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RESUMO
Introducéo: A leishmaniose cutanea € causada por protozoddagenerd_eishmaniae €
caracterizada por les6es na pele localizadas oserdisadas. A espécikeishmania
(Leishmania) amazonengisresponsavel pela forma clinica cutanea e cutdifiesa, a mais
grave forma clinica e de dificil tratamento. Estpézie geralmente mostra resisténcia
terapéutica levando a falha da terapia e agravandatdoenca. O tratamento atual para a
leishmaniose pode provocar graves efeitos adversmsicidade. Neste contexto, os produtos
naturais sao considerados potenciais candidat@s gpaerapia alternativa da leishmaniose,
pois além da atividade leishmanicida, possuem acidg@de de modular citocinas da resposta
imune do hospedeiro, a qual é essencial para dugdsoda doenca. A planfetradenia
riparia € utilizada como tradicionalmente na Africa paratratamento de doencas
inflamatorias e infecciosas. Os extratos e o 6=mrcial derivados desta planta apresentam
propriedades antioxidantes, anticarcinogénica emambbiana. Embora esta planta seja
utilizada como remédio popular por diferentes papiks para a cura de uma diversidade de
doencgas, poucos estudos tém investigado os etetokeishmaniae imunomoduladores da
plantaT. riparia. O 6leo essencial derivado de riparia (TrEO) € um rico complexo de
terpenoides, incluindo os diterpenos (hidrocarbmetu oxigenados) relacionados com a
atividade antimicrobiana dos 0leos essenciais.t&@mno 6,7-dehidroroileanona derivado de
T. riparia (TrROY) foi recentemente descrito na literaturajrela ha poucos estudos sobre as
propriedades farmacoldgicas deste composto. Asgsie estudo foi investigado: o potencial
leishmanicida do TrEO e do TrROY sobre formas psiigatas e amastigotas de (L.)
amazonensjsa citoxicidade de TrEO e TrROY sobre macréfagagimos e eritrocitos
humanos; a produgéo de nitrito e a expressao dk ditrico sintase induzivel (iNOS) por
macrofagos murinos infectados coin(L.) amazonensise tratados com TrEO; a
imunomodulagdo de macrofagos murinos tratados cdb®;Te a modulacdo da expressao
génica e da producao de citocinas por macrofagesasutratados com TrEO e infectados
com L. (L.) amazonensisMetodogia: Os efeitos de TrEO e TrROY sobre formas
promastigotas dd.eishmaniaforam avaliados utilizando as metodologias de amita
microscépica convencional, de reducdo do XTT (2s3metoxi-4-nitro-5-sulfofenil]-5-
[(fenilamino), e ainda foi realizada a microscoglatrénica de transmissao para verificar as
alteragOes ultraestruturais das formas promassigatatadas com TrEO. Os efeitos
citotoxicos de TrEO e TrROY para macréfagos muriiooam avaliados utilizando o método
de XTT e de exclusdo derypan Blue e para eritrécitos humanos foi realizado o telste
hemolise a partir da leitura em espectrofotomdéera verificar os efeitos de TrEO e TrROY
sobre as formas intracelulares deeishmania macréfagos peritoneais obtidos de
camundongos BALB/c foram infectados com promastigoe posteriormente tratados com
TrEO e TrROY, por microscopia convencional obtegexporcentagem de células infectadas
e 0 numero medio de formas amastigotas por maaofagécnica de reacdo em cadeia da
polimerase quantitativa em tempo real (QPCR) tambb@nrealizada para a verificar a
guantidade de parasitos baseando-se na detecd@dAlale Leishmania Para os estudos de
imunomodulagdo, macrofagos peritoneais murinosnforafectados comlLeishmaniae
tratados com 30 ng/mL de TrEO. Apés os periodosmadeacao de 3, 6 e 24 h, a producao
de nitrito foi determinada por espectrometria zaiido o método de Griess, e a expressao da
enzima o6xido nitrico sintetase induzivel (INOS)eecttocinas (interleucinas, ILB1IL-2, IL-



4, IL-5, IL-6, IL-10, IL-12, IL-17, IL-18, IL-33; nterferony, IFN-y; fator de necrose tumoral,
TNF; fator de crescimento de col6nias de macrofagganuldcitos, GM-CSF) foi verificada
pelo método de PCR semi-quantitativo associadaarsdriptase reversa. A producdo de
citocinas foi verificada por citometria de fluxoarB a analise estatistica considerou-se um
intervalo de confianca de 95%esultados TrEO e TrROY promovem a morte de
promastigotas dé. (L.) amazonensiem até 72 h de incubacdo. TrEO foi mais efetive qu
TrROY, a dose letal em 50% (&) de TrEO foi de 0,8 pg/mL e de TrROY de 3 pg/mL.
TrEO e TrROY n&o mostraram citotoxicidade sobrdrd@mitos humanos, mas TrROY
mostrou toxicidade para macréfagos murinos resdita®m uma baixa seletividade das
substancias para o parasito em relacdo as céldasoncentracéo de 0,03 pug/mL, o TrEO foi
capaz de modificar as ultraestruturas de promaasgsugerindo o processo de morte celular
por autofagia indicada pela presenca de condensi&ca@mmatina, formacéo ddebbingde
membrana, perfis membranosos e fragmentacdo nu€samacrofagos tratados com 0.03
pg/mL de TrEO e 10 pg/mL de TrROY mostraram umaigéd de 65 e 48% no indice de
infeccdo porLeishmania respectivamente. TrEO e TrROY né&o induziram aresgéo de
INOS e a producao de nitrito em macrofagos infexgatbmLeishmania. Embora, o TrEO
nao tenha modificado a via do éxido nitrico, TrE@dumlou a expresséo génica e a sintese de
citocinas de macrofagos murinos ndo infectadoatados em todos os periodos estudados. A
modulacdo da expressao génica ocorreu somenteeniaslgs de 3 e 6 h, enquanto que 0s
efeitos sobre a producao das citocinas foram obdesvaté 24 h. A expressao e producao de
1B, IL-12, IL-17 e IFNy foram altamente induzidas por TrEO em 3 h, e sten@nL-13 foi
expressa e produzida em altos niveis em 6 h, as fuam reduzidos gradualmente até o
periodo de 24 h. A IL-2 foi produzida em altos igveo inicio da incubacédo, e GM-CSF e
IL-17 mais tardiamente (24 h). TrEO inibiu sign#itvamente a producao de IL-10 e IL-6 em
macréfagos murinos. Em macrofagos infectados t@ishmaniae tratados com TrEO,
houve um significativo estimulo para producéo de-jre inibicao de IL-B, IL-6, IL-17, IL-

33, TNF, e de citocinas da resposta do tip@ {linfécitos Thelper,IL-4, IL-5 e IL-10). Os
niveis de IL-12 foram mantidos a niveis normai® ieditamento com o TrEO. Enquanto que
a infeccao pot. (L.) amazonensisstimulou a producéo de IL-10, IIB31IL-4, IL-5, IL-6,
IL-17 e IL-33, e inibiu IL-12 e IFN¢ produzidos pelos macréfagos infectados e naadivata
Concluséda TrEO e TrROY promovem a morte dos parasilos (L.) amazonensis
possivelmente por alteragcdes no metabolismo mitirgaln respiratorio e lipidico. O TrEO
em baixas concentragbes ndo apresenta citotoxeidadcélulas e € capaz de modular a
expressao génica e a producdo de citocinas impestaa resposta imunoldgica. O perfil de
citocinas induzido pelo tratamento com o TrEO nséauia da infeccdo esta associado ao
estimulo da resposta imune inata celular e a ssgwede citocinas de célulagZl Assim,
TrEO poderia ser uma alternativa terapéutica parey doencas em que a resposta imune
celular é crucial para a sua resolucdo, como nasgas infecciosas, autoimunes e no cancer.
Os efeitos do TrEO sobre a leishmaniose, sugere @querEO é capaz de regular
negativamente as citocinag,Zl envolvidas com a progressdo da leishmaniose merda
IFN-y que é essencial para a resolu¢do da doenga. €sdes resultados sustentam o uso da
plantaT. riparia como medicamento popular para o tratamento de géésc parasitarias
como a leishmaniose, e outras doencas que requeersradulacdo da resposta imune. O
TrEO poderia ser utilizado como terapia alternapaaa o tratamento da leishmaniose ou
concomitante aos medicamentos preconizados, pmrssgere-se que ensaiosvivo e em
humanos sejam conduzidos para garantir a sua iefie@cuso seguro deste tratamento.
Palavras-chave: Leishmania Leishmaniose cutaneaTetradenia riparia Citocinas.
Diterpeno



Antileishmanial and immunomodulatory activitiy diet essential oil and 6,7-
dehydroroyleanone froffietradenia riparia(Hochstetter) Codd

Abstract
Introduction : Cutaneous leishmaniasis is caused by protoztizeajenud.eishmaniaand it
is characterized by skin lesions localized or drgsated. Leishmania (Leishmania)
amazonensidgs responsible agent for cutaneous and diffusenadus, the most severe
clinical and difficult to treat form. This speciasually shows therapeutic resistance leading
to therapy failure and worsening injury. The cutrgeatment for leishmaniasis has caused
serious side effects and toxicity. In this contéig natural products are considered potential
candidates for alternative therapy for leishmasiasis well the leishmanicidal activity,
products able to modulate cytokines of the host umenresponse are essential for the
resolution of the disease. Thetradenia ripariaplant is used as traditionally in Africa for the
treatment of inflammatory and infectious disea3d®e extracts and the essential oil derived
from this plant have antioxidant, anticarcinogesmal antimicrobial properties. Although this
plant is used as a folk medice in different popafe for curing a variety of diseases, few
studies have investigated the amishmaniaand immunomodulatory effects of the
riparia plant. The essential oil derived from. riparia (TREO) is a rich complex of
terpenoids, including diterpenes (or oxygenatedrdgatbons) related to the antimicrobial
activity of essential oils. The diterpene 6,7-debtidileanona derived fronT. riparia
(TrROY) has recently been described in the litemgtuhere are few studies on the
pharmacological properties of this compound. Insthstudy, we investigated: the
leishmanicidal potential TrEO and TrROY on promgstes and amastigotes bf (L.)
amazonensjsthe cytotoxicity of TrEO and TrROY on murine maghages and human
erythrocytes; the production of nitrite and nitoixide synthase mRNA expression (iNOS) by
murine macrophages infected with. (L.) amazonensisand treated with TrEO; the
immunomodulation of murine macrophages treated WitBRO; and modulation of gene
expression and cytokine production by murine matages treated with TrEO and infected
with L. (L.) amazonensidMethodology: The effects of TrEO and TrROY dreishmania
promastigotes were evaluated using three methbdsgdnventional microscopic, reduction
of XTT (2,3-bis [2-methoxy-4-nitro-5-sulfophenylHophenylamino), and transmission
electron microscopy to check the ultrastructuraérations of promastigotes treated with
TrEO. The TrEO and TrROY cytotoxicity was evaluatesing the XTT method and Trypan
Blue exclusion test, and for human erythrocytes per$ormed hemolysis test from reading
in spectrophotometer. To check the effects of Ti&@ TrROY on intracellular forms of
Leishmania peritoneal macrophages obtained from BALB/c mugere infected with
promastigotes, and subsequently treated with TreReOT@aROY. The percentage of infected
cells and the average number of amastigotes peroptaage was obtained counting cells in
conventional light microscopy. Quantitative reahdéi polymerase chain reaction (QPCR) was
also performed to determine the quantity of paeasibased on théeishmania DNA
detection. For studies of immunomodulation, munegitoneal macrophages were infected
with Leishmaniaand treated with 30 ng/mL of TrEO. After 3, 6 @wlhours of incubation,
nitrite production was determined by spectromesing the Griess reagent, and expression
of INOS and cytokines (interleukins, IB1IL -2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-17, IL-
18, IL-33, interferony, IFN-y, tumor necrosis factor, TNF; growth factor of guks of
granulocytes and macrophages, GM-CSF) was measyregmi-quantitative PCR method
associated with the reverse transcriptase. Cytolpreduction was detected by flow



cytometry. For statistical analysis it was consedea 95% confidence intervaResults
TrEO and TrROY promote thie. (L.) amazonensis promastigote forms death within 72 h of
incubation. TrEO was more effective than TrROY, eththe 50% lethal dose (LD50) of
TrEO was 0.8 pg/mL and TrROY 3 pug/mL. TrEO and ThR@d not show cytotoxicity on
human erythrocytes, but TrROY showed toxicity torim& macrophages resulting in a low
selectivity index. TrEO at the concentration of .lg/mL was able to modify the
ultrastructures of the promastigotes suggestingpdnagy process and cell death indicated by
the presence of chromatin condensation, membraatdiblg formation, membranous profiles
and nuclear fragmentation. Macrophages treated @8 pg/mL of TrEO and 10 pg/ml of
TrROY reduced the infection index from 177 (macragés infected witlhheishmanid to 65
and 48%, respectively. TrEO and TrROY subvert tighition of expression of INOS and
nitrite production in macrophages infected wigishmania TrEO modulated cytokine gene
expression and synthesis by murine macrophageeagated and treated in all periods studied.
The modulation of gene expression occurred only ahd 6 h, while the effects on cytokine
production were observed up to 24 h. The expresaimhproduction f, IL-12, IL-17 and
IFN-y were highly induced by TrEO at 3 h. lI3-lvas expressed and produced in high levels
in 6 h, which was gradually reduced to the perib@bh. IL-2 was produced at high levels at
the start of incubation, and GM-CSF and IL-17 Ig&% h). TrEO significantly inhibited IL-
10 and IL-6 production by murine macrophages. Icnmghages infected witheishmania
and treated with TrEO, IFM-was highly produced, and ILB1IL-6, IL-17, IL-33, TNF, and
Tn2-type cytokine response (helper T lymphocytes4 lIL-5 and IL-10) were inhibited. IL-
12 levels were maintained at normal levels by tneait with TrEO. While infection witlh.

