células dendriticas pulsadas com
lisados de células ou transfectadas com RNA das células do cancer (YU e FINN,
2006).

Essas vacinas tém sido testadas em diversos ensaios clinicos, principalmente
fase | e Il (DALGLEISH e WHELAN, 2006) como tratamento unico do cancer, no
entanto no futuro elas devem ser utilizadas como parte integrante dos esquemas
terapéuticos, incluindo quimioterapia inicial, podendo ser combinada com cirurgia e
radioterapia, a fim de reduzir o tumor e facilitar a apresentacdo do antigeno
(BRUSERUD et al., 2008).

3.6 TOXIDADE DE PLANTAS MEDICINAIS

Apesar do amplo uso de medicamentos sintéticos no mercado mundial, a
utilizagéo de produtos naturais vem aumentando de forma significativa, ndo somente
pela aceitabilidade cultural, como também pela comprovacéo cientifica de eficacia
de algumas espécies vegetais. Contudo, varias plantas da medicina tradicional ainda
ndo foram submetidas a algum tipo de avaliagdo toxicoldgica, podendo, dessa
forma, representar risco toxico ao usuario (PAL e SHUKLA, 2003; DA SILVEIRA,
BANDEIRA e ARRAIS, 2008).

A partir do final do século XX, as plantas medicinais passaram a ser
veiculadas nos meios de comunicacdo como produtos associados a um modo
alternativo de vida. Com o objetivo de atingir o publico-alvo dos adeptos do estilo de
“vida natural”, a propaganda camuflou os riscos da utilizacdo das plantas medicinais,

atribuindo-lhes uma fisionomia “ndo agressora” e passando para o0 paciente toda
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responsabilidade e autonomia de seu consumo (TAGLIATI e FERES, 2009).
Atualmente, a crenga na “naturalidade inocua” das plantas medicinais continua a ser
um mito que deve ser enfrentado. Trata-se de um conceito popular equivocado de
gue os produtos naturais seriam isentos de efeitos indesejaveis ou desprovidos de
toxidade (DA SILVEIRA, BANDEIRA e ARRAIS, 2008).

Como forma de contrastar essa afirmacédo, podem-se citar varias espécies
vegetais como a Datura suaveolens L. (trombeteira) e a Conium maculatum L.
(cicuta), que sdo bem conhecidas por sua capacidade de produzir risco a saude
humana. Outras, ainda que de amplo uso na medicina popular, tiveram seu potencial
toxico também reconhecido apds serem submetidas aos testes de seguranca, como
foi 0 caso do efeito hepatotoxico verificado para a Symphytum officinale L. (confrei),
hoje restrita ao uso topico (TAGLIATI e FERES, 2009). Por outro lado, a utilizag&o
inadequada de um produto, mesmo que de baixa toxidade, pode induzir a problemas
graves desde que existam outros fatores de risco, tais como contraindicacdes, uso
prolongado ou concomitante de outros medicamentos, sintéticos ou naturais (DOS
REIS e DE SOUZA, 2006).

Por isso, a determinacdo da seguranca de um medicamento,
independentemente de sua origem, é fundamental para a promocdo da saude
(KLEIN, LONGHINI e MELLO, 2009). E com essa preocupac¢do que as agéncias
regulamentadoras de varios paises tém preconizado a realizacdo de estudos que
comprovem a eficacia e seguranca das drogas vegetais e fitoterapicos (SAHOO,;
MANCHIKANTI e DEY, 2010). Essas diretrizes compreendem o0s estudos
toxicologicos pré-clinicos e ensaios clinicos, bem como ensaios de controle de
gualidade que comprovem a inexisténcia de contaminantes nocivos a saude (metais
pesados, agrotoxicos, micro-organismos, aflotoxinas e produtos de degradacéo) ou
sua existéncia dentro dos limites considerados seguros (KLEIN, LONGHINI e
MELLO, 2009).

No Brasil, os testes de toxidade pré-clinica exigidos para registro e renovacao
de registro de fitoterapicos séo estipulados pelo “Guia para a realizagdo de estudos
de toxidade pré-clinica de fitoterapicos” da Agéncia Nacional de Vigilancia Sanitaria
(ANVISA), publicado pela Resolucdo RE 90/04. Nesse guia, constam 0s ensaios de
toxidade aguda e o de doses repetidas (longa duragéo); genotoxidade, que deve ser

efetuada quando ha indicagdo de uso continuo ou prolongado em humanos;



61

sensibilizacdo dérmica, irritacdo cutdnea e ocular, no caso de medicamentos
fitoterapicos de uso topico. Nos estudos agudos, o guia ndo especifica o0 método a
ser utilizado, mas sugerem a utilizacdo de doses suficientes para se observarem
efeitos toxicos e/ou adversos. No caso da ndo observacéo destes, recomenda-se a
utilizagé&o da maior dose possivel (BRASIL, 2004).

Um dos primeiros testes realizados para a avaliagdo do potencial téxico de
guaisquer substancias é o teste de toxidade aguda. A dose letal mediana (DLsg) €
outros efeitos toxicos podem ser determinados apds administragdo aguda por uma
ou mais vias (rota de exposicdo) em uma ou mais espécies (ratos e camundongos
sdo os mais frequentemente usados). Os estudos séo realizados com animais
adultos de ambos os sexos e verifica-se 0 nUmero de animais que morrem durante o
periodo de observacdo de 14 dias. A avaliacdo dos resultados permite conhecer a
espécie ou sexo mais sensivel. Além de dados de mortalidade e peso corporal,
podem ser avaliados outros parametros como sinais de intoxicacdo, letargia,
mudangas comportamentais, morbidade e alteragdo no consumo de alimento. Os
testes de toxidade aguda fornecem uma estimativa quantitativa de toxidade aguda
em comparacado com outras substancias; a identificacdo dos érgéos-alvo ou outras
manifestagbes clinicas agudas; o estabelecimento do carater reversivel das
respostas toxicas e um guia de doses para outros estudos (KLAASSEN e EATON,
1994).

O ensaio de toxidade aguda oral avalia a exposicdo a uma dose Unica ou
fracionada no periodo de 24 horas em roedores. A analise estatistica de resultados
provenientes de diversos testes convencionais de toxidade aguda (determinacao da
DLsp), com animais de ambos os sexos, demonstrou que, embora a diferenca de
sensibilidade entre 0s sexos seja pequena, NOS casos em que esta presente,
observa-se que as fémeas sao ligeiramente mais sensiveis (OECD, 2001). Com este
teste é possivel evidenciar risco de intoxicagbes agudas, inadvertidas ou nédo, e a
forma de preveni-las (KLEIN, LONGHINI e MELLO, 2009). No Brasil, 1728 casos de
intoxicagbes foram registrados pelo Sistema Nacional de Informacdes Toxico-
Farmacologicas (SINTOX) devido ao uso indevido de plantas medicinais (ano-base
2002) (DA SILVEIRA, BANDEIRA e ARRAIS, 2008). Os resultados obtidos no
ensaio agudo também dao suporte a escolha das doses para os demais testes de
toxidade (KLEIN, LONGHINI e MELLO, 2009). Portanto, as informacgdes obtidas por
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meio do estudo de toxidade aguda oral sdo de crucial importancia na avaliacdo da
seguranca de substancias quimicas para uso humano e animal, entre as quais
também se encontram as drogas vegetais e fitoterapicos.

Além desse teste, os testes de toxidade subaguda sdo amplamente utilizados
e fornecem informacdes sobre a toxidade das substancias quimicas apos
administracdes repetidas, além de estabelecer doses para estudos subcronicos
posteriores. Um protocolo tipico para estes testes € a administracdo de trés
diferentes doses e a avaliacdo das alteragcbes macroscoépicas € realizada apos 14
dias de exposicéo ao xenobiotico (KLAASSEN e EATON, 1994).

3.7 GENERO Mitracarpus ZUCC. EX SHULT. F.

Classificacao botanica

Reino: Plantae
Divisdo: Magnoliophyta
Classe: Magnoliopsida
Ordem Gentianales
Familia: Rubiaceae

Género: Mitracarpus

O género Mitracarpus € nativo do Brasil, sendo encontrado principalmente
nos paises tropicais e subtropicais. As espécies de Mitracarpus se diferenciam
principalmente pela ornamentagdo do tegumento da semente e indumento do caule.
Exemplos incluem M. longicalyx E.B. Souza & M.F. Sales (tegumento da face ventral
da semente com depressao em forma de “x” que se alonga na fase dorsal em duas
depressdes semi-circulares; indumento do caule viloso a grabrescente) e M. frigidus
(Willd. ex Reem Schult.) K. Schum (depressdao em forma de “y” na vista ventral e a
face dorsal lisa, indumento hispido) (PEREIRA, CARVALHO-OKANO e GARCIA,
2006).

Algumas espécies de Mitracarpus possuem 0 uso etnofarmacoldgico relatado,
destacando M. scaber que é empregada extensamente na medicina tradicional da

Africa ocidental para cefaleia, dor de dente, amenorreia, dispepsia, doencas
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hepaticas, doencas venéreas e doencas ulcerativas. O suco da planta é aplicado
topicamente para o tratamento dermatoldgico (DALZIEL, 1936; KERHARO e ADAM,
1974).

Moulis et al. (1992) relataram o isolamento do harounosideo, uma
hidroquinona pentalongina diglicosilada das partes aéreas frescas de M. scaber que
demonstrou uma potente atividade antifungica contra Candida albicans e
Trichophytum soudanense. Recentemente patentes do extrato etanodlico das partes
aéreas dessa espécie foram adquiridas em produtos dermocosméticos para o
clareamento de pele (GREFF, 1998; SPINDLER e URBANEC, 2009; TSUJI e
NAKANISHI, 2010) e esta propriedade pode estar relacionada com a presenca deste
composto no extrato (MADHOGARIA e AHMED, 2009).

Outro estudo também mostrou que o extrato em éter dietilico das partes
aéreas de M. scaber exibiu um amplo espectro antibacteriano e antifingico contra
cepas padrdes e isolados clinicos de Staphylococcus aureus e de Candida albicans
responsaveis por infecgdes comuns da pele (SANOGO et al., 1996). Germano et al.
(1999) relataram o efeito hepatoprotetor do decoto dessa espécie na hepatotoxidade
induzida por CCl, in vivo assim como in vitro usando hepatdécitos isolados. Além
disso, 0 extrato etandlico dessa espécie apresentou resultados significativos contra
dermatofitoses em bovinos (ALI-EMMANUEL et al., 2003).

Ja se tem conhecimento de alguns compostos presentes em M. scaber, como
psolareno, rutina, campferol, campferol-3-O-rutinosideo, acido galico, acido 3,4,5-
trimetoxi benzoico, 4-metoxiacetofenona e 3,4,5-trimetoxiacetofenona. Destes, o
acido galico e o 3,4,5-trimetoxiacetofenona apresentaram expressiva atividade
antimicrobiana contra as cepas de S. aureus (BISIGNANO et al., 2000). Dois acidos
triterpénicos isoméricos foram identificados nesta espécie, o acido oleandlico e o
ursolico e foi observada a atividade antimicrobiana para Dermatophilus congolensis
(GBAGUIDI et al., 2005).

As espécies de Mitracarpus sdo caracterizadas por serem ricas em alcaloides.
Okunade et al. (1999) isolou um alcaloide com atividade antimicrobiana a partir do
extrato etandlico das partes aéreas de M. scaber, 0 azaantraquinona
(benzilisoquinolina-5,10-diona). Outros trabalhos (NOK, 2002; NOK e NOK, 2002;
GBAGUIDI et al.,, 2005) confirmaram a potente atividade antimicrobiana deste

alcaloide e também seu potencial como agente tripanomicida.
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Outra espécie de Mitracarpus, M. villosus (Sw) DC., foi estudada quanto as
suas propriedades antimicrobianas. De acordo com Irob e Daramola (1993; 1994), o
extrato etandlico de suas partes aéreas apresentou uma atividade significativa
contra Escherichia coli, Staphylococcus aureus, Bacillus cereus, Candida albicans,
Aspergillus niger entre outros. Epkendu, Adesomoju e Okogun (2001) identificaram a

presenca de estigmasterol, 24-metilcolesta-5-em-36-ol e acido ursélico na espécie.

3.8 A ESPECIE Mitracarpus frigidus (WILLD. EX REEM SCHULT.) K. SCHUM.

Segundo Pereira, Carvalho-Okano e Garcia (2006), a espécie Mitracarpus
frigidus distribui-se na América Tropical e Antilhas, sendo encontrada no Brasil
desde o Amazonas até o Rio Grande do Sul. E uma espécie vegetativamente muito
semelhante as espécies do género Borreria, sendo possivel distingui-la pelos ramos
pilosos somente nos angulos, estipulas cerdosas, deiscéncia circuncisa do fruto e
semente com depressdo em forma de Y na superficie ventral.

Consiste em ervas perenes, eretas de 70 cm, com ramos tetragonais, pilosos
nos angulos, folhas subsésseis, verde amareladas, lamina eliptico-lanceolada (3-
8,5x 0,5-1,5 cm), hirsuta, nervuras primarias e secundarias proeminentes na
superficie dorsal, apice agudo, base atenuada, estipulas persistentes, (6-9
cerdosas). Possui inflorescéncias em glomérulos terminais e axilares, multifloras, 4
bracteas, lanceoladas, flores sésseis, 4-meras, calice com 4 lobos triangulares,
iguais dois a dois, corola tubulosa, branca (2-2,5 mm), glabra, internamente com um
anel de tricomas na metade do tubo, lobos oval-triangulares (0,6-1,1 mm), estames
exsertos, filetes (0,3-0,5 mm), anteras subelipsoides, estilete exserto (5 mm),
estigma bifido. Seu fruto possui capsula, subglobosa, deiscéncia circuncisa (1x0,6
mm), pericarpo coriaceo, com pilosidade translicida na metade superior, sementes
subelipsoides, castanhas, planoconvexas, superficie ventral com depressdo em
forma de Y de coloragdo esbranquicada (PEREIRA, CARVALHO-OKANO e
GARCIA, 2006).

Segundo Fabri et al. (2009), esta espécie apresenta potencial leishmanicida,
antimicrobiano e antioxidante. Tais atividades foram identificadas por meio da
avaliacdo de seis extratos das partes aéreas de M. frigidus coletadas na cidade de

Juiz de Fora, Minas Gerais (Figura 5). Além disso, a analise fitoquimica e a
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citotoxidade também foram testadas. Os resultados identificaram a presenca de
alcaloides, triterpenos, esterdéis, saponinas, cumarinas, fendis, taninos, flavonoides,
antraguinonas, leucocianidinas, catequinas e flavonas como principais grupos de
fitoconstituintes presentes nessa espécie e uma correlagdo positiva dos contetdos
de compostos fendlicos e flavonoides com a atividade antioxidante dessas amostras.
Em relacdo a atividade leishmanicida, o extrato em diclorometano apresentou-se o
mais ativo contra a espécie Leishmania chagasi e o hidrometandlico para L.
amazonensis. Os micro-organismos mais susceptiveis foram Shigella sonnei,
Bacillus cereus e Cryptococcus neoformans, sendo o extrato em diclorometano com
maior espectro de acdo. A citotoxidade contra células de mamiferos foi moderada

para todas as amostras testadas.

Fonte: Adaptado de http://pt.wikipedia.org/wiki/Mesorregi%C3%A30_da_Zona_da_Mata

Figura 5 — Local da coleta da espécie de estudo. Mitracarpus frigidus foi coletada na regiao de Juiz de

Fora, Zona da Mata Mineira.
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5 ARTIGOS CIENTIFICOS

Os resultados que fazem parte desta tese estdo apresentados sob a forma de
artigos cientificos. Os itens Materiais e Métodos, Resultados e Discussdo e
Referéncias Bibliograficas encontram-se nos proprios artigos. Os artigos estao
dispostos da mesma forma que foram publicados nas revistas cientifica (Artigos 1 a
3) e que foram submetidos (Artigos 4 a 6). Além disso, sera apresentado o Artigo

7, que esta em fase final de preparacao.
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5.1 O artigo a seguir relata a toxidade in vitro em células tumorais e o potencial
toxicologico agudo (DLsp) e subcronico e a atividade laxativa in vivo do extrato

metanodlico das partes aéreas de Mitracarpus frigidus.

Artigo 1

IN VIVO LAXATIVE AND TOXICOLOGICAL EVALUATION AND IN
VITRO ANTITUMOR EFFECTS OF Mitracarpus frigidus AERIAL
PARTS

Publicado em: Journal of Pharmacy and Pharmacology
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Introduction

The medicinal plants used to treat many diseases are associ-
ated with folk medicine from different parts of the world.!"
Different cultures know and use the therapeutic potential of
plants in the treatment of disease, and it is a practice that has

evolved over centuries.?

Some species of the genus Mitracarpus (Rubiaceae) have
many ethnopharmacological uses. For example, Mitracarpus
scaber Zucc. ex Schult. & Schult. E. is used in traditional medi-
cine in West Africa for headaches, toothache, amenorrhoea,
dyspepsia, hepatic and venereal diseases, and leprosy. The
juice of the plant is applied topically for the traditional treat-
ment of diseases of the skin.”! Germano et al.™ reported
the hepatoprotective effects of a decoction of M. scaber on
CCls-induced hepatotoxicity in vivo, as well as in vitro, using

isolated hepatocytes.

© 2011 The Authors. JPP © 2011

Abstract

Objectives To evaluate the in-vitro antitumour properties, and the in-vivo laxative
and toxicological effects of the methanolic extract of the aerial parts of Mitracarpus
frigidus (MEM).

Methods The in-vitro antitumour activity of MFM was evaluated against three
human tumour cell lines: Jurkat, HL60 and MCF-7. The laxative activity and the
effect of MEM on intestinal motility were evaluated in rats at the doses of 100, 300
and 1000 mg/kg. Acute oral toxicity was performed at 10, 100, 1000 and 2000 mg/kg
and subchronic toxicity was evaluated at 100, 300 and 1000 mg/kg of MFM during a
42-day period. After subchronic administration of MFM the biochemical, haemato-
logical and histopathological parameters were analysed. Also, the total content of
anthraquinones was determined.

Key findings MFM was cytotoxic only against HL60 and Jurkat cells with 89 and
83% growth inhibition, respectively. The laxative activity of MFM was similar to
bisacodyl. Regarding the effect on intestinal motility, MFM showed a significant
increase in the pathway of charcoal compared with the group treated with saline.
Furthermore, MFM showed no in-vivo toxicity at the doses tested. Free and
anthraquinone C- and O-glycosides were detected in MFM.

Conclusions MFM showed significant antitumour activity for leukaemic cells.
Moreover, it presented laxative potential and no in-vivo toxicity.

There are no reports however on the traditional uses of
M. frigidus (Willd. ex Roem. & Schult.) K. Shum, an annual
shrub commonly found in Brazil. However, the methanolic
extract of the aerial parts of M. frigidus has shown signifi-
cant leishmanicidal activity against Leishmania chagasi and
L. amazonensis promastigote forms. Also, it has shown sig-
nificant growth inhibition of pathogenic bacteria and yeasts
strains.””’ Phytochemical screening of this extract revealed
the presence of alkaloids, terpenoids, steroids, saponins,
anthraquinones and phenolic compounds.'®!

This study has evaluated the in-vivo laxative and
toxicological effects, and the in-vitro antitumour pro-
perties of the methanolic extract of the aerial parts of
M. frigidus. The total content of anthraquinones was deter-
mined also.
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Materials and Methods
Plant material

M. frigidus aerial parts were collected in Juiz de Fora, Minas
Gerais, Brazil, in May, 2009. The plant was identified by
Dr Tatiana Konno. A voucher specimen (CES] 46076) was
deposited at the Herbarium Leopoldo Krieger of Federal
University of Juiz de Fora.

Preparation of the extract

The aerial parts (1 kg) of M. frigidus were powdered and
macerated with methanol (5 X 2000 ml) for five days at room
temperature. After evaporation of the solvent under reduced
pressure at 45°C, the methanolic extract was obtained (MFM),
and kept in tightly stoppered bottles under refrigeration
until used for the biological testing and phytochemical assays.

Detection of free and combined
anthraquinones

A portion of the MFM that was subjected to biological
screening was used for the identification of free and conju-
gated anthraquinones, employing the protocols described by
Matos.”!

Quantitative analysis of total
anthraquinones and total
anthraquinone glycosides

The amounts of total anthraquinones and anthraquinone
glycosides were determined as previously described by Sakul-
panich and Gritsanapan® with slight modifications. The
calibration curve was made using emodin as reference at five
concentrations, from 1.56 to 25.00 pug/ml. The contents of
total anthraquinones and total anthraquinone glycosides in
MFM were calculated using the linear regression equation of
emodin. The contents were expressed as mean * standard
deviation (SD) (% w/w).

In-vitro antitumour assay
Cell lines

Three human tumour cell lines were used, Jurkat (human
immortalized line of T lymphocyte), HL60 (human promy-
elocytic leukaemia) and MCF-7 (breast cancer). HL60 and
Jurkat cells were kindly furnished by Dr Gustavo Amarante-
Mendes (Sao Paulo University, Brazil). MCF-7 was gener-
ously provided by Alfredo Goes (Federal University of
Minas Gerais, Brazil). All lineages were maintained in the
logarithmic phase of growth in RPMI 1640 supplemented
with 100 U/ml penicillin and 100 pg/ml streptomycin
(Gibco BRL, Grand Island, NY, USA) enriched with 2 mm
L-glutamine and 10% fetal bovine serum. All cultures were
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maintained at 37°C in a humidified incubator with 5%
CO; and 95% air. The media were changed twice weekly and
they were regularly examined. All cell lines were used until
20 passages.

Evaluation of cytotoxic effect against human
tumour cell lines

Tumour cell lines (Jurkat, HL60 and MCF-7) were inoculated
at 50 000 cells per well. The plates were pre-incubated for
24 hat 37°C to allow adaptation of cells before addition of the
samples. A freshly prepared solution of sample was tested for
48 h in an atmosphere of 5% CO, and 100% relative humid-
ity. The samples included 20 pg/ml MFM, 0.05% dimethyl
sulfoxide (DMSO; negative control) and 14 um etoposide
(positive control). Cell viability was estimated by measuring
the rate of mitochondrial reduction of tetrazolium dye
(MTT). The MTT assay is a standard colorimetric assay, in
which mitochondrial activity is measured by splitting tetra-
zolium salts with mitochondrial dehydrogenases in viable
cells only.”! All samples were tested in triplicate, in three inde-
pendent experiments.'”’ The optical densities (OD) were
measured with a spectrophotometer at 590 nm. Results were
expressed as percentage of cell proliferation, comparing with
0.05% DMSO control and were calculated as follows: viability
(%) = (mean OD treated — mean OD background)/mean
OD untreated cultured, i.e. 0.05% DMSO — mean OD blank
wells) x 100. Interactions of MFM and media were estimated
on the basis of the variations between extract-containing
medium and extract-free medium to avoid false-positive or
false-negative results.!!

DNA fragmentation assay

Cell cycle status and quantification of DNA fragmentation
(hypodiploid DNA content) were performed by propidium
iodide (PI) staining according to Nicolleti et al."” Cells
were treated with MFM at 20 pg/ml in a 5% CO./95% air-
humidified atmosphere at 37°C for 24 h. After incubation, the
cells were centrifuged and re-suspended in hypotonic fluoro-
chrome solution (50 pg/ml PI in 0.1% sodium citrate plus
0.1% Triton X-100) and incubated at 4°C for 4 h, and imme-
diately analysed by flow cytometry. The PI fluorescence
of 20 000 individual nuclei was measured using a FACSCali-
bur flow cytometer (Becton Dickinson Immunocytometry
Systems, San Jose, CA, USA). Data were analysed by FlowJo
software (TreeStar Inc, CA, USA).

Animals

Male Wistar rats (60-days-old, 160200 g) were obtained
from the Reproduction Biology Center of the Federal Univer-
sity of Juiz de Fora. They were housed in a room kept
under controlled conditions with temperature maintained at
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22 £ 2°C, on a 12-h light/dark cycle, with free access to
water and complete commercial chow (Nuvital, Colombo,
PR, Brazil). Throughout the experiments animals were
processed according to the suggested ethical guidelines for
the care of laboratory animals. The study was approved by
the Brazilian College of Animal Experimentation (COBEA —
Protocol no. 009/2009).

Laxative activity

After acclimatization, rats previously fasted for 8 h were
divided into five groups (n = 6) as follows: group A, negative
control received normal saline + 3% DMSO; group B, refer-
ence group received bisacodyl (Dulcolax) in saline (0.25 mg/
kg); groups C-E, received MFM at 100, 300 or 1000 mg/kg
body weight, respectively. All extracts were re-suspended
in saline + 3% DMSO and administered orally, by gavage
(1 ml). The test was performed according to Capasso et al.!"”
Immediately after dosing, the animals were separately placed
in cages suitable for collection of the faeces. After 8 h of drug
administration, the faeces were collected and weighed. There-
after, food and water were given to all rats and faecal outputs
were weighed after 16 h.

Effect on intestinal motility

The method described by Jansen and Jageneau!*! and Wong
and Wai'"! was used to test the effect of MFM on intestinal
motility. The animals were divided into five groups (1 =6)
as follows: group A, negative control received normal saline
orally; group B, reference group received bisacodyl in
saline + 3% DMSO (0.25 mg/kg); groups C—E received MEM
at 100, 300 or 1000 mg/kg body weight, respectively. The
animals were previously fasted for 12 h, but were allowed free
access to water. All extracts were resuspended in saline + 3%
DMSO and administered orally, by gavage (1 ml). After
40 min, 1 ml 10% charcoal suspension in 5% acacia solution
was administered to each animal orally. The animals were
killed after 20 min and the abdomens were opened. The small
intestines were dissected out and placed on a clean surface.
The distance travelled by the charcoal meal from the pylorus
was measured. The entire length of the small intestine was
measured and the percentage distance travelled by the char-
coal plug along the small intestine (from the pylorus to
the caecum) was estimated for the extract, control and the
reference drug.

Acute oral toxicity

The acute oral toxicity was conducted in compliance with
Costa-Silva et al," with slight modifications. After acclimati-
zation, eight rats were randomly divided into five groups.
Group A, control group received the vehicle (saline + 3%

© 2011 The Authors. JPP © 2011
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DMSO) in a volume of 1 ml/100 g body weight by gavage;
groups B—E: received MFM at a dose of 10, 100, 1000 or
2000 mg/kg, respectively.

All animals were observed individually for clinical signs
of toxicity immediately and at 1, 2, 4, and 8 h after dosing.
Observations were focused on changes in skin, fur, eyes,
mucous membranes, respiratory system, autonomic and
central nervous systems as well as somatomotor activity and
behavioural patterns. The number of animals was noted after
24 h and then maintained for a further 14 days with a once
daily observation. Animals were weighed on day 0, and on
days 7 and 14. At the end of the study, all surviving animals
were killed. Gross pathological examinations of all major
internal organs such as heart, lungs, livers, kidneys were
performed.