(L.) amazonensistimulated IL-10 production, ILf IL-4, IL-5, IL-6, IL-17 and IL-33, and
inhibit IL-12 and IFNy produced by macrophages infected and not tredi&d) treatment
subvert it favoring the infection resoluticd@onclusiont TrEO and TrROY promote the death
of L. (L.) amazonensipossibly by mitochondrial, respiratory and lipicctabolism. TrEO at
low concentrations did not show cytotoxicity to Iseand is capable of modulating gene
expression and production of major cytokines of tlmmune response. The profile of
cytokines induced by TrEO in the absence of infecis associated with stimulation of the
innate cellular immune response and suppressidndfcell cytokines. Thus, TREO would
be an alternative therapy for various diseaseshiciwthe immune response is crucial for its
resolution as in infectious diseases, autoimmune eancer. The effects of TrEO on
leishmaniasis, suggests that it is able to suppreg<ytokines involved with the progression
of leishmaniasis, and enhances liFMhich is essential for the resolution of this dise. All
these results support the use Tofriparia plant as a folk medicine for the treatment of
parasitic infections such as leishmaniasis andrattseases which require modulation of the
immune response. TrEO could be used as an alteen#ttierapy for leishmaniasis. We
suggested that in vivo tests in humans are perfdtimensure its efficacy and safe use of this
treatment for leishmaniasis or other disease.

Keywords: Leishmania Cutaneous leishmaniasigetradenia riparia Cytokines. diterpene
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CAPITULO |

Revisao Bibliogréafica

Leishmanioses

As leishmanioses sdo doencas infecciosas neglagaeique tem como agente
etiologico os parasitos do géndreishmanigpertencentes a ordeiinetoplastidae a familia
Trypanosomatidae.A leishmaniose tem carater zoom@biois € primariamente uma enzootia
de animas silvestres. Os parasitos causadoressthanbniose sdo protozoarios digenéticos
gue tem ciclo biolégico heter6xeno, ou seja, madsudn hospedeiro. Os hospedeiros
vertebrados mamiferos incluem os canideos, primatas homem, e 0s hospedeiros
invertebrados sdo insetos da subfamilia Phlebo@menisendo os génerdsitzomyae
PlebotomugBrasil, 2006).

Os parasitosLeishmania sdo encontrados sob as formas promastigotas, forma
flagelada, encontradas no meio extracelular daldutrato digestivo dos flebotomineos e que
sdo inoculadas na pele dos mamiferos a partir plaste sanguineo durante a picada. Nos
mamiferos, destacando-se o homem, assumem a fonastigota, arredondada e imovel
(morfolégica e bioquimicamente distinta das promngasas), com multiplicacao
obrigatoriamente em células do sistema mononudiggocitario (SMF), principalmente
macrofagos. A infeccdo dos insetos flebotomineasreatravés da picada da fémea em um
vertebrado, que durante o repasto sanguineo irgg@rgue que pode conter macrofagos
parasitados pelas formas amastigostas (Killick-lKehkdt al, 1991; Walters, 1993).

A leishmaniose cutanea (LC) atinge cerca de umamilde pessoas no mundo, e
ameaca 350 milhdes de pessoas que vivem em areidsaalas quais a maioria se encontra
em paises em desenvolvimento. No Brasil, as pamipspécies responsaveis pela LCséo
Leishmania (Leishmania) amazonensiseishmania (Viannia) braziliensisle leishmaniose
visceral éLeishmania (Leishmania) chagagh espéciel. (L.) amazonensig@ também o
agente etiolégico da leishmaniose cutanea difusagdcclinica mais grave e destrutiva da
doenca (OMS, 2010; Marzochi e Marzochi, 1994).

A lesdo cutanea é caracterizada, na maioria dasyppr uma Ulcera Unica na pele,
geralmente grande, persistente e desfigurante. #&sfestacdes e a cura clinica da doenca
dependem da resposta imunoldgica do hospedeirardetdividade das espécies de parasito
(Silveiraet al, 1999).
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Imunopatogenia da leishmaniose cutanea

Os parasitos sao reconhecidos no sitio da infepoéacélulas da imunidade inata
como os macréfagosiatural killers e células dendriticas (Ebaei al, 2014). Respostas
especificas sdo promovidas por essas células dwgitandisseminagdo da infeccdo no
organismo, e dependem da inducao de citocinas pélialss.

As citocinas sdo proteinas que estimulam a ativagégulacdo, diferenciacdo e
migragéo celular para o combate de infecgdo. Axicids sao classificadas em grupos de
familia baseados na homologia estrutural de sexept@res celulares, e as principais séo
pertencentes a familia das interleucinas (ILs)erfetons (IFNsS) e quimiocinas. Essas
proteinas sdo essenciais para o desenvolvimentoraefgmstas imunoldgicas (inata e
adaptativa), para o crescimento, a diferenciacammiee celular, angiogénese e processos de
reparo (Abbas, Lichtman e Pillai, 2011).Por suaoagéduladora, as citocinas podem
interferir nas defesas antimicrobianas, recrutameetcélulas efetoras e reparacéo do tecido
infectado. ApoOs a entrada do patdgeno, todos osmeenos imunoldgicos sdo coordenados
em poucas horas, e estes processos requerem gnaondesicas na expressdo de RNA
mensageiro (NRNAMessenger RNAacido ribonucleico) e de proteinas. Alguns patége
possuem a habilidade de interferir diretamenteim@se de proteinas do hospedeiro e inibir
as respostas inatas (Arguekt al, 2015). Na leishmaniose cutanea, a resposta irdane
hospedeiro € um dos fatores mais importantes pastabelecimento da infeccéo e cura da
doenca (OMS, 2010).

Entretanto, o parasitbeishmaniatem a habilidade de modificar a resposta imune
inata e adaptativa, inibindo os mecanismos antohianos das células do hospedeiro, isso
através do desequilibrio da producéo, ativacao ferediciacdo de células T auxiliares,
também conhecidas como linfocitoshElper (Ty) (Gollob et al, 2014; Silvermaret al,
2010). Devido a habilidade do parasito em modukgativamente a resposta imune do
hospedeiro, o tratamento mostra falhas terapéutiaasrecendo a persisténcia da infeccao.
A ativacao das células da resposta imune celutanpcas células 1 produtoras de IFN;
fator de necrose tumoratufmor necrosis factor TNF) e interleucinas como a IL-12,
juntamente com macrofagos ativados, promovem agi#ov de mecanismos microbicidas e
morte do parasito (Tripathat al, 2007). No entanto, a localizagéo intracelulampdtbgeno
pode influenciar o efeito de drogas leishmanicidsisda, o parasito tem capacidade de

resistir aos mecanismos microbicidas intracelularesnpedir a fusdo fagolisossomo. A
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infeccdo poL. (L.) amazonensisiduz a liberacdo de citocinas IL-10, IL-4 e IL#velvidas
com a resposta imune do tip@2l considerada ndo protetora e diretamente reladaoom a
progressédo da doenca (Duapieaal, 2014) (Figura 1).

O IFN-y € uma das citocinas mais importantes para a r@sposne protetora contra
Leishmaniadevido a sua capacidade de estimular a sintessp#eies derivadasdo oxigénio
(ROS, reactive oxigen specigse o oxido nitrico (NOpitric oxide), uma das principais
substancias leishmanicidas. Esse estimulo se dégaimente pela ativagdo da transcricao
de genes que codificam enzimas necessarias pawgdg de ROS, como a enzima sintase
indutora do oxido nitrico (iINOSpnducible nitric oxide syntha¥€Abbas, Lichtman e Pillai,
2011). Na leishmaniose, o aumento de iINOS podaendiar a producdo de NO e promover
a eliminacdo do parasito. Portanto, para a resoldedinfeccdo € necessario um balanco no
perfil de citocinas da resposta imune do hosped@moo, et al, 2012; Oliveira,et al,
2014) (Figura 1).

A Figura 1 é um esquemado processo imunolégico niacgdo porL. (L.)
amazonensisinicialmente, as formas promastigotas ldeshmaniasao fagocitadas por
macrofagos (ou outras células do sistema mononutdeacitario), transformando-se em
amastigotas. Este processo promove a ativacdofepagfio e diferenciacdo das células
imunes que dependem principalmente das citocinasetaeglas pelas células da resposta
imunologica durante a infeccdo. Para a resolucada#mca, € necessaria a liberacado de
citocinas como o IFN; IL-12 e IL-18 que ativam macréfagos e célulag,Tlevando os
macréfagos a secretarem substancias microbicidas coNO, e consequentemente a morte
do parasito (Oliveirat al, 2014).

Os protozoarios da espédie (L.) amazonensisao capazes de inibir essa resposta
protetora e ainda promover a resposta imune doTtolevando a persisténcia da infecgéo
(Espirret al., 2014). As citocinas I3 1IL-4, IL-5, IL-6, IL-10 e o fator de crescimentie
colénias de granulécito e macréfago (GM-CSF, graeyie macrophage colony-stimulating
factor) ativam as células4Z e a inibicdo da ativacdo dos macrofagos. Duraméccao por
Leishmaniaos linfocitos 117 séo ativados pela liberacdo da IL-6 e promoveeceecdo de
IL-17 e TNF, essas citocinas sdo pro-inflamatégasesponsaveis pelo recrutamento de
neutréfilos aumentando o processo inflamatorio. idPées infectados comlL. (L.)

amazonensispesentam um perfil de citocinas do tipg2Te T417 que levam a progressao
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da doenca e persisténcia do parasito, mesmo salmeato. Um perfil de resposta do tipo

Tnl e supresséo ded favorece a cura da doenca,(Olivaital, 2014; Espiret al,, 2014).

M@ infectado
Mg

IFN-y

_ Ativacdo de M@
Mg ::: 1; © ¢ Substéancias
g (S) | microbicidas
! [ Morte do parasito|

N

AN

i TNF
L. (L.) amazonensis IL-17 > ;
IL-6 Neutréfilo
Inflamacéao

IL-4

IL-5

IL-6

IL-10

IL-18 P

Inibicdo dos M@
GM-CSF ¢
—’
LEGENDA:
Ativagdgo —>

IFN-y= Interferon-gamma Persisténcia da infeccao
GM-CSF= fator de crescimento de Inibicgo  —— e progressao da doenca
colénias de macrofagos e
granulocitos Leishmania
IL = interleucina Promastigota
M@= macréfago =
T, = célula T auxiliar ( T helper cell) Amastigota
TNF= fator de necrose tumoral

Figura 1. Resumo do perfil de citocinas e de rasposunolégica de macréfagos e células T

na infeccéo pok. (L.) amazonensis
FONTE: producao propria.

Tratamento da leishmaniose cutanea

Recentes estudos indicam que estratégias que modalaresposta imune do
hospedeiro, sendo chamadas de imunoterapia, pogkritar em um tratamento profilatico
ou terapéutico que favorece a cura da leishmaig@keor e Uzonna, 2009). A Organizagao
Mundial da Saude (OMS) e o Ministério da Saude dwsiBrecomendam para o tratamento
da leishmaniose cutanea os antimoniais pentavaleot®o o Glucantime® (Sanofi-Aventis
Farmacéutica Ltda., RJ, Brasil). Os antimoniais &do utilizados para o tratamento da

leishmaniose desde 1945, quando o primeiro antionf@ntavalente foi sintetizado, o
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estibogluconato de sdédio (Pentostam®, GlaxoSmitt&li Inglaterra). Posteriormente,
naquele mesmo ano, foi sintetizado outro compostigvalente, o antimoniato de N-metil
glucamina, o Glucantime®. Devido a alta toxicidattes antimoniais, falhas terapéuticas e
efeitos adversos, outros farmacos foram desenwaslval aplicados para o tratamento da
leishmaniose, como a anfotericina B desoxicolates@io (AmB, Anforicin B), a qual tem
sido utilizada como terapia de segunda escolhad@usm Chakravarty 2013;0MS, 2010). A
eficiéncia da AmB no tratamento da leishmaniosadtatada no final da década de 1950 e
inicio dos anos 1960 (Sampabal, 1960), mostrando um peqgueno numero de recidivas e
melhor acdo sobre as lesdes em comparacao contiom®m@ais (Castro, 1972; Sampagd

al., 1960; Sampaio e Marsden, 1997).