Subchronic toxicity

After acclimatization, eight rats were randomly divided into
four groups. Group A, control group to which saline + 3%
DMSO were administered orally; groups B—D received a daily
dose of MFM at 100, 300 or 1000 mg/kg body weight, respec-
tively, for 42 days. In each case the volume administered was
1 ml/100 g body weight. Each animal was marked and each
day for 42 days its body weight, consumption of water and
food were measured and behaviour observed.

Biochemical and haematological analyses

At the end of the study, all surviving animals were fasted
overnight but with free access to water. Animals were anaes-
thetized by intraperitoneal injection with pentobarbital
sodium (40 mg/kg). Blood samples were collected from the
common cardiac puncture and used to measure haemato-
logical and biochemical parameters. The haematological
parameters assessed included white blood cell count
(WBCQ), differential leucocyte count, red blood cell count
(RBC), haemoglobin, haematocrit, mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC).
The biochemical parameters assessed included glucose,
blood urea nitrogen (BUN), creatinine, total protein,
albumin, globulin, total bilirubin, direct bilirubin, aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), triglyceride and total

cholesterol.!"”'®!

Histopathological analysis

On day 42 after blood collection for biological analysis, all
the animals were killed and the principal vital organs were
removed and macroscopically analysed. After macroscopic
analysis, representative fragments of liver and kidneys were
subsequently fixed in a 10% solution of buffered formalin
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(pH 7.4) and enclosed in paraffin. Five-micrometer sections
were obtained and coloured with haematoxylin—eosin for
evaluation under an optical microscope.

Statistical analysis

For the in-vivo assays and biochemical analyses, values were
presented as means * standard error of mean (SEM). For the
in-vitro antitumoral assays, the results were presented as
mean * standard deviation (SD) for at least two indepen-
dent experiment performed in duplicate. Statistical differ-
ences between the treatments and the controls were tested by
one-way analysis of variance followed by the Bonferroni test
using the GraphPad Prism 4 statistic computer program.
A difference in the mean values of P < 0.05 was considered to
be statistically significant.

Results and Discussion
In-vitro antitumour activity

The antitumour activity of MFM was evaluated for three
lineages of cancer cells: two leukaemic, HL60 (human
promyelocytic leukaemia cells) and Jurkat (human T cell
lymphoblast-like cell line), and a human breast adenocarci-
noma cell line (MCEF-7)

MFM (20 pg/ml) was cytotoxic against HL60 and Jurkat
cells, with 89 and 83% growth inhibition, respectively. It is
important to point out that for both cells the reduction of
the cellular proliferation was closer to the reference drug
(etoposide) (Figure 1a).

To propose a mechanism of cytotoxic action of MEM, its
ability to induce apoptotic death was evaluated (Figure 1b).

Rodrigo Luiz Fabri et al.

The method described by Nicoletti et al.'! used here is based
on the principle that the apoptotic cells, among other typical
features, are characterized by DNA fragmentation and, con-
sequently, loss of nuclear DNA content. Apoptotic nuclei
appear in the analysis as a broad hypodiploid DNA peak,
which was easily discriminable from the narrow peak of cells
with normal (diploid) DNA content. This simple and repro-
ducible method should prove useful for assessing apoptosis
of specific cell populations in heterogeneous tissues. The
results presented here clearly demonstrated that MEM did
not induce an increase of subdiploid DNA content (DNA
fragmentation) in HL60 and Jurkat cells when compared
with the respective control (DMSO 0.05%).

Thus, MFM induced nonapoptotic cell death, based upon
the evidence that it reduced cell viability but it did not induce
a much lower level of DNA fragmentation compared with
etoposide, the positive control. This suggested that MFM at
the tested concentration (20 ug/ml) may have induced
another kind of cell death. It is well described that different
substances can induce cytotoxicity. Drug sensitivity is likely
correlated with the accumulation of apoptotic and nona-
poptotic cell deaths, which may influence overall tumour
response in anticancer treatment.!”’ Nonapoptotic cell death
is mainly attributed to autophagy. Death-inducing agents
such as tumour necrosis factor (TNF) and staurosporin
induced cytotoxicity without producing apoptotic changes.
Mechanisms of apoptotic and nonapoptotic cell death
induced by anticancer treatment have provided critical infor-
mation not only for understanding tumour response in terms
of signal transduction pathways of cell death, but also for
creating an opportunity to design targeting therapy for
promoting cell death.™

(@) 425 - (b) 100 7 a
—
§ 1009 — — 5
2 S 759
g E
8 754 S
5 €
It > 50 4
2 504 g
Q a <
L: a — % 25 3 — DMSO
E LT a,b
—'l'—‘ a . X b b = ETO
. ol | : : MR~ ey
HL60 Jurkat MCF-7 HL60 Jurkat

Cell lines

Figure 1 Effect of the methanolic extract of the aerial parts of Mitracarpus frigidus on cell proliferation (a) and on DNA content of tumour cell lines (b).
HL60, Jurkat and MCF-7 cell lines were incubated with 20 ng/ml methanolic extract of the aerial parts of M. frigidus (MFM) or with 0.05% dimethyl
sulfoxide (DMSO) or 14 um etoposide (ETO) for 24 h. Each datum represents mean =+ SD for at least two independent experiments performed in dupli-
cate. *Statistically different from negative control (DMSO). "Statistically different from positive control (ETO) (analysis of variance followed by Bonferroni,
P <0.05).
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Laxative and intestinal motility effects

The results of the laxative and of the intestinal motility effects
caused by MFM are shown in Figure 2.

To evaluate the laxative activity, faeces were examined 8
and 16 h after treatment. In this study, an oral administration
of MFM significantly increased the production of faeces
0-8 h after its administration (Figure 2a). The laxative activ-
ity of MEM was similar to that of the reference drug, bisa-
codyl. Importantly, treated animals showed few pasty stools,
without however, the appearance of watery stools. Likewise,
after 16 h, although all groups increased the amount of faeces
produced, no difference in the weight of stools was observed
among the different treatments, except for the group treated
with saline (Figure 2b). This probably occurred because after
8 h of treatment, animals were allowed free access to food.

Regarding the effect on intestinal motility, the groups
treated with MFM showed a significant increase in the
pathway of the coal compared with the group treated with
saline and bisacodyl (Figure 2c). Furthermore, we observed
no relationship with the dose administered. The significant
difference between the activity of MFM and the reference
drug was probably due to the fact that bisacodyl only began
to exert its activity between 6 and 12 h after administration.

Mitracarpus frigidus’ biological activity

Free and anthraquinone C- and O-glycosides were
detected in MFM. The contents of total anthraquinones (total
aglycones + total glycosides) and total anthraquinones gly-
cosides were 7.3 & 0.03 and 5.4 = 0.05% w/w calculated as
emodin, respectively. The laxative effect of anthraquinones is
well known, which suggested that these compounds could, in
part, be involved in the activity found. The laxative effect is
caused by two independent mechanisms, namely changes in
colonic motility leading to an accelerated large intestinal
transit, and alterations in colonic absorption and secretion
resulting in fluid accumulation.”"*?! Both mechanisms are
dependent on an interaction of the laxative with the colonic
epithelium. Anthraquinone laxatives are used in medicinal
practice for diagnostic procedures such as a barium enema,
which requires a clean colon, and sometimes for the short-
term treatment of constipation.'*”!

Toxicological evaluation
Acute toxicity

No toxic symptoms or death were observed in any of the
animals and they lived up to 14 days. An autopsy at the end of
the experimental period revealed no apparent changes in any
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Figure 2 Laxative activity (a, b) and intestinal motility effect (c) of the methanolic extract of the aerial parts of Mitracarpus frigidus in rats. Group A,
saline; group B, bisacodyl; group C, 100 mg/kg methanolic extract of the aerial parts of M. frigidus (MFM); group D, 300 mg/kg MFM; group E,
1000 mg/kg MFM. The values shown are mean + SEM (n = 8). *Statistically different from negative control (group A). *Statistically different from positive

control (group B) (analysis of variance followed by Bonferroni, P < 0.05).
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organs. There were no changes either in the corporal weight
or in the weight of the principal organs and all animals exhib-
ited a gain in body weight.

Therefore, the minimum lethal dose (LD50) of MFM to
male Wistar rats was greater than 2000 mg/kg. This result
characterized MFM as being of low toxicity, as described by
Larini, which classified oral toxicity as extremely toxic
(LD50 less than 25 mg/kg), highly toxic (LD50 between 100
and 500 mg/kg), moderately toxic (LD50 between 500 and
2000 mg/kg) and low toxicity (LD50 above 2000 mg/kg).

Subchronic toxicity
Treatment evolution

The effect of the oral administration of MFM on water con-
sumption, food intake and body weight gain were evaluated
daily during subchronic treatment (Figure 3). There was an
increase in water consumption in the groups treated with
MFM, and this increase was directly proportional to the
administered dose (Figure 3a). On the other hand, the groups
treated with MFM showed a reduction in food intake
(Figure 3b). Figure 3¢ shows the average body weight gain of
animals accumulated every two weeks. A significant decrease
in the groups C and D was observed in the first two weeks

Rodrigo Luiz Fabri et al.

when compared with the control group. Thereafter, a stabili-
zation of body weight gain was observed for all groups.

Table 1 represents the final weight of the animals and of the
principal organs. No significant difference was found when
comparing the groups treated with control, except of liver
weight in the group treated with 1000 mg/kg MFM.

Biochemical analyses

The biochemical parameters after subchronic administration
of MFM at different doses are presented in Table 2. The AST,
ALT, ALP and total bilirubin, direct and indirect levels showed
no significant changes between the groups treated with
MEFM and the vehicle. However, in the group treated with
1000 mg/kg MFM there was a significant increase in AST
level. AST, ALT, ALP and total direct and indirect bilirubin are
important parameters for evaluating hepatoprotective func-
tions and biliary system.'*”! The increase in AST level is very
nonspecific, since this aminotransferase is abundant in
cardiac tissues, skeletal muscles, brain and kidney.*!

To assess the protein profile analyses on total protein,
albumin, globulin and albumin and globulin ratio (A/G)
were performed. As shown in Table 2, a significant decrease in
total protein and globulin levels of all groups treated with
MFM was observed when compared with the vehicle group.
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Figure 3 Consumption of water and food, and body weight gain of animals accumulated every two weeks after treatment with methanolic extract
of the aerial parts of Mitracarpus frigidus. Group A, saline; group B, 100 mg/kg methanolic extract of the aerial parts of M. frigidus (MFM); group C,
300 mg/kg MFM; group D, 1000 mg/kg MFM. The values shown are mean = SEM (n = 8). #Statistically different from negative control (group A)

(analysis of variance followed by Bonferroni, P < 0.05).
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Table 1 Body weight of animals and their principal organs after 42 days of treatment with the methanolic extract of the aerial parts of Mitracarpus
frigidus

Body weight of animals and Group A Group B Group C Group D
principal organs Saline 100 mgr/kg 300 mg/kg 1000 mg/kg
Mean weight of animals (g) 3104 7.4 288.5 83 281.8 = 4.3 285.0 £ 9.0
Heart (g) 1.1 £ 0.04 1.1 £ 0.01 1.2 £0.05 1.3 £ 0.08
Liver (g) 93+04 9.1+03 9.5+ 0.1 10.7 = 0.2°
Right kidney (g) 1.1 £ 0.05 1.2 £0.03 1.2 = 0.02 1.2 = 0.05
Left kidney (g) 1.1 = 0.06 1.2 £0.03 1.2 £ 0,03 1.3+ 0.06

The values shown are mean + SEM (n = 8). ®Statistically different from negative control group (group A) (analysis of variance followed by Bonferroni,
P<0.05).

Table 2 Biochemical and haematological parameters after 42 days of treatment with the methanolic extract of the aerial parts of Mitracarpus frigidus

Biochemical and haematological Group A Group B Group C Group D
parameters Saline 100 mg/kg 300 mg/kg 1000 mg/kg
Glucose (mg/dl) 154.8 = 12.0 142.0 £ 3.5 136.6 £ 6.9 120.2 £ 4.8°
Total protein (g/dl) 7.0=*0.2 49 + 0.6° 53+0.6 4.1 +0.4°
Albumin (g/dl) 3.8+0.3 34+04 40+0.2 40+0.2
Globulin (g/dl) 32+04 1.8+ 0.5 1.5 +0.5° 0.8 = 0.32
A/G 1.2+0.3 1.5+03 52 *22° 6.5 = 3.0°
ALP (U/) 346 *+24 293+75 348 +7.2 252 +72
AST (U/) 3.8+0.2 3.8+03 7.0*+23 15.7 = 1.3°
ALT (U/1) 16.7 7.4 13216 149 *+1.2 243 *+1.0
Total bilirubin (mg/dl) 1.1 = 0.01 0.7 = 0.01 0.6 + 0.01 0.5 + 0.01
Direct bilirubin (mg/dl) 0.67 = 0.01 0.3 = 0.01 0.4 = 0.02 0.3 = 0.01
Indirect bilirubin (mg/dl) 0.42 = 0.01 0.4 = 0.01 0.2 = 0.01 0.2 £ 0.02
Urea (mg/dl) 45.7 = 3.0 39.3*+34 309 £52 50.8 £ 5.0
Creatinine (mg/dl) 0.7 = 0.1 1.6 =0.6° 1.6 0.8 1.3*+0.2°
Total cholesterol (mg/dl) 929 +49 41.8 =9.0° 472 = 8.7° 51.1 +6.3°
Triglycerides (mg/dl) 86.7 = 48.4 116.7 £ 19.1 136.0 £ 10.8 160.0 = 25.0
RBC (10%ul) 56 *0.2 52 *03 5.1%0.1 45 +*0.3
Haemoglobin (g/dl) 17.0 = 3.3 21.1*+23 23.8 09 20.7 1.2
Haematocrit (%) 48.4 = 0.7 417 = 3.2 46.3 = 0.7 423 = 1.7
MCV (fl) 86.8 = 0.8 80.6 = 4.1° 90.3 £0.8 94.2 = 4.1
MCHC (g/dl) 35.1 0.8 50.6 = 4.0° 51.4 * 0.8 48.8 + 4.0°
MCH (pg) 30.4 = 0.1 40.8 = 0.12 46.4 = 0.1° 46.0 = 0.12
WBC (10%/ul) 3.2+04 33*+0.2 42 £0.2° 42 £0.2°
Basophil (%) 1.0 £ 0.25 1.0 £ 0.01 1.0 = 0.01 1.0 £ 0.01
Eosinophil (%) 4.8 £ 0.6 32*+05 2.7 =0.3° 2.8 +0.3%
Monocyte (%) 16.0 = 3.6 127 = 2.7 105+ 1.3 9.0+ 15
Neutrophil (%) 428 + 8.6 478 4.6 46.0 = 2.7 493+ 13
Lymphocyte (%) 353 *46 353 *+34 415+ 33 39.5*+0.5

The values shown are mean + SEM (n = 8). ?Statistically different from negative control group (group A) (analysis of variance followed by Bonferroni,
P < 0.05). A/G, albumin and globulin ratio; ALP, alkaline phosphatase; AST, aspartate aminotransferase: ALT, alanine aminotransferase; RBC, red blood
cell count; MCV, mean corpuscular volume; MCHC, mean corpuscular haemoglobin concentration; MCH, mean corpuscular haemoglobin; WBC, white
blood ell count.

However, these results did not mean any kind of toxicity of
MEM, as only the enhancement in the level of serum proteins
is an indication of tissue injury and reflection of hepatic tox-
icity.””! The histological analyses of the liver revealed no sig-
nificant change, as shown by a normal lobular architecture
and portal-space containing arterioles, venules and bile ducts
(Figure 4a and c).

© 2011 The Authors. JPP © 2011

The renal function was assessed by blood urea nitrogen
and creatinine.” Animals treated with MFM presented a
moderate increase in creatinine levels, however this trend was
not observed for urea levels (Table 2). The increase observed
may have been clinically insignificant as the reference values
of creatinine were 0.39-2.29 mg/dL.**! Urea and creatinine
are compounds derived from proteins, which are eliminated
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Figure 4 Photomicrographs of the liver and kidney from rats treated with saline (a and b, respectively) or 1000 mg/kg methanolic extract of the aerial
parts of Mitracarpus frigidus (c and d, respectively) in a subchronic oral toxicity evaluation. Evaluation lasted for 42 days. Cross-sections were stained
with haematoxylin and eosin. The liver cross-section shows (at magnification 40x) hepatic artery (AH), bile duct (DB), central vein (CV), sinusoids (S),
hepatocytes (H), all clearly conserved. Cross-section of kidney shows (at magnification 40x) renal corpuscles (CR), tubules (T) and Bowman's space (BS),
all conserved.

by the kidney. When their blood levels are high, there is nitro-
gen retention that may provoke renal diseases. Satyanarayana
et al.” reported that renal damage was obtained only when
creatinine and urea increased concomitantly. Moreover, in
the histological analysis, no alterations in kidney morphology
were observed. In all cases, renal cortex and renal corpuscles
were preserved, as well as all types of tubules (Figure 4b and
d). Finally, MFM was unlikely to affect hepatic and renal
function.

Besides these parameters, cholesterol and triglycerides
were analysed to determine the serum lipid profile of groups
throughout the experiment. Table 2 shows the significant
decrease in cholesterol levels in the MFM-treated groups
when compared with control group. On the other hand, there
was no significant change in triglycerides levels between
groups. Cholesterol and triglycerides are parameters associ-

ated with coronary artery diseases. Moreover, these para-
meters are used for evaluation of hyperlipidaemia.

Regarding the values of glucose, a reduction was observed
in the group treated with 1000 mg/kg MFM. According to
Harkness and Wagner,"”” in rodents glycaemic levels present
large physiological fluctuations ranging between 50 and
135 mg/dl, so the glycaemic changes observed were within
the reference range and may have been due to physiological
fluctuations and not to treatment with MFM.

Haematological analyses

Analysis of blood parameters is relevant to risk evaluation as
the changes in the haematological system have a higher pre-
dictive value for human toxicity when the data are translated
from animal studies.”"! The haematological profile of treated
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rats showed no significant difference with the control group,
except for WBC and eosinophil which increased and
decreased in the groups treated with MFM 300 and 1000 mg/
kg, respectively. An increase in WBC directly indicated the
strengthening of the organism defence.”>*! This elevation in
total leucocyte count suggested that MFM may have con-
tained biologically active principles that had the ability to
boost the immune system.

Conclusions

MFM presented a laxative potential probably due to the pres-
ence of free and glycosidic anthraquinones. Moreover, MFM
presented cytotoxic activity against leukaemic cells which
indicated a potential antitumour activity. Further experi-
ments are necessary to elucidate the cytotoxic mechanism
induced by MFM. It is important to point out that this

Mitracarpus frigidus’ biological activity

study has provided valuable data on the acute and subchronic
oral toxicity profile of M. frigidus that should be very useful
for any future in-vivo and clinical study of this plant.
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5.2 O artigo a seguir refere-se a atividade citotdxica, leishmanicida e
antimicrobiana de psicorubrina, uma piranonaftoquinona isolada das partes

aéreas de Mitracarpus frigidus.
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ABSTRACT
The bioactivity guided fractionation of the dichloromethane extract of Mitracarpus frigidus afforded the

pyranonaphthoquinone psychorubrin. This compound, hitherto unknown in the genus Mitracarpus, had its
biological activity evaluated against one panel of bacteria and two fungi, three tumor cell lines (HL60, Jurkat
and MCF-7) and four Leishmania species. Its identity was confirmed unambiguously by 'H, '°C, '"H-COSY,
IR and UV-Vis spectroscopy and mass spectrometry. Psychorubrin displayed a very promising antitumor
with ICsp 0f4.5,5.6 and 1.1 uM for HL60, Jurkat and MCF-7 cell lines, respectively. Antimicrobial activity,
mainly against Cryptococcus neoformans (MIC of 87.3 uM) was observed. A pronounced antileishmanial
potential was also verified with ICs varying from 1.7 to 2.7 uM for the Leishmania species tested. This is

the first report of the presence of pyranonapthoquinones in the Mitracarpus genus, which may serve as a

chemotaxonomical marker.

Key words: Mitracarpus frigidus, psychorubrin, pyranonaphthoquinone, Rubiaceae.

INTRODUCTION

The genus Mitracarpus, known in the vernacular as
the girdlepods, consists of no fewer than 50 species
(Arruda and Gomes 1996). However, there is very
little information in the literature regarding the
constituents of Mitracarpus spp. Mitracarpus scaber
Zucc. ex Schult. & Schult. F. is the most widely studied

Correspondence to: Elita Scio
E-mail: elita.scio@ufjf.edu.br

species and is employed in traditional medicine in
West Africa for headaches, toothache, amenorrhoea,
dyspepsia, hepatic and veneral diseases, leprosy,
and in the treatment of skin diseases (Bisignano
et al. 2000). Previous studies have reported the
isolation of gallic acid, 3,4,5-trimethoxybenzoic
acid, 4-methoxyacetophenone, 3,4,5-trimethoxy-
acetophenone, kaempferol-3-O-rutinoside, rutin and
psoralen (Bisignano et al. 2000) as well as ursolic
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and oleanolic acids from this species (Gbaguidi et
al. 2005). With particular interest is the presence of
the biologically active napthaquinone derivatives
pentalongin (Moulis et al. 1992), its hydroquinone
diglycoside, harounoside (Harouna et al. 1995),
and benz[glisoquinoline-5,10-dione (Okunade et
al. 1999) in M. scaber. Several patents (Greff 1998,
Spindler and Urbanec 2009, Tsuji and Nakanishi
2010) have been solicited using extracts of M.
scaber as a skin lightening component and it may be
the presence of these and other napthaquinones that
are responsible for this action. Another species of
Mitracarpus, M. villosus (Sw.) DC was studied and
found to contain stigmasterol, 24-methylcholesta-
5-en-3f-o0l, and ursolic acid (Ekpendu et al. 2001).

Psychorubrin (1) (Figure 1) was first described
in Psychotria rubra (Rubiaceae), a Chinese folk
medicine which demonstrated activity against KB
cells (Hayashi et al. 1987). Other authors erroneously
attributed a different structure for psychorubrin to a
napthoquinone isolated from P. camponutans which
showed strong in vitro activity against brine shrimp,
KB cells, and chloroquine-resistant P. falciparum
(Jacobs et al. 2008). This compound was later shown
to be psychorubrin by means of total synthesis.
Three total syntheses of psychorubrin have also been
reported (Kesteleyn et al. 1999, Bulbule et al. 2003,
Nguyen and Kimpe 2004).

)

OH
O

Figure 1 - The structure of psychorubrin (1) isolated from the aerial

parts of Mitracarpus frigidus.

To the best of our knowledge, Mitracarpus
frigidus (Willd. ex Roem. & Schult.) K. Shum, an
annual shrub commonly found in Brazil, has never
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been subjected to phytochemical investigation,
except a recently published paper (Fabri et al. 2009).
In that research article, we describe the antitumor,
antimicrobial and antileishmanial properties of crude
extracts of M. frigidus. Upon the discovery of strong
biological activity of the dichloromethane (CH,Cl,)
extract, the authors sought to isolate the compound
or compounds responsible for this activity.

MATERIALS AND METHODS
PLANT MATERIAL

Mitracarpus frigidus aerial parts were collected
in Juiz de Fora, state of Minas Gerais, Brazil,
in May, 2009. The plant was identified by Dra.
Tatiana Konno from the Ecological and Socio-
environmental Core of Macaé/UFRJ. A voucher
specimen (CESJ 46076) was deposited at the
Leopoldo Krieger Herbarium at the Universidade
Federal de Juiz de Fora.

EXTRACTION AND ISOLATION

Preparation of the crude CH,Cl, extract was
previously described in detail (Fabri et al. 2009).
Purification of this extract was performed in the
following manner: the CH,Cl, extract (4.8 g) was
chromatographed on a 74 x 4 cm column of silica
gel (70-230 mesh) with a gradient of increasing
polarity (CH,Cl,, CH,Cl,-EtOAc, EtOAc, EtOAc-
MeOH, MeOH) to obtain a total of twenty fractions.
The fractions obtained were analyzed by thin layer
chromatography on silica gel 60 F,s4 (Merck) using
hexane: EtOAc, 60:40, v/v and hexane: EtOAc,
30:70 v/v as the mobile phase for fractions F; to Fy
and fractions Fy; to F», respectively. Identification
was made with a UV lamp (254 and 365 nm) and
with vanillin: sulfuric acid followed by heating.
The fractions were pooled and concentrated on a
rotary film evaporator under reduced pressure.
While preparing the fractions for HPLC analysis
(vide infra), we proceeded to dissolve the samples
in methanol. Upon addition of methanol to fraction
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7, an off-white solid precipitated. This was filtered
and dried under vacuum to yield 100 mg (2.08%
w/w) of the title compound (1). The sample
was homogeneous by TLC with an Rf of 0.57
(hexane:EtOAc 7:3) and revealed as a brownish-
orange spot with vanillin-sulfuric acid.

STRUCTURAL ELUCIDATION

'"H-NMR and COSY (300 MHz) and '*C-NMR
(75 MHz) spectra were recorded on a Bruker
DRX spectrometer using the residual solvent
peak (CHCI,) as reference. The IR spectrum was
recorded as a KBr pellet on a Bomem B102 FT
spectrophotometer. The UV spectrum was acquired
in MeOH on a Shimadzu UV 160 spectrophotometer.
The EI mass spectrum was obtained on a Hewlett-
Packard 5973 MSD spectrometer by direct insertion
in the positive ion mode (70 eV).

HPLC ANALYSIS

During the course of our investigations of the crude
extract, it was necessary to develop an HPLC method
suitable for determining the purity of the various
column fractions which were obtained. These
analyses were performed on an Agilent Technologies
1200 Series, with a PDA detector and automatic
injector. The column employed was a Zorbax SB-18;
250 x 4.6 mm, 5 um particle size. A linear gradient
of a binary solvent system, A:B, which varied from
0 to 100% B ran at a flow rate of 1 mL.min"! over
30 minutes where A consists of acetonitrile: H,O,
5:95, pH adjusted to 4.0 with H;PO,4 and B consists
of acetonitrile: H,O, 90:10, pH adjusted to 4.0 with
H;PO,. The mobile phase was returned to its original
composition over the course of 30 minutes, and
additional 10 minutes were allowed for the column
to re-equilibrate before injection of the next sample.
The sample volume was 10 pL at a concentration of
1 mg.mL"! and the temperature was maintained at
25°C during the analysis. Detection was performed
simultaneously at 210, 230, 254 and 280 nm.
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Human Tumor Cells

Three human tumor cell lines were used, Jurkat
(human immortalized line of T lymphocyte),
HL60 (human promyelocytic leukemia) and
MCEF-7 (breast cancer). HL60 and Jurkat cells
were kindly furnished by Dr. Gustavo Amarante-
Mendes (Universidade de Sao Paulo, Brazil).
MCEF-7 was generously provided by Alfredo Goes
(Universidade Federal de Minas Gerais, Brazil). All
lineages were maintained in the logarithmic phase
of growth in RPMI 1640 supplemented with 100
IU.mL"!" penicillin and 100 pg.mL"! streptomycin
enriched with 2mM of L-glutamine and 10% of
fetal bovine serum. All cultures were maintained at
37°C in a humidified incubator with 5% CO, and
95% air. The media were changed twice weekly
and they were regularly examined. All cell lines
were used between 16 and 30 passages.