Os antimoniais podem estimular o sistema imuneif@torecendo a resolucdo da
infeccdo (Ghosét al, 2013). Entretanto, nos ultimos anos, muitos estuém reportado uma
atividade leishmanicida ineficaz e efeitos adverdasante o tratamento com antimoniais e
drogas de segunda escolha, como a anfotericina ddjeotem levado muitos pacientes a
abandonaro tratamento da doenca (Beghah, 1985; Berman, 1997). Dentre os efeitos
adversos mais comuns como resultado da terapieantimoniais estdo a cardiotoxicidade e
pancreatite, por isso 0 monitoramento da toxicidddeequerido quando o antimonial é
utilizado (Sundar e Chakravaetyal, 2010). A AmB é um agente antifingico, antibaeteoi
e antiprotozoarios, e usada clinicamente ha mdi#aadas. No entanto, o seu uso € limitado
devido a sua nefrotoxicidade (Baginski e Gzubl, 2009). Desta maneira, pesquisas tém
sido conduzidas para a descoberta de novas draga® fgratamento da leishmaniose com a
finalidade de produzir um novo farmaco com granddemcial leishmanicida, menor
toxicidade e com efeitos imunomoduladores benéfidtmnge-Maillo e Lopez-Velez, 2013;
Oliveiraet al, 2011).

Terapia alternativa para a leishmaniose cutanea

As plantas medicinais possuem diversos metabétions atividade farmacolégica,
inclusive contra as leishmanioses (Choubkaial, 2014; Monzoteet al, 2011). Os estudos
também mostram que os produtos naturais possuembai®a probabilidade de causar
efeitos adversos; além de possuirem menor custoy raeessibilidade e sustentabilidade,
guando comparados aos tratamentos atuais precosigaaa a leishmaniose (Singhal,

2014; Adebayo, 2013). Atualmente, a industria tréutica tem se comportado com uma
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relativa anergiaa esta doenca, o arsenal de dregasmanicidas disponivel permanece
limitado, muitas vezes levando as pessoas de angi#snicas de leishmaniose a depender de
medicamentos tradicionais usados para aliviar os smtomas. E assim, os estudos com as
plantas medicinais utilizadas na preparacdo de d@siéopulares tém contribuido com a
medicina moderna para a formulacdo de novos cowgdsirmacéuticos ativos (Sen
Chatterjee, 2011). Para o tratamento da leishmaniplentas com ambas as atividades
leishmanicida e de imunomodulacdo podem ser udigacomo terapia alternativa no
tratamento da leishmaniose cutanea (Séied, 1999; Nanet al, 2008; Okenet al, 2012).

A utilizacdo de plantas medicinas pode ser umaatégfia para a modulacdo da
secregcdo de citocinas, oferecendo novas abordaggmas o tratamento da doenca. Na
leishmaniose, os produtos com atividade antileish@ah@&apazes de estimular a liberacdo de
citocinas da resposta imune celular protetora euelag que regulam negativamente a
imunidade supressora, poderiam ser uma alterngdiraos casos de leishmaniose em que ha

resisténcia terapéutica, falhas ou efeitos advé&as e Chatterjee, 2011).

Tetradenia riparia (Hochstetter) Codd

A planta Tetradenia riparia (Hochstetter) Codd pertence a familia Lamiaceae €
também conhecida comboza ripariaN.E. BR. OuMoschosma ripariumEsta planta € um
arbusto herbaceo encontrado principalmente emesgidpicais como a Africa (Polya, 2003,
Shaleet al, 1999, van Puyveldet al, 1988, York.et al, 2011 e 2012). Neste continente, a
planta T. riparia é utilizada na medicina tradicional para o trataimede doencas
inflamatorias e infecciosas, ou seja, é utilizadm@ um medicamento popular por pessoas
leigas para o tratamento de diversas doencas (CGdingbal, 1997; Cardosoet al, 2011;
Gazim,et al, 2010, 2011, 2014; Martins, 2008; van Puyvekteal, 1986, 1987 e 1988).0
uso de suas folhas e o Oleo essencial foram descpara o tratamento de malaria,
criptococose, candidiase e infecgBes respirat@@ampbellet al, 1997; Okemet al, 2012;
van Puyveldegt al, 1986; York,et al, 2012). No Brasil, esta planta também é conhecida
como falsa mirra, verbena e lavandula e é usada @ocenso e planta ornamental (Martins,
2008; Gaziret al, 2010; van Puyvela al, 1988; Yorlet al, 2011) (Figura 2).
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Figura 2. Estados vegetativos da plaftetradenia ripariglocalizada no herbéario da
Universidade Paranaense (UNIPAR), Umuarama, ParA&ngrimeira figura € o estado
vegetativo da planta durante as estacfes de pnmaverao e inicio do outono. A segunda
figura € a planta no final do outono e inicio deemo, enquanto que a terceira figura € o

estado vegetativo durante o inverno.
FONTE: fotos cedidas pela professora Dra. Zildat@miGazim.

O oOleo essencial derivado da planta riparia (TrEO, Tetradenia riparia
essentialoil’) possui cor alaranjada e fragrangia@avel e bem caracteristica (Figura 3, A).
O TrEO é uma mistura complexa de terpenoides, imbtumonoterpenos, sesquiterpenos e
diterpenos (hidrocarbonos ou oxigenados)(Gaztal, 2010). Os terpenoides oxigenados
sao as substancias com maior atividade antimianaki@azinet al, 2010 e 2014). Torquilho
(1999) demonstrou a atividade leishmanioestatipa@dade de inibir o crescimento
parasitario) do Oleo essencial derivado da espdogchoma ripariumHochst sobrd.. (L.)
amazonensjgtilizando a metodologia de contagem microscog@sparasitos em camara de
Neubauer. Apesar deste estudo, a atividade Leighmaniatem sido pouco estudada
(Thomazelleet al, 2013; Demarchet al, 2013).

Recentemente, dois diterpenos foram isolados dd@TeEdescritos por Gazim e
colaboradores (Gazimt al, 2014), os quais foram: 6,7-dehidroroileanona yfag3, B),
substancia descrita por Kusumetioal, 2009), e 0 composto inédit@,23-epoxi-7-abietano.
Este novo diterpeno mostrou uma boa atividade Gitcd para diferentes linhagens de
células tumorais humanas vitro, enquanto que o 6,7-dehidroroileanona néo fotdiioo,
mas mostrou alta atividade antioxidante (Gaatral, 2014).0Outros estudos mostraram uma
atividade antiinflamatéria do extrato de riparia sobre as ciclooxigenasesl (COX 1) e 2
(COX 2) (Okemet al, 2012;Ndhlalaet al, 2011), mas os mecanismos protetores dos

derivados da planf& riparia ainda n&o estéo elucidados.
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(A) (B)

Figura 3. Oleo essencial de riparia (TrEO) obtidopelo processo de destilagdo por arast
vapor em aparelho de Clevenger modificado (A) eutstn quimica do diterpeno 6,7-

dehidroroileanona derivado do TrEO (B).

Embora a plantd. riparia tenha uso tradicional para diferentes doencgas, wom
grande potencial antiinflamatorio, antioxidante rgimaicrobiano, (Campbelet al, 1997;
Gazinet al, 2010 e 2014; Martins, 2008) poucos estudos foeacontrados na literatura
sobre a sua atividade leishmanicida e imunomoduafldemarchiet al, 2013; Thomazella
et al, 2013; Torquilho, 1999).

Métodos para estudo de drogas com atividade anitieishmania e imunomoduladora

A fim de investigar o potencial leishmanicida e mmodulador do 6leo essencial
derivado deT. riparia, neste estudo avaliou-se a atividade leishmanidaldarfEO e do
diterpeno 6,7-dehidroroileanona (TrROYT. ‘riparia 6,7-dehydroroyleanone’) sobre as
formas promastigotas e amastigotas Ilde (L.) amazonensisa citotoxicidade sobre
macréfagos murinos e eritrécitos humanos, a praddeadNO, e expressao génica do mRNA
de iINOS em macrofagos murinos infectados e tratadas TrEO e TrROY. Além disso,
foram analisados, o perfil de expressado génicapeoducédo de citocinas em macrofagos
murinos tratados com TrEO, e durante a infeccamnderofagos pot.. (L.) amazonensis

tratados e nao tratados com TrEO.
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No presente estudo, para 0s ensaios leishmaniaitiizou-se a técnica de
microscopia comum para a contagem de formas prajotet e amastigotas, e também foi
empregada a técnica colorimétrica de reducdo do XZB-bis-[2-metoxi-4-nitro-5-
sulfofenil]-5-[(fenilamino) carbonil]-2H-tetra-zalm hidréxido). A contagem microscopica
demanda muito tempo e é subjetiva, por isso egitagsa erros. Esta técnica € mais utilizada
para avaliar a concentracdo inibitéria de drogas %% do crescimento das formas
promastigotas (I§), considerada a atividade leishmaniostatica, mestesen outros métodos
gue avaliam a atividade leishmanicida de drogatesEnétodos, como o do XTT, permitem
calcular a dose letal em 50% (kD e estudar a toxicidade de drogas sobre o métaiml
mitocondrial do parasito (EI-Oret al, 2009, Williams,et al, 2003).Além desta técnica, a
microscopia eletrénica de transmissdo (MET) podeUsi para estudos de atividade de
drogas anti-eishmaniadevido a sua capacidade de revelar alvos subcetutios parasitos e
elucidar o mecanismo de acao final da droga testaftaida pelas alteragdes induzidas por
compostos antiparasitarios. A luz emitida pelo rogcopio eletrbnico de transmisséo
demonstra a organizacao celular das ultraestrutiorgmrasito, como o nucleo, cinetoplasto,
flagelo, mitocondria e outras organelas que podemafetadas durante a exposi¢cao a droga.
Assim, a partir da MET podem-se indicar as viasalm@icas alvos dos efeitos toxicos ou
letais de uma droga (Vannier-Santos e Castro, 2009)

A atividade antiteishmanigpara as formas amastigotas foi estudada pela édede
macréfagos e pode ser avaliddavitro para o rastreamento de drogas com efeito sobre a
forma tecidual encontrada no hospedeiro. Para igsomodelos mais utilizados para a
pesquisa da atividade sobre amastigotas sdo akscgdaritoneais de camundongos ou
macrofagos derivados de mondcitos humanos (Guptdlisti, 2011). Neste estudo,
macrofagos peritoneais de camundongos BALB/c fardettados conk. (L.) amazonensis
e tratados com TrEO, as amostras foram analisadiagnjtroscopia Optica comum para
determinar a porcentagem de células infectadas miroero médio de parasitos por
macrofago. No entanto, este método de contagenerequito tempo e a analise pode ser
subjetiva, podendo néao ter alto rendimento compaea outros modelos (Gupta e Nishi,
2011). Portanto, nessa pesquisa também foi aplieaticnica quantitativa de reacdo em
cadeia da polimerase (PCBylymerase chain reactiprem tempo real (qPCR) para detecc¢éo
de DNA delLeishmaniaem amostras de macrofagos murinos infectados lagishmaniae

tratados com TrEO.



23

Para a citotoxicidade do TrEO e TrROY foram utiliaa os ensaios de hemdlise para
eritrocitos humanos (% de lise das heméacias pdisan@m espectrofotdmetro) (Valdes,
al., 2009) e viabilidade de macrofagos murinospelosodus de impregnacdo do corante
Trypan Blue(Demarchet al, 2012) e do XTT (EI-Onet al, 2009; Williams,et al, 2003).
Para a analise da imunomodulacdo em macréfagosnesurinfectados comi. (L.)
amazonensis tratados com TrEO, foi mensurada a producéoréenderivado do NO, pelo
método de Griess (Greart al, 1999). Considerando a enorme variedade nos padide
expressdo de genes de citocinas, isto €, elas pederoonstitutivamente expressadas ou
ativadas ou ainda reprimidas quando uma célulgpéstx a um sinal particular (SHANNON
et al, 2001), a expressdao do Mrna de citocinas foi zadh utilizando a técnica de
transcriptase reversa associada a PCR (RT-PE€Ryse transcription PCOR A reacdo de
RT-PCR tem sido também utilizadapara investigar alutacdo de citocinas da resposta
imune por drogas durante a infecgdo por parasitogié@heroLeishmania(Espitia et al,
2010;Melbyet al, 2001, 1998; Mendeet al, 2005; Traviet al, 2002; Silvermaret al,
2010). A técnica semi-quantitativa de RT-PCR tsdade uma verséo estendida da técnica
“‘quantitative PCR”, com uma etapa envolvendo oatreanto do RNA com a enzima
transcriptase reversa antes de uma PCR conven¢Maaleet al, 2008).