Parasites

Four Leishmania species for in vitro screening
were used: L. amazonensis (IFLA/Br/67/PHS), L.
major (MRHO/SU/59/P), L. braziliensis (MHOM/
Br/75/M2903) and L. chagasi (MHOM/Br/74/
PP75). Promastigotes of L. amazonensis and L.
braziliensis were cultured in Warren’s medium
(brain heart infusion- BHI- plus hemin and folic
acid), promastigotes of L. major were maintained in
BHI medium, and promastigotes of L. chagasi were
maintained in Medium 199, both supplemented
with 10% fetal bovine serum at 24°C.

Antitumor and Antileishmanial Assays

Cell viability was estimated by measuring the
rate of mitochondrial reduction of tetrazolium—
dye (MTT). MTT is a standard colorimetric
assay, in which mitochondrial activity was
measured by splitting tetrazolium salts with

mitochondrial dehydrogenases in viable cells
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only (Mosmann 1983). To evaluate the antitumor
activity, the tumor cell lines (Jurkat, HL60 and
MCEF-7) were inoculated at 50,000 cells per well.
The plates were pre-incubated for 24 h at 37°C
to allow cells adaptation prior to the addition of
the test compounds. The half maximal inhibitory
concentration (ICsy) was determined over a range
of concentrations of a freshly prepared solution of
(1) (100.0; 50.0; 25.0; 12.5; 6.25; 3.12; 1.56; 0.78;
0.39 uM) tested for 48 h in an atmosphere of 5%
CO, and 100% relative humidity. Control groups
included treatment with 0.1% DMSO (negative
control) and etoposide 14 uM (positive control).
All compounds were tested in triplicate, in three
independent experiments (Monks et al. 1991). The
antileishmanial activity was performed according
to a previously described method (M’Bongo et al.
1997, Braga et al. 2007). Briefly, promastigotes
from a logarithmic phase culture were suspended
to yield 2 million cells.mL™! (L. amazonensis) or 3
million cells.mL"' (L. chagasi, L. braziliensis and
L. major) after Neubauer chamber counting. The
test was performed in 96-well microtiter plates
maintained at 24°C. The assays were performed in
triplicate. The parasites were exposed to increasing
concentrations of (1) (100.0; 50.0; 25.0; 12.5; 6.25;
3.12; 1.56; 0.78; 0.39 uM) for 72 h at 24°C, for
the determination of IC50 values. Controls with
DMSO were also performed. Amphotericin B was
used as the reference drug.

For both assays, after 4 h of the end of incu-
bation of cells with different compounds, 20 pL
of MTT solution (5 mgmL"' in phosphate-
buffered saline) were added to each well, the
supernatant was removed and 200 pL of 0.04M
HCI in isopropyl alcohol were added to dissolve
the formazan crystal. The optical densities (ODs)
were evaluated in a spectrophotometer at 590 nm
(antitumor assay) and 570 nm (antileishmanial
assay). Controls included drug-containing medium
(background) and drug-free complete medium.
Drug-free complete medium was used as control

An Acad Bras Cienc (2012) 84 (4)

(blank) and was treated in the same way as the
drug-containing media. Interactions between
compounds and media were estimated on the basis
of the variations between drug-containing medium
and drug-free medium to avoid false-positive or
false-negative results.

DNA Fragmentation Assay

Cell cycle status and quantification of DNA
fragmentation (hypodiploid DNA-content) were
performed by propidium iodide (PI) staining
according to Nicoletti et al. (1991) Cells were treated
with psychorubrin (1) 43 uM in a 5% CO,/95%
air-humidified atmosphere at 37°C for 24 h. After
drug incubation, the cells were centrifuged and re-
suspended in hypotonic fluorochrome solution— HFS
(50 pg.mL! PI in 0.1% sodium citrate plus 0.1%
Triton X-100). The samples in HFS were incubated
at 4°C during 4 h and immediately analyzed by flow
cytometry. The PI fluorescence of 20,000 individual
nuclei was measured using a FACScalibur flow
cytometer (Becton Dickinson Immunocytometry
Systems). The DNA content of cell lines was
analyzed by FlowJo software (TreeStar Inc).

ANTIMICROBIAL ASSAY

Microbial Strains

The samples were evaluated against a panel of
microorganisms, including the bacterial strains
Staphylococcus aureus (ATCC 6538), Pseudomonas
aeruginosa (ATCC 15442), Salmonella enterica
sorovar typhimurium (ATCC 13311), Shigella
sonnei (ATCC 11060), Klebsiella pneumoniae
(ATCC 13866), Escherichia coli (ATCC 10536),
Bacillus cereus (ATCC 11778), and the yeasts
Candida albicans (ATCC 18804) and Cryptococcus
neoformans (ATCC 32608). Bacterial strains were
cultured overnight at 37°C in Mueller Hinton agar
(MHA). Yeasts were cultured for 48 h at 30°C in
Sabouraud dextrose agar (SDA).
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Serial Dilution Assay for Determination of the
Minimal Inhibitory Concentration (MIC)

The minimal inhibitory concentration (MIC) of each
extract was determined by using broth microdilution
techniques as described previously for bacteria and
yeasts, respectively (Perez et al. 1990, NCCLS
2002). MIC values were determined in RPMI 1640
buffered to a pH 7.0 with MOPS for yeasts and
Mueller Hinton broth (MHB) for bacteria. Yeasts
were cultured at 30°C for 48 h in SDA and bacteria
were cultured overnight at 37°C for 24 h in MHA.
Stock solution of (1) was diluted two-fold from
2170 to 10.9 uM (final volume = 80 pL) and a final
DMSO concentration < 1%. Then, 100 pL of RPMI
or MHB were added onto microplates. Finally, 20 pL
of 10° CFU.mL™! (according to McFarland turbidity
standards) of standardized yeasts and bacterial
suspensions were inoculated onto microplates and
the test was performed in a volume of 200 pL. Plates
were incubated at 30°C for 48 h for yeasts and 37°C
for 24 h for bacteria. The same tests were performed
simultaneously for growth control (RPMI + yeast
and MHB + bacteria) and sterility control (RPMI
or MHB + psychorubrin). The MIC values were
calculated as the highest dilution showing complete
inhibition of tested strain. Chloramphenicol and
amphotericin B were used as standard antimicrobial
agents for bacteria and yeast, respectively.

STATISTICAL ANALYSIS

The ICsq values for antitumor and antileishmanial
activities were determined using Prism 5.0
(GraphPad Software Inc.). Data were presented as
median and 95% confidence interval. Statistical
differences between the treatments and the control
were evaluated by ANOVA test. To express the DNA
content, each data point represented mean = SD from
at least two independent experiments performed
in duplicate. Statistical differences between the
treatments and the control were evaluated by

ANOVA test followed by Bonferroni (P > 0.05).
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Psychorubrin (3-hydroxy-3,4-dihydro-1H-
benzo[g]isochromene-5,10-dione, 1): amorphous
off-white powder; Ry = 0.57 (hexane:EtOAc
7:3), silica gel 60 Fys4 ; UV Ay nm (MeOH)
245, 250 (sh), 262, 333; IR (KBr) v 3409, 2925,
1666, 1297 cm’!'; 'TH NMR (CDCls, 300 MHz)
6 8.13-8.05 (2H, m), 7.76 — 7.70 (2H, m), 5.51
(1H, t), 4.81 (1H, dt), 4.71 (1H, dt), 2.84 (1H,
dq), 2.74 (1H, dq); '3C NMR (CDCl;, 75 MHz)
183.7, 183.3, 141.5, 139.4, 134.1, 134.0, 132.2,
132.0, 126.7, 126.4, 90.9, 57.9, 28.2; EIMS, m/z
(relative intensity, %) 230 (5.1) [M+], 212 (17.1)
[M*-H,0], 184 (21.2) [M* - HCO,H], 173 (4.9),
156 (9.2), 149 (16.3), 128 (7.0), 77 (15.8), 57
(46.5), 41 (100).

RESULTS AND DISCUSSION

Under the conditions used in the HPLC method,
psychorubrin eluted as a narrow peak at 12.6
minutes and had a chromatographic purity of 98%.
Our spectral data is in excellent agreement
with that reported for both the natural and synthetic
psychorubrin (1) (Hayashi et al. 1987, Kesteleyn et
al. 1999, Bulbule et al. 2003, Nguyen and Kimpe
2004, Jacobs et al. 2008). Pyranonaphthoquinones
are a diverse family of naturally occurring
1 H-naphtho[2,3-c]pyran-5,10-diones, which are
found in bacteria, fungi, aphids and higher plants
(Thomson 1971).
of these
antiparasitic and anticancer properties (Lee et al.
1996, Wang et al. 1998, Krishnan and Bastow 2000).
Psychorubrin (1) were also isolated from Psychotria

Some presented antimicrobial,

rubra and P. camponutans that also belong to the
Rubiaceae family (Hayashi et al. 1987). The fact that
it was not reported outside this genus is an indication
of its chemotaxonomical importance.

A literature search revealed few reports
regarding to its activity  although
significant cytotoxicity against KB tumor cells has
been previously reported (Hayashi et al. 1987).

biological
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In our study, we demonstrated (Table I) that this
compound is toxic againstsome tumor cells, including
leukemia (HL60 and Jurkat), and solid tumors such
as breast cancer (MCF-7). The antitumor activity
observed in this study is supported by previous
scientific reports on biological activities of other
pyranonaphthoquinone derivatives as eleutherin,
f-lapachone, and its structural isomer, a-lapachone.
The mechanism of topoisomerase Il inhibition by
those three derivatives was examined systematically
with respect to the steps of the catalytic cycle of the
enzyme. Etoposide, a topoisomerase inhibitor, was
used as a control (Krishnan and Bastow 2000).

We investigated if the cytotoxic effects of
psychorubrin (1) observed in our experiments were
associated with its potential to induce cell death
by apoptosis. We used the method described by
Nicoletti etal. (1991) which is based on the principle
that the apoptotic cells, among other typical
features, are characterized by DNA fragmentation
and, consequently, loss of nuclear DNA content.
Apoptotic nuclei appeared as a broad hypodiploid
DNA peak which was easily discriminable from the
narrow peak of cells with normal (diploid) DNA
content. This simple and reproducible method
should prove useful for assessing apoptosis of

specific cell populations in heterogeneous tissues.
Our results (Figure 2) clearly demonstrated that
psychorubrin induced an increase of subdiploid
DNA content (DNA fragmentation) in HL60 and
MCF-7 cell when compared with their respective
control (DMSO 0.05%). This effect was cell
type dependent. To the resistant lineage MCF-7,
psychorubrin (1) (43 puM) demonstrated a pro-
apoptotic potential better than etoposide (14 pM),
the clinical drug used as positive control in our
experiments, possessing pro-apoptotic activities
against several cancers.

In vitro cytotoxicity assays can be used to
predict human toxicity and for the general screening
of chemicals. Different cytotoxicity assays can give
different results depending on the test agent used
and the cytotoxicity assay employed (Fotakis and
Timbrell 2006). In this context, the DNA content
analysis revealed a different toxicity profile for
psychorubrin compared with the MTT method.
This effect can be attributed to the fact that MTT
evaluates the energetic function of mitochondria that
is preserved during the course of apoptosis. When the
damage level to mitochondria is mild or moderate,
mitochondria can still generate sufficient energy
for initiation and execution of the apoptotic process

TABLE I

Antitumor and antileishmanial activity of psychorubrin (1).

Antitumor activity®

Antileishmanial activity®

Samples 1Cso (M) 1Cso (M)
HL60 Jurkat MCE-7 La Le Lb Lm
Psychorubrin 4.5 5.6 2.7 1.7 1.7 2.4

(4.1-5.0) (5.1-6.1) (0.4-2.6) (2.0-3.0) (1.02.2) (0.9-2.1) (1.6-3.1)

Amphotericin B® -

Etoposide® 0.5 2.5
(0.3-0.9) (0.9-7.3)

0.9 1.9 0.1 0.3
(02-1.7)  (1.7-24)  (0.05-0.2) (0.1-0.5)

a . . . . . . . . 7. . . . .
La— Leishmania amazonensis; Lc — Leishmania chagasi; Lb — Leishmania braziliensis; Lm — Leishmania major.

Data are presented as median and 95% confidence interval (in parentheses).

b.c ..
¢ Positive controls.
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Figure 2 - Effect of psychorubrin (1) on DNA content of tumor cell lines.
HL-60, Jurkat e MCF-7 cells were incubated with 43 pM psychorubrin
or with 0.05% DMSO for 24 h. DNA content was assayed by PI stain
and flow cytometry analysis. Etoposide (14uM), positive control is
demonstrated. Each data point represents mean = SD from at least two
independent experiments performed in duplicate. *Statistically different
from negative control (DMSO). bStatistically different from positive
control (etoposide) (ANOVA followed by Bonferroni, P > 0.05).

(Yang et al. 2010). The increase of subdiploid DNA
content (DNA fragmentation) observed in HL60 and
MCEF-7 cells after psychorubrin treatment suggested
that this compound activates the apoptosis pathway.
Many chemotherapeutic strategies interfere with
important steps in cell cycle progression such as
DNA replication and repair. They act as DNA
polymerase inhibitors, topoisomerase inhibitors, or
DNA alkylating agents to impede cancer progression
and induction of apoptosis as a secondary effect
(Li et al. 2006). Apoptosis is accompanied by the
shrinkage and fragmentation of both cells and their
nuclei, loss of microvilli, and extensive degradation
of chromosomal DNA. Degradation of nuclear DNA
into nucleosomal units is one of the hallmarks of
apoptotic cell death. Molecular characterization of
this process demonstrated that the chromosomal
DNA cleavage is caspase-dependent, in particular
caspase 3 cleaves ICAD to dissociate the CAD:ICAD
complex, allowing CAD to cleave chromosomal
DNA (Nagata 2000). Despite the cell mechanism
involved on DNA fragmentation induced by
psychorubrin in HL60 and MCF-7 cells were not
described in the present work, our results suggest
that this compound has a potential antitumoral
activity, inducing the apoptotic pathway.
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Psychorubrin (1) also presented an interesting
antileishmanial activity with ICs, values above
3 uM against promastigote forms of different
Leishmania species (Table I). Leishmaniasis is a
debilitating disease caused by protozoan parasites
of the genus Leishmania, which affects an estimated
12 million people worldwide. The discovery of
new lead compounds for leishmaniasis is therefore
a pressing concern for global health programs
(Sanchez et al. 2010).

We also demonstrated that psychorubrin (1)
displayed a broader spectrum of antimicrobial
activity, most particularly against C. neoformans
(MIC of 10 uM), (Table II), an opportunistic
yeast and etiological agent of cryptococcosis.
Cryptococcosis s
mycosis that involves the central nervous system,

an opportunistic systemic

especially in immunocompromised patients
(Perfect and Casadevall 2002). Cryptococcosis is
currently treated with amphotericin B/azoles as
the main therapeutic choice (Van der Horst et al.
1997). Nevertheless, the high lethality rate among
immunocompromised patients indicates that new
therapeutic options are necessary.

TABLE I1

Antimicrobial activity of psychorubrin (1).

Test microorganisms MIC? s
Bacteria

Staphylococcus aureus 340.3 193.4°
Escherichia coli 340.3 48.3¢
Salmonella typhimurium 340.3 3.1°
Shigella sonnei 340.3 3.1°
Klebsiella pneumoniae 680.6 3.1°
Bacillus cereus 170.2 12.1°
Pseudomonas aeruginosa 680.6 48.3°
Yeasts

Candida albicans 340.3 0.09"
Cryptococcus neoformans 87.3 0.05¢

# Minimal inhibitory concentration (M).
® Standard antimicrobial agents (UM): © Chloramphenicol; dAmphotericin B.
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In conclusion, the results obtained in this
work reinforce that pyranonapthoquinones are an
important class of natural products for investigation
in the search of new bioactive compounds. In
this regard, psychorubrin (1) displayed a very
promising antitumor and antimicrobial activity,
mainly against C. neoformans. A pronounced
antileishmanial potential was also observed.
Furthermore, this is the first report of the presence
of pyranonapthoquinones in the Mitracarpus genus,
which may serve as a chemotaxonomical marker.
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RESUMO

O  fracionamento  biomonitorado  do  extrato
diclorometanico de Mitracarpus frigidus forneceu a
piranonaftoquinona psicorubrina. Essa substancia, até
entdo desconhecida no género Mitracarpus, teve sua
atividade bioldgica avaliada contra varias bactérias e dois
fungos, trés linhagens de células tumorais (HL60, Jurkat
e MCF-7) e quatro espécies de Leishmania. Sua estrutura
foi confirmada por meio de lH, 13C, lH—COSY, IR e UV-
Vis e espectrometria de massas. Psicorubrina exibiu uma
atividade antitumoral promissora com CI50 de 4,5, 5,6
e 1,1 uM para HL60, Jurkat e MCF-7, respectivamente.
Atividade antimicrobiana, principalmente  contra
Cryptococcus neoformans (CIM de 87,3 uM), foi
observada. Um pronunciado potencial leishmanicida
também foi verificado com Cls variando de 1,7 —2,7 uM
para as diferentes espécies de Leishmania testadas. Este
¢ o primeiro relato da presenca de piranonaftoquinonas
no género Mitracarpus, que poderdo ser Uteis como

marcadores quimiotaxonomicos.
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5.3 O artigo a seguir descreve a composicdo quimica e as atividades
antimicrobiana, leishmanicida e antioxidante do Oleo essencial das partes

aéreas de Mitracarpus frigidus.
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ABSTRACT

In our previous work (Fabri et al. 2009), we showed that different extracts of Mitracarpus frigidus had
significant antibacterial, antifungal and leishmanicidal activities. In order to increase our knowledge about
this species, this work assesses the chemical composition and the in vitro biological activity of its essential
oil. Thus, the essential oil obtained by hydrodistillation of the aerial parts of M. frigidus was analyzed by
GC/MS. Among several compounds detected, 11 were identified, being linalool and eugenol acetate the
major components. The essential oil exhibited a moderate antibacterial effect against Staphyloccocus aureus,
Bacillus cereus, Pseudomonas aeruginosa and Enterobacter cloacae (MIC 250 pg/mL). On the other hand,
it showed a strong antifungal effect against Cryptoccocus neoformans (MIC 8 pg/mL) and Candida albicans
(MIC 63 pg/mL). Expressive activity against L. major and L. amazonensis promastigote forms with ICs
values of 47.2 and 89.7 pg/mL, respectively, were also observed. In addition, the antioxidant activity was
investigated through DPPH radical-scavenging and showed a significative activity with ICs, of 38 pg/mL.
The cytotoxicity against Artemia salina was moderate with LCs( of 88 pg/mL. The results presented here are
the first report on the chemical composition and biological properties of M. frigidus essential oil.

Key words: Mitracarpus frigidus, essential oil, antimicrobial, antileishmanial, cytotoxicity.

INTRODUCTION

Some Mitracarpus species have ethnophar-
macological importance as they are used in folk
medicine for various purposes. For example, M.
scaber is widely employed in traditional medicine in
West Africa for headaches, toothache, amenorrhea,

dyspepsia, hepatic diseases and leprosy. Among

Correspondence to: Elita Scio
E-mail: elita.scio@ufjf.edu.br

those folkloric uses, the juice of the plant is applied
topically for the treatment of skin diseases (Dalziel
1936, Kerharo and Adam 1974).

The potential antimicrobial activity of the aerial
parts extracts of some Mitracarpus species against
bacterial and mould strains, like Staphylococcus
aureus, Bacillus cereus, Pseudomonas aeruginosa,
Candida albicans and Cryptococcus neoformans
were already reported (Irob and Daramola 1993,
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1994, Sanago et al. 1996). Also, in our previous
work, we showed that M. frigidus extracts
had a significant antibacterial, antifungal and
leishmanicidal activities (Fabri et al. 2009). So, in
order to increase our knowledge about M. frigidus,
this work deals with the chemical composition
and the in vitro activity against Gram-positive
and Gram-negative bacteria and yeasts strains,
promastigote forms of Leishmania species and
cytotoxicity against Artemia salina of the essential
oil of this specie. Its in vitro antioxidant activity
was also determined.

MATERIALS AND METHODS

PLANT MATERIAL

M. frigidus aerial parts were collected in Juiz de
Fora, Minas Gerais, Brazil, in May, 2006. Dr.
Tatiana Konno identified the plant. A voucher
specimen (CESJ 46076) was deposited at the
Herbarium Leopoldo Krieger of the Universidade
Federal de Juiz de Fora.

HYDRODISTILLATION OF VOLATILE OILS

Essential oil was obtained by means of
hydrodistillation (3 h) of the dried plant material
using a Clevenger type apparatus. Oil was dried
and stored at 4°C until tested and analyzed.

COLLECTION OF VOLATILES BY SOLID PHASE MICRO-
EXTRATION (SPME)

Fifty microliters from the 20 mg/mL solutions
were transferred to a 2 mL glass vial and the
solvent was removed under vacuum (speedVac®,
SC250 model, ThermoSavant, U.S.A) for 18 h,
30°C and 10 millibar. The vial was closed with a
cap sealed Teflon coated septum (Supelco, U.S.A)
and placed in a heat block adjusted to 90°C. A
SPME fiber (PDMS/DVB™ 65 um, SUPELCO,
U.S.A) was inserted with a manual holder through
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the septum and left in the headspace for 30 min.
Immediately after that, the holder with the saturated
fiber was analyzed by means of injection on gas
chromatography (GC) injection port. Before use,
the fiber was preconditioned at 230°C during 30
min in the GC injector port.

GAS CHROMATOGRAPHY/MASS SPECTROMETRY ANALYSIS

Gas Chromatography/Mass Spectrometry (GC-
MS) analyses were performed on a Shimadzu QP-
5050A (SHIMADZU, JP) instrument, equipped
with a PTE™-5 column (30 m, 0.25 mm, 0.25
um, Supelco, USA), using helium as the carrier
gas. The following conditions were employed
for all analysis: helium at 22.3 mL/min; injector
temperature maintained at 230°C; the oven at 80°C
during 3 minutes and then heated to 300°C at 7°C/
min, holding for 5 min at 300°C. The split valve
was closed during the first minute of injection and
then opened, with a 1:10 ratio. The mass detector
was set to scan from 50 to 500 m/z, at a rate of 2
scans per second. Data acquisition and handling
was done via CLASS 5000 Shimadzu software.

ANALYSIS OF THE RAW DATA USING AMDIS SOFTWARE
(AUTOMATED MASS SPECTRAL DECONVOLUTION AND

IDENTIFICATION SYSTEM)

Raw data files were analyzed by Automated Mass
Deconvolution and Identification System software
(AMDIS), version 2.1, supplied by National
Institute of Standards and Technology (NIST,
USA). Retention Index (RI) in the range of 900 to
3,000 was generated from the analysis of a standard
mixture containing hydrocarbons C9 to C30 (Fluka,
U.S.A).Elucidation of the compounds was done by
means of the NIST MS Search 2.0 Program (NIST/
EPA/NIH Mass Spectral Library, version 2002)
and on the basis of comparison of retention indices
determined according Van Den Dool and Kratz
(1963) for each constituent, as well as, previously
described by Adams (2007).
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MICROBIAL STRAINS

The sample was evaluated against a panel of
microorganisms, including Staphylococcus aureus
(ATCC 6538), Pseudomonas aeruginosa (ATCC
15442), Salmonella enterica sorovar Typhimurium
(ATCC 13311), Shigella sonnei (ATCC 11060),
Klebsiella pneumoniae (ATCC 13866), Escherichia
coli (ATCC 10536), Bacillus cereus (ATCC 11778),
Micrococcus luteus (ATCC 10054), Enterococcus
faecalis (ATCC 51299), Enterobacter cloacae
(ATCC 10699), Streptococcus pyogenes (ATCC
10096), Candida albicans (ATCC 18804) and
(ATCC  32608).
Bacterial strains were cultured overnight at 37°C in
Mueller Hinton agar (MHA). Yeasts were cultured
for 48 h at 30°C in Sabouraud dextrose agar (SDA).

Cryptococcus — neoformans

SERIAL DILUTION ASSAY FOR DETERMINATION OF THE

MINIMAL INHIBITORY CONCENTRATION (MIC)

The minimal inhibitory concentration (MIC)
was determined by using broth microdilution
techniques for bacterial and yeasts (NCCLS 2002
Perez et al. 1990). MIC values were determined
in RPMI 1640 (Sigma) buffered to a pH 7.0 with
MOPS (Sigma) for yeasts and Mueller Hinton
broth (MHB) for bacteria. Yeasts were cultured at
30°C for 48 h in SDA and bacteria were cultured
overnight at 37°C for 24 h in MHA. Sample stock
solutions were two-fold diluted from 5,000 to 2.5
pug/mL (final volume = 80 pL) and a final DMSO
concentration < 1%. Then, 100 pL of RPMI or
MHB were added onto microplates. Finally, 20 puL
of 10° CFU/mL (according to McFarland turbidity
standards) of standardized yeasts and bacterial
suspensions were inoculated onto microplates
and the test was performed in a volume of 200
uL. Plates were incubated at 30°C for 48 h for
yeasts and 37°C for 24 h for bacteria. The same
tests were performed simultaneously for growth
control (RPMI + yeast and MHB + bacteria) and
sterility control (RPMI or MHB + essential oil).
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The test was performed in duplicate. The MIC
values were calculated as the highest dilution
showing complete inhibition of tested strain.

DPPH RADICAL SCAVENGING ASSAY

The free radical scavenging activity of sample
solutions in methanol was determined based on
their ability to react with stable 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radicals (Govidarajan
2003). The essential
concentrations (7.8 to 250 pg/mL) was added to
a 152 puM solution of DPPH in methanol. After
incubation at 37°C for 30 min, the absorbance

et al. oil at wvarious

of each solution was determined at 517 nm. The
antioxidant activity of essential oil was expressed
as ICsy (inhibitory concentration), which was
defined as the concentration (in pg/mL) of sample
required to inhibit the formation of DPPH radicals
by 50 %. a-Tocopherol and rutin were used as
positive control.