Além da expresséo génica das citocinas, a quat#w dessas proteinas foi realizada
por citometria de fluxo. Esta técnica tem sido amnte utilizada para determinacdo das
citocinas secretadas na leishmaniose e para &dalida atividade imunomoduladora de
drogas (Charret al, 2013; Cronemberger-Andradd al, 2014). Este método é utilizado
para contagem e andlise de particulas microscomigagensas em um fluido, mede as
propriedades de dispersdo da luz pelas particulas emissdo de fluorescéncia pelos
anticorpos monoclonais associados aosfluorocroméigados sobre a superficie de uma
célula. As analises sao multiparamétricas simudtnBeste estudo, foram utilizados os kits
multiplex Mouse Cytokine 10-Plex Panelekbuse IL-17 Singleplex Bead Kinvitrogen,
Carlsbad, CA, EUA) para a determinacdo da conogidrgpg/mL)de citocinas, e a analise
foi realizada no citbmetro de fluxo Luminex® 200™®. kit multiplex utiliza esferas de
poliestireno keads 5,6 microns) magnéticas sensibilizadas com amtiso monoclonais
associados a dois diferentes fluorocromos com sidades diferentes, permitindo a deteccéo
de um grande numero de moléculas analisadas emutimtempo. No caso deste kit, ele

permite a deteccdo de até 10 citocinas diferenesltaneamente: IL{}, IL-2, IL-4, IL-5,



24

IL-6, IL-10, GM-CSF, TNF e IFNx O kit Singleplexfoi utilizado para a deteccéo de IL-17
isoladamente. Neste caso b@adseram apenas de poliestireno e ndo magnetizaddseatls
magnéticas permitem uma melhor eficiéncia da téceigapidez na execu¢do do método
(manual do fabricante; Nolan e Condello, 2013).

Os resultados desta pesquisa cientifica foram adgngem trés artigos originais,

descritos no capitulo Il desta tese de Doutorads, @nclusdes estao no capitulo IlI.

Objetivos gerais

* Investigar o potencial leishmanicida e imunomodatadb 6leo essencial derivado Te
riparia;
» Estudar a atividade leishmanicida do diterpenodéffidroroileanona (TrROY) e sua

acao sobre a producédo de nitrito.

Objetivos especificos

* Investigar a atividade leishmanicida do TrEO e dergdeno 6,7-dehidroroileanona
sobre as formas promastigotas e amastigotas (dle) amazonensijs

e Avaliar a citotoxicidadede TrEO e TrROYsobre maagifs murinos e eritrocitos
humanos;

» Determinar a produgéao de nitrito induzida pelcatmanto com TrEO e TrROY;

» Verificar a expressao génica do mRNA de iINOS emréfagos murinos infectados e
tratados com TrEO e TrROY;

» Determinar o perfil de expressdo génica e da pémue citocinas em macréfagos
murinos tratados com TrEO;

» Verificar o perfil de citocinas de macrofagos inéstos comL. (L.) amazonensis

tratados e nao tratados com TrEO.
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Abstract

Tetradenia ripariaplant is used as a traditional medicine in Afficathe treatment of
inflammatory and infectious diseases as parasitlierapy for leishmaniasis caused by
Leishmania (Leishmania) amazonenspgecie often fails, and the conventional drugs are
toxic, expensive, require a long period of treatthand adverse effects are common. The
alternative therapies using natural products aexgansive and have few or any adverse
reaction. These reasons are sufficient to invegtigaw natural therapeutic for leishmaniasis.
We evaluated the potential of the essential oiEQY and 6,7-dehydroroyleanone (TrROY)
isolated fromT. riparia on L. (L.) amazonensigpromastigoteand amastigote forms,
cytotoxicity on human erythrocytes and murine mpheges, nitric production and inducible
nitric oxide synthase (iINOS) mRNA expression. Tr&@s the most effective to promote
Leishmaniapromastigote death. After 72 h incubation, thedkttose of TrEO and TrROY
that promoted 50%.eishmaniadeath (Lo were 0.8 pug/mL and 3 pg/mL, respectively.
TrEO and TrROY were not cytotoxic to human erytlytes, but TrROY was toxic to murine
macrophages resulting in a low selectivity indekeTtransmission electronic microscopy
showed that TrEO (0.03 pg/mL) was able to modife fhromastigote ultrastructures,
suggesting autophagy as chromatin condensatiobbiblg, membranous profiles and nuclear
fragmentation. Infected-macrophages treated witOr'¢0.03 pg/mL) or TrROY (10 pg/mL)
had an infection index decreased in 65, and 48%O did not induce INOS mMRNA
expression or nitrite production in macrophagesdtdd with Leishmania TrROY and
mainly TrEO promoted.eishmaniadeath. Other compounds derived fr@mriparia and the
essential oil could be explored to develop newadtive treatments for leishmaniasis.
Keywords:Tetradenia riparia;Lamiaceae family; diterpenoids; antiprotozoal\aty;

leishmaniasist.eishmania (Leishmania) amazonensis
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1. Introduction

Leishmaniasis are infectious diseases caused tagifes of the genuseishmania
and have been treated with antimonials such asagtice, but therapy often fails, and
adverse effects are frequently observégishmania (Leishmania) amazonensss the
etiologic agent of cutaneous and diffuse cutandeighmaniasis, the most severe and
destructive clinical form of the disease. This $p®of parasite is also associated with
therapeutic failure and disease recurrence (WHQQRQ~or these reasons, researchers have
investigated natural products to discover new fheutic strategies for leishmaniasis.

Tetradenia riparia(Hochstetter) Codd plant belongs to the Lamiadeadly, also
known aslboza riparia and Moschosma ripariumlt is used as a traditional medicine in
Africa for the treatment of inflammatory and infiects diseases. The plant is an herbaceous
shrub that occurs throughout tropical Africa anteotregions of the world (Polya, 2003,
Shale, et al., 1999, van Puyvelde, et al., 1988k.Yet al., 2011, York, et al., 2012). In Brazil,
it is known as false myrrh, and it is mainly usedaa ornamental plant and incense (Gazim,
et al., 2010, Martins, 2008). Its leaves and essleoil have been used for the treatment of
malaria, cryptococcosis, candidiasis, and respiyaiofections (Campbell, et al., 1997,
Okem, et al., 2012, van Puyvelde, et al., 1986,kyet al., 2012). Natural products are
relatively inexpensive, accessible, and sustainadoded many of them do not have a high
likelihood of causing serious adverse effects (Ageh 2013).

The essential oil frori. riparia (TrEO) is a complex mixture of terpenoids, inchugli
monoterpenes, sesquiterpenes, and diterpenes (@aydoms or oxygenated), the most
representative class (Gazim, et al., 2010).riparia has been used as traditional medicine,
also known as indigenous or folk medicine usedayypleople, but few studies have evaluated
its biological effects (Campbell, et al.,, 1997, @0, et al.,, 2011, Gazim, et al., 2010,

Gazim, et al., 2011, Gazim, et al.,, 2013, Martid808, van Puyvelde, et al., 1988, Van
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Puyvelde, et al., 1987, van Puyvelde, et al., 1986 microbicidal and anti-inflammatory
activity of T. riparia has scarcely been documented in the literaturenfall, et al., 1997,
Gazim, et al., 2010, Gazim, et al., 2013, Okenalet2012, York, et al., 2011, York, et al.,
2012). The diterpene 6,7-dehydroroyleanone isolétexh T. riparia (TrROY) may have
some biological effects such as antioxidant andteantitic activity (Gazim, et al., 2013,
Kusumoto, et al., 2009). The leishmaniostatic agtiof TrEO againsiL. (L.) amazonensis
was recently reported (Demarchi et al., 2013; Threta et al., 2013), but the potential
effects of TrEO and the isolated compoundd_eishmaniahave not yet been investigated.
Therefore, to determine their potential as an adtive therapy for leishmaniasis, we studied
TrEO and TrROY effects or. (L.) amazonensipromastigoteand amastigote forms,
cytotoxicity on human erythrocytes and murine mpheges, nitric production and inducible

nitric oxide synthase (iNOS) mRNA expression.

2. Materials and methods
2.1 Plant material
T. riparia leaves were collected monthly between Septemb86 2ihd August 2007 in
Umuarama, Parand, Brazil (23°46'22"S and 53°16'733@4 m). The plant was identified by
Professor Ezilda Jacomasi of the Departamento dmdeda of Universidade Paranaense
(UNIPAR, Umuarama, Parana, Brazil). A voucher smeti of plant was deposited in the
UNIPAR Herbarium (code number 2502). The mean &afoe the maximum and minimum
temperatures, precipitation, and relative humiétign September 2006 to August 2007 were

reported by Gazim et al. (2010).
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2.2 Essential oil extraction of T. riparia (TrEO)

The fresh leaves oF. riparia were used to extract the essential wihich was obtained by
hydrodistillation for 3 h using a Clevenger-typeamtus. The distilled oils were collected
and dried over anhydrous sodium sulfate and storadreezer. The oil was analyzed by gas
chromatography-mass spectrometry (GC-MS) using gie& 5973N GC-MS System that
was operated in electron ionization mode and equaipyth a DB-5 capillary column (30 m x
0.25 mm x 0.25 um, Agilent, PA, USA) that was usednject 1 pl of a solution sample
(Gazim, et al., 2010, Omolo, et al., 2004). Théiahitemperature of the column was 80°C.
The column was gradually heated to 260°C at aoh#C/min. The injector (splitless, 0.5
min) and transfer line temperatures were held 8fQend 280°C, respectively. Helium (1.0
mL/min) was used as a carrier gas. The same tetouperprogram was used for gas
chromatography with a flame ionization detector {BID). The identification of the
compounds was based on comparisons of their reteriime that were obtained using
various n-alkanes (C7 - C25). Their electron impaeiss spectra were compared with the

Wiley library spectra and literature (Gazim, ef a010).

2.3 Isolating 6,7-dehydroroyleanone of T. riparia (TrROY)

Briefly, the TrEO (2 g) from leaves was subjecteddlumn chromatography over a silica gel
support and eluted with pentane, pentane-dichlotioame (9:1; 8:2; 7:3 and 1:1),
dichloromethane-pentane (3:7), dichloromethanehldiomethane-methanol (9:1; 7:3 and
1:1), and methanol, resulting in 29 fractions (@&azet al., 2013). Fraction 17 (11.7 mg)
pentane-dichloromethane (8:2) were identified 11 °*C, DEPT, HSQC, HMBC and

NOESY according to Gazim et al., (2014) and by cangon with literature data (Rodriguez,

2003). Fraction 17 (11.7 mg) orange crystalline gemgave an {M — H] — at m/z 313 was
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identified as TrROY (Fig. 1). Spectral data cormsged with data previously described by

Kusumoto (Kusumoto, et al., 2009).

2.4 Cytotoxicity assays

2.4.1 Haemolysis assay

Erythrocyte toxicity was determined as describedMadez et al. (Valdez, et al., 2009).
Briefly, a 6% suspension of fresh defibrinated honfdood was prepared in sterile 1%
glucose saline solution. 6,7-dehydroroyleanone wasolved in 5% dimethylsulfoxide
(DMSO; obtained from Sigma-Aldrich, St. Louis, MQJSA). DMSO concentration
promoted haemolysis from 6% v/v, and at 5% did eybtoxicity (results not shown). The
compound was then serially distributed into cultpl@es at concentrations of 5.0-@g/mL

for TrEO, 50-0.1ug/mL for TrROY and 500-lg/mL for amphotericin B (AmB, Anforicin,
Cristalia Laboratory, S&o Paulo, SP, Brazil). Thempounds were incubated with
erythrocytes in suspension at 37. After 2 h, the samples were centrifuged at 8@0for 3
min. Absorbance of the supernatant was determineal wavelength 550 nm to estimate
hemolysis. A solution of 4% Triton X-100 (Sigma-Aich, St. Louis, MO, USA) was used as
the positive control, and the cell suspension wsesias the negative control. The hemolysis
was tested in duplicate. The results are expreasedpercentage of hemolysis based on the
Haemolysis equation (%= 100 -Ajf-As)/(Ap—-Ac)x100]; whereAp, As and Ac are the

absorbance of the positive control, test sampleragative control, respectively).

2.4.2 Macrophages Cytotoxicity
Peritoneal macrophages were obtained from BALB/cemn accordance with the Ethics
Committee on the Use of Experimental Animals of thaversidade Estadual de Maringa,

Parana State, Brazil (warrant no.133/2012).Thetgezal cavity was washed with 8 mL
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sterile RPMI 1640 medium. The cell suspension wdjasted to 1x 10° macrophages/mL.
Next, 100 ul was plated in 96-well culture plates (TPP, Switmed). The plates were
incubated for 2 h at 37°C, 5%GGnd non-adherent cells were removed by steribspihate
buffered saline (PBS) washing. TrROY was dilutedMSO and RPMI 1640 medium from
100 to 0.1 pg/mL, and TrEO from 3 pg/mL to 30 ng/mhe DMSO did not exceed 0.005%
v/v, and it had not macrophage cytotoxicity effédbn-treated cultures were used as viability
control. The plates were maintained at 37°C in aniduatmosphere containing 5% €O
during 24 h. The results were revealed using awletiic cell viability XTT (2,3-bis[2-
methyloxy-4- nitro-5-sulfophenyl]-2H-tetrazolium&arboxanilide) (Sigma Chemical Co; St.
Louis, MO) (EI-On, et al., 2009, Williams, et a2003). A XTT solution (500 pg/mL) was
activated with 50 pg/mL phenazine methosulfate (PE8igma Co Chemical; St. Louis,
USA), and it was added over the cell monolayeraichewell. After 3-5 h incubated at 37°C,
with 5% CQ and protected from light, the result was measatesl wavelength 450/650 nm
using a spectrophotometer plate reader (ASYS EXpled, ASYS Hitech GMBH, Austria).
The cytotoxicity concentration (Gg} was defined as the dose of the compound thatestu
50% of the survival of macrophages comparing witiireated macrophages (viability

control) (Cardoso et al., 2011). This test was darguplicate.

2.5 Promastigote assay

2.5.1 Parasite strain and culture

L. (L.) amazonensidMHOM/BR/1977/LTB0016) infection was induced byotulating the

left footpad of BALB/c mice with X 10" parasites. Animals between 30 and 40 days of age
were infected and after 30 days, they were saedfiwith 160 mg/Kg ketamine (Agner
Unido, Embu-Guacu, SP, Brazil) and 50 mg/Kg xylaz{@oopazine®, Invervet Schering-

Plough, Cotia, SP, Brazil) . The lymph node fragteerere incubated in 199 culture medium



40

supplemented with 10% fetal bovine serum, 1% humane, 2 mM L-glutamine, and
antibiotics (100 Ul/mL penicillin and 0.1 mg/mL sptomycin). The cultures were incubated
at 25°C, and parasites were maintained by weeldpsters in 25 cfculture flasks

supplemented with 199 culture medium (Demarchal.e2012).

2.5.2 XTT tetrazolium method

Promastigote viability was evaluated using the Xmethod. Promastigotes (4 1C°
parasites/100 ul/well) from a logarithmic growthagk culture were seeded into flat-
bottomed 96-well plastic tissue culture microplatedriplicate. TrEO, TrROY, and AmB
were dissolved in 1.6% v/v DMSO in the first wetlidadiluted in series from 50 pg/mL to 1
ng/mL in a 96-well culture plate. After 24, 48, ana h incubation at 2&, 0.2 mg/mL XTT
and 200 uM phenazine methosulfate (PMS, Sigma Gon@tal; St. Louis, USA) were added
to each well and incubated for 3-5 h at’@G7 The result was measured at a wavelength
450/650 nm using a spectrophotometer plate reafl8Y$ Expert Plus, ASYS Hitech
GMBH, Austria). The lethal dose (lsf) was defined as the dose of the essential oil that
reduced the survival dieishmaniaparasites by 50% compared with untreated paradties
On, et al., 2009, Williams, et al., 2003). The #pautic selectivity index (TSI=GgLD5)
was calculated by the ratio of toxicity to macrogdass. toxicity to the parasites after 24 h

incubation. The test was done in triplicate.

2.5.3 Promastigote growth inhibition

Promastigotes were cultured in Schneider's insextivim (Sigma-Aldrich, St. Louis, MO,
USA), pH 7.2, supplemented with 10% FCS (v/v) antiM L-glutamine until they reached
the logarithmic growth phase. TrEO and TrROY weteteld in DMSO from 50 pg/mL to 1

ng/mL on a cell culture plate with 96 wells (TPP®@stt plate, Switzerland). The
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concentrations of DMSO not exceed 1.6% v/v DMS@hmfirst well, and it had no effect on
the parasites. Next, 1Q0 of the suspension containing 4%Jfarasites/mL was distributed
in each well of the culture plate. After 24 h at°®5 an aliquot of each well was added to a
solution containing 10% eosin and 2% formalin, &hd parasites were counted in a
Neubauer chamber. All tests were performed initapeé. The inhibitory concentration that
caused a 50% decrease in survivalsf)f promastigotes was calculated. Values were
compared to promastigotes cultures not treated. fHselts were evaluated by linear
regression of the inhibition percentage (Demarthale 2012). The selectivity index (Sl=
CGso/ICs0) was calculated by ratio of toxicity concentratitthn macrophage vs. inhibitory

concentration to the parasite growth after 24 hlyation.

2.5.4 Ultrastructural alterations

L. (L.) amazonensigromastigotes were grown in 199 medium during $sda 25 cm
culture vials at 28C. The LDy concentration of TrEO and 50% inhibitory concetibra
(ICs¢= 30 ng/mL) (Demarchi, et al., 2011) was addecht® dultures and incubated at 25°C
for 24 h. After incubation, the Kg was calculated according to the number of remginin
parasites in a Neubauer chamber compared withalanttures without drugs and diluents
(DMSO). The results were evaluated by linear resjoesof the inhibition percentage. An
untreated culture was used as a negative contral, the ultrastructural changes were
observed by transmission electron microscopy. R, the samples were centrifuged at
12,000 g-force per minute for 10 min and fixed iarfovsky solution 2% paraformaldehyde,
2.5% glutaraldehyde in 0.1 M cacodylate buffer, p12 at 4C (Karnovsky, 1965). The
material was fixed in 2% osmium tetroxide in 0.1cktodylate buffer for 1 h. Block staining
was performed with 2% uranyl acetate for 2 h, drelilocks were dehydrated in a graded

series of alcohol and acetone. Embedding was peefdrin Epon 812 resin (Luft, 1961).
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Sections were obtained using an Sorval Porter BUWIfA2 ultramicrotome and concentrated
in 2% uranyl acetate (Watson, 1958) and nitratéddedead (Reynolds, 1963). The JEOL
1200EX Il transmission electron microscopy was uB®dultrastructural evaluation. The

assays were conducted in duplicate.

2.6  Amastigote assay

2.6.1 Leishmania infection on macrophages to obaanastigote forms

Peritoneal macrophages were obtained from BALB/cemperitoneal cavity as already

reported above. The cell suspension was adjustédkt@¥ macrophages/mL. Next, 500 pL

were distributed on 13 mm-diameter sterile glasgersips (Glastecnica, Sdo Paulo, SP,
Brazil), and placed in 24-well culture plates (TFRvitzerland). The plates were incubated
for 2 h at 37°C. The non-adherent cells were remdwesterile PBS washing. Macrophages
were infected with promastigote forms in the prajoor of six parasites for each macrophage,

and the plates were incubated for 4 h at 37°C iatarosphere of 5% CO

2.6.2. Infection index

TrEO and TrROY were diluted in DMSO and RPMI 1646diwm. The final concentration
of DMSO did not exceed 0.05%, and no cytotoxiciffe& on the macrophages was
observed. TrEO and TrROY were added to culturematentrations from 300 pg/mL to 30
ng/mL, and 100 to 0.1 pug/mL, respectively. Aftdri2 at 37°C and 5% COthe cells on
coverslips were fixed in 95% ethanol and dyed veitisin and hematoxylin. At least 200
cells were counted in an optical microscope. THeciion index was determined from the
percentage of infected macrophages multiplied by thean number of parasites per

macrophage. The supernatant was stored at - 30i{lrite assay.
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2.7 Inducible nitric oxide synthase (iINOS) expression and nitrit assay

2.7.1 Cells and treatment

Peritoneal macrophages were obtained from BALB/emBriefly, the peritoneal cavity was
washed with 8 mL sterile RPMI 1640 culture medidrhe cell suspension was adjusted to 1
x 10° macrophages/mL, 1 mL of which was added to eadhafva 12-well culture plate. The
plates were incubated for 1 h at°@7 and non-adherent cells were removed by thregeste
washes in PBS. The adherent cells were incubaté&PiMI 1640 culture medium. After a
few minutes, macrophages were subjected to thewolly conditions: (1) stimulated with 5
pg/mL  lipopolysaccharide (LPS, Sigma-Aldrich, Bigzi(2) untreated and uninfected
(negative control), (3) infected by the promastgdorm of L. (L.) amazonensiat a
proportion of six parasites for each macrophagetréated with 30 ng/mL TrEO, (5) infected
with the promastigote form df. (L.) amazonensi®r 4 h and treated with 30 ng/mL TrEO,
(6) treated with 100-0.1 pg/mL TrROY, (7) infecteith the promastigote form df. (L.)
amazonensigor 4 h and treated with 100-1 pg/mL TrROY. Theafi concentration of
DMSO did not exceed 0.01%, and no cytotoxic eftecthe macrophages was observed. The
plates were maintained at 37°C in a humid atmosptteat contained 5% GQor 3, 6, and
24 h. The supernatant was also removed and stare@0&C for the nitrite assay. Trizol

reagent (Invitrogen, Carlsbad, CA, USA) was adaeadhered cells for RNA extraction.

2.7.2 Nitrite assay

Nitric oxide was quantified by determining the atauation of nitrite (NG) in the
supernatants after 24, 48, and 72 h using the atdn@riess assay (Green, et al., 1982).
Readings were performed in a spectrophotometematvalength 550/620 nm (ASYS Expert
Plus, ASYS Hitech GMBH, Austria). The experimentsra/ performed in duplicate and on

different days. The results are expressed asendancentration (LM).
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2.7.3 mRNA analysis by semi-quantitative reversesicriptase-polymerase chain reaction
(RT-PCR)

RNA from the samples that were stored in Trizolgexa was extracted according to the
manufacturer. cDNA was synthesized usingdlof total RNA as a template in a reverse
transcription reaction (Superscript Il reversens@riptase, Invitrogen, Carlsbad, CA, USA).
RNA quantification (ng/ul) and the determination elrity were performed using
NANODROP 2000 UV-Vis Spectrophotometer (Thermo EistScientific Inc, USA),
considering an optimal purity level1.8. PCR primers were: INOS (Genbank accession
no. NM _010927.3, forward 5-CTGCAGCACTTGGATCAGGAAGF3’; reverse 5'-
GGGAGTAGCCTGTGTGCACCTGGAA-3', 311 bp); Glyceraldater3 phosphate
dehydrogenase (GAPDH) mRNA ®flus musculusvas used as intern control (Genbank
accession no. XM _001476707.3, forward 5 -CCACCATEIWGGCTGGGGCTC-3
reverse BAGTGATGGCATGGACTGTGGTCAT-3 239 bp). The primers were chosen
according to the BLAST tool (available in the Gembalatabase) and previous publications
(Byrne, et al., 2011, Chen, et al., 2004). The R®Rditions were the following: 95°C (5
min), 30 cycles of 95°C (20 s) and 55°C (25 s)pWéd by a standard denaturation curve.
INOS mRNA expression was evaluated by comparing gresence and absence of the
expression between experimental conditions andbgiton times. Semi-quantitative RT-
PCR was conducted by quantifying the densitomefryhe bands using ImageJ software
(National Institutes of Health, USA). Each gene wagrmalized to GAPDH as a
housekeeping gene (internal control) (Lee et &1,12. The amplified DNA fragments were
separated by 2% agarose gel electrophoresis arehlegl with ethidium bromide in a

transilluminator.
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2.8 Statistical analysis

The values are presented as mean * standard drroean (SEM). Differences among
means and values were tested for statistical stgmife using one-way analysis of variance
(ANOVA) and the Tukey test. Analyses were performephg Statistic 7 software. Values of

p < 0.05 were considered statistically significant.

3. Results and Discussion

The essential oil and the 6,7-dehydroroyleanonévelgrfrom T. riparia induced
Leishmanigpromastigote forms death (Fig. 2). After 24, 48] &2 h incubation, the Ldg of
T. riparia essential oil was 0.5, 0.3, and 0.8 pug/mL, respagt (Fig. 2A). The LB, of
TrROY was 16.9, 14.9, and 3 pg/mL (Fig. 2B), respety. LDso AmB was less than 1.5
pag/mL in all times (Fig. 2C). No difference was molbetween L, of TrEOand AmB f >
0.05). TrROY LDy was higher than AmB and TrE@ € 0.001). Thus, TrEO had better
microbicidal activity than TrROY.

Essential oils are natural products that contatoraplex mixture of pharmacological
compounds. These compounds are most often tergenaidich are hydrocarbons. The
chemical composition of TrEO was analyzed by GCiM$&azim et al. (2010) showing the
chemical identification and concentration (%) ofmmmunds isolated from TrEO. The
chemical composition revealed a complex terpenomdture such as diterpenes,
sesquiterpenes and monoterpenes (Gazim, et al0) 2@th anti-inflammatory activity and
microbicidal effects (Campbell, et al., 1997, Gazenal., 2010, Gazim, et al., 2013, Okem,
et al., 2012, York, et al.,, 2011, York, et al., 2D1Antileishmanial activity of TrEO and
isolated substances from this plant has been ypatetcribed (Torquilho et al., 1999;
Thomazella et al., 2013). Thus, the substancesamitii_eishmaniaactivity remain unknown

so far. We showed that a diterpene TrROY from TriEOone of the substances with
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antileishmanial activity. Other substances isoldtedn TrEO should be evaluated against
Leishmaniaand also interactions between isolated compooodkl be performed to identify
the substances with ariteishmaniaactivity. The several biological effects of essehngils
can be explained by the interactions between @iffebioactive components, which may lead
to synergistic, additive, or antagonistic effe@®@agsolé and Juliani, 2012).