ANTILEISHMANIAL ASSAY

Three species of Leishmania were used in
this study: L. chagasi (MHOM/Br/74/PP75),
L. amazonensis (MHOM/Br/75/Josefa)
L. major (MRHO/SU/59/P).
activity was determined by the colorimetric
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) method based on
tetrazolium

and
Anti-leishmanial

salt reduction by mitochondrial
2007). Briefly,

promastigotes of L. amazonensis and L. major were

dehydrogenases (Braga et al.

cultured in Warren’s medium (brain heart infusion
plus hemin and folic acid) and promastigotes
of L. chagasi were maintained in Medium 199,
both supplemented with 10 % fetal bovine serum
at 24°C. The screening was performed in 96-
well microtiter plates maintained at 24°C. The
essential oil solution in DMSO was added in a
serial solution in the wells (11 to 108 pg/mL). Then
a parasite suspension from a logarithmic phase
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culture was suspended to yield 2 million cells/mL
(L. amazonensis or L. major) or 3 million cells/
mL (L. chagasi) after Neubauer chamber counting.
Controls with DMSO and without plants samples
were performed. All the tests were performed in
triplicates. The viability of promastigotes was assayed
after a three day incubation period with addition of
MTT. The reaction was stopped with HCl in isopropyl
alcohol and the optical densities were evaluated
in a spectrophotometer at 570 nm (Multiskan MS
microplate reader, LabSystems Oy, Helsink, Finland).
The results were expressed as the concentrations
inhibiting parasite growth by 50% (ICsy) and
the percentage of inhibition of parasite growth.
Amphotericin B was used as the standard drug.

CYTOTOXICITY ASSAY

Brine shrimp lethality bioassay (Meyer et al. 1982)
was carried out to investigate the cytotoxicity of
the essential oil. Brine shrimp (Artemia salina
Leach) eggs were hatched in a beaker filled with
sea water under constant aeration. After 48 h, the
nauplii were collected by pipette and were counted
macroscopically in the stem of the pipette against
a lighted background. Solutions of the essential oil
were made in seawater containing 1 % DMSO, at
varying concentrations (10 to 1,000 pg/mL) and
incubated in triplicate vials with 10 brine shrimp
larvae. After 24 h of incubation, the nauplii were
examined against a lighted background, with a
magnifying glass and the number of survivors in
each vial were counted and noted. Both positive
(thymol) and negative (sea water containing 1 %
DMSO) control assays were carried out in order
to verify the susceptibility of A. salina under assay
conditions employed.

STATISTICAL ANALYSIS

The ICs, for antioxidant activity was calculated by
Grafit 5. The ICs, for leishmanicidal activity and
cytotoxicity were calculated by Probit analysis.
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Both were expressed as mean + standard error
(SE). The inhibition percentages for leishmanicidal
activity were analyzed by Graph Pad Prisma 4.
Statistical differences between the treatments and
the control were evaluated by ANOVA test.

RESULTS
CHEMICAL COMPOSITION

Water-distillation of the dried aerial parts of M.
frigidus yielded 0.01 % (v/w) of an orange oil.
Chemical analysis of the oil’s components resulted in
the identification of 12 known components (Table I).
Linalool (29.29%) and eugenol acetate (15.85%)
were the major constituents of the essential oil,
followed by 5-hydroxy-isobornyl isobutyrate
(8.41%), 5-methyl-1-undecene (7.69%) and methyl
salicylate (6.55%).

ANTIMICROBIAL ACTIVITY

The essential oil of M. frigidus exhibited a moderate
antibacterial effect against Staphyloccocus aureus,
Bacillus cereus, Pseudomonas aeruginosa and
Enterobacter cloacae (MIC 250 pg/mL) (Table II).
On the other hand, the oil showed a strong antifungal
effect against Cryptoccocus neoformans (MIC 8
ng/mL) and Candida albicans (MIC 63 pg/mL). It
was considered that if the extracts displayed a MIC
less than 100 pg/mL, the antimicrobial activity
was good; from 100 to 500 pg/mL, moderate; from
500 to 1,000 pg/mL, weak; over 1,000 pg/mL the
extract was considered inactive (Holetz et al. 2002).

ANTILEISHMANIAL ACTIVITY

The effect of the essential oil of M. frigidus on
the viability of promastigotes of L. major, L.
amazonensis and L. chagasi was tested. The essential
oil showed expressive activity against L. major and
L. amazonensis promastigote forms with ICs, values
of 47.2 £ 4.0 and 89.7 = 8.6 pg/mL, respectively.
Those forms were susceptible to the essential oil
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TABLE I

Chemical constituents, retention index and relative concentration of compounds of

essential oil of Mitracarpus frigidus analyzed by GC-MS.

Retention time

Retention Molecular

No Compound (min) % relative index Mass
1 7-Octen-4-ol 4.07 5.03 850.8 128
2 5-Hydroxy-isobornyl isobutyrate 5.0 8.41 1033.9 276
3 5-methyl-1-Undecene 6.39 7.69 1092.1 168
4 Linalool 6.53 29.29 1098.9 154
5 [-Phenylethyl alcohol 6.85 3.79 1113.5 122
6 Cucumber aldehyde 7.63 3.55 1149.4 138
7 trans-2-Nonenal 7.77 4.83 1155.6 140
8 Methyl salicylate 8.61 6.55 1194.3 152
9 8-Isobutyryloxy-isobornyl isobutyrate 9.38 4.66 1230.1 281
10 Not known 9.87 5.99 1253.0 341
11 Eugenol acetate 12.04 15.85 1357.6 206
12 Damascenone 12.58 4.36 1384.7 190

TABLE II

Antimicrobial activity of Mitracarpus frigidus essential oil.

Test microorganisms (u;\/llnli)a) Sb)
Bacteria
Staphylococcus aureus 250 62.5°
Escherichia coli 500 15.6°
Salmonella typhimurium 1,000 1.09
Shigella sonnei 1,000 1.09
Klebsiella pneumoniae 500 1.09
Bacillus cereus 250 399
Pseudomonas aeruginosa 250 15.69
Enterobacter cloacae 250 3139
Enterococcus faecalis 1,000 31.39
Streptococcus pyogenes 500 15.6°
Yeasts

Candida albicans 63 0.08%
Cryptococcus neoformans 8 0.049

¥ Minimum inhibitory concentration.

®Standard antimicrobial agents: ° Chloramphenicol; d)Amphotericin B.

at 108 pg/mL with 97% and 86% cell inhibition,
respectively (Figure 1). Interestingly, L. major
presented the greatest dose-dependent relationship.
On L. chagasi, the percentage of inhibition did not

varied significantly between the concentrations
used. The percentage of inhibition presented by
reference drug Amphotericin B at 10 pg/mL was 60
%, 90% and 86% for L. major, L. amazonensis and
L. chagasi promastigotes, respectively.

ANTIOXIDANT ACTIVITY

The antioxidant activity of the essential oil of M.
frigidus was investigated through DDPH radical-
scavenging and showed a moderate activity with
ICs9 of 38 £ 8 pg/mL. The reference controls
a-tocopherol and rutin presented ICsy of 0.2 + 0.1
and 3 + 1.8 ug/mL, respectively.

CYTOTOXICITY

The cytotoxicity against Artemia salina was
moderate with LCsy 88 + 10 ug/mL. The reference
control thymol showed LCsq of 1.4 £ 0.7 pg/mL.

DISCUSSION

The essential oil exhibited a moderate antibacterial
and a strong antifungal effect against Cryptoccocus
neoformans and Candida albicans. Also, it showed
expressive activity against Leishmania major and
L. amazonensis promastigote forms.

An Acad Bras Cienc (2012) 84 (4)
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Figure 1 - Effect of the essential oil from M. frigidus on growth of L. major, L. amazonensis and L. chagasi promastigote

forms. Parasites were treated with 11 to 108 pg/mL essential oil. Each bar represents the mean =+ standard deviation of

three different experiments.

Linalool and eugenol acetate were the major
constituents of the essential oil. Linalool is a
monoterpene commonly found in the essential
oils of some aromatic plants. It is also obtained
as a by-product in the industrial synthesis of
vitamin E (Ohashi et al. 1997). Its biological
activity, including antioxidant, antimicrobial, anti-
inflammatory, anesthetic and antitumor was already
reported (Ghelardini et al. 1999, Mazzanti et al.
1998, Letizia et al. 2003, Dadasoglu et al. 2011).
Also, the ability to inhibit the development of the
mosquito larvae of Aedes aegypt has been attributed
to linalool (Gottlieb et al. 1981). Eugenol acetate
is a derivative of eugenol, which is employed as
antimicrobial, anti-inflammatory, anesthetic, anti-
septic, antioxidant, repellent agent, and in cosmetics
and condiments (Lahlou 2004).

Cryptoccocus  neoformans and  Candida
albicans are opportunistic pathogens commonly
associated with disease in immunocompromised
hosts. C. neoformans causes systemic disease,
and cryptococcal infection is usually acquired by
inhalation of fungal cells and can be limited to the
lung or disseminate to the central nervous system,
causing meningoencephalitis (Rodrigues et al. 1999).
C. albicans can cause local and systemic infection

An Acad Bras Cienc (2012) 84 (4)

and it is found normally in the buccal and vaginal
regions (Zhang and Lewis 1997). The lipophylicity
of the essential oil constituents could explain their
antimicrobial activity, a characteristic that allows the
partitionofthese compoundsinlipidsofcellmembrane
and mitochondria, increasing their permeability
and leading to leakage of cellular contents (Cowan
1999). According to other authors, essential oil
constituents can also act on cellular proteins located
in cytoplasm membranes, including the ATPases, by
their accumulation in the lipid double layer and the
consequent destruction of lipid-protein interaction
(Ultee et al. 2002, Burt 2004). Alternatively, a direct
interaction of lipophylic compounds may occur
with the hydrophobic portions of proteins (Juven et
al. 1994, Sikkema et al. 1995). However, due to the
large number of different chemical groups present in
essential oils, it is likely that its antimicrobial activity
is not related to a specific mechanism of action
(Carson et al. 2002, Kalemba and Kunicka 2003,
Skadamis and Nychas 2001).

Leishmaniasis is a chronic disease that can
assume different fatal clinical forms ranging from
selthealing cutaneous to progressive mucocutaneous
infection, and potentially visceral leishmaniasis
(Tripathi et al. 2007). According to the World
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Health Organization (2004), leishmaniasis currently
threatens 350 million people around the world and
it is estimated that 2 million new cases occur each
year. A common feature of volatiles compounds is
their hydrophobic nature. Several studies addressing
the action mode of such compounds usually point to
cell membranes as the primary target as the essential
oils, in general, have a passive entry through the
membrane, leading to an increase of membrane
permeability (Bakkali et al. 2008).

Antioxidant activity possibly proceeds from
the presence of phenolic compounds such as methyl
salicylate in the oil. The brine shrimp lethality
assay is based on the ability to kill laboratory-
cultured Artemia salina nauplii brine shrimp and
it is considered to be one of the most useful tool
for the preliminary assessment of general toxicity
(Maclaughlin 1991). LCsq values < 250 pg/mL are
considered significant for plant samples and had the
potential for futher investigation (Rieser et al. 1996).

The results presented here are the first report on
the chemical composition and biological properties
of the Mitracarpus essential oil.
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RESUMO

Emnosso trabalho anterior (Fabri etal. 2009), mostramos

que diferentes extratos de Mitracarpus frigidus

apresentaram atividades antibacteriana, antifungica
e leishmanicida significativas. Com o objetivo de
aprofundar o conhecimento sobre essa espécie, esse
trabalho objetiva identificar os constituintes quimicos
e avaliar as atividades biologicas in vitro de seu 6leo
essencial. Dessa forma, o 6leo essencial das partes aéreas
de M.frigidus foi obtido por hidrodestilagdo e analisado

por CG/EM. Entre os compostos detectados, 11 foram

identificados, sendo linalol e o acetato de eugenol os
componentes majoritarios. O o6leo essencial de M.
frigidus exibiu moderada atividade antibacteriana contra
Staphyloccocus aureus, Bacillus cereus, Pseudomonas
aeruginosa ¢ Enterobacter cloacae (CIM 250 pg/mL).
Por outro lado, apresentou forte efeito antifiingico contra
Cryptoccocus neoformans (CIM 8 pg/mL) e Candida
albicans (CIM 63 pg/mL). Expressiva atividade contra
as formas promastigostas de Leishmania major e
Leishmania amazonensis com valores Clsy de 47,2 e
89,7 pg/mL, respectivamente, também foi observada.
Além disso, a atividade antioxidante foi investigada
através do ensaio com o radical DPPH e este apresentou
uma significativa atividade com Cls, de 38 pg/mL. A
citotoxidade contra Artemia salina foi moderada com
CL5o de 88 pg/mL. Os resultados aqui apresentados
sd0 o primeiro relato sobre a composicdo quimica e

propriedades biologicas do 6leo essencial M. frigidus.

Palavras-chave: Mitracarpus frigidus, 6leo essencial,

antimicrobiano, leishmanicida, citotoxidade.
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5.4 O artigo a seguir relata o potencial antimicrobiano e leishmanicida da
particdo hexanica das partes aéreas de Mitracarpus frigidus.
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ABSTRACT

In the present study it was investigated the antibacterial and leishmanicidal activities
of the hexane extract of Mitracarpus frigidus aerial parts. The biological assays were
evaluated against six strains of bacteria (Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella typhimurium, Shigella dysenteriae, Escherichia coli and
Enterobacter cloacae), promastigote forms of four species of Leishmania (L. major,
L. braziliensis, L. chagasi and L. amazonensis) and amastigote forms of L. major.
Cytotoxicity against mammalian cells and phytochemical analysis of the major groups
of phytoconstituents were also reported. The samples showed significant
antimicrobial activity, mainly for P. aeruginosa, S. dysenteriae and S. typhimurium
with MIC < 100 pg/mL. A pronounced antileishmanial potential was also verified for
promastigote and amastigote forms, being the samples more specific for the
intracellular stage. Despite the samples showed some toxicity against mammalian
cells, they were more selective for the intracellular parasite than to host cells. The
most active samples showed the presence of steroids, terpenes and flavonoids.
Uniterms: Mitracarpus frigidus, Leishmania major, antibacterial, terpenes,

flavonoids.
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INTRODUCTION

In recent years, the frequency of microbial resistance and its association with
serious infectious diseases have increased gradually (Jones, 2001). Many
microorganisms have developed resistance against both the well-established
conventional use of antibiotics as against the last generation of antibiotics, causing
serious public health problems and economic loss (Austin, Kristinsson, Anderson,
1999; Prates, Bloch-Junior, 2001). Not less important, leishmaniasis is a disease that
causes serious public health problems in most tropical countries (Santos et al.,
2008).

The use of medicinal plants for the treatment of many diseases is associated
with folk medicine in different parts of the world (Aradgjo, Leon, 2001). Different
cultures of the most distinguished countries, developed or not, know and use the
therapeutic potential of plants in the treatment of diseases. These practices
accompany men since prehistoric times and have evolved with him over the years
(Coutinho et al., 2004).

The genus Mitracarpus is native to Brazil and is found mainly in tropical and
subtropical countries. Some species of Mitracarpus have ethnopharmacological use
reported, as M. scaber that is widely used in West African traditional medicine for
headache, toothache, amenorrhea, dyspepsia, liver diseases, venereal diseases and
leprosy. The juice of the plant is applied topically to dermatological diseases (Dalziel,
1936; Kerharo, Adam, 1974). Fabri et al. (2009) reported that extracts of M. frigidus
aerial parts have significant leishmanicidal activity against L. chagasi and L.
amazonensis promastigoste forms and growth inhibition of bacteria and fungi
pathogenic strains.

So, the aim of this study was to evaluate the antibacterial and leishmanicidal
potential and the in vitro citotoxicity of the hexane extract of Mitracarpus frigidus

aerial parts. Furthermore, it was investigated their main groups of phytoconstituents.
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MATERIAL AND METHODS

Plant material

The aerial parts of Mitracarpus frigidus (Reem Willd. ex Schult.) K. Schum.
were collected in Juiz de Fora, Minas Gerais, Brazil, in May 2009. The voucher
specimen was deposited in the Herbarium Leopoldo Krieger (CESJ 46,076) of the

Federal University of Juiz de Fora.

Fractionation of the hexane extract

The hexane extract (MFH) (16 g) obtained from the methanolic extract of M.
frigidus aerial parts (Fabri et al, 2009) was fractionated using column
chromatography on silica gel (Merck, 70-230 mesh ASTM) size 74 x 4 cm, with an
increasing gradient elution (hexane, dichloromethane and MeOH). The fractions
obtained were analyzed by thin layer chromatography (TLC) and grouped according
to the chromatographic profile in 9 fractions (MFH1 to MFH9). These fractions were
concentrated at reduced pressure using a rotary evaporator, weighed and kept
refrigerated until the completion of the biological tests.

The hexane extract and fractions were analyzed by thin layer chromatography
(TLC) on silica gel 60 F254 (Merck) to identify the chemical constituents. The mobile
phases were: 1) hexane: EtOAc, 70:30, v/v for MFH1-MFH4; 1) hexane: EtOAc,
30:70, v/v for hexane extract and MFH5-MFH9. The plates were visualized under UV
light at 254 and 365 nm and revealed with sulfuric acid and vanillin, as universal
revealer; 10% KOH (Borntrager Reagent) for the identification of anthraquinones and
coumarins; Dragendorff Reactive for alkaloids; NP/PEG for flavonoids; Liebermann-
Burchard Reagent for steroids and triterpenes and 0.1% FeCl; for phenolic

compounds and tannins.

Antimicrobial assay

Microbial strains

The samples were evaluated against a panel of microorganisms,
Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa (ATCC 15442),
Escherichia coli (ATCC 10536), Shigella dysenteriae (ATCC 13313), Salmonella
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enterica sorovar typhimurium (ATCC 13311) and Enterobacter cloacae (ATCC
10699). These strains were cultured overnight at 37 °C in Mueller Hinton agar (MHA).

Serial dilution assay for determination of the minimal inhibitory concentration (MIC)
The minimal inhibitory concentration (MIC) of each sample was determined by
using broth microdilution techniques as described by NCCLS (2002). MIC values
were determined in Mueller Hinton broth (MHB). Bacteria were cultured overnight at
37 °C for 24 h in Mueller Hinton Agar (MHA). Samples stock solutions were two-fold
diluted from 5000 to 2.5 pg/mL (final volume = 80 uL) and a final DMSO
concentration < 1%. Then, 100 uL of MHB were added onto microplates. Finally, 20
uL of 10° CFU/mL (according to McFarland turbidity standards) of standardized
bacterial suspensions were inoculated onto microplates and the test was performed
in a volume of 200 pl. Plates were incubated at 37 °C for 24 h. The same tests were
performed simultaneously for growth control (MHB + bacteria) and sterility control
(MHB + extract). Chloramphenicol (500 to 0.24 ug/mL) was using as positive control.
The MIC values were calculated as the highest dilution showing complete inhibition

of tested strain. The analyses were performed in duplicate.

Quantitative evaluation of antimicrobial activity

The antimicrobial activity of plant extracts may be expressed in different ways
based on technique used. The agar diffusion method is commonly used as a
preliminary test in the screening of plants for antimicrobial activity. While the micro-
dilution method yields MIC values, the minimum concentration at which inhibition is
observed (ug/mL). In this study other ways of expressing antimicrobial efficiency as
comparative numerical values are used. Beside results being recorded in terms of
MIC (ug/mL), percent activity values which demonstrate the total antimicrobial
potency of particular extracts, and microbial susceptibility index (MSI), which is used
to compare the relative susceptibility among the microbial strains were employed
(Bonjar, 2004):

Percent activity (%) = (100 x No. of susceptible strains to a specific extract) /
(Total n° of tested microbial strains). The percent activity demonstrates the total
antimicrobial potency of particular extracts. It shows the number of microbial found

susceptible to one particular extract.
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Microbial susceptible index (MSI) = (100 x No. of extracts effective against
each microbial strain) / (No. of total samples). MSI is used to compare the relative
susceptibility among the microbial strains. MSI values ranges from ‘0’ (resistant to all

samples) to ‘100’ (susceptible to all samples).

Antileishmanial assay

Parasites

Four Leishmania species for in vitro screening were used: L. amazonensis
(IFLA/Br/67/PH8), L. major (MRHO/SU/59/P), L. braziliensis (MHOM/Br/75/M2903)
and L. chagasi (MHOM/Br/74/PP75). Promastigotes of L. amazonensis were cultured
in Warren’s medium (brain heart infusion — BHI — enriched by hemin and folic acid),
promastigotes of L. major and L. braziliensis were maintained in BHI medium, and
promastigotes of L. chagasi were maintained in Medium 199, both supplemented

with 10% fetal bovine serum at 24 °C.

Promastigote forms

The antileishmanial activity was performed according to a previously described
method (Braga et al., 2007). Briefly, promastigotes from a logarithmic phase culture
were suspended to yield 2 x 10° cells/mL (L. amazonensis) and 3 x 10° cells/mL (L.
chagasi, L. braziliensis and L. major) after Neubauer chamber counting. The test was
performed in 96-well microtiter plates maintained at 24 °C. The analyses were
performed in triplicate. The parasites were exposed to increasing concentrations of
the samples (nonserial six dilutions: from 100 to 0.39 pg/mL) for 72 h at 24 °C.
Controls with 0.5% DMSO were also performed. The results are expressed as the
concentrations inhibiting parasite growth by 50% (ICso) after a three day incubation
period. Amphotericin B was used as reference drug.

Amastigote forms

Concerning the amastigotes in vitro model, inflammatory macrophages were
obtained from BALB/c mice previously inoculated intraperitoneal with 2mL of 3%
thioglycollate medium (Morais-Teixeira et al., 2008). Briefly, peritoneal macrophages

were plated at 2 x 10° cellssmL on coverslips (13 mm diameter) previously



120

arranged in a 24-well plate in RPMI 1640 medium supplemented with 10%
inactivated FBS and allowed to adhere for 24 h at 37 °C in 5% CO,. Adherent
macrophages were infected with L. major (MRHO/SU/59/P) promastigotes in the
stationary growth phase using a ratio of 1.5 at 33 °C for 3 h. Non-internalized
promastigotes were eliminated and solutions of tested compounds were added
(nonserial five dilutions: from 50 to 1.2 pg/mL) and maintained at 33 °C in 5% CO,
for 72 h. Slides were fixed and stained with Giemsa for parasite counting (optical
microscopy, 1000x magnification). The parasite burden was evaluated by counting
the intracellular parasite, uninfected and infected macrophages (at minimum 100
cells infected) in treated and untreated cultures and the survival index was obtained
by multiplying the percentage of infected macrophages by the mean number of
amastigote forms per infected cell (Santos et al., 2008). Control with 0.5% DMSO

was also performed. The analyses were performed in triplicate.

Cytotoxicity against mammalian cells

Cytotoxicity was evaluated after 48 h incubation of murine macrophage-J774
with concentration ranging from 150 to 15 pg/mL of the samples. The viability of the
macrophages was determined with the MTT assay and was confirmed by comparing
the morphology of the control group via light microscopy (Carmo et al., 2011). Dose
response curves were plotted (values expressed as percentage of control optical
density) and CCsq values (50% inhibitory concentration) were obtained. The analyses

were performed in triplicate.

Statistical Analysis

For the antileishmanial activity and cytotoxicity on macrophages, the ICsg
and CCsg values, respectively, were carried out at 5% significance level (p < 0.05, CI
95%), using a nonlinear regression curve (GraFit Version 5 software). For
Leishmania amastigote assays, the statistical analysis was performed with the

software GraphPad Prism 4.
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RESULTS AND DISCUSSION

Phytochemical analysis

The fractionation of the hexane extract yielded nine fractions (MFH1 - MFH9)
which were weighed and analysed by TLC (Table I).

The TLC analysis identified the presence of triterpenoids in all samples tested,
and steroids and flavonoids in the more polar samples (MFH6 - MFH9). Alkaloids and

coumarins were found only in MFH6 and MFH9, respectively.

Antibacterial activity

The antibacterial activity was concentrated in MFH7 and MFH8 with MIC < 125
pg/mL. S. thyphimurium, P. aeruginosa, S. dysentereae and E. coli were the most
susceptible microorganisms (Table Il). Importantly, for S. dysenteriae, the MIC value
found to MFH8 was lower than that observed to the positive control
(chloramphenicol).

The percent activity values and MSI were calculated for fractions with MIC <
1000 pg/mL. The percentage of antibacterial activity was greater for MFH8 with
100% activity, followed by MFH and MFH7 with 83%. The MSI revealed that S.
dysenteriae, S. typhimurium and E. cloacae strains were susceptible to 83% of the
samples tested, followed by P. aeruginosa (67%).

Previous studies have shown that substances with antibacterial activity from
plants appear to be more active against Gram-positive than Gram-negative
organisms (Herrera et al., 1996). The reason for this difference in sensitivity can be
attributed to the morphological characteristics of these organisms. Gram-negative
bacteria have an outer phospholipid layer with structural components of LPS. Gram-
positive should be more susceptible to the action of substances because these have
only an outer layer of peptidoglycan as effective barrier (Scherrer, Gerardt, 1971).

The broad spectrum of activity against Gram-negative bacteria found for the
fractions can be attributed to the presence of the lipophilic substances, triterpenes
and steroids, which may be related to lipophilic components of plant extracts. These
components increase permeability and loss of cellular components, and a change

variety of enzyme systems, including those involved in the production of cellular
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energy and synthesis of structural components, inactivating or destroying genetic
material (Bagamboula, Uyttendaele, Debevere, 2004). Flavonoids are a broad class
of phenolics that are known to possess antimicrobial activity, essentially by enzyme
inhibition of DNA gyrase (Cushnie, Lamb, 2005). These results are extremely
important as Gram-negative bacteria such as S. thyphimurium and P. aeruginosa are
responsible for a high incidence of infections. The most common infections in
Intensive Care Unit (ICU) are those caused by Gram-negative such as P.
aeruginosa, especially ventilator-associated pneumonia. At ICU of large hospitals,
resistance to P. aeruginosa is 20 to 75% for beta-lactamic and aminoglycosides
antibiotics and this is accompanied by cross-resistance (Arruda, 1998). Salmonella
infections cause diarrhea, fever, abdominal pain, and people usually recover without
treatment. However, some people like the elderly, children and those with
compromised immune systems, the diarrhea may be so severe that the patient must
be hospitalized. In these patients, the infection can spread from the intestine into the
bloodstream and then to other body sites and can lead to death (Hohmann, 2001). S.
dysenteriae, a gram-negative bacterium, is a significant cause of gastroenteritis in
both developing and industrialized countries (Boumghar-Bourtchai et al., 2008).
People infected with Shigella develop diarrhea, fever and stomach cramps starting a
day or two after they are exposed to the bacterium. It is typically associated with mild
self-limiting infection (DeLappe et al., 2003).

Antileishmanial activity and cytotoxicity

Protozoa parasites of the genus Leishmania cause visceral, cutaneous, and
mucosal diseases in humans, which are collectively referred to as leishmaniasis.
These diseases affect more than 12 million people worldwide and are responsible for
high rates of mortality in tropical and subtropical countries. The drugs of choice for
the treatment of leishmaniasis are pentavalent antimonials, but toxic side effects,
limited efficacy to control parasite proliferation and drug resistance are frequently
encountered (Santos et al., 2008; Cruz et al., 2009). Considering the side effects and
the resistance that pathogenic protozoan parasites develop against these drugs,
more attention should be given to the extracts and biologically active compounds
isolated from plant species (Mendoncga-Filho et al., 2004).
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Table Il shows the antileishmanial activity of MFH and fractions against the
promastigotes forms of four Leishmania species: L. amazonensis, L. braziliensis, L.
major and L. chagasi. MFH, MFH1 and MFH6 to MFH9 showed the best
antiproliferative activities against Leishmania species. MFH and MFH9 showed the
highest activity against the four species. In general, L. major promastigotes were the
most sensitive parasite to the samples tested.

As L. major was the most sensitive strain for MFH and MFH6 to MFH9, L.
major-infected peritoneal macrophage model was assayed in order to investigate if
they were also active against the intracellular stage of the parasite, the amastigote
forms (Table Il and IV). All tested fractions showed a significant effect against
the amastigote forms of L. major. MFH7 and MFH8 showed the best activity
against intracellular amastigotes, with an ICsy value of 1.3 and 2.6 pg/mL,
respectively. Despite these samples presented some toxicity against mammalian
cells, MFH7 and MFH8 were 15.6 and 17.9 times more selective for the intracellular
parasite than to the host cells, respectively (Table Ill). According to Muylder et al.
(2011), values > 2 was the cut-off chosen to define a compound as more active
against the intracellular amastigote stage; while a specificity value < 0.4 indicated a
compound more active against promastigotes; compounds with specificity values
between 0.4 and 2 were considered active against both stages. So, MFH7 and MFH8
were considered more active against amastigotes, the relevant parasite stage in
clinical disease.

This is the first report of amastigote activity for Mitracarpus frigidus hexane
extract against L. major. This form is related to the OIld World cutaneous
leishmaniasis (previously known as zoonotic or rural zoonotic cutaneous
leishmaniasis) and can be found in several countries including the Eastern
Mediterranean Region and Asia (WHO, 2010).

Table IV presents more information about the anti-amastigote activity of MFH
and MFH6 to MFH9. When the parasites were treated with those fractions, a
significant dose-dependent decrease of intracellular amastigote was observed by
values of the survival index.

Phytoconstituents isolated from plants have shown potent antileishmanial
activity, including terpenes, steroids and phenolic compounds like flavonoids (Sen,

Chatterjee, 2011). Terpenes and steroids increased the production of NO in
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Leishmania infected macrophages, along with directly targeting the parasite as
evidenced by mitochondrial swelling and alterations in the organization of nuclear
and kinetoplast chromatin (do Socorro et al., 2003). Furthermore, these compounds
showed antileishmanial activity via targeting of DNA topoisomerases | and I,
and preventing DNA cleavage, ultimately inducing apoptosis in parasites
(Chowdhury et al., 2003). Flavonoids have been shown to inhibit the synthesis of
parasite DNA via inhibition of topoisomerase Il mediated linearization of kDNA
minicircles, culminating in arresting of cell cycle progression (Mittra et al., 2000).
Additionally, these compounds can chelate iron, which translates into a decreased
availability of the iron dependent ribonucleotide reductase, a rate limiting enzyme for
DNA synthesis (Sen et al., 2008). Extracts rich in flavonoids exhibited
antileishmanial activity by increasing generation of reactive nitrogen intermediates

that was further enhanced by the addition of IFN-y (Gomes et al., 2010).

CONCLUSION

The results were encouraging, as M. frigidus showed significant antimicrobial
and leishmanicidal activities. It is suggested that M. frigidus could be of use as a
source of natural antimicrobial and leishmanicidal component for pharmaceutical
industry. Active compounds are being isolated and elucidated for chemical

characterization.

RESUMO

No presente estudo foram investigados as atividades antimicrobiana e leishmanicida
do extrato em hexano das partes aéreas de Mitracarpus frigidus. Os ensaios
biologicos foram avaliados contra seis cepas de bactérias (Staphylococcus aureus,
Pseudomonas aeruginosa, Salmonella typhimurium, Shigella dysenteriae,
Escherichia coli e Enterobacter cloacae), formas promastigotas de quatro espécies
de Leishmania (L. major, L. braziliensis, L. chagasi e L. amazonensis) e formas
amastigotas de L. major. Citotoxidade contra células de mamiferos e triagem
fitoquimica dos grupos majoritarios de fitoconstituintes também foram reportados. As
amostras apresentaram significativa atividade antimicrobiana, principalmente para P.

aeruginosa, S. dysenteriae e S. typhimurium com CIM < 100 pg/mL. Um pronunciado
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potencial leishmanicida foi também verificado nas formas promastigotas e
amastigotas, sendo que as amostras apresentaram especificidade para o estagio
intracelular. Apesar destas amostras apresentaram certa toxidade contra células de
mamiferos, estas foram mais seletivas para o parasita intracelular do que para as
células hospedeiras. Esteroides, terpenos e flavonoides foram identificados nas
amostras mais ativas.

Unitermos: Mitracarpus frigidus, Leishmania major, antibacteriano, terpenos,

flavonoides.
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TABLE | — Yield (% w/w) and phytochemical screening of hexane extract (MFH) and

fractions of Mitracarpus frigidus

Yield Phytocompounds”
Samples

(% wiw)? St Tr Cm An Ph Al FI Ta
MFH - + + + - + + + -
MFH1 4.7 i L i i i i i
MFH2 1.1 - + ; ; ; ; ; ;
MFH3 2.7 ; + ; ; ; ; ; ;
MFH4 1.4 i - i i i i i
MFH5 2.2 - + - - - - - -
MFH6 63.3 + T S -
MFH7 10.9 + + - . + - + -
MFHS 11 + + - i L N ]
MFHO 3.4 " +- . £+

2 Yield in relation to the hexane extract (MFH).
b St — Sterols; Tr — Triterpenoids; Cm — Coumarins; An — Anthraquinones; Ph —

Phenols; Al — Alkaloids; FlI — Flavonoids and Ta — Taninns.
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TABLE Il — Antibacterial activity of the hexane extract (MFH) and fractions of the

Mitracarpus frigidus

Minimum inhibitory concentration — MIC (ug/mL)®

Samples

Sa Pa Sd St Ec Ecl
MFH 250 >1000 250 500 500 250
MFH1 1000 500 500 500 1000 1000
MFH2 1000 1000 1000 1000 1000 1000
MFH3 >1000 >1000 1000 1000 >1000 1000
MFH4 >1000 >1000 >1000 >1000 >1000 >1000
MFH5 >1000 >1000 >1000 >1000 >1000 500
MFH6 1000 1000 1000 1000 1000 1000
MFH7 1000 500 250 125 125 500
MFH8 250 62.5 31.3 31.3 500 500
MFH9 1000 500 500 500 1000 500
ChlP 25 >100 50 3.12 1.56 3.12

%Sa - Staphylococcus aureus; Pa - Pseudomonas aeruginosa; Sd -

Shigella

dysenteriae; St - Salmonella typhimurium; Ec - Escherichia coli; Ecl - Enterobacter

cloacae

°Chl - Chloramphenicol
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TABLE Il — Effects of hexane extract (MFH) and fractions of the Mitracarpus frigidus

against Leishmania promastigote and amastigote forms and murine macrophages

Antileishmanial activity - 1Csq (ug/mL)? Peritoneal
Samples Promastigote Amastigote macrophages SE! ss°
La Lb Lm Lc Lm CCso (ug/mL)®
MFH 585+ 30.2+ 239+ 275+ 6.6z%1.1 18.2 (13.9 - 28 3.6
0.10 1.24 11 0.44 27.8)
MFH1 441+ 43.7+ >100 345- - 90.3 (55.5 - - -
2.00 1.88 19.5 111.0)
MFH2 >100 >100 >100 >100 - > 100 - -
MFH3 >100 >100 >100 >100 - > 100 - -
MFH4 >100 >100 >100 651+ - > 100 - -
0.08
MFH5 >100 >100 >100 >100 - > 100 - -
MFH6 >100 474+ 186+ 327+ 5720 29.4 (27.8 - 52 3.3
2.4 3.03 1.17 55.5)
MFH7 >100 >100 178+ 36.7+ 13%0.2 20.3 (13.9 - 15.6 13.7
0.3 0.8 27.8)
MFH8 >100 487+ 286+ 553+ 26x05 46.5 (27.8 — 179 11.0
0.85 2.25 0.3 55.5)
MFH9 60.6+ 247+ 166+ 384+ 37209 17.1 (13.9- 46 45
0.88 0.66 1.57 0.43 27.8)
AmpB® 0.2% 0.1 03+ 0.1% 0.3+0.02 >100 - -
0.009 +0.02 0.07 0.004

®La — Leishmania amazonensis; Lb — L. braziliensis; Lm — L. major; Lc — L. chagasi.

Mean of triplicate assays + SE

P 9504 confidence limits in parenthesis

¢ Amphotericin B

ISE (Selectivity) - CCso of macrophages / ICso of amastigotes of L. major

°SP (Specificity) - ICso promastigotes of L. major / ICso amastigotes of L. major
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TABLE IV — Effect of hexane extract (MFH) and active fractions on Leishmania major

interiorized in peritoneal macrophage cells after 72 hours of treatment.

Samples Survival Index for Amastigotes (ug/mL)
(% Inhibition)

1.2 2.5 5.0 10.0

Control 257.3 % - - - -

18.5

MFH - 228.6 +1.7 232.8+2.6 141.3+1.0 112.8+1.3
(11) (15) (49) (59)

MFH6 - 198.3+1.5 200.7 £ 0.3 171.7+6.1 153.3+1.8
(23) (22) (33) (40)

MFH7 - 168.1+1.5 1432 £ 11.7 1460 9.0+£0.1
(35) (44) (94) (97)

MFH8 - 170.7+1.4 155.9+0.8 24.2+0.1 184+1.6
(33) (39) (91) (93)

MFH9 - 205.3+2.3 188.4+0.7 151.7+2.8 139.6 + 6.9
(26) (32) (41) (46)

&Survival Index — number of amastigotes per cells x % infected cells

PData are presented as mean + standard deviation
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5.5 O artigo a seguir descreve o potencial citotoxico, leishmanicida e anti-
inflamatério de dois triterpenos pentaciclicos isolados do extrato metandlico

das partes aéreas de Mitracarpus frigidus.

Artigo 5

PENTACYCLIC TRITERPENOIDS FROM Mitracarpus frigidus:
IN VITRO CITOTOXICITY AND LEISHMANICIDAL AND IN VIVO ANTI-
INFLAMMATORY AND ANTIOXIDATIVE ACTIVITIES

Submetido a Journal of Pharmacy and Pharmacology
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Abstract

Objectives To isolate pentacyclic triterpenoids from Mitracarpus frigidus and evaluate their
in vitro cytotoxic and leishmanicidal and in vivo anti-inflammatory and antioxidative activities.
Methods The identities of the compounds were confirmed by *H, *3C, *H COSY, IR and UV-
Vis spectroscopy and mass spectrometry. These compounds were evaluated in vitro against
four tumor cell lines and four Leishmania species. Also the in vivo anti-inflammatory and
antioxidative effects were evaluated using carrageenan-induced paw edema and
carrageenan-induced peritonitis.

Key findings The fractionation of the hexane extract afforded two pentacyclic triterpenoids
ursolic acid and methyl ursolate. Ursolic acid was active in all tumor cell lines (EDsg varying
from 4.2 to 35.7 pg.mL™), and methyl ursolate was active only for HL60 cells (EDs, of 22.7
ug.mL™). An antileishmanial potential was verified for amastigote form of L. major, with 1Csg
values of 1.3 and 2.1 pug.mL™ for ursolic acid and methyl ursolate, respectively. They also
presented anti-inflammatory effects as their oral administration significantly inhibited edema
formation induced by carrageenan about 80% and also inhibited peritoneal leukocyte
migration in mice about 85% at 1 mg.kg™.

Conclusions The results obtained reinforced that pentacyclic triterpenoids are an important
class of natural products for investigation in the search of new bioactive compounds.
Keywords Mitracarpus frigidus; pentacyclic triterpenoids; ursolic acid; methyl ursolate; anti-

inflammatory activity; antileishmanial activity
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Introduction

The genus Mitracarpus Zucc., known as the girdlepods, consists of no fewer than 50
species.™ However, there is very little information in the literature regarding their constituents
and pharmacological activities. Mitracarpus scaber Zucc. is the most widely studied species
and is employed in traditional medicine in West Africa for headaches, toothache,
amenorrhoea, dyspepsia, hepatic and veneral diseases, leprosy, and for the treatment of
skin diseases. @ Previous studies had reported the isolation of harounoside!,
benz[glisoquinoline-5,10-dione”,  gallic  acid,  3,4,5-trimethoxybenzoic  acid,  4-
methoxyacetophenone, 3,4,5-trimethoxyacetophenone, kaempferol-3-O-rutinoside, rutin and
psoralen® as well as ursolic and oleanolic acids from this species.® Another species of
Mitracarpus, M. villosus (Sw.) DC was studied and found to contain stigmasterol, 24-
methylcholesta-5-en-3-ol and ursolic acid.®

However, the species Mitracarpus frigidus (Willd. ex Roem. & Schult.) K. Shum, an
annual shrub commonly found in Brazil, has never been subjected to phytochemical
investigation with the exception of had recently work from this laboratory published paper."”
Then discovery of strong biological activity of the hexane extract, had to an attempt to isolate

the compound(s) responsible for those activities.

Materials and Methods

Plant material
Mitracarpus frigidus aerial parts were collected in Juiz de Fora, State of Minas Gerais, Brazil,
in May, 2009. A voucher specimen (CESJ 46076) was deposited at the Leopoldo Krieger

Herbarium at the Universidade Federal de Juiz de Fora.

Extraction and isolation

Preparation of the crude hexane extract was previously described in detail.”® Purification of
this extract was performed in the following manner: the hexane extract (17 g) was
chromatographed on a 75 x 5 cm column of silica gel (70-230 mesh) with a gradient of
increasing polarity (hexane, hexane-CH,Cl,, CH,Cl,, CH,Cl,-MeOH, MeOH) to obtain a total
of nine fractions. The fractions thus obtained were analyzed by thin layer chromatography on
silica gel 60 F,54 (Merck) using CH,Cl,: MeOH 90:10 (v/v) or CH,Cl,: MeOH 80:20 (v/v) as
the mobile phase for fractions F; to Fs, and fractions Fg to Fo, respectively. Identification was
made with a UV lamp (254 and 365 nm) and with vanillin:sulfuric acid spray reagent followed
by heating. The fractions were pooled and concentrated on a rotatory evaporator under

reduced pressure. Fraction 7 (1.8 g) was chromatographed on a 54 x 2 cm column of silica
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gel (70-230 mesh) with a gradient of increasing polarity (hexane, hexane-EtOAc, EtOAc,
MeOH) to obtain the compounds 1 ( 210 mg - 1.3%) and 2 (20 mg - 0.12%), respectively.

Structural elucidation

'H-NMR and COSY (300 MHz) and **C-NMR (75 MHz) spectra were recorded on a Bruker
DRX spectrometer using the residual solvent peak (MeOH) as reference. The IR spectrum
was recorded as a KBr pellet on a Bomem B102 FT spectrophotometer. The UV spectrum
was acquired in MeOH on a Shimadzu UV160 spectrophotometer. The El mass spectrum
was obtained on a Hewlett-Packard 5973 MSD spectrometer by direct insertion in the

positive ion mode (70 eV).

Cytotoxicity assay

Human tumor cell lines

Four human tumor cell lines were used, Jurkat (human immortalized line of T lymphocyte),
HL60 (human promyelocytic leukemia), MCF-7 (breast cancer) and HCT (colorectal
carcinoma). HL60 and Jurkat cells were kindly furnished by Dr. Gustavo Amarante-Mendes
(Sao Paulo University, Brazil). MCF-7 was generously provided by Alfredo Goes (Federal
University of Minas Gerais, Brazil). HCT was purchased from ATCC. All lineages were
maintained in the logarithmic phase of growth in RPMI 1640 supplemented with 100 IU.mL™
penicillin and 100 pg.mL™* streptomycin enriched with 2 mM of L-glutamine and 10% of fetal
bovine serum. All cultures were maintained at 37 °C in a humidified incubator with 5% CO,
and 95% air. The media were changed twice weekly and the cells were regularly examined.

All cell lines were used between 16 and 30 passages.

Evaluation of cytotoxic effect against human tumor cell lines

Tumor cell lines (Jurkat, HL60, MCF-7 and HCT) were inoculated at 4 x 10* cells (MCF-7), 5
x 10 cells (HL60) and 1 x 10° cells (Jurkat and HCT) per well. The plates were pre-incubated
for 24 h at 37 °C to allow adaptation of cells prior to the addition of the test compounds. All
substances were dissolved in dimethyl sulfoxide (DMSO) prior to dilution. The half maximal
effective dose (EDsp) was determined over a range of concentrations (nonserial six dilutions:
from 50 to 1.5 pug.mL™). All cell cultures were incubated in a 5% CO,/95% air-humidified
atmosphere at 37 °C for 48 h. Negative control included treatment with 0.05% DMSO. Cell
viability was estimated by measuring the rate of mitochondrial reduction of tetrazolium—dye
(MTT). All compounds were tested in triplicate, in three independent experiments.”” The
cytotoxicity of etoposide and doxorubicin were evaluated under the same experimental

conditions as positive controls.
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DNA fragmentation assay

Cell cycle status and quantification of DNA fragmentation (hypodiploid DNA-content) were
performed by propidium iodide (PI) staining according to Nicolleti et al.”™® Cells were treated
with the samples at 20 pg/mL in a 5% C0O,/95% air-humidified atmosphere at 37 °C for 24 h.
After drug incubation, the cells were centrifuged and ressuspended in hypotonic
fluorochrome solution — HFS (50 pg/mL Pl in 0.1% sodium citrate plus 0.1% Triton X-100).
The samples in HFS were incubated at 4 °C during 4 h and immediately analyzed by flow
cytometry. The Pl fluorescence of 20,000 individual nuclei was measured using a

FACScalibur flow cytometer. Data were analyzed by FlowJo software (TreeStar Inc).

Antileishmanial assay

Parasites

Four Leishmania species were used for in vitro screening: L. amazonensis (IFLA/Br/67/PH8),
L. major (MRHO/SU/59/P), L. braziliensis (MHOM/Br/75/M2903) and L. chagasi
(MHOMY/Br/74/PP75). Promastigotes of L. amazonensis were cultured in Warren’s medium
(brain heart infusion — BHI — enriched by hemin and folic acid), promastigotes of L. major and
L. braziliensis were maintained in BHI medium, and promastigotes of L. chagasi were

maintained in Medium 199, both supplemented with 10% fetal bovine serum at 24 °C.

Promastigote forms

The antileishmanial activity was performed according to a previously described method.*"
Briefly, promastigotes from a logarithmic phase culture were suspended to yield 2 x 10°
cells.mL™ (L. amazonensis) and 3 x 10° cells.mL™ (L. chagasi, L. braziliensis and L. major)
after Neubauer chamber counting. The test was performed in 96-well microtiter plates
maintained at 24 °C. The analyses were performed in triplicate. The parasites were exposed
to increasing concentrations of the samples (nonserial six dilutions: from 50 to 0.2 pg.mL™)
for 72 h at 24 °C. Controls with 0.5% DMSO were also performed. The results were
expressed as the concentrations inhibiting parasite growth by 50% (ICso) after a three day

incubation period. Amphotericin B was used as the positive control.

Amastigote forms

Concerning the amastigotes in vitro model, inflammatory macrophages were obtained from
BALB/c mice previously inoculated intraperitoneally with 2 mL of 3% thioglycollate
medium.™ Briefly, peritoneal macrophages were plated at 2 x 10° cells.mL® on

coverslips (13 mm diameter) previously arranged in a 24-well plate in RPMI 1640 medium
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supplemented with 10% inactivated FBS and allowed to adhere for 24 h at 37 °C in 5% CO.,.
Adherent macrophages were infected with L. major (MRHO/SU/59/P) promastigotes in the
stationary growth phase using a ratio of 1:5 at 33 °C for 3 h. Non-internalized promastigotes
were eliminated and solutions of the compounds were added (nonserial five dilutions: from
25 to 0.5 pg.mL™) and maintained at 33 °C in 5% CO, for 72 h. Slides were fixed and
stained with Giemsa for parasite counting (optical microscopy, 1000x magnification). The
parasite burden was evaluated by counting the intracellular parasite, uninfected and infected
macrophages (at minimum 100 cells infected) in treated and untreated cultures, and the
survival index was obtained by multiplying the percentage of infected macrophages by the
mean number of amastigote forms per infected cell.™® A control with 0.5% DMSO was also

performed. The analyses were performed in triplicate.

Cytotoxicity against mammalian cells

Cytotoxicity was evaluated after 48 h incubation of murine macrophage-J774 with
concentration ranging from 125 to 7.5 pg.mL'of the samples. The viability of the
macrophages was determined with the MTT assay and was confirmed by comparing the
morphology of the control group via light microscopy.™ Dose response curves were plotted
(values expressed as percentage of control optical density) and CCsy values (50% cytotoxic

concentration) were obtained. The analyses were performed in triplicate.

Anti-inflammatory assay

Animals

Female Swiss albino mice weighing between 20 - 25 g, or male Wistar albino rats of 200 -
250 g, were used for the present study. Animals were housed in groups of five under
standard laboratory conditions of temperature 25 + 2 °C and 12/12 h light/dark cycle. They
were provided with standard pellets and tap water ad libitum. Throughout the experiments,
animals were processed according to the suggested ethical guidelines for the care of
laboratory animals. The study was approved by the Brazilian College of Animal
Experimentation (Protocol n° 022/2012).

Carrageenan-induced rat paw edema

Rats were divided into seven groups of six animals each. Group A: negative control (0.6%
sodium lauryl sulfate); Group B: dexamethasone — 1 mg.kg™; Group C: indomethacin — 10
mg.kg™; Group D: ursolic acid — 1 mg.kg™; Group E: ursolic acid — 0.5 mg.kg™; Group F:
methyl ursolate — 1 mg.kgand Group G: methyl ursolate — 0.5 mg.kg™. One hour after the

oral treatment, acute paw edema was induced by injecting 0.1 mL of 1% carrageenan in
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0.9% saline. Paw volume was measured with the help of plethysmometer by the mercury
displacement method at 0 and 3 hours.™ The percentage inhibition of paw edema in treated
groups was then calculated using the formula: Percentage inhibition = (1 — Vt/Vc) X 100,
where Vt = is the edema volume in the drug treated; V¢ = is the edema volume in the control
group.

Subsequently, liver tissues were taken at the third hour. The whole liver tissue was
rinsed in ice-cold normal saline and immediately placed in buffer pH 7.4 (140 nM KCI + 20
nM phosphate) of the same volume and finally homogenized at 4 °C. Then, the homogenate
was centrifuged at 11,270 g for 5 min. The supernatant was obtained for the
malondialdehyde (MDA) and antioxidant enzyme catalase activity assays. All tests were

performed in triplicate.

MDA assay

Malondialdehyde (MDA) was evaluated by the thiobarbituric acid reacting substance
(TBARS) method."® In brief, MDA has reacted with thiobarbituric acid at a high temperature
(100 °C) and formed a red-complex TBARS. The absorbance of TBARS was determined at

532 nm. MDA levels were expressed as nmol.mg™ protein.

Catalase activity
Decomposition of H,O, in the presence of catalase was measured at 240 nm according to a
standard procedure.’” Catalase activity was defined as the amount of enzyme required to

decompose 1 nmol of H,O, per minute, at 37 °C. Results were expressed as pumol.ug protein’
1

Carrageenan-induced mice peritonitis

Inflammation was induced by the modified method of Griswold et al.*® Mice were divided
into seven groups of six animals each. Group A: negative control (0.6% sodium lauryl
sulfate); Group B: dexamethasone — 1 mg.kg™; Group C: indomethacin — 10 mg.kg™; Group
D: ursolic acid — 1 mg.kg™; Group E: ursolic acid — 0.5 mg.kg™; Group F: methyl ursolate — 1
mg.kgtand Group G: methyl ursolate — 0.5 mg.kg™. The treatments were administered
orally, one hour prior to the induction of peritonitis. After one hour, carrageenan (0.25 mL,
0.75% w/v in saline) was injected intraperitonially. Four hours later, the animals were
euthanized by cervical dislocation, and 2 mL of heparinized PBS was injected into the
peritoneal cavity. Following a gentle massage, peritoneal exudates were removed. The total
leukocyte count was determined in a Neubauer chamber and the differential cell count was

determined. The percentage of leukocyte inhibition was calculated using the following
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formula: % of leukocyte inhibition = (1- T/C) X 100, where T represents the treated groups’
leukocyte count and C represents the treated control group leukocyte count. Inhibition of
neutrophil migration was calculated by the following equation: Inhibition of neutrophil
migration = (1- NT/NC) X 100, where NT = neutrophil counts of treated groups and NC =

neutrophil counts of the control group.

Statistical analysis

For the in vivo assays, values were presented as means + standard error of mean (SEM).
For the in vitro cytotoxicity and antileishmanial assays, the EDs, and ICsy values were
obtained graphically from dose—effect curves using Prism 5.0 (GraphPad Software Inc).
Statistical differences between the treatments and the control were evaluated by the ANOVA
test followed by the Bonferroni test. A difference in the mean values of P < 0.05 was

considered to be statistically significant.

Ursolic acid (1) 3B-Hydroxy-urs-12-en-28-oic acid,. MP 264 °C; HR-EIMS m/z 456.6 (456.6
calcd. for CzoHus03); *H-NMR (CD;0D), 400 MHz): & 5.22 0(1H, t, J = 3.5 Hz, H-12), 3.15
(1H, dd, J = 11.0, 4.8 Hz, H-3a), 2.20 (1H, d, J = 11.4 Hz, H-18), 0.96 (6H, s, H-23 and H-
25), 1.10, 0.85, and 0.77 (each 3H, s, H-27, H-26 and H-24), 0.97(3H, d, J = 6.4 Hz, H-30),
0.88 (3H, d, J = 6.5 Hz, H-29); ®*CNMR (CD;0D, 100 MHz): & 29,3 (C-1), 27.9 (C-2), 79.8
(C-3), 39.9 (C-4), 56.8 (C-5), 19.5 (C-6), 34.4 (C-7), 40.8 (C-8), 48.6 (C-9), 37.5 (C-10), 24.4
(C-11), 126.9 (C-12), 139.7 (C-13), 43.3 (C-14), 29.3 (C-15), 25.4 (16), 48.1(C-17), 53.8 (C-
18), 40.5 (C-19), 40.5 (C-20), 34.5 (C-21), 37.7 (C-22), 28.8 (C-23), 16.4 (C-24), 16.0 (C-25),
17.9 (C-26), 24.1 (C-27), 181.7 (C-28), 17.7 (C-29) and 21.6 (C-30).