The use of a compound isolated from essential mdy not have the same effect
promoted by the essential oil, requiring a greateount of the isolated compound to achieve
the desired action (Bassole and Juliani, 2012es&éhreasons may explain the highest
concentration of the isolated compound that wasessary to inducd.eishmaniadeath
compared with TrEO. Checkerboard, graphical and efkii methods are widely used
procedures to determine these interactions (BassualeJuliani, 2012), but we have not yet
assessed the interactions between the essentt@mponents.

Terpenoids have antiparasitic effects on diffedegishmaniaspecies (Ogungbe and
Setzer, 2013). Some diterpenoid compounds thasal&ted from plants have been reported
to have leishmanicidal activity, particularly aggtih. amazonensigDos Santos, et al., 2011,
Jullian, et al., 2005, Santos, et al., 2013), Imat ¢ffects of the diterpene TrROY on this
species had not yet been demonstrated. Some ssidiaged that diterpenoids favor docking
to glycerol-3-phosphate dehydrogenase (GPDH). shexicang Ogungbe and Setzer, 2013),
which is also involved in the glycosomal and cytmsglycolytic pathways of_eishmania
(Zhang, et al., 2013). One of these pathways ire®INADH that is produced by GPDH,
which can be evaluated using the XTT assay (RarhMt&zas, et al., 2012). This method has
been used to study the mitochondrial metabolismrasgiratory toxicity of drugs (EI-On, et
al., 2009, Williams, et al., 2003). We showed ttiat essential oiind TrROY derived from

T. riparia probably promotéeishmaniadeath through mitochondrial metabolism pathways.
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TrEO at 5 pg/mL promoted 3.2% haemolysis in humgtheocytes (Fig. 2). TrROY
exhibited low toxicity in human erythrocytes at|p@/mL (< 18% hemolysis) comparing with
reference drug (AmB, 50 pg/mL, > 50% hemolysisy(R). Gazim et al. (2014) showed that
TrEO and TrROY were not cytotoxic to human melanpinaman nervous system and
human colon cells line. Although TrROY was not toxan human cells, we observed a
cytotoxicity of this compound on murine macropha@able 1). TrROY CC50 was
0.53ug/mL, and the selectivity index (SI) and tipexgtic SI (TSI) were 0.22 and0.03 ,
respectively. On the other hand, TrEO{®@as 0.17 pg/mL resulting in 5.67 for Sl and 0.34
for TSI. The TSI obtained with TrEO was ~ 11 foldgher concentration compared to
observe with TrROY (Table 1Yhe cytotoxicity effects on murine macrophages &laon be
observed in Fig. 3.

TrEO at 30 ng/mL (Ig) and 0.5 pg/mL (LB inhibited 62% and 80% of
Leishmaniapromastigotegrowth after 24 h, respectively. Both concentragionodified the
morphology of L. (L.) amazonensigpromastigote viewed by transmission electronic
microscopy. The ultrastructural changes observdl thie 1G, included intense cytoplasm
vacuolization, membranous profiles inside the oefjan lipid vesicles, and membrane
blebbing that suggested autophagy, thickening efKimetoplast, chromatin condensation,
and nuclear fragmentation (Fig. 4).

Nuclear fragmentation suggests apoptosis, and @&leahat engulfs a part of the
cytoplasm indicates autophagic cell death. Thegmes of multivesicular bodies and several
vacuoles that have membrane profiles and cellukbrid is related to the presence of
secondary lysosomes and organelles that are likghlved in the degradation of damaged
structures (Rodrigues and de Souza, 2008, Saritak, 2013). They may also correspond to
the secretion of abnormal lipids that accumulatea asonsequence of drug treatment and

alterations in the physical properties of lipidelanembranes, leading to the accumulation of
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concentric membranes, and myelin-like structurebe Tipid composition can induce
irreversible changes in the structure and functodnseveral organelles, leading to the
appearance of autophagosomes to remove and reglgnla@mal membrane structures and
suggesting an intracellular remodeling process rftaan, et al., 2007, Lira, et al., 2001).
TrEO LDsp promoted the complete destruction of parasite mmand@s and other structures.
These results indicate the high potential of thlaseatial oil to inducé.. (L.) amazonensis
death.

Both TrEO and TrROY decreased the infection indemuorine macrophages infected
with Leishmaniaamastigote significantly. While the infection ixd&77 was obtained in
macrophages infected and non-treated (positiver@dnirEO index was 80 at 3 ug/mL, 73
(300 ng/mL) and 62 (30 ng/mL) reducing the infeatim 55, 59 and 65%, respectively.
TrROY infection index was 122 to 0.1ug/mL, 96 (Vmb), 93 (10 pg/mL) and 105 (100
pg/mL) decreasing in 31, 46, 48 and 41%, respdgtiidaus, TrEO at 30 ng/mL showed the
most appropriate results because it has not pesdokicity into the cells and promoted
promastigote and amastigote forms death.

TrEO showed the outcome and shows promise in lesiasis treatment. Recent
research on essential oils has shown a succeggiubach to obtain new antileishmanial
alternatives (Monzote, et al., 2007). Studies hakewed the promising results of the
essential oils fromChenopodium ambrosioidén BALB/c mice Leishmaniainfected
(Monzote, et al., 2009, Monzote, et al., 2010, Muiazet al., 2014, Monzote, et al., 2007).
The use of natural products could be an alternativestablished cutaneous leishmaniasis
therapy, but there are few studies showing thece¥ieness of essential oils. Thus, TrEO and
TrROY could be explored to develop a new altermatio leishmaniasis treatment. We
suggest thain vivo studies should be performed to evaluate the tleatap efficacy of

essential oil and its compounds fr@mriparia in cutaneous leishmaniasis.
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Some medicinal plants have anti-inflammatory effeehd can act on immune
response, which can be demonstrated by reductionbl®S expression and nitric oxide
synthesis (Choudhari, et al., 2013, Jeong, et2813). ThelLeishmaniagenus survives in
macrophages, and cellular death is induced by iveacixygen species, especially nitric
oxide, which depends on iINOS expression (Amoo].ep@12, Oliveira, et al., 2014). In our
study, INOS mRNA was expressed by infected-macrgebafter 3 and 6 h (Fig. 5 A), and
the INOS mRNA levels were higher in treated-maceg@s than in infected-macrophages,
but infected-macrophage treated with TrEO did nqiressed INOS mRNA (Fig. 5 B). After
24 h, INOS mRNA was observed only in LPS-stimulatextrophages. The nitrite production
was < 0.1 uM under all of the experimental condgi@t 3 and 6 h. After 24 h, the nitrite
level was 5 uM for LPS-stimulated macrophages ul\Bto treated-macrophages, 1.7 UM to
infected and treated-macrophages, while it waspVBto Leishmaniainfected cells § <
0.001) comparing with 1.5 uM to negative contrahlgomacrophage). Thus, the infection
reduced nitrite levels but enhanced INOS mRNA esgigs in macrophages. These results is
in concordance with studies that show the infectiansed by.. amazonensisan decrease
the production of nitric oxide as an escape medmarof the immune host (Amoo, et al.,
2012, Oliveira, et al., 2014). TrROY also did nbange the INOS mRNA expression and
nitrite levels (1.8 uM) comparing with control.

This difference between iINOS mRNA expression aridt@iproduction shows that
the parasite affected post-transcriptional nitnide synthesis events, which may result in
parasite survival and escape from the immune respdbalegari et al. (Calegari-Silva, et al.,
2009) reported thdt. amazonensibas developed an adaptive strategy to escape Hosmn
defenses by activating the host transcriptiongdoase, particularly nuclear factoB, which
in turn down regulates the expression of INOS mRi favors the infection. In addition,

amazonensiproduces nitric oxide, which may lead to iINOS dosgulation by macrophages
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(Balestieri, et al., 2002, Genestra, et al., 2008 nitric oxide (NO) synthesis required L-
arginine, a crucial amino acid also used lmishmaniafor polyamine-mediated parasite
replication. Thus, Leishmania abducts L-arginine avoiding the NO production by
macrophage, so other mechanisms are required &sifgkilling as superoxide anion Q2
hydrogen peroxide (3D;), nitrogen species (NOx) and Thl cytokines (Wanas®l Soong,
2008). In our studylL. (L.) amazonensigmhibited NO production, but TrEO and TrROY
subverted it inducing normal levels. TrEO and TrR@d¥reased iINOS mRNA expression,
but they did not change nitrite production suggestihat TrEO did not act on iINOS and
nitrite production during_eishmaniainfection, but TrROY and TrEO can modulate other
immune mechanisms not investigated yet.

Previous studies have shown the anti-inflammatdfgces of T. riparia extract on
prostaglandins, cyclooxygenase 1 (COX 1), and oyolgenase 2 (COX 2), but its effect on
INOS has been unknown (Ndhlala, et al., 2011, Oketgl., 2012). In leishmaniasis, this
increase in INOS may influence the nitric oxide darction and promote elimination of the
parasite. TrEO did not affect this mechanism bilt atted againstLeishmania Other
mechanisms of the immune response are involvdgishmaniadeath such as a balance of
the cytokines of host immune response that coulkesthe curse of infection (Amoo, et al.,
2012, Oliveira, et al., 2014The main immunopathogenesis competencids afnazonensis
are to carry the anergic diffuse cutaneous leishasanat the T-cell hyposensitivity pole and
with a higher T2-type immune response. This shift and imbalancemimunity leads to
persistence of the disease and treatment failullge{@®, et al., 2009). New drugs with
antileishmanial and immunomodaulation activity maygyomising to treatment leishmaniasis,
and TrEO can be one of this. Studies on the passibmunomodulatory activity of TrEO

have been conducted by our group.
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Despite the African and other population have ubesl plant for a variety diseases,
the biological effects still remained to be invgated. We showed in vitro that the TrEO and
TrROY have an ability to induce theeishmaniadeath by mitochondrial metabolism
pathways, and induction of the secretion of abnbfipials that accumulate as a consequence
of drug treatment, and alterations in the physisadperties of lipids and membranes.
Although the isolated showed a high cytotoxicityniurine macrophages, the plant and the
essential oil were not cytotoxicity against humafsc The cytotoxicity of TrROY must be
considered before therapeutic application in lemhiases. Other compound isolated frém
riparia may be investigated for the development of futeieshmanicidal agents. For this, in
vivo studies and other cytotoxicity assays mustdmeducted to ensure the safe use of this
plant and its compounds to infections or inflammataliseases. The isolation of
antileishmanial compounds from the essential oilTofriparia supports the traditional

medicinal use of this plant as a treatment for gitokpgical infections as leishmaniasis.
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FIGURES AND TABLES

Table 1. Antileishmanial and macrophage cytotoyieitfects of 6,7-dehydroroyleanone and

the essential oil derived frofetradenia riparia

Promastigote Promastigote Murine Selectivity Therapeutic

Treatment IC5¢/24h LDsy24h macrophage index (SI) Selectivity
(ng/ mL) (ng/ mL) cytotoxicity index (TSI)
CGCs/24h (ug/mL)

6,7-dehydroroyleanone 2.45 16.9 0.53 0.22 0.03
(TrROY)
T. riparia essential oil 0.03 0.5 0.17 5.67 0.34
(TrEQ)

ICs= inhibitory concentration that reduces 50% paeagitowth; LB= 50% lethal dose; Gg 50%
cytotoxicity concentration; Sl= G@ I1Csq; TSI= CGy LDs.

Fig.1. Structural formula of compound 6,7-dehydybeanone derived fronil. riparia
(TrROY).
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Fig. 2. Antileishmanial activity and haemolysis gartage of TrE@ind TrROY.Leishmania
promastigotes were incubated under the followingddmns for 24, 48, and 72 h: (A) TrEO.
(B) TrROY. (C) AmB (leishmaniasis reference drughe lethality percentage was obtained
using the XTT method. (D) Haemolysis percentag@r&O (5.0-0.3 pg/mL) in erythrocytes.
(E) Haemolysis percentage in erythrocytes treatéith WrROY (50.0-0.2 pg/mL). (F)
Haemolysis percentage of AmB (500-1 pg/mL) in emytiytes. Each experiment was
performed independently and in triplicate.
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Condition tested

Infection Index (%
of reduction)

(A) Macrophages non infected and non treated

(B) Macrophages infected with (L.) amazonensis 177

(C) Infected-macrophages treated with 100 pg/mL&fOY 105 (41)
(D) Infected-macrophages treated with 0.1 pg/mL&ROY 122 (31)
(E) Infected-macrophages treated with 3 pg/mL &Qr 80 (55)
(F) Infected-macrophages treated with 30 ng/mLr&Q 62 (65)

Fig. 3. Peritoneal macrophages of BALB/c mice itdédcand treated with TrEO and TrROY.
The cells were stained with hematoxylin and eodi0(x objective). Arrow indicates
amastigote intracellular forms. All conditions wéested in duplicate and analyzed after 24 h

of the incubation at 37°C with 5% GO
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Fig. 4. Transmission electron microscopyLof(L.) amazonensigeated with TrEO for 24 h.
(A) Leishmaniapromastigotes. (B-F) Promastigotes treated witBQr(30 ng/mL). N,
nucleus; N*, abnormal chromatin condensation nuclakerations; K, kinetoplast; M,
mitochondria; FP, flagellar pocket; F, flagellum, %acuoles; LV, lipid vesicles; R, myelin-
like figure appears in close association with tlagdllar pocket membrane; *membranous
profiles; **blebbing;’mitochondrial swelling.
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Fig. 5. INOS mRNA expression using semi-quantiatRT-PCR. (A) DNA fragments were
separated in 2% agarose gel electrophoresis arehlezly with ethidium bromide in a
transilluminator. (B) expression levels of INOS mRNMere normalized to GAPDH as a
housekeeping gene (internal control). M, molecutarker; C-, intern negative control
(H20). C+, DNA obtained fronk. (L.) amazonensipromastigotes cultured in 199 medium
during 3 days. LPS, lipopolysaccharide-stimulatedcrophages; Control, untreated and
uninfected macrophages (negative control); LLa, nopgitages infected withL. (L.)
amazonensjsTrEO, macrophages treated with 30 ng/mL of TrEOa TrEO, macrophages
infected withL. (L.) amazonensiand treated with 30 ng/mL of TrEO. All of the catimhs
were analyzed with 3, 6, and 24 h incubation 4C37p < 0.05.
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Abstract: Tetradenia ripariais a plant that is used as a traditional mediginf@outh Africa

to treat inflammatory and infectious diseases. @teacts and essential oil of this plant have
shown antioxidant, anticarcinogenic, and antimi@bproperties. Some infections that
resolve depend on the specific pathogens and mostine response balance, but only a few
studies have screened the immunomodulatory eféédigiparia. Thus, we studied the
immunomodulatory effects daf. riparia essential oil (TrEO) on macrophages. Murine
peritoneal macrophages were incubated with 30 ngifiaD for 3, 6, and 24 h. Cytokine
expression and production were determined by seanitfative reverse-transcriptase
polymerase chain reaction and flow cytometry, respely. TrEO affected cytokine
synthesis at all time points, whereas mMRNA expogssgias altered only at 3 and 6 h.
Interleukin (IL)-18, IL-12, IL-17, and interferoy-expression were highly induced by TrEO
at 3 h. Only IL-B expression was elevated at 6 h, and its produgtiadually increased until
24 h. IL-2 was produced at high levels in the alitesponse, and granulocyte monocyte
colony stimulating factor and IL-17 were produceédthigh levels at 24 h. TrEO inhibited IL-
10. These results indicate that TrEO can modulaimflammatory cytokines and
downregulate IL-10 and IL-6. This profile is assded with stimulation of the innate cellular
immune response angd cell suppression. The essential oil frénriparia may be an
alternative therapy for carcinogenic, autoimmumel afectious diseases in which cellular
responses are critical for their resolution.

Keywords: essential oilTetradenia riparia protective agents; cytokines; immune response
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Introduction

The Tetradenia riparia(Hochstetter) Codd plant belongs to the Lamiadaaely. It
is also known a#hoza ripariaN.E. BR andMoschosma ripariumin South Africa, it is used
as a traditional medicine for the treatment ofanfimatory and infectious diseases. The plant
is an herbaceous shrub that is found throughoptdabAfrica and other regions of the world,
including China, India, and Brazil. In these coiedy it is known as false myrrh, lemon
verbena, lavandula, and misty plume and used mé&nlyncense and as an ornamental plant
[1-4]. Several infections, such as malaria, cryptoosis, candidiasis, gastroenteritis,
respiratory infections, and inflammatory diseasjehbeen treated by the leaves and essential
oil from T. riparia [3, 5-9].

The use of natural products worldwide is as olth@san life itself, and its popularity
has increased. Plants possess diverse metabbbtiedisplay a vast array of pharmacological
activity [10], with the potential to be used againsfections, inflammation, autoimmune
diseases, and carcinogenic processes [7, 11, D2jjtidnally, natural products are cheaper,
accessible, and sustainable and have a lowerHo@di of causing serious adverse effects
[10]. The extracts and essential oils of many @dreve been screened for their antioxidant,
antimicrobial, and immunomodulatory effects. Then also be used to resolve infectious
diseases, neoplasms, and other illnesses [2, 13StBhe plants have immunomodulatory
actions. Studies have reported the immunomodula¢digcts of plants on macrophages,
natural killer (NK) cells, dendritic cells, and Théh B lymphocytes. Different infections
require regulation of the immune response, in whaftokines play a central role.
Furthermore, variations in cytokine expression anoduction are usually associated with
immune-mediated diseases or inflammatory disorfddéis

Herbal medicines may be used as a strategy to maidtiie secretion of cytokines,

offering a novel approach for the treatment ofatéht diseases [17]. We recently reported
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the antileishmanial activity of essential oil from riparia (TrEO) againstLeishmania
(Leishmania) amazonensisrEO also induced the high mRNA expression ofigidle nitric
oxide synthase (INOS) and normalized nitric oxiddOf levels, thus subverting a
downstream effect dfeishmaniainfection [18, 19]. Nevertheless, riparia is a traditional
herbal medicine, and its biological and pharmadckigactivities have been poorly studied.
Previous studies have reported the antiinflammateffgcts of T. riparia extract on
cyclooxygenase 1 (COX-1) and COX-2 [7, 12], but eottprotective mechanisms of
derivatives ofT. riparia remain to be investigated. Thus, we studied the umomodulatory

effects of TrEO in murine macrophages to elucidatpossible protective effects in the host.

Experimental
Obtaining T. riparia essential oil

T. riparia leaves were collected monthly between Septemb@8 206d August 2007
in Umuarama, Parana, Brazil (23°46°22"S and 53°38WV, 391 m). The plant was identified
by Prof. Ezilda Jacomasi of the Department of Plaayn Universidade Paranaense
(UNIPAR). A voucher specimen was deposited in tlRAR Herbarium (code no. 2502).
The essential oil was extracted from the freshdsadT. riparia that were cultivated in the
summer of 2006 and 2007 and obtained by hydrodistih using a Clevenger type apparatus
(3h). The mean maximum and minimum temperaturegiitation, and relative humidity by

season from September 2006 to August 2007 weretegpby Gazim et al. [20]

GC-MS and GC-FID analysis
The GC-MS analyses were performed using an AgB&BN GC-MS System operating in
El mode (electron ionization), equipped with a DBdpillary column (30 m x 0.25 mm x

0.25um, Agilent, Palo Alto, CA, USA) was used to injeciul of a solution sample. The
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initial temperature of the column was 80°C. Theauomh was heated gradually to 260°C with
a 4°C/min rate. The injector (splitless, 0.5 mia)d transfer line temperature were held at
260 and 280°C, respectively. He (1.0 ml/min) wasduas the carrier gas. Together with the
samplen-nonadecane was added as an internal standarcanme temperature program was
used for GC-FID. The identification of the composndlas based on comparison of their
retention indices (RI) [13] obtained using varioualkanes (C7 - C25). Also, their EI-mass

spectra were compared with the Wiley Library speatnd the literature [21, 22].

Macrophage cytotoxicity

Resident peritoneal macrophages were obtained BAirB/c mice in accordance with the
Ethics Committee on the Use of Experimental Animafisthe Universidade Estadual de
Maringa, Parand, Brazil (warrant no. 133/2012). iiee (30-40 days old) were euthanized
by 40% CQ inhalation in a chamber at a moderate fill rate WV Guidelines on
Euthanasia, 2007). The peritoneal cavity was wasVigd8 ml sterile RPMI 1640 medium.
The cell suspension was adjusted te 1° macrophages/ml. Next, 1g0 was plated in 96-
well culture plates (TPP, Switzerland). The platese incubated for 2 h at 37°C and 5%
CO,, and non-adherent cells were removed by washitiy sterile phosphate-buffered saline
(PBS). TrEO was diluted from 3 pg/ml to 30 ng/mheTessential oil was diluted in
dimethylsulfoxide (DMSO; Sigma-Aldrich, St. LoulO, USA), the concentration of which
did not exceed 0.005% v/v. This concentration of ®was previously shown not to have
cytotoxic effects on macrophages. Untreated cudtuvere used as a viability control. The
plates were maintained at 37°C in a humid atmosphieat contained 5% GCor 24 h.
Cytotoxicity in macrophages was determined usingraoetric cell viability XTT solution
(2,3-bis[2-methyloxy-4- nitro-5-sulfophenyl]-2H-takzolium-5-carboxanilide) (Sigma

Chemical Co, St. Louis, MO) [23, 24]. The XTT sadut (500 pg/ml) was activated with 50
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pg/ml of phenazine methosulfate (PMS; Sigma Co GtamSt. Louis, USA) and added to
the cell monolayer of each well. After 3-5 h inctiba at 37°C with 5% C@while protected
from light, the XTT reduction caused blyeishmania viability produces a formazan
compound that was measured at a wavelength of 8606 using a spectrophotometer plate
reader (ASYS Expert Plus, ASYS Hitech GMBH, Austrithe Trypan Blue test was also
performed to verify cytotoxicity in macrophagesoifr the macrophage suspension, 500 pl
was distributed on sterile 13 mm diameter glassesips (Glastecnica, Sdo Paulo, SP,
Brazil) and placed in 24-well culture plates (TBRitzerland). The plates were incubated for
1 h at 25°C, and non-adherent cells were removethiee washes with sterile PBS. The
cultures were treated with TrEO at 3 pg/ml to 3@migand incubated at 37°C in a humid
atmosphere that contained 5% L£for 24 h. The coverslips were then stained with 1%
Trypan Blue (Sigma-Aldrich, Saint Louis, MO, USA)daexamined by microscopy. All of
the tests were performed in duplicate, and thelteave expressed as percent viability. The
cytotoxicity concentration (Cég) was defined as the dose of the compound thatestithe
survival of the macrophages by 50% compared wittreated macrophages (viability

control).

I mmunomodulatory assay

Resident peritoneal macrophages were obtaining B&\LB/c mice (sacrificed as
mentioned above). Briefly, the peritoneal cavityswaashed with 5-8 ml sterile RPMI
1640 culture medium. The cell suspension was astjust 1x 10° macrophages/ml, and 1
ml of the suspension was added to each well of &R-eulture plates (TPP, Switzerland).
The plates were incubated for 1 h at 37°C in a duatimosphere that contained 5% £CO
and non-adherent cells were removed by three wasitbssterile PBS. Adherent cells

were incubated in RPMI 1640 culture medium. Aftéex minutes, the macrophages were
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subjected to the following conditionsi) (untreated macrophages and (nacrophages
treated with 30 ng/ml TrEO diluted in DMSO (1:2)daiRPMI 1640 medium. The
maximum DMSO concentration did not exceed 0.01% diddnot cause cytotoxicity in
murine macrophages. The plates were maintained’d & a humid atmosphere that
contained 5% C@for 3, 6, and 24 h. After these times, the supamavas removed and
stored at -80°C for the cytokine quantificationaassrrizol reagent (Invitrogen, Carlsbad,

CA, USA) was added on adhered cells to extractaitiecids and stored at -80°C.

Cytokine mRNA expression

Cytokine mRNA expression analyses were performadgusemi quantitative reverse-
transcriptase polymerase chain reaction (RT-PCRY). this reaction, total RNA was
extracted using Trizol reagent (Invitrogen, Cartsba&A, USA) according to the
manufacturer’s instructions. cDNA was synthesizsthg 1ug of total RNA as a template
in a reverse transcription reaction (Superscript rdverse transcriptase, Invitrogen,
Carlsbad, CA, USA). The purity level and amouninwdterial extracted were determined
using a NANODROP 2000 UV-V is spectrophotometereffimo Fisher Scientific Inc,
USA), considering an optimal purity level ef 1.8. The standard PCR conditions are
shown in Table 1. Primers were chosen accordingddLAST tool that is available in the
GenBank database and previous publications [25-ZH}ceraldehyde-3 phosphate
dehydrogenase (GAPDH) mRNA ®&us musculusvas used as an internal control. The
positive internal control was DNA from macrophadjest were stimulated with 5 pg/ml of
lipopolysaccharide for 4 h (LPS, Sigma-Aldrich, &buis, MO, USA). The amplified
DNA fragments were separated by 1.5% agarose getrephoresis and revealed with an
ethidium bromide transilluminator. Semi quantitatRT-PCR was performed by

guantifying the band densitometry using ImageJwso# (National Institutes of Health,
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USA). Each gene was normalized to GAPDH as a haegekg gene control (internal

control) [29].

Cytokine quantification

The supernatants were centrifuged, andub0f the sample was used for cytokine
guantification (pg/ml) by flow cytometry based ameptavidin-biotin enzyme reaction. The
multiplex Mouse Cytokine 10-Plex Panel kit and MeuH-17 Singleplex Bead Kit
(Invitrogen, Carlsbad, CA, USA) were assayed in sdmples. The determination was

performed using a Luminex 200 System flow cytomatet xPONENT 3.1 software.