Methyl ursolate (2) 3B-hydroxy-urs-12-en-28-oic acid, methyl ester. MP 252 °C; HR-EIMS
m/z 471.7 (471.7 calcd. for C3;Hs003); "H-NMR (CD5;0D), 400 MHz): & 5.22 (1H, t, J = 3.4Hz,
H-12), 3.36 (s, 3H, OCH; of ester), 3.15 (1H, dd, J = 11.0, 4.8 Hz, H-3a), 2.20 (1H, d, J =
11.2 Hz, H-18), 0.96 (6H, s, H-23 and H-25), 1.10, 0.85, and 0.77 (each 3H, s, H-27, H-26
and H-24), 0.97(3H, d, J = 6.4 Hz, H-30), 0.88 (3H, d, J = 6.5 Hz, H-29); *CNMR (CD;0OD,
100 MHz): & 29,3 (C-1), 28,0 (C-2), 79.8 (C-3), 39.9 (C-4), 56.8 (C-5), 19.5 (C-6), 34.4 (C-7),
40.8 (C-8), 48.6 (C-9), 37.5 (C-10), 24.4 (C-11), 126,9 (C-12), 139.7 (C-13), 43.3 (C-14),
29.3 (C-15), 25.4 (16), 48.1(C-17), 54.4 (C-18), 40.5 (C-19), 40.5(C-20), 34.5 (C-21), 37.7
(C-22), 28.8 (C-23), 16.3 (C-24), 16.0 (C-25), 17.9 (C-26), 24.1 (C-27), 181.7 (C-28), 17.7
(C-29), 21.6 (C-30) and 49,0 (OCHjs of ester).
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Results and Discussion

The fractionation of the hexane extract of M. frigidus aerial parts resulted in the isolation and
characterization of ursolic acid (1) and methyl ursolate (2) (Figure 1), two pentacyclic
triterpenoids isolated for the first time from this species.

The structures were confirmed by spectral comparison data with literature data.”**%!
Even though some biological activities had previously been reported, ?°**?" this study

proposed to investigate novel therapeutic potential for those triterpenoids.

In vitro antitumor activity

In the study, it was demonstrated that 1 was active for all the tumor cell lines tested with EDsq
values varying from 4.2 to 35.7 pg.mL™, and 2 was active only for HL60 cells with an EDs;
value of 22.7 ug.mL™ (Table 1). Cytotoxic activity had also been reported elsewhere, 2834
however, to the best of our knowledge, for 2 it is the first time this activity was reported for
Jurkat, MCF-7 and HCT cell lines.

It was also investigated if the cytotoxic effects found for those triterpenoids were
associated with their potential to induce cell death by apoptosis. The method described by
Nicoletti et al.'¥ is based on the principle that the apoptotic cells, among other typical
features, are characterized by DNA fragmentation and, consequently, by the loss of nuclear
DNA content. Apoptotic nuclei appear as a broad hypodiploid DNA peak which was easily
distinguished from the narrow cluster of cells with normal (diploid) DNA content. This simple
and reproducible method should prove useful for assessing the apoptosis of specific cell
populations in heterogeneous tissues.

The results clearly demonstrated that 1 and 2 induced an increase of subdiploid DNA
content (DNA fragmentation) in all cells when compared to the control (0.05% DMSO) which
suggested that these compounds activated the apoptosis pathway. This cytotoxic effect was
more significant for Jurkat, MCF-7 and HCT cell lines, when compared to the control drugs
(Figure 2).

Pro-apoptotic effects were previously described for 1.3 |n BGC-803 cells, DNA
fragmentation induced by 1 was related to the activation of caspase-3, -8, and -9, and the
expression of caspase-3 and -8 was elevated in tumor cells from xenograft treated with
ursolic acid.’?®

Many chemotherapeutic strategies interfere with important steps in cell cycle
progression, such as DNA replication and repair. They may act as DNA polymerase
inhibitors, topoisomerase inhibitors, or DNA alkylating agents preventing cancer progression

and inducing apoptosis as a secondary effect.*?
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Antileishmanial activity

Protozoa parasites of the Leishmania genus cause visceral, cutaneous, and mucosal
diseases in humans, which are collectively referred as leishmaniasis. These diseases affect
more than 12 million people worldwide and are responsible for high rates of mortality in
tropical and subtropical countries.™ The drugs of choice for the treatment of leishmaniasis
are pentavalent antimonials, but toxic side effects, have limited efficacy to control parasite
proliferation and drug resistance is frequently encountered.® Considering the side effects
and the resistance which pathogenic protozoan parasites develop against these drugs, more
attention should be given to the extracts and biologically active compounds isolated from
plant species.3*!

Table 2 shows the antileishmanial activity of 1 and 2 against the promastigotes forms
of four Leishmania species: L. amazonensis, L. braziliensis, L. major and L. chagasi. The
highest activity was found against L. major with 1Cs, values of 4.3 and 2.9 pg.mL™, for 1 and
2, respectively. However, the results obtained for those triterpenoids contrasted with the data
previously reported by Peixoto et al.,”” who evaluated the antileishmanial activity of those
compounds against the promastigote forms of L. amazonensis.

Mallavdhani et al.B® related that lipophilicity is an important parameter in the
development of leishmanial agents. 2 seems to increase the leishmanicidal activity against
promastigote forms due to its higher lipophilicity compared to 1.

As L. major was the most sensitive strain for both triterpenoids, the L. major-infected
peritoneal macrophage model was used in order to investigate if they were also active
against the intracellular stage of the parasite, the amastigote forms (Table 2 and 3).
Compounds 1 and 2 showed a significant effect against the intracellular amastigote forms of
L. major with ICs, values of 1.3 and 2.1 pg.mL™, respectively. Despite the triterpenoids
presenting some toxicity against mammalian cells, they were 7.5 and 5.6 times more
selective for the intracellular parasite than for the host cells, respectively, demonstrating
specificity for amastigote forms (Table 2). According to Muylder et al.,®*” values > 2 was the
cut-off chosen to define a compound as more active against the intracellular amastigote
stage; while a specificity value < 0.4 indicated that a compound was more active against
promastigotes. Compounds with specificity values between 0.4 and 2 were considered active
against both stages. So, both compounds were considered more active against amastigote
than promastigote forms, the relevant parasite stage in the clinical disease.

Table 3 presents more information about the anti-amastigote activity of the
triterpenoids. When the parasites were treated with 1 and 2, a significant dose-dependent

decrease of intracellular amastigotes was observed. The results corresponded to an
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inhibition of survival index of 99.5, 98.3, 98.3 and 16.5% for 1, and 97.6, 98.1, 70.1 and 6.0%
for 2, at the doses of 20.0, 10.0, 5.0 and 2.5 pg.mL'l, respectively.

This is the first report of the amastigote activity for those compounds against L. major
which is related to Old World cutaneous leishmaniasis (previously known as zoonotic or rural
zoonotic cutaneous leishmaniasis) and which can be found in several countries including the

Eastern Mediterranean Region and Asia.*®

Anti-inflammatory activity

The acute anti-inflammatory effects of 1 and 2 on carrageenan-induced edema in the hind
paws of rats are shown in Table 4. Carrageenan-induced paw edema remained even 3 h
after infection into the subplantar region of rat paw. The triterpenoids showed a significant
reduction in the paw edema volume in relation to the negative control and the maximum
inhibition percentage was observed 30 min after the edema formation (Table 4). Although
both triterpenoids showed anti-inflammatory activity greater than dexamethasone and
indomethacin, the reference drugs, 1 at the doses of 1 and 0.5 mg.kg™, exhibited the
greatest anti-inflammatory effect, with edema inhibition of 80-90% all long the experiment.
Carrageenan-induced paw edema as an in vivo model of inflammation has been commonly

B Edema formation in the

used to evaluate the anti-edematous effect of natural products.
carrageenan-induced paw edema model is a biphasic response. In the early phase, 0-2 h
after carrageenan injection, there is a release of histamine, serotonin, and bradykinin on
vascular permeability. The inflammatory edema reaches its maximum level at the third
hour® due to the potentiating effect of bradykinin on mediator release and prostaglandins,
producing edema after mobilization of the leukocytes.[**? In this study, the triterpenoids and
positive controls showed anti-inflammatory effects in carrageenan-induced rat paw edema in
both phases, suggesting that the significantly higher anti-inflammatory activity may be due to
the inhibition of mediators of inflammation, such as histamine and serotonin released during
the first phase, and prostaglandins and bradykinin released during the second phase of
inflammation.

Some studies indicated that inflammatory effect induced by carrageenan is consorted
with free radicals.”¥ The carrageenan-induced inflammatory response has been associated
to neutrophil infiltration and the production of neutrophil-derived free radicals, for instance
superoxide, hydroxyl radicals and hydrogen peroxide, as well as due to the release of

44]

other neutrophils-derived mediators. A previous study had established that

malondialdehyde (MDA) production is due to free radical attack in the plasma membrane.**!

Hence, carrageenan-induced inflammation results in an accumulation of MDAM®, which is

used to evaluate the free radical generation in liver tissues after inflammatory states.*"
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Therefore, in order to explore the effects of antioxidant defenses on the acute
inflammation process in liver tissues, the MDA and the antioxidant enzyme catalase levels
were evaluated. It was observed that MDA level decreased significantly in the animals
treated with 1 and 2 (Figure 3a), indicating a reduction of oxidative stress as a result of anti-
lipoperoxidative activity.

Catalase is a highly reactive enzyme, reacting with hydrogen peroxide to form water
and molecular oxygen, and can form methanol, ethanol, formic acid or phenols by donating
hydrogen.*”! In the present study, it was observed that 1 and 2 decreased catalase activity
(Figura 3b). During normal body conditions, a balance exists between free radicals and the
endogenous antioxidants, but in a traumatic state, like inflammation, the balance diminishes
and reactive oxygen metabolites increase dramatically. The increased generation of oxygen
free radicals in the extracellular space is verified in the inflammatory state in which the
relatively low concentrations of catalase increase the susceptibility of extracellular
components to oxygen radical injury and may stimulate chemotaxis for other inflammatory
cells.”®® In contrast, these findings showed that catalase activity was decreased by
carrageenan injection, which was probably due to the inhibition of inflammation indicated by
the triterpenoids.

Mouse carrageenan peritonitis was also used to evaluate anti-inflammatory activity.
Compounds land 2 also inhibited peritoneal leukocyte migration (Table 5).

Leukocyte aggregation at the site of inflammation is a fundamental event in the
inflammatory process. Intraperitonial injection of carrageenan leads to inflammation of the
peritoneum as a result of macrophages in the carrageenan insulated tissue.®® It was
followed by an influx of neutrophils and mononuclear leukocytes, with increased levels of
plasma/peritoneal fluid chemoatractants and with the sequential appearance of exudate
proinflammatory cytokines.*¥ In this investigation, 1 and 2 inhibited the carrageenan-induced
leukocyte migration in the peritonitis model in mice, and significantly reduced the migration of
neutrophils, indicating their anti-inflammatory action by inhibiting chemotaxis (Table 5).
Compound 1 is already known as a potent anti-inflammatory agent in rodents®®*3, however,

this is the first report of the in vivo anti-inflammatory activity of 2.

Conclusions

The results obtained reinforced that pentacyclic triterpenoids are an important class of
natural products for investigation in the search of new bioactive compounds. In this regard,
ursolic acid and methyl ursolate displayed a very interesting cytotoxic, leishmanicidal, anti-

inflammatory and antioxidative activities. This is also the first report of those triterpenoids in
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Mitracarpus frigidus. For the experiment are in progress to explore the significance of the

biological acitivities.
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Table 1 Cytotoxic activity of ursolic acid (1) and methyl ursolate (2) isolated from Mitracarpus

frigidus
Samples Cytotoxic activity (EDso ug.mL™)?
HL60 Jurkat MCF-7 HCT

Ursolic acid 13.6 4.2 20.8 35.7

(9.7 - 19.1) (25-51)  (15.6-27.8) (26.5-47.5)
Methyl ursolate 22.7 > 50 > 50 > 50

(14.3 - 36.0)
Etoposide® 0.3 1.5

(0.2- 0.5) (0.5 - 4.3)
Doxorubicin® 0.5 1.8

(0.05-9.4) (0.4-7.9)

®Data are presented as median and 95% confidence interval (in parentheses)

bPositive controls
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Table 2 Antileishmanial activity and cytotoxicity of ursolic acid (1) and methyl ursolate (2)

isolated from Mitracarpus frigidus

Antileishmanial activity (ICso pg.mL™)?

Samples
Peritoneal
d e
. f Amastigote macrophages SE SS
Promastigote forms forms (CCso p—g.mL-l)b
La Lb Lm Lc Lm
Ursolic 39.3+ 150 43+ 279+ 1.3%0.1 9.7 7.5 3.3
acid 0.3 +04 0.2 1.5
(7.7 -14.7)
Methyl 271+ 47+ 29+ 121+ 21+0.2 11.8 5.6 1.4
ursolate 0.6 0.04 004 14
(10.7 - 20.5)
AmB® 0.2+ 01+ 03+ 01+ 0.27+x0.02 >100 - -

0.009 0.02 0.07 0.004

La — Leishmania amazonensis; Lb — L. braziliensis; Lm — L. major; Lc — L. chagasi
aPData are presented as mean * standard deviation

°AmB (amphotericin B) - Positive control

ISE (Selectivity) - CCs, of macrophages/ICs, of amastigotes of L. major

°SP (Specificity) - ICso promastigotes of L. major / ICs, amastigotes of L. major
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Table 3 Effect of ursolic acid (1) and methyl ursolate (2) on Leishmania major interiorized in

peritoneal macrophage cells after 72 hours of treatment

Samples Survival Index for Amastigotes (% Inhibition)
2.5 5.0 10.0 ug.mL™  20.0 pg.mL*
pg.mL* pg.mL*
Control 585.0 = - - - -
17.4
Ursolic acid - 488.7 £ 36.1 10.0+ 04 10.0+ 0.7 2.8 £0.05
(16.5) (98.3) (98.3) (99.5)
Methyl - 550.0 £ 49.2 1743+ 12.4 11.3+ 2.8 13.8x0.4
ursolate (6.0) (70.1) (98.1) (97.6)

4Survival Index — number of amastigotes per cells x % infected cells

Data are presented as mean + standard deviation
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Table 4 Effect of ursolic acid (1) and methyl ursolate (2) isolated from Mitracarpus frigidus on

carrageenan-induced rat paw edema

Treatment Dose Time, paw volume in mL (% inhibition)
(mg.kg™)
Oh 5h 1h 2h 3h
Vehicle - 0.07 0.32 + 0.38 + 0.60 + 0.58 +
0.01 0.05 0.11 0.1 0.04
Dexamethasone 1 0.04 + 0.19+ 0.16 £ 0.23 + 0.29 +
0.02 0.05% 0.03% 0.03% 0.02?
(42) (58) (62) (50)
Indomethacin 10 0.06 + 0.11 + 0.10 £ 0.20 £ 0.24 £
0.03 0.02?% 0.04% 0.04% 0.05?%
(65) (74) (67) (59)
Ursolic acid 1 0.01 + 0.03 + 0.04 + 0.06 + 0.09 +
0,01 0.01*"¢  0.01®° 0.04*"¢  0.04?
(91) (90) (90) (85)
Ursolic acid 0.5 0.06 + 0.03 £ 0.07 £ 0.12 £ 0.10 £
0.03 0.002%¢  0.012 0.03?% 0.01?
(92) (82) (80) (83)
Methyl ursolate 1 0.03 + 0.03 + 0.06 * 0.11 + 0.13 +
0.004 0.02%P¢ 0.02% 0.02% 0.02?
(91) (84) (82) (78)
Methyl ursolate 0.5 0.03 + 0.05 + 0.20 + 0.23 + 0.47 +
0.01 0.03*>¢  0.072 0.08% 0.1°°¢
(84) (47) (62) (19)

Values represent mean £ S.E.M. (n = 6)

dStatistically different from the negative control (vehicle) (ANOVA followed by Bonferroni, P
< 0.05) P°Statistically different from the positive controls (dexamethasone and indomethacin,

respectively) (ANOVA followed by Bonferroni, P < 0.05)
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Table 5 Effect of ursolic acid (1) and methyl ursolate (2) isolated from Mitracarpus frigidus on

leukocyte migration and neutrophil migration in peritoneal exudation in carrageenan-induced

mice
Treatment Dose Leukocytes Leukocyte Neutrophils ~ Neutrophil
inhibition (10°.mL™) inhibition
(mg.kg™h)  (10°.mL™
(%) (%)
Vehicle - 35+0.76 - 2.8x0.7 -
Dexamethasone 1 0.52 + 85 0.31+£0.05* 89
0.009%
Indomethacin 10 0.58 + 83 0.44+£0.18* 84
0.23%
Ursolic acid 1 0.40 £ 88 0.25+£0.06 93
0.11°%
Ursolic acid 0.5 0.63 % 82 0.50+£0.09 82
0.009?
Methyl ursolate 1 0.54 + 84 0.35+0.09 88
0.14%
Methyl ursolate 0.5 1.80 % 48 1.16 58
0.22%b¢ 0.06%"°

Values represent mean £ S.E.M. (n = 6)

dStatistically different from the negative control (vehicle) (ANOVA followed by Bonferroni, P <
0.05) ‘Statistically different from the positive controls (dexamethasone and indomethacin,

respectively) (ANOVA followed by Bonferroni, P < 0.05)
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Legends for figures

Figure 1 The structures of ursolic acid (1) and methyl ursolate (2) isolated from the aerial

parts of Mitracarpus frigidus.

Figure 2 Effect of ursolic acid (1) and methyl ursolate (2) on DNA content of tumor cell lines.
HL-60, Jurkat, MCF-7 e HCT cells were incubated with samples (20 pg.mL™) or with control
(0.05% DMSO) for 24 h. DNA content was assayed by PI stain and flow cytometry analysis.
A) Etoposide (8 pg.mL™) and B) doxorubicin (5 ug.mL™), positive controls are demonstrated.
Each data point represents mean + SD from at least two independent experiments performed
in duplicate. Statistically different from negative control (0.05% DMSO). "Statistically
different from positive control (etoposide) CStatistically different from positive control
(doxorrubicin) (ANOVA followed by Bonferroni, P < 0.05).

Figure 3 Effects of wursolic acid (1) and methyl ursolate (2) and positive controls
(dexamethasone and indomethacin) on changes in activities of the A) malondialdehyde
(MDA) accumulation and B) catalase enzyme in carrageenan-induced paw edema (3rd hour)
in rats. ®Statistically different from the negative control (vehicle). "Statistically different from
the positive controls (dexamethasone and indomethacin, respectively) (ANOVA followed by
Bonferroni, P < 0.05).
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5.6 O artigo a seguir refere-se ao potencial esquistossomicida in vitro e in vivo

do extrato metandlico das partes aéreas de Mitracarpus frigidus.

Artigo 6

EFFECTS OF THE MEDICINAL PLANT SPECIES Mitracarpus frigidus ON
ADULT SCHISTOSOMA MANSONI WORMS

Submetido a Memoérias do Instituto Oswaldo Cruz
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Abstract

To evaluate the in vitro and in vivo schistosomicidal properties of the methanolic
extract of aerial parts Mitracarpus frigidus (MFM). For the in vitro experiment, four
pairs of adult worms, obtained from infected mice, were exposed to different
concentrations of MFM (100 to 400 pg/mL) for 24 and 48 h and analyzed under an
inverted microscope. For the in vivo experiment, mice were inoculated with cercariae
and, 20 days after infection, MFM in concentrations of 100 and 300 mg/kg was
administered orally for the following 25 days. Mice were euthanized after 60 days.
Hematological, biochemical and parasitological parameters were also determined.
MFM showed in vitro schistosomicidal activity, exhibiting the opening of the
gynaecophoral canal of some male schistosomes, and the presence of contorted
muscles, vesicles and darkening of the paired worms skin. In vivo experiments
showed that MFM treatments (100 and 300 mg/kg) significantly reduced total worm
count, as praziquantel, showing a decrease in liver and spleen weight. Also, a
significant reduction in granuloma density was observed in the groups treated with
MFM. MFM treatment demonstrated significant in vitro and in vivo schistosomicidal
activities, and did not cause alterations in the liver function of either infected or non-
infected mice.

Key words: Mitracarpus frigidus; Schistosoma mansoni; schistosomiasis.
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INTRODUCTION

Schistosomiasis, an infection caused by trematode worms of the genus
Schistosoma, is considered one of the most significant neglected tropical diseases in
the world (Hotez et al. 1996). It is estimated that 779 million people are at risk for
schistosomiasis, with 230 million infected in 77 countries and territories (Steinmann
et al. 2006; WHO 2012).

The current treatment is based on the use of praziquantel and oxamniquine
(Cioli et al. 1995; Cioli et al. 2004). Those drugs are effective against all species of
schistosome, however, they do not prevent re-infection, are inactive against juvenile
schistosomes, and have only a limited effect on the already developed liver and
spleen lesions (Fallon & Doenhoff 1994; Stelma et al. 1995; Ismail et al. 1999).
Praziquantel has a key role in population based disease control programs in most
endemic countries (Salvioli et al. 1997; Araujo et al. 2008; WHO 2012). The in vitro
mechanism of action of this drug on adult S. mansoni worms has been well-
described in the literature. This drug can cause muscle contraction and promote the
immediate death of adult worms, miracidia and primary sporocysts (Couto et al.
2010; Almeida et al. 2011). However, the worryingly small portfolio of treatment
options and the inevitability of resistance now that mass-administration programmes
are in effect (Penido et al. 1999; Ribeiro-dos-Santos et al. 2006), and the hemorrhage
caused by this drug in the host lung tissue, as well as abdominal pain and diarrhea
(Flisser & Meclaren 1989; Kabatereine et al. 2003), reinforce the need to develop
new, safe and effective schistosomicidal drugs. In this regard, the search for
bioactive natural products against the schistosome has been intensified to establish
future strategies to control schistosomiasis (Ndamba et al. 1994; Molgaard et al.

2001; Sanderson et al. 2002; Mohamed et al. 2005).
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Mitracarpus frigidus (Willd. ex Roem. & Schult.) K. Shum is a species of the
family Rubiaceae found throughout South America and, in Brazil, this species can be
found in all states (Pereira et al. 2006). Its methanolic extract (MFM) revealed the
presence of flavonoids, tannins, alkaloids, terpenes and quinones, and showed
antimicrobial, leishmanicidal, cytotoxic and laxative activities. Moreover, MFM
revealed no toxicity signs in rat models (Fabri et al. 2009; Fabri et al. 2012a).
Recently, the pyranonaphthoquinone psychorubrin, was firstly isolated from this
species (Fabri et al. 2012b).

However, there is no scientific report available in the literature on the anti-
Schistosoma mansoni activity of M. frigidus. In view of this, the present study aimed
to investigate the in vitro and in vivo shistosomicidal activity of the M. frigidus
methanolic extract (MFM) in Schistosoma mansoni-infected mice. Furthermore,

hematological, biochemical and parasitological parameters were also determined.

MATERIALS AND METHODS

Plant material and extraction

Mitracarpus frigidus aerial parts, collected in Juiz de Fora, Minas Gerais,
Brazil, in May, 2011, were identified by Dr. Tatiana Konno from the Nucleus of
Ecology and Socio-Environmental Development of Macaé/ Federal University of Rio
de Janeiro. A voucher specimen (CESJ 46076) was deposited at the Herbarium
Leopoldo Krieger of the Federal University of Juiz de Fora. Oven-dried and powdered
aerial parts of the plant (1000 g) were extracted by maceration with methanol (5 x
2000 mL) for five days at room temperature and the methanolic extract (MFM) was

obtained by evaporation (yield 10% w/w).
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In vitro studies with Schistosoma mansoni

Swiss mice were individually infected subcutaneously with 100
cercariae/animal of the LE strain of Schistosoma mansoni (FIOCRUZ, Belo
Horizonte, Brazil) in order to obtain the adult worms. The type of infection realized
was bisexual, resulting in adult male and female worms. At the end of 50 days, the
infected animals were euthanized using a solution of 3% sodium pentobarbital (30
pL/animal), and the worms were obtained by hepatic portal system perfusion
according to the technique described by Smithers and Terry (1965). These studies
were approved by the Ethical Committee of the Federal University of Juiz de Fora,

Juiz de Fora, MG, Brazil, protocol number 017/2009.

Viability assay

All the procedures conducted after worm extraction were made under aseptic
conditions, including equipment and solutions. The worms were washed in RPMI-
1640 medium to remove the perfusion detritus. After washing, four live worm pairs
and showing intense motility were transferred to each well of a 24-well culture plate
containing 4 ml of RPMI-1640 medium supplemented with 5% of fetal calf serum and
100 pg/mL of penicillin/streptomycin (Araujo et al. 2007). The pairs were exposed to
increasing concentrations of MFM (100, 200 and 400 pg/mL), and the worms were
kept in contact with the extracts for 24 h. In the first experiment, the analyses were
performed 6 and 24 h after the addition of 200 or 400 pug/mL of MFM, and 24 h after
removal of the extracts. In the second experiment, the analyses were conducted 24 h
after the addition of 100 or 200 ug/mL of MFM, and 24 and 48 h after their removal.
After removal of the extracts, the worms were washed three times with the culture

medium and then maintained in culture. In both experiments, the negative control
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group was included, comprising four pairs of worms in each well, in the presence of
1% DMSO (v/v) in 0.9% NaCl solution. During the entire assay, the worms were
maintained in an incubator at 37 °C and an atmosphere containing 5% of CO,. Four
independent experiments were performed. Analyses were carried out using an

inverted Olympus microscope and photographed with digital camera Canon.

In vivo schistosomicidal analyses
Experimental design

Eighty female Swiss mice, weighing between 20 and 30 g, were used in this
experiment. Forty mice were maintained without infection ,and the remainder
subjected to infection with approximately 50 cercariae/animal (LE strain of
Schistosoma mansoni BH) as described by Araudjo et al. (2008) The mice were
divided into eight groups (n = 10): four groups treated and non-infected, and four
groups treated and infected. To evaluate the possible toxicity of the different
treatments, non-infected animals were divided into: (A) negative control group treated
with a 1% DMSO (v/v) in 0.9% NacCl solution, (B) positive control group treated with
praziquantel (200 mg/kg), (C) and (D) groups treated with MFM at 100 and 300
mg/kg diluted with saline + 1% DMSO, respectively. The infected animals were
divided into: (E) negative control group treated with a DMSO 1% (v/v) in NaCl 0.9%
solution, (F) positive control group treated with praziquantel (200 mg/kg), (G) and (H)
groups treated with MFM at 100 and 300 mg/kg diluted with saline + 1% DMSO,
respectively. All of the treatments started on the twentieth day after infection. MFM
and the negative control were administered in one daily dose for 25 days. The

positive control, praziquantel, was administered in a single dose. At the end of the
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treatment period, the animals were maintained for a period of 15 days, completing 60

days of infection.

Determination of parasite load and biochemical and hematological parameters

After 60 days of cercarial exposure, all animals were weighed, anesthetized
and blood samples were collected for assessment of biochemical and hematological
parameters. Immediately following, the animals were euthanized, and the adult
worms recovered from the portal and mesenteric veins by perfusion. In addition, the
liver and spleen were removed and weighed.

The measurement of biochemical parameters was performed using
commercial  kits (BIOCLIN® and LABTEST®), and included aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), total protein, albumin and globulin. Hematological parameters (total and

specific leukocytes count) were also performed.

Histological analysis

Transverse sections of all liver lobes of infected mice (n = 5 per group) were
collected, fixed in 4% buffered formaldehyde solution and embedded in paraffin.
Sections of 5-10 um were stained with haematoxylin and eosin (H&E). For the
evaluation of granuloma density, and stained slides were observed using bright field
microscopy and all granulomas containing central viable eggs were quantified. All
evaluations were blind performed by two different observers (Phyrrho et al. 2004).
The area of hepatic granuloma was determined in histological sections from 20 to 30

granulomas per animal, containing central viable eggs, randomly chosen. The
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granuloma area was manually delimited, captured by a CCD camera using bright

field microscopy and automatically processed with IMAGE-PROPLUS.

Statistical analysis

Values are presented as means £ SEM. Statistical differences between the
treatments and the controls were tested by one-way analysis of variance (ANOVA),
followed by the Bonferroni test using the “GraphPad Prism 4” statistic computer
program. A difference in the mean values of p < 0.05 was considered to be

statistically significant.

RESULTS AND DISCUSSION

In vitro studies with Schistosoma mansoni

The profile of the damage caused by the exposure of the adult worms of S.
mansoni to medicinal plants extracts can be determined through the observation of
reduced motility, incapacity of adhesion in the culture plate by sucker cup, and
tegument darkening (Araudjo et al. 2008; Magalhdes et al. 2009; Magalhdes et al.
2010; Almeida et al. 2011). When the motility is lost, the worms can be considered
dead (Araujo et al. 2007).

The morphological characteristics of the paired worms of S. mansoni
maintained in culture medium with 1% DMSO (v/v) in 0.9% NaCl solution (negative
control group), and in the presence of MFM (100 pg/ml) are shown in Figure 1. After
48 h exposure, the pairs of worms in the control group (Figure 1A and B) continued
mating and showing active movements, without lesions in the tegument, with the
presence of eggs in the culture medium. On the other hand, after 24 h of exposure to

MFM at concentrations of 100, 200 and 400 ug/mL, the worms showed complete
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paralysis, including the loss of movement of the suction cups with darkening in the
tegument and the death of all parasites. Figure 1 (C, D, E and F) shows the
morphological changes occurring after exposure of pairs of adult worms to MFM at
100 pg/mL. These changes included the opening of the gynecophoral canal of some
males (Figure 1C), and the presence of males and females with contorted muscles,
darkening of the skin (Figure 1D), and the presence of vesicles in some skin
formation (Figure 1 E and F). This type of damage was also observed at the
concentrations of 200 and 400 pg/ml of MFM (data not shown).

Therefore, due to the promising activity observed for MFM against adult
worms for the in vitro experiments, in vivo studies were performed to observe its

therapeutic potential and toxicity.

In vivo schistosomicidal activity

In order to investigate the effect of MFM treatment on body weight gain of both
normal and S. mansoni-infected mice, body weight was measured after 60 days of
treatment. No significant difference was observed between infected and normal mice
(Table I). S. mansoni infection is caused by cercariae penetration in the human skin
and the symptoms are due to eggs that migrate to the liver, being secreted by worms
living in the mesenteric and portal veins which leads to hepatosplenomegaly
(Sanderson et al. 2002; Jatsa et al. 2009; Mata-Santos et al. 2010; Abdul-Ghani et a.
2011). Therefore, in order to examine the effect of MFM on hepatosplenomegaly, the
liver and spleen were excised from dissected mice after perfusion, weighed and the
relative weight percentage was calculated. As shown in Table I, there was no
significant difference in the liver and spleen relative weights among the non-infected

mice groups. Although the infected mice presented an increase in liver and spleen
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weights, the groups treated with MFM (Group G and H) showed a significant
decrease in both liver and spleen relative weights when compared to the respective
negative control (Group E). Those results indicated that MFM treatment alleviated
hepatosplenomegaly induced by S. mansoni infection.

In addition, a significant reduction in granuloma density was observed in the
groups treated with MFM (Group G and H) when compared with the respective
negative control (Group E). These results were comparable to that found for the mice
treated with praziquantel (Table | and Figure 2).

Histological examination of the H&E stained liver sections showed that the
granulomas of the infected negative control group (Group E) were composed of
central ova surrounded by inflammatory cells associated with laminated layers of
fibrous tissue at the periphery. In addition, severe necrosis was observed in the
hepatic tissue (Figure 2A). On the other hand, the granulomas of the infected, treated
mice (Groups F, G and H) were observed as a concentric focus of mononuclear and
polymorphonuclear cells around the egg, and the laminated layers of fibrous
connective tissue nearly disappeared. Minimal microvascular changes, and no
hepatocyte necrosis were observed in the liver sections of those mice (Figure 2B, C
and D).

In order to evaluate the in vivo schistosomicidal effect of MFM, 60 days after
cercarial exposure, the adult worms of S. mansoni-infected mice were recovered
from the portal and mesenteric veins by perfusion and counted. As shown in Table I,
MFM treatments (100 and 300 mg/kg) significantly reduced total worm count (69 and
58%, respectively), as well as the reference group treated with praziquantel (49%)
when compared with the control group. MFM reduced worm liver and mesentery

burden to the extent of 91 and 65% at 100 mg/kg, and by 65 and 58% at 300 mg/kg,
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respectively. By the other side, praziquantel reduced the liver and mesentery worm
burden in 48 and 51%, respectively.

There are relatively few reports in the literature that show in vivo
schistosomicidal activity of plant extracts (Hamed & Hetta 2005; ElI-Shenawy et al.
2006). For example, artemether, an artemisinin derivative, used as a prophylactic
agent against schistosomiasis japonica in China, at a concentration of 400 mg/kg,
was able to reduce 60% of total worms during six days of treatment, in an
experimental model (Abdul-Ghani et a. 2011). EI-Shenawy et al. (2006) demonstrated
that an alcoholic extract of Cleome droserifolia (Forssk.) Del. branches reduced 33%
of worm burden at a concentration of 310 mg/kg. On the other hand, the ethanolic
extract of Nigella sativa L., described in folk medicine as possessing
hepatoprotective and antiprotozoal properties, was not able to reduce the number of
worms after experimental infection (EI-Shenawy et al. 2008).

In order to evaluate the ameliorative effect of MFM treatment on liver
pathology induced by S. mansoni infection, the levels of total protein content and
ALT, AST, ALP activity were measured in the serum. Total protein content of non-
infected mice treated with MFM and praziquantel (Groups B, C and D) was
comparable to the respective control group (Group A) (Table Ill). On the other hand,
the treated and infected mice (Groups F, G and H) presented a protein content much
lower than the non-infected groups. A decrease in total serum protein in the infected
animals is attributed to the liver damage caused by infection (Guyton & Hall 2000; El-
Shenawy et al. 2006).

The level of globulin increased significantly in the infected group treated with
MFM at 100 mg/kg (Group G) compared to the negative control (Group E) and the

praziquantel treated (Group F) groups. This increase in globulin level may represent



171

a responsive mechanism enhancing the immunity of the host (EI-Shenawy & Soliman
2002). However, there was no significant difference in albumin levels among the
infected groups. The A/G ratio content for the infected mice treated with MFM at 100
mg/kg (group G) is comparable to the negative control group (Group E), and lower
than the praziquantel treated group (Table 1lI).

AST, ALT, ALP levels in the infected treated mice (Groups F, G and H) were
significantly lower than those of the respective control group (Group E). These
observations could be attributed to the reduction in hepatic granuloma and fibrosis,
as well as the absence of necrotic liver tissue, in the infected, treated mice. For non-
infected mice, these enzymes remained at normal levels (Table Il and Figure 2). The
results indicated that the administration of MFM did not cause alterations in the liver
function of either infected or the non-infected mice.

Evaluation of cell profile during infection is one of the strategies to assess
which cells are stimulated by events which modify the inflammatory process. The
mechanism of selective recruitment of leukocytes to the inflamed tissue is related to
chemostatic factors (Larocca et al. 2004). As depicted in Table Ill, there was a
significant decrease in total leukocyte count in the infected treated mice (Groups F, G
and H) when compared to the respective control group (Group E). Although MFM
was not able to reduce the granulomatous area, it reduced the number of liver worms
and consequently, the recruitment of leukocytes.

The specific leukometry showed that MFM did not significantly affect the
basophil, neutrophil, lymphocyte, or eosinophil count in the non-infected, treated
mice (Groups B, C and D), compared to the respective control (Group A). The
neutrophil counts of the infected, treated mice (Groups F, G and H) were significantly

increased, but the eosinophil and monocyte counts were significantly decreased,
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compared with the negative control (Group E). Therefore, eosinophil and monocyte
counts are usually increased in helmintic diseases, those results are in agreement

with the reduction of the worm burden caused by MFM.

CONCLUSIONS

It was demonstrated that Mitracarpus frigidus may be of further interest in
schistosomiasis treatment, as it promoted a considerable improvement of disease
severity reducing significantly the parasite load without altering liver function. Future

studies are aimed at the determination of the active principles.
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Table | - Effects of Mitracarpus frigidus methanolic extract (MFM) treatment on body weight, relative organ weights and on

granuloma formation, after 60 days of infection.

Non-infected groups

Infected groups

Group A Group B Group C Group D Group E Group F Group G Group H

Negative Praziquantel MFM MFM Negative Praziquantel MFM MFM

control 200 mg/kg 100 mg/kg 300 mg/kg  control 200 mg/kg 100 mg/kg 300 mg/kg
Body weight (g) 26.5+0.5 245+ 0.7 24.8+0.9 25.3+0.6 28.0+0.5 27.9+0.5 29.8+0.8 28.7+0.9
Relative liver weights 49+0.2 54+0.2 54+0.1 54+0.2 12.8 £ 0.7 120+ 0.4 10.7 £ 0.4° 11.0+0.6°
Relative spleen weights 0.3+£0.04 0.3+£0.04 0.4+0.03 0.5+0.09 3.4+£0.2 28+0.3 24+0,1° 2.6+0.2°
N° of granuloma - - - - 62.2+1.6 45.1+3.1° 49.7+3.9° 450+3.3°
Mean granuloma diameter (um) - - - - 74+0.3 8.8+0.1° 9.4+0.2° 9.2+0.2°

The values shown are mean + SEM (n = 10). ®Statistically different from the non-infected, negative control group (A).
PStatistically different from the non-infected, positive control group (B). “Statistically different from the infected, negative control

group (E). Statistically different from the infected, positive control group (F) (ANOVA followed by Bonferroni, p < 0.05)
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Table 1l - Results obtained in mice experimentally infected with 50 + 10

cercariae of Schistosoma mansoni (LE strain) treated with Mitracarpus frigidus,

orally, after 60 days of infection.

Worm distribution

Liver Mesentery Total
Groups Means of Reduction Means of Reduction Global Global
worms ¢ worms ¢ means reduction®
(M/F) (%) (M/F) (%) (M/F) (%)
Negative 46+1.0 - 19.2 + - 23.0+£10 -
control 14
Praziquantel 2.4+0.7° 48 9.4+17% 51 11.8+2.0° 49
200 mg/kg
MFM 0.4+0.42° 91 6.8+16% 65 72+19% 69
100 mg/kg
MFM 1.6 +0.82 65 8.0+15% 58 9.6+1.7% 58
300 mg/kg

The values shown are mean + SEM (n = 8). ®Statistically different from the

negative control group. Statistically different from the positive control group

(prazinquantel) (ANOVA followed by Bonferroni, p < 0.05). °Percentage

reduction (%) = {1 - (mean of worms in the negative control group / mean of

worms in the groups treated)} x 100.



Table Il - Effects of Mitracarpus frigidus methanolic extract (MFM) treatment on the biochemical and hematological

parameters, after 60 days of infection.
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Non-infected groups

Infected groups

Group A Group B Group C Group D Group E Group F Group G Group H

Negative Praziquantel MFM MFM Negative Praziquantel MFM MFM

control 200 mg/kg 100 mg/kg 300 mg/kg control 200 mg/kg 100 mg/kg 300 mg/kg
Total protein (g/dL) 13.2+0.2 10.6 £ 0.3 125+ 05 114+ 0.5 51+0.2 4.8+0.2 5.7+0.2 54+0.2
Albumin (g/dL) 44+04 3.0+0.2° 2.3+0.1*® 1.8+0.1" 2.8+0.2 2.7+0.2 2.7+0.2 3.1+0.2
Globulin (g/dL) 79+1.4 7.6+05 10.2+0.6*® 9.8+0.4* 23+0.2 2.0+0.3 3.0+0.3% 24+03
AIG 0.5+0.1 0.4 +0.05 0.2+0.02 0.2 +0.02 1.3+0.3 2.1+0.6° 1.0 + 0.1° 1.6+0.3
ALP (U/L) 175+15 22.7+2.1 122+1.4> 7.7+1.9*° 55.1+5.0 38.7 +3.2° 38.7+3.9° 41.7+34°
AST (U/L) 109+1.3 18.6 + 4.3% 8.5+1.4° 13.2+3.1 446 + 3.8 21.0 £ 3.5° 26.8+1.9° 32.3+3.0%
ALT (U/L) 17.9+28 93+16° 11.6+2.7 6.3+1.0° 333+23 298+31 42+04° 14.6+3.5%
Total leukocytes (10%/uL) 5.1+04 43104 48+04 50£04 8.4+0.6 5.6+0.7° 5.7+0.4° 52+04°
Basophil (%) 1.0x0 1.0x0 1.0+0 1.0x0 1.0+0 1.1+01 1.2+01 1.2+0.1



Eosinophil (%)
Monocyte (%)
Neutrophil (%)

Lymphocyte (%)

21+04

94+0.5

43.3+35

424+ 26

2.3%0.2 1.9+0.1 21+0.1 20.4+1.2
7.4+0.7 54+0.7° 52+1.2° 19.6 £ 2.2
53.6+25* 490+14 49.7+23 39.8+26
34.8+25° 45827 472+20° 17.4+25

11.2+£1.3°
10.3+1.3°
59.4 +2.3°

139+1.2

180

5.1+1.0%
4.6+1.0°%
65.8+2.0°

20.5+1.5¢

6.5+1.0%
9.1+14°
65.4 +1.4°

16.9+1.3

The values shown are mean + SEM (n = 10). ®Statistically different from the non-infected, negative control group (A).

PStatistically different from the non-infected, positive control group (B). ®Statistically different from the infected, negative control

group (E). Statistically different from the infected, positive control group (F) (ANOVA followed by Bonferroni, p < 0.05).
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Legends for figures

Figure 1 - In vitro schistosomicidal activity of the Mitracarpus frigidus methanolic
extract (MFM) at 100 pg/mL concentration after 24 hours of incubation. (A) Paired
worms incubated in culture medium — the Arrow shows pairs united in gynecophoral
canal; (B) Female worm incubated only with culture medium, showing eggs in the first
stage of growth (arrow); (C) Male worm showing fully open gynecophoral canal
(arrow); (D) Female worm showing contorted muscles; (E) and (F) Presence of

vesicles in female worm tegument sections.

Figure 2 - Effects of the Mitracarpus frigidus methanolic extract on hepatic
granuloma. At 60 days of infection, the hepatic tissues were collected and used for
morphological study of the granulomatous area. All granulomas containing a central
viable egg were measured and photographed. In (A) general aspects of the hepatic
granulomas obtained from infected and untreated animals; (B) the infiltrate around
the granuloma in treated animals with a single dose (200 mg/kg) of praziquantel is
shown. In (C — 100 mg/Kg) and (D — 300 mg/kg) the granulomas from infected and
treated animals after 20 days with different doses of the M. frigidus extract, showing

that there are no changes in the structure and infiltrate granulomatous in this area.



182

Figure 1

50 iy 50 pm

50 [y




183

Figure 2
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5.7 O artigo a seguir descreve a padronizacédo e o potencial anti-inflamatorio in

vivo do extrato metandlico das partes aéreas de Mitracarpus frigidus.

Artigo 7

Mitracarpus frigidus: CHEMICAL STANDARDIZATION AND ANTI-
INFLAMMATORY AND ANTIOXIDATIVE EFFECTS OF THE AERIAL PARTS
METHANOLIC EXTRACT IN WELL-ESTABLISHED ANIMAL MODELS

Manuscrito em preparacao as ser submetido a Phytomedicine
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Abstract

This study reports the standardization of the aerial parts of the methanolic extract of
Mitracarpus frigidus (MFM) and its anti-inflammatory and antioxidative effects. The
acute and chronic anti-inflammatory activity was tested by using carrageenan-
induced paw edema and peritonitis, ear edema induced by croton oil and by ethyl
phenylpropiolate (EPP) and cotton pellet granuloma. The antioxidative activity was
assessed by using liver tissue malondialdehyde (MDA) accumulation, and also
catalase and cyclooxygenase activities. The index of neutrophils infiltration into
inflammation tissues was also determined by means of myeloperoxidase activity
determination in ear tissues. The results revealed that MFM showed a more intense
acute anti-inflammatory than chronic effects at both doses of 100 and 300 mg/kg
when compared with the references drugs indomethacin (1 mg/kg) and
dexametasone (10 mg kg) in all models tested. A strong antioxidative activity was
also observed for MFM since its administration led to a decrease of some
antioxidative markers as malondialdehyde (MDA), catalase and myeloperoxidase.
MFM also inhibited COX in a selective manner for COX-2, when compared with
indomethacin. MFM presented a potential anti-inflammatory activity against acute
and chronic phases of inflammation. This activity may be related to the expressive
antioxidative properties observed for MFM. COX blockade or inhibition of this enzyme
expression, and other mechanisms, such as inhibition of inflammatory mediators

were possibly involved in the effects observed.

Keywords: Mitracarpus frigidus; cyclooxygenase; lipoperoxidation; catalase;

myeloperoxidase; inflammation
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Introduction

Inflammation is a reaction of the tissue blood vessels against an aggressor
agent, characterized by the access of liquids and cells to interstice (Gurib-Fakim,
2006). The inflammatory reaction symptoms include blush, heat, tumor, pain and loss
of function (Dassoler et al., 2004). The use of anti-inflammatory agents is helpful as a
therapeutic option but, unfortunately, the drugs currently available to treat
inflammation are associated with several side effects and low efficacy, especially for
chronic diseases (Gurib-Fakim, 2006).

Medicinal plants are widely used in traditional medicine of numerous countries
to treat different inflammatory conditions and, in particular, skin inflammation
processes. However, for many of these plants, the real efficacy and the relevant
active principles are unknown. Consequently, experimental studies are needed to
verify the pharmacological properties and to identify the active principles of these
vegetable species (Sosa et al., 2002).

Mitracarpus frigidus (Willd. ex Roem. & Schult.) K. Shum belongs to the
Rubiaceae family and it is found throughout South America including Brazil, where
this species is distributed in all states (Pereira et al. 2006). The methanolic extract
obtained from this plant (MFM) revealed the presence of flavonoids, tannins,
alkaloids, terpenes and quinones, and showed antimicrobial, leishmanicidal, cytotoxic
and laxative activities (Fabri et al. 2009; Fabri et al. 2012a). Recently, the
pyranonaphthoquinone psychorubrin was firstly isolated from this extract (Fabri et al.
2012b). Moreover, MFM revealed no toxicity signs in rat models (Fabri et al. 2012a).

Based on these considerations, the present study was undertaken to evaluate
the anti-inflammatory and antioxidative effects of the methanolic extract obtained
from the aerial parts of Mitracarpus frigidus (MFM) in well-established animal models,

and to identify some of its major compounds.
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Materials and Methods

Plant material and extraction

Mitracarpus frigidus aerial parts were collected in Juiz de Fora, Minas Gerais,
Brazil, in May, 2011. A voucher specimen (CESJ 46076) was deposited at the
Herbarium Leopoldo Krieger of the Federal University of Juiz de Fora. Oven-dried
and powdered aerial parts of the plant (1000 g) were extracted by maceration with
methanol (5 x 2000 mL) for five days at room temperature and the methanolic extract

(MFM) was obtained by evaporation (yield 10% w/w).

High Pressure Liquid Chromatography (HPLC) analysis

HPLC analysis was performed using an Agilent Technologies 1200 Series,
with a PDA detector and an automatic injector. The column employed was a Zorbax
SB-18; 250 x 4.6 mm, 5 um particle sizes. Solvents that constituted the mobile phase
was A (water pH adjusted to 4.0 with H3PO,) and B (acetonitrile). The elution
conditions applied were: 0-20 min, 5-80% B and 20-30 min, 80-95% B. The mobile
phase was returned to the original composition over the course of 30 minutes, and an
additional 5 minutes were allowed for the column to re-equilibrate before injection of
the next sample. The sample volume was 20 pL at a concentration of 1 mg/mL, the
flow rate of 1 mL/min and the temperature was maintained at 25°C during the
analysis. Detection was performed simultaneously at 210, 230, 254 and 280 nm.
Four pure standards kaempferol, kaempferol-O-rutenoside, rutin and ursolic acid,
previously identified in Mitracarpus genus (Bisignano et al., 2000; Gbaguidi et al.,
2005), were used in this experiment as markers, and psychorubrin isolated from this
species was also added (Fabri et al., 2012b). For all experiments, MFM and the

standards were dissolved in methanol.

Quantitative analysis

Determination of the content of the compounds (kaempferol, rutin,
psychorubrin and ursolic acid) in MFM was performed by the external standard
method. Stock solutions of 5, 25, 50, 100, 200 and 500 pg/mL were used. Each

determination was carried out in triplicate.
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Animals

Female Swiss albino mice weighing 20 - 25 g or male Wistar albino rats with
200 - 250 g were used for the in vivo assays. Animals were kept under standard
laboratory conditions of temperature (25 ° = 2 °C) and light/dark cycles (12/12 h).
They were provided with standard pellets and tap water ad libitum. During the
experiments, animals were maintained according to the recommended laboratory
ethical guidelines. The study was approved by the Brazilian College of Animal
Experimentation (Protocol n° 022/2012).

Carrageenan-induced rat paw edema

Rats were divided into five groups of six animals each as follows: Group A:
negative control (0.6% sodium lauryl sulfate); Group B: dexamethasone — 1 mg/kg;
Group C: indomethacin — 10 mg/kg; Group D: MFM — 100 mg/kg; Group E: MFM —
300 mg/kg. One hour after the oral treatment, acute paw edema was induced by
injecting 0.1 mL of 1% carrageenan in 0.9% saline. Paw volume was measured using
plethysmometer by the mercury displacement method between 0 and 3 hours (Winter
et al., 1962). The inhibition percentage (%) of paw edema in treated groups was then
calculated using the formula: Inhibition (%) = (1 — Vt/Vc) X 100, where Vt = is the
edema volume in the drug-treated group; Vc = is the edema volume in the control
group.

At the third hour, animals were euthanized. Liver tissues were taken, rinsed in
ice-cold normal saline and immediately placed in buffer pH 7.4 (140 nM KCI + 20 nM
phosphate) of the same volume and finally homogenized at 4 °C. Then, the
homogenate was centrifuged at 11,270 g for 5 min. The supernatant was obtained for
the tissue malondialdehyde (MDA) accumulation, and catalase and cyclooxygenase

activities. All tests were performed in triplicate.

Malondialdehyde (MDA) determination

MDA was evaluated by the thiobarbituric acid reacting substance (TBARS)
method (Nakhai et al., 2007). Briefly, MDA reacted with thiobarbituric acid at a high
temperature (100 °C) and formed a red-complex TBARS. The absorbance of TBARS

was determined at 532 nm. MDA levels were expressed as nmol/mg protein.
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Catalase activity

Decomposition of H,O, in the presence of catalase was measured at 240 nm
in accordance with a standard procedure (Aebi, 1984). Catalase activity was defined
as the amount of enzyme required to decompose 1 nmol of H,O, per minute at 37

°C. Results were expressed as pmol/ug protein.

Cyclooxygenase activity (COX) assay

Liver tissue levels of total COX and its two isoforms (COX-1 and COX-2) were
determined using a commercially available COX activity assay kit according to the
manufacturer’s instructions (Cayman No. 760151). The absorbance at 590 nm was
measured on a microplate reader. The concentration of total COX was expressed as

U/mL in tissue.

Carrageenan-induced mice peritonitis

Inflammation was induced by the modified method of Griswold et al. (1987).
Mice were divided into five groups of six animals each (Groups A-E) as described
previously. The oral treatments were performed one hour prior to the induction of
peritonitis. After this time, carrageenan (0.25 mL, 0.75% w/v in saline) was injected
intraperitonially. Four hours later, the animals were euthanized by cervical
dislocation, and 2 mL of heparinized phosphate buffered saline (PBS) was injected
into the peritoneal cavity. Posteriorly, a gentle massage was made and peritoneal
exudates were removed. The total leukocyte count was performed in a Neubauer
chamber and the differential cell determination was established. The percentage of
leukocyte inhibition was calculated using the following formula: % of leukocyte
inhibition = (1- T/C) X 100, where T represents the treated groups’ leukocyte count
and C represents the control group leukocyte count. Inhibition of neutrophil migration
was calculated by the following equation: Inhibition of neutrophil migration = (1-
NT/NC) X 100, where NT = neutrophil counts of treated groups and NC = neutrophil

counts of the control group.
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Ear edema induced by croton oil

The anti-inflammatory activity of MFM was evaluated by the ability of extract to
prevent local inflammation induced by croton oil in rat ear (Rocha et al., 2008). MFM
was tested both orally and topically. For oral treatment, rats were divided into five
groups of six animals each as follows: (Groups A-E) as described previously. One
hour after oral treatment, 50 uL of a fresh solution of croton oil (20 % in acetone v/v)
were applied topically in the right ear and the same volume of acetone in the left ear
of each animal. By the other side, the animals topically treated were divided into five
groups of six animals each as follows: Group F: negative control (acetone); Group G:
dexamethasone — 0.1 mg/50 pL; Group H: indomethacin — 0.1 mg/50 pL; Group I:
MFM — 0.5 mg/50 uL; Group J: MFM — 1.0 mg/50 pL, diluted in acetone. Those
animals were topically treated immediately after the application of croton oil. Four
hours after treatment, all animals were sacrificed by cervical dislocation and identical
discs of 6 mm, with the aid of a punch, were obtained from both the treated and the
untreated ear. The discs were weighed and the weight difference of the right and the
left ear discs was used as an index of the edema level. The smaller weight difference
indicates a larger inflammation inhibition potential. The results were presented as

mean = S.E.M of weight differences within each group.

Myeloperoxidase assay

Myeloperoxidase activity was measured according to the modified method of
Bradley et al. (1982). To prepare the tissue homogenates, ear edema tissues were
ground with liquid nitrogen in a mortar. The discs were then treated with 1.0 mL of 10
mmol/L phosphate buffer (pH 6.0). The mixtures were homogenized and centrifuged
using a refrigerated centrifuge at 1500 g for 10 min at 4 °C and the supernatants
used for the determination of enzyme activity. Myeloperoxidase activity was
determined by adding 100 uL of the supernatant to 190 pL of 10 mmol/L phosphate
buffer (pH 6.0) and 100 pL of 1.5 mmol/L o-dianisidine hydrochloride containing
0.0005% (w/v) hydrogen peroxide. The changes in absorbance at 450 nm of each
sample were recorded on a UV-vis spectrophotometer. Myeloperoxidase levels in

tissues were expressed as pmol/min/ug tissue.
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Ear edema induced by ethyl phenylpropiolate (EPP)

Ethyl phenylpropiolate (EPP)-induced ear edema in rats to investigate the
topical anti-inflammatory activity of the extract was assessed by the method
described by Brattsand et al. (1982). MFM was tested both orally and topically. For
oral treatment, rats were divided into five groups of six animals (Groups A-E) as
described previously (Groups A-E). One hour after oral treatment, 50 pL of a fresh
solution of EPP (20 % in acetone v/v) were topically applied in the right ear and the
same volume of acetone in the left ear of each animal. On the other hand, the
animals topically treated were divided into five groups of six animals each (Groups F-
J) as described previously. Those animals were topically treated immediately after
the application of EPP. One hour after treatment, all animals were euthanized by
cervical dislocation and identical discs of 6 mm, with the aid of a punch, were
obtained from both the treated and the untreated ear. The discs were weighed and
the weight difference of the right and the left ear discs was used as an index of the
edema level. The smaller weight difference indicates a larger inflammation inhibition
potential. The results were presented as mean + S.E.M of weight differences within

each group.

Cotton pellet granuloma

The granulomas were developed in accordance to the method described by
Naik et al. (1980). Rats were divided into five groups of six animals each (Groups A-
E) as described previously. After one hour of oral administration, sterile cotton pellets
weighing 10 mg were subcutaneously implanted in both axillae of rats under
anesthesia. The treatments were daily given for 10 days. On the 11th day, rats were
euthanized and the cotton pellets with the surrounding granulomas were resected out

and their wet and dry weights were recorded.

Plasma MDA estimation

After 11 days of treatment of the cotton pellet-granuloma experiment, 2-4 mL
of blood was collected from retro orbital plexuses from each animal using capillary
tube, in a vial containing EDTA. Plasma was separated by centrifugation at 3000 g
for 10 minutes. The sample was stored at -20 °C and used to estimate MDA levels.

The reduced levels of MDA were taken as indicator of antilipoperoxidative activity
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which can be taken as the index of the reduced oxidative stress. MDA levels were

expressed as nmol/mg protein.

Statistical analysis

Statistical differences between the treatments and the control were evaluated
by the ANOVA test followed by the Bonferroni test. A difference in the mean values
of P < 0.05 was considered to be statistically significant.

Results and Discussion

HPLC assay

The HPLC chromatogram profile for MFM is shown in Figure 1. Five
compounds were identified as kaempferol-O-rutenoside, rutin, kaempferol,
psychorubrin and ursolic acid. The first compound was identified by its ultraviolet
spectrum (Cardoso et al., 2005) and the others by external standard.

For better global positioning of any herbal drug it has become important to
generate chemoprofiling data on the basis of maximum available number of markers
for the extract (Malik et al. 2007). For this, the chemoprofiling data of MFM based on
four markers (rutin, kaempferol, ursolic acid and psychorubrin) was performed for
chemical standartization. Ursolic acid was found to be the most abundant compound
with 275.3 = 0.8 mg/g in MFM, while the contents of 56.8 + 1.2, 21.5 + 0.5 and 4.2

0.2 mg/g were found for rutin, kaempferol and psychorubrin, respectively.

Carrageenan-induced paw edema

The acute anti-inflammatory effects of MFM on carrageenan-induced edema in
the hind paws of rats are shown in Table 1. Carrageenan-induced paw edema
remained even 3 h after infection into the subplantar region of rat paw. MFM showed
a significant reduction in the paw edema volume in relation to the negative control
and the maximum inhibition percentage was observed 1 h and 30 min after the
edema formation for 100 and 300 mg/kg, respectively. Treatments with MFM showed
similar activity compared with dexamethasone and indomethacin used as positive

controls (Table 1).
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Carrageenan-induced paw edema is a well-established in vivo model of
inflammation and has been commonly used to evaluate the anti-edematous effect of
natural products (Vyas et al., 2010). Edema formation, in this classical experiment, is
a biphasic response. In the early phase, 0-2 h after carrageenan injection, there is a
release of histamine, serotonin, and bradykinin on vascular permeability. The
inflammatory edema reaches the maximum level at the third hour (Kirkov et al., 1992)
due to the potentiating effect of bradykinin on mediator release and prostaglandins,
producing edema after mobilization of the leukocytes (Arulmozhi et al., 2005, Olajide
et al., 1999). In this study, MFM and positive controls showed anti-inflammatory
effects in carrageenan-induced rat paw edema in both phases, suggesting that the
significantly higher anti-inflammatory activity may be due to the inhibition of
inflammatory mediators, such as histamine and serotonin released during the first
phase, and prostaglandins and bradykinin released during the second phase of
inflammation.

Some studies indicated that inflammatory effect induced by carrageenan is
correlated with free radicals (Dawson et al., 1991). Carrageenan-induced
inflammatory response has been associated with neutrophil infiltration and with the
production of neutrophil-derived free radicals, for instance superoxide, hydroxyl
radicals and hydrogen peroxide, as well as due to the release of other neutrophils-
derived mediators (Lu et al.,, 2011). A previous study had established that
malondialdehyde (MDA) production was due to the free radical attack in the plasma
membrane (Janero, 1990). Hence, carrageenan-induced inflammation results in an
accumulation of MDA (Bilici et al., 2002), and this data is used to evaluate the free
radical generation in liver tissues after inflammatory states (Lu et al., 2011).

Therefore, in order to explore the effects of the antioxidant defenses on the
acute inflammation process in liver tissues, the MDA and the antioxidant enzyme
catalase levels were evaluated. In this step, it was observed that MDA level
significantly decreased in the animals treated with MFM (Figure 2A), indicating a
reduction of oxidative stress as a result of anti-lipoperoxidative activity.

Catalase is a highly reactive enzyme, reacting with hydrogen peroxide to form
water and molecular oxygen, and can form methanol, ethanol, formic acid or phenols
by donating hydrogen (Matés, Sanchez-Jimenez, 1999). During normal body

conditions, a balance between free radicals and the endogenous antioxidants exists,
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but in a traumatic state, like inflammation, this event diminishes and reactive oxygen
metabolites dramatically increase. The increased generation of oxygen free radicals
in the extracellular space is verified in the inflammatory state, in which the relatively
low concentrations of catalase increase the susceptibility of extracellular components
to oxygen radical injury, and may stimulate chemotaxis for other inflammatory cells
(Halici et al., 2007). In the present study, it was observed that MFM decreased
catalase activity, which was probably due to the inhibition of inflammation observed
for MFM (Figure 2B).

Since its identification in 1971, there have been many studies on the actions of
cyclooxygenase (COX or prostaglandin H, synthase) and its inhibition (Vane, Botting,
1998), which has been associated with anti-platelet, antipyretic, anti-nociceptic, and
anti-inflammatory effects (Seaver and Smith, 2004). There are two isoforms of COX,
COX-1 and COX-2. COX-1 is constitutively produced by the body and is involved in
protecting the gastrointestinal mucosal lining as well as maintaining kidney and
platelet function (DeWitt, 1991), and COX-2 is involved with pain, inflammation, fever
and possibly tumor growth (Fu et al., 1990).

Table 2 shows the effect of MFM on cyclooxygenase expression. The results
suggested that MFM mechanism of action was probably due not only to COX direct
blockade, since MFM (300 mg/kg) showed strong anti-inflammatory activity, but high
total COX expression, unlike indomethacin (Table 1), a COX direct inhibitor (Vane,
Botting, 1998). While MFM (100 mg/kg) response was similar to indomethacin, MFM
(300 mg/kg) behavior was similar to dexamethasone, a steroid anti-inflammatory,
which mechanism of action involves the inhibition of many inflammatory mediators
synthesis (Masferrer et al., 1990). Furthermore, MFM (100 and 300 mg/kg) showed
great inhibition of COX-2 isoform when compared with indomethacin. Most anti-
inflammatory drugs available for therapy, such as indomethacin, acts in a non-
selective manner, resulting in adverse reactions, mainly gastric disturbance which is
due to COX-1 blockade (Fosslien, 1998).

Carrageenan-induced peritonitis
Mouse carrageenan peritonitis was also used to evaluate anti-inflammatory

activity. MFM also inhibited peritoneal leukocyte migration (Table 3).
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Leukocyte aggregation at the site of inflammation is a fundamental event in
the inflammatory process. Intraperitonial injection of carrageenan leads to
inflammation of the peritoneum as a result of macrophages in the carrageenan
insulated tissue (Vyas et al., 2010). It was followed by an influx of neutrophils and
mononuclear leukocytes, with increased levels of plasma/peritoneal fluid
chemoatractants and with the sequential appearance of exudate proinflammatory
cytokines (Meade et al., 1996). In this investigation, MFM (100 and 300 mg/kg)
inhibited the carrageenan-induced leukocyte migration in the peritonitis model in
mice, and significantly reduced the migration of neutrophils, indicating their anti-
inflammatory action by inhibiting chemotaxis (Table 3).

Ear edema induced by croton oil

Croton oil-induced dermatitis in rats ear was used as a model of acute
inflammation. The inflammatory reaction induced by the phorbol esters of croton oil is
an acute response characterized by edema, neutrophil infiltration, prostaglandins
production and increases in vascular permeability. The action of croton oil was
believed to be involved in or to be dependent on arachidonic acid release and
metabolism by both cyclooxygenase and lipoxygenase enzyme pathways (Bao et al.,
2009). In this study, the anti-inflammatory effect of MFM was evaluated both for oral
and topical treatments. As shown in Figure 3A and 3C, when used orally and
topically, respectively, the anti-inflammatory effect of MFM was similar to that of the
dexamethasone and indomethacin used as positive controls. Those results together
suggested that MFM presented similar pharmacological properties of those of
lipoxygenase and cyclooxygenase inhibitors (Hong et al., 2001).

In the present study, the changes of myeloperoxidase activity in ear tissues,
an index of neutrophils infiltration into inflammation tissues, were also determined
(Figure 3B and D). As can be observed from those figures, the orally and topically
administration of MFM and positive controls, indomethacin and dexamethasone,
significantly decrease the level of myeloperoxidase activity in comparison with
negative control (vehicle). Myeloperoxidase is an enzyme found primarily in
azurophilic granules of neutrophils, which is used as a marker for tissue neutrophil
content and its inhibition implies the presence of anti-inflammatory activity (Bradley et

al., 1982). Tissue myeloperoxidase activity is a sensitive and specific marker for
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acute inflammation and reflects polymorphonuclear cell infiltration of the parenchyma
(Paino et al., 2005).

Ear edema induced by ethyl phenylpropiolate (EPP)

EPP causes instant irritation of the rat ear, which leads to fluid accumulation
and edema characteristic of the acute inflammatory response. Suppression of this
response is a likely indication of anti-inflammatory effect (Atta and Alkohafi, 1998).
EPP causes a release of many inflammatory mediators such as kinin, serotonin (5-
HT) and prostaglandins (PGs) (Brattsand et al., 1982). MFM (100 and 300 mg/kg)
and positive controls (dexamethasone and indomethacin) exerted an inhibitory effect,
both for oral and topical treatments, on the ear edema formation induced by EPP in

comparison with negative control (vehicle) (Figure 4A and B).

Cotton pellets-induced granuloma

The effects of MFM on the proliferative phase of inflammation are summarized
in Figure 5. It was seen that MFM was responsible for anti-inflammatory effect, which
would be calculated depending on the moist and dry weight of cotton pellets.
According to these results, the antiproliferative effects of MFM (100 and 300 mg/kg)
and dexamethasone were calculated as 19, 25 and 50% inhibition, respectively
(Figure 5A). After they were dried, the antiproliferative effects were calculated on the
basis of dry weight pellets. The inhibition of inflammation by MFM (100 and 300
mg/kg) and dexamethasone were established as 20, 28 and 48%, respectively
(Figure 5B).

The cotton pellet granuloma method is widely used to evaluate the
transudative and proliferative components of the chronic inflammation. The moist
weight of the cotton pellet correlates with the transudate. The dry weight of the pellet
correlates with the amount of the granulomatous tissue (Joseph et al., 2010). This
effect may be due to the cellular migration to injured sites and accumulation of
collagen and mucopolysaccharide (Monthana, 2011).

Also, an imbalance between free radical-generating and radical-scavenging
systems results in oxidative stress and it is also documented in chronic inflammation
(Robbin et al., 2007). MFM presented chronic anti-inflammatory effects, but although

it was not so expressive, in oxidative stress model, MFM (100 and 300 mg/kg)
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demonstrated significant reduction in MDA level in plasma, indicating reduction of
oxidative stress by anti-lipoperoxidative activity (Figure 5C).

It is important to point out that the animals treated with indomethacin died after
four days of treatment. Hematuria and melena were observed, suggesting gastric
bleeding, probably due to COX-1 inhibition. The rats treated with MFM (100 and 300
mg/kg) did not show any gastric disturbance, which reinforces the possibility of MFM
mechanism of action does not involve only COX inhibition. The animals treated with
dexamethasone had a significant weight loss during the days of treatment, unlike the
vehicle and MFM (Figure 5D), probably due to protein catabolism induced by
corticosteroids, resulting in the reduction of muscle mass (Tomas et al., 1979). By the

other side, animals treated with MFM presented normal weight gain.

Conclusion

MFM presented a potential anti-inflammatory activity against acute and
chronic phases of inflammation. This activity may be related to the expressive
antioxidative properties observed for MFM. COX blockade or inhibition of this enzyme
expression, and other mechanisms, such as inhibition of inflammatory mediators
were possibly involved in the effects observed. Studies focusing the isolation and
structure elucidation of anti-inflammatory and antioxidative active constituents from

Mitracarpus frigidus are in progress.
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Table 1 — Effects of the methanolic extract from aerial parts of Mitracarpus frigidus

(MFM) on carrageenan-induced rat paw edema.

Treatment pose Time, paw volume in mL (% inhibition)
(mg/kg)
Oh 1/2 h 1h 2h 3h
Vehicle - 024+ 0.32+0.05 0.38% 0.60 + 0.55 +
0.08 0.10 0.10 0.04
Dexamethasone 1 0.02+ 0.19% 0.16 + 0.23 + 0.29 +
0.01 0.05° 0.03% 0.03% (62) 0.02°
(41) (58) 47)
Indomethacin 10 006+ 0.11+ 0.10 + 0.20 + 0.25 +
0.03 0.02% 0.04% 0.04% (67) 0.05%
(66) (74) (55)
MFM 100 0.11+ 0.17+ 0.12 + 0.21 + 0.25+
0.04 0.04% 0.02% 0.03%(65) 0.03%
(47) (68) (55)
MFM 300 0.03+ 0.06+ 0.10 + 0.13 + 0.29 +
0.01  0.01*°¢ 0.04° 0.03%° 0.05°
(81) (74) (78) (47)

Values represent mean + S.E.M. (n = 6) ®Statistically different from the negative
control (vehicle) PStatistically different from the positive controls (dexamethasone

and indomethacin, respectively) (ANOVA followed by Bonferroni, P < 0.05)
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Table 2 - Effect of methanolic extract from Mitracarpus frigidus (MFM) on

cyclooxygenase (COX) expression in carrageenan-induced rat paw edema.

Treatment Dose Total COX COX-1 COX-2
(mg/kg)  (U/mL) (%) (%)
Vehicle - 255110 25+0.8 75+1.2
Dexamethasone 1 22.0 £1.4° 49 +1.2° 51+0.7%
Indomethacin 10 12.7 + 0.8*° 45 +0.3? 55 + 0.6°
MFM 100 13.5 + 1.0*° 54 + 1.0*¢¢ 46 +0.9%°
MFM 300 209 +1.3° 55 +1.2%%¢ 45 +0.2%°

Values represent mean + S.E.M. (n = 6) ®Statistically different from the negative

control (vehicle) P°Statistically different from the positive controls (dexamethasone

and indomethacin, respectively) %°Statistically different for the COX-2 isoform

expression to MFM 100 and 300 mg/kg, respectively (ANOVA followed by Bonferroni,

P < 0.05).
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Table 3 — Effect of methanolic extract from Mitracarpus frigidus (MFM) on leukocyte

migration and neutrophil migration in peritoneal exudation in carrageenan-induced

mice.

Treatment Dose Leukocytes Leukocyte Neutrophils Neutrophil
(mg/kg) (10%mL) inhibition ~ (10°/mL) inhibition

(%) (%)

Vehicle - 85+0.6 - 59+0.2 -

Dexamethasone 1 2.1+04% 753 1.3+0.3* 774

Indomethacin 10 23+0.3* 735 1.4+03% 758

MFM 100 1.8 +0.4° 78.8 1.2+0.3° 78.9

MFM 300 1.4 +0.4° 83.5 0.9+0.3% 83.4

Values represent mean + S.E.M. (n = 6) ®Statistically different from the negative

control (vehicle) PStatistically different from the positive controls (dexamethasone

and indomethacin, respectively) (ANOVA followed by Bonferroni, P < 0.05).
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Legend for figures

Figure 1 - HPLC chromatogram of Mitracarpus frigidus methanolic extract (MFM).
The analysis was done in a linear gradient of a binary solvent system A (water pH
adjusted to 4.0 with H3PO,4):B (acetonitrile). The elution conditions applied were: 0-20
min, 5-80% B and 20-30 min, 80-95% B. It was run at a flow rate of 1 mL/min over 30

minutes, with an injection volume (“loop”) of 20 pL and UV detection was at 230 nm.

Figure 2 - Effects of MFM and positive controls (dexamethasone and indomethacin)
on changes in activities of the A) malondialdehyde (MDA) accumulation and B)
catalase enzyme in carrageenan-induced paw edema (3rd hour) in rats. ®Statistically
different from the negative control (vehicle). P°Statistically different from the positive
controls (dexamethasone and indomethacin, respectively) (ANOVA followed by
Bonferroni, P < 0.05).

Figure 3 - Effects of MFM and positive controls, dexamethasone and indomethacin:
A and C) on the weight of ear administratered orally and topically, respectively; B and
D) on changes in activity of the myeloperoxidase enzyme administratered orally and
topically, respectively, in ear edema induced by croton oil in rats. @Statistically
different from the negative control (vehicle). P°Statistically different from the positive
controls (dexamethasone and indomethacin, respectively) (ANOVA followed by
Bonferroni, P < 0.05).

Figure 4 - Effects of MFM and positive controls (dexamethasone and indomethacin)
on the weight of ear administratered A) orally and B) topically in ear edema induced
by EPP in rats. °Statistically different from the negative control (vehicle).
bestatistically different from the positive controls (dexamethasone and indomethacin,
respectively) (ANOVA followed by Bonferroni, P < 0.05).

Figure 5 - Effects of MFM and positive control (dexamethasone) on cotton pellets-
induced granuloma in rats. A) Wet weight of cotton pellet (g); B) dry weight of cotton

pellet (g); C) tissue MDA accumulation and D) weight gain of treatments. ?Statistically
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different from the negative control (vehicle). PStatistically different from the positive

controls (dexamethasone) (ANOVA followed by Bonferroni, P < 0.05).
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6 CONSIDERACOES FINAIS E PERPECTIVAS

De acordo com os resultados encontrados nesse trabalho, podemos concluir que:

e A padronizagdo quimica do extrato metandlico mostrou que o triterpeno
pentaciclico, acido ursalico, foi a substancia majoritaria com 275,3 + 0,8 mg/qg,
seguido de dois flavonoides, rutina e campferol, e uma piranonaftoquinona,
psicorubrina, com teores de 56,8 + 1,2; 215 + 0,5 e 4,2 £ 0,2 mg/qg,
respectivamente, que podem estar relacionadas com as atividades farmaco-
bioldgicas. Além disso, foi detectado o flavonoide glicosilado, campferol-3-O-
rutinosideo.

¢ O extrato metandlico apresentou atividade esquistossomicida tanto in vitro
guanto in vivo com consideravel pela reducdo da carga parasitaria. Destaca-
se que no experimento in vivo ndo houve alteracdes na funcao hepatica dos
animais. Sendo assim, a espécie pode ser considerada uma alternativa de
estudos para o tratamento da esquistossomose.

e O extrato metandlico apresentou atividade antiinflamatéria aguda e cronica
para os modelos testados, sendo a resposta aguda mais expressiva. A partir
destes resultados, verificou-se que o mesmo inibe o processo de migracao
celular mediada pela inflamagéo e também diminui o processo oxidativo do
organismo, evidenciado pela baixa concentracdo de MDA, catalase e
mieloperoxidase. Em relacéo a expressao de ciclooxigenase, verificou-se que
0 extrato possui atividade inibitéria maior contra a isoforma COX-2.

e O extrato metandlico apresentou atividade citotoxica contra células
leucémicas, HL60 e Jurkat. Em relagdo ao mecanismo de ac¢ao do extrato foi
possivel verificar que este ndo induz apoptose. Acredita-se, portanto, no
potencial terapéutico deste extrato, porém para confirmar esta hipétese faz-se
necessario a realizacéo de testes in vivo.

e O extrato metandlico induziu aumento do peristaltismo intestinal e de
producdo de fezes. Estes resultados podem estar relacionados com a
presenca de antraquinonas detectou no extrato, que sao amplamente

utilizadas para este fim. Salienta-se a importancia de novos estudos, que
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avaliem a possibilidade de utilizacdo desta planta em fitocomplexos para
emagrecimento.

e A partir do estudo toxicologico agudo e subcronico do extrato metandlico foi
possivel verificar que a planta tem baixa toxidade (DLsp, > 2000 mg/kg) e que
nao apresentou significativas alteracdes bioquimicas e hematoldgicas durante
42 dias de experimento, principalmente nas concentracbes de 100 e 300
mg/kg . Portanto, trata-se de uma planta que confere seguranca, o que
viabiliza a realizacao de testes farmacolégicos pré-clinicos.

e Foram isoladas e elucidadas trés substancias bioativas do extrato metandlico,
dois triterpenos (acido ursolico e ursolato de metila) e uma naftoquinona
(psicorubrina). Estas substancias apresentam resultados promissores para
atividade citotoxica, antimicrobiana, leishmanicida e antiinflamatoéria. Além
disso, podem ser utilizadas como marcadores quimiotaxondmicos da espécie.

e A particaio em hexano apresentou atividade antimicrobiana, especialmente
para as amostras testadas, Pseudomonas aeruginosa ATCC 15442,
Salmonella typhimurium ATCC 13311 e Shigella dysenteriae ATCC 13313, e
leishmanicida, tendo uma especificidade e seletividade para formas
intracelulares (amastigotas). Além disso, foi observado que o extrato
apresentou pouca toxidade contra macréfagos.

o Verificou-se, por meio da anélise da composi¢cdo quimica do 6leo essencial,
gue as substancias majoritarias foram linalol e acetato de eugenol. Além
disso, foi observado que o O6leo apresenta atividade antifUngica e
leishmanicida, sendo, portanto, uma alternativa terapéutica para doencas

relacionadas com estes organismos.

Pontanto com este estudo, a espécie Mitracarpus frigidus, que nao possui relatos
de uso popular, pode ser uma alternativa no tratamento de diversas doengas, como
as provocadas por fungos, bactérias e parasitas, além de patologias relacionadas a
processos inflamatorios. Para tanto, é necessario a realizacdo de novos estudos,
qgue possibilitem identificar o potencial desta espécie visando a obtengcdo de novos

fitoterapicos.
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Figura 3 — Compostos detectados por CLAE no extrato metandlico das partes aéreas de
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— Substéancias isoladas de Mitracarpus frigidus

1- Psicorubrina (3-hidréxi-3,4-dihidro-1H-benzo[glisocromeno-5,10-diona)

LT
OH

O

e [solados 100 mg

e m/z: 230,1 calcd. para C13H1004

e UV (MeOH) Amax (log €): 245; 250; 262; 333 nm
e PF:146,2°C
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2- Acido ursélico (acido 3B-hidréxi-urs-12-en-28-6ico)

e Isolados 210 mg

e m/z: 456,6 calcd. para C3oHs03
e UV (MeOH) Amax (log €): 215 nm
e PF:264°C
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Figura 12 — Espectro de RMN de *H [MeOD, 300 MHz] do &cido ursélico.
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Figura 13 — Espectro de RMN de *C [MeOD, 75 MHz] do &acido ursélico.
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Figura 14 — Espectro de RMN de Dept 135 [MeOD, 75 MHz] do acido ursdlico.
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Figura 15 — Espectro de RMN de COSY [MeOD, 300 MHz] do acido ursdélico.
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Figura 16 — Espectro de RMN de HMBC [MeOD, 300 MHz] do acido ursolico.
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Figura 17 — Espectro de RMN de HSQC [MeOD, 300 MHz] do &cido ursdlico.
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3- Ursolato de metila (3B-hidroxi-urs-12-en-28-olato de metila)

e Isolados 20 mg

e m/z: 470,7 calcd. para C31Hs5003
e UV (MeOH) Amax (log €): 215 nm
e PF:252°C
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Figura 18 — Espectro de massa do ursolato de metila.
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Figura 19 — Espectro de infravermelho do ursolato de metila.
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Figura 20 — Espectro de RMN de *H [MeOD, 300 MHz] do ursolato de metila.
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Figura 21 — Espectro de RMN de *C [MeOD, 75 MHz] do ursolato de metila.
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Figura 22 — Espectro de RMN de Dept 135 [MeOD, 75 MHz] do ursolato de metila.
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Figura 23 — Espectro de RMN de COSY [MeOD, 300 MHz] do ursolato de metila.
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Figura 24 — Espectro de RMN de HSQC [MeOD, 300 MHz] do ursolato de metila.