Statistical analysis

Thein vitro assays were performed in duplicate. The statistisalysis was performed using
the x2 test, one-way analysis of variance (ANOVA), and Thikkey test. The analyses were
conducted using Statistic 7 software. Values psf0.05 were considered statistically

significant.

Results and Discussion

In the present study, TrEO was screened for cyekmodulation in murine
macrophages (Fig. 1-3). Cytokines are soluble eglidar proteins or glycoproteins that are
key intercellular regulators and mobilizers. Basedstructural homology, their receptors are
classified in family groups (e.g., interleukinsterierons, and chemokines). These proteins
are critical for innate and adaptive immune respensell growth and differentiation, cell
death, angiogenesis, and repair processes [30]eXinacts and essential oils of many plants

have been screened for their immunomodulatory iagtilerbal medicines are one strategy
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to modulate cytokine secretion, offering a noveprapch for the treatment of different
diseases [17].

Before conducting the immunomodulatory assay, vwauated the cellular viability of
TrEO in murine macrophages using two methods. Afhe concentrations tested maintained
approximately 90% cell viability according to theypan Blue method, which was similar to
untreated macrophages (96% viability). ThesE€&f TrEO was 165 ng/ml according to the
XTT method, and high viability (97%) was maintairegd30 ng/ml (data not shown). Because
of the high cell viability at 30 ng/ml, we choseisthconcentration to test the
immunomodulatory effect of TrEO on macrophages.

At a low concentration, TTEO modulated the mRNA resggion and production of
cytokines associated with a cellular immune respofi$iis response has been shown to
protect against different infectious and some mdaetious diseases [31]. TrEO stimulated
high proinflammatory cytokine expression in macragés, the effects of which varied
according to the incubation time. After 3 h , th&NA expression of IL-f, IL-12, IL-17,
IFN-y and also IL-10 (anti-inflammatory cytokine) wagdetded, but only IL-f, IL-10 and
IL-12 mRNA expression was high after 6 h. Tumorroeis factorn (TNF-), IL-18, and IL-

33 mRNA expression was not modified at 3 or 6 Iy.(E+3). The gene expression profile that
was promoted by TrEO was maintained for 24 h. HexeVrEO modulated the synthesis of
cytokines until 24 h.

TrEO increased IL{1 synthesis (Fig. 4), and gradually decreased ILs§@thesis
(Fig. 5) until 24 h. IL-6 levels increased at 3lecceased at 6 h, and normalized after 24 h.
TrEO induced proliferative cytokine production bgst inducing IL-2 productionat 3 h and
then inducing granulocyte macrophage colony-stitmgafactor (GM-CSF) production at 24
h (Fig. 4). IL-17 production was high after 24 mED did not modify IL-12 (Fig. 4), TN,

or IL-5 production (Fig. 5). Murine macrophages ttheere treated with TrEO further
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produced and expressed proinflammatory cytokinds.oAthese mediators stimulate the
activation and differentiation of cells that aréical for the immune response by eliminating
pathogenic microorganisms and abnormal cells. Mdwges are present in the natural
immune response and have a primary function of linguoreign agents that enter the body.
Their other functions include the elimination oftlp@gens, tumor cells, and other antigenic
stimuli. Many studies have been conducted to disctiverapeutic strategies to stimulate or
inhibit cytokines that promote the activation ohilition of these cells to control and resolve
various diseases [32].

Essential oils of plants as those from the Lamiadaaily can stimulate cytokines
that are associated with cellular immune respots@sotect against intracellular pathogens,
cancer, and autoimmune disorders. Antimicrobiatjoaidant, and acaricidal effects have
been attributed to TrEO [2, 7, 12], but its immummalatory effects on cytokines have not
been previously investigated. Our results showatl TnEO is a potent activator of cytokines
that are important in the proliferation, activatiamd differentiation of effector immune cells,
such as macrophages.

TrEO modified IL-B production and expression in macrophages. Theslentkin is
synthesized as a precursor and cleaved by inflaomasctivated caspase-1. Caspase
activation triggers the autophagy process, whielygplan important role in the release of this
cytokine. This pathway leads to the eliminationabhormal cells and pathogens. IB-ik a
chemoattractant for granulocytes. It can incredse éxpansion and differentiation of
lymphocytes and enhance the expression of cell siminemolecules in leukocytes and
endothelial cells [33]. IL-A also appears to be important for the early imm@sponse to
infections that are caused by several pathogems$, asi bacteria, protozoa, virus, and fungi
[34-36]. In the present study, TrEO significanthgduced IL-B, which may contribute to the

treatment of some infectious diseases.
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IFN-y and IL-12 are proinflammatory cytokines that areoduced early by
macrophages in antigenic responses. Antimicrobi@htid can be activated by IFN-
production, which is the most potent macrophagévatctr that produces reactive oxygen
species (ROS) and NO to promote the eliminatiopathogens and cell death. Nitric oxide
synthesis is regulated by INOS [37]. In a previetusdy, we observed high INOS mRNA
expression after TrEO treatment and normal leveEN® in macrophages that were infected
with Leishmaniaand uninfected cells that were treated with 30 h@hTrEO. This parasite
induces lower NO production by macrophages, thunritmiting to persistent infection [19].
TrEO was able to subvert the downstream decreai®iproduction that is promoted by the
parasite [19]. Another important cytokine is IL-AMhich promotes cell-mediated immunity
via the stimulation of §1 lymphocytes to control inflammation. IL-12-de&at mice were
shown to be susceptible to infectious intracellyggathogens, such as mycobacteria [39]. IL-
12 is a potent inducer of INfby NK cells. Through the activation of macrophagek
cells, Tyl cells, and IL-12 production are crucial for effee cancer treatment. The addition
of exogenous IL-12 has been considered a therapeypition for the treatment of tumors and
inflammatory conditions [39, 40]. Considering thidf-y and IL-12 are induced by TrEO, it
may be considered a viable option for the treatroéttiese diseases.

IL-17 is a proinflammatory cytokine that is proddcey Ty17 lymphocytes, mainly
macrophages and other cells that regulate theenmatune response. Although IL-17 levels
were low (<5 pg/ml) in all conditions, IL-17 wagsificantly expressed at the initial time of
incubation and the production at 24 17 cells are stimulated by IL-6, IL-1, and TNF that
are secreted by CD4+ T cells in adaptive immunpaeses. These cytokines also stimulate
antimicrobial gene expression in neutrophils. IL-production promotes neutrophil
recruitment and can promote inflammation and ldisHue damage at high concentrations

[41]. IL-17-deficient mice are highly susceptible eéxtracellular pathogens (e.élebsiella
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pneumoniaand Candida albican}[42, 43]. In the present study, TrEO stimulatedl?, a
proinflammatory cytokine that is important for thedntrol of fungi and extracellular
infections.

Moreover, TrEO induced proliferative cytokine pratian by macrophages, including
IL-2 at 3 h. This interleukin has been describedaagrowth factor that is importantly
involved in T-cell activationin vitro, and it promotes CD8+ T-cell proliferation and
differentiationin vivo. IL-2 is a key mediator of apoptosis in periphexatoreactive T cells,
which play an essential role in maintaining selétance by CD4+CD25+ T regulatory (T
reg) cells. Furthermore, some studies have indicdtat IL-2 is the main inducer of
suppressive T reg cell production, suggesting lib& could be used therapeutically to treat
several diseases, such as autoimmune diseasesasiasppand infectious diseases [44, 45].
Moreover, IL-2 is essential for stimulating NK cegtowth and differentiation to eliminate
tumor cells. IL-2 has been used for the treatmém&anoma and renal carcinoma. Finally,
IL-2 can also modulate the immune response agaifesttious agents, such as hepatitis C
virus, human immunodeficiency viruslycobacterium tuberculosi§ oxoplasma gondiiand
Listeria monocytogendd6, 47].

In the present study, at the beginning of inculmatiith TrEO, IL-2 was produced by
macrophages, whereas GM-CSF was secreted onlyZdfter GM-CSF plays relatively non-
overlapping roles in the differentiation and maimaece of specific macrophage subsets that
induce the M1 phenotype (classically activated mlcages). In the initial phase of the
immune response, M1 has important functions, swckilang pathogens and inducing the
synthesis of proinflammatory cytokines. GM-CSF d¢an a significant determinant of the
magnitude and duration of both acute and chrorilarmmatory pathology. GM-CSF can
contribute to the mobilization of monocytes andivation of neutrophils [48, 49]. High

levels of GM-CSF have been associated with the ezkation of arthritis, autoimmune
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encephalomyelitis, atherosclerosis, nephritis, lumggammation, and cancer. GM-CSF is

involved in disease mechanisms and could be aevi@fet for arthritis and cancer therapy
[49, 50]. Thus, TrEO may also contribute to theatmeent of infectious diseases and other
conditions in which GM-CSF production is excessnalgh.

We found that IL-10 gradually decreased over tiris cytokine induces the
differentiation and activation of R and T reg lymphocytes. This action can consedyent
inhibit or delay the proliferation, differentiatipand function of other T cell subpopulations
[51]. The innate immune response down regulatesctffs mechanisms and restores
homeostasis in injured tissue via IL-10 and othgokine families, mainly those that are
released from macrophages, particularly the M2 efufaternative activated macrophages)
that is activated in the later phase of the responseg cells that are mediated by IL-10 play
an important role in controlling infections thateacaused by protozoa and helminthes.
However, the excessive production of IL-10 can leadhigh susceptibility to parasite
infections [52, 53]. IL-10 also acts in autoimmutiseases, allergies [54], and neoplasms
[55], inhibits the production of proinflammatory tokines, and induces tissue healing by
regulating extracellular matrix protein depositiamd angiogenesis. These mechanisms
suggest that IL-10 may be therapeutically bendf[&i@]. TrEO can be a potential inhibitor of
IL-10 and contribute to the treatment of parasitifections in which the IL-10-mediated
immune response is critical.

In the present study, IL-6 was produced at higlelewonly at 3 h. IL-6 is synthesized
early in response to infectious agents that actgv activation and inhibit T reg cells. An
increase in IL-6 secretion can be augmented byrithex of neutrophils and inflammatory
monocytes to the site of infection. Additionallygth of these cell types have been shown to
be targets of infection. IL-6 is also produced lve early stages of inflammation, and it is

central in driving the acute-phase response. Sautkes suggest that IL-6 may amplify the
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inflammatory response to infections and can coutetio exacerbation of a “cytokine storm”
in cases of inflammatory diseases [57]. These t®gnbicate that TrEO can induce the
production of proinflammatory cytokines, mainly ffecthat are involved in infection.

TrEO induced the production of proinflammatory dytee that are involved in
effector cell activation, and the molecules thateclly promote inflammation as acetyl
cholinesterase (AChE), COX-1, and COX-2 were susgeé by TrEO [21]. Thus, TrEO
modulated cytokines activation ofyT response and suppresg2Tcytokines, which can
explain the inhibition of the inflammatory procems COX and AChE routes. A previous
study supported this possibility. In other studliyi=O was administered orally in mice and
shown to have excellent analgesic effects, in wiitichhibited abdominal constrictions that
were induced by acetic acid [21]. Animal and hunstudies have shown that COX-2 is
related to the pain and inflammation associatedh wgteoarthritis and rheumatoid arthritis.
COX-1 is a constitutive enzyme with homeostaticctions, unlike COX-2 [7, 9, 12].

Epidemiological, animal, anh vitro studies have shown that COX-2 plays a role in
the development of colon cancer. COX-2 promotes dbeelopment and progression of
gastric cancer, likely through stimulation of thelgeration of gastric cancer cells, inhibition
of apoptosis, and promotion of angiogenesis anghatic metastasis. It has also been shown
to participate in cancer invasion and immunosugioes[65, 66].T. riparia was reported to
reduce COX-2, this enzyme is inducible in treatimigamed tissue, resulting in less gastric
irritation compared with COX-1 inhibitors and demseng the risk of gastric ulceration and
spasmodic effects. All together, these findingspsupthe use of. riparia for the treatment
of gastric diseases and inflammatory conditionse @bueous extracts of this plant showed
good inhibitory activity against COX enzymes. Ptantith good antiinflammatory activity,
particularly against COX-2, are required to deternihe inhibitory potential against other

proinflammatory mediators that induce the productad inducible nitric oxygen species,
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proinflammatory cytokines, and inducible COX [6T. the present study, TrEO induced
protective cytokines that are associated with te#ular immune response, modulated
proinflammatory cytokines, and downregulated ILdfd IL-6. We previously showed that
TrEO did not modulate the production of inducibigia oxygen species [19].

In popular medicineT. riparia leaves are used to treat respiratory ailments,(e.g
coughs, colds, and sore throat), mouth ulcers, atbaches, diarrhea, influenza, fever,
malaria, and headaches [12]. Although some biolgitfects of some of the constituents of
TrEO are known, the effects of other constituentsl d@heir interactions on multiple
biochemical processes of cells and microorganisnesnam unknown. 8(14),15-
Sandaracopimaradiene;18-diol has been isolated frof. riparia and shown to have
significant antimicrobial activity against sevefiahcteria and fungi [5]. Campbell et al.
reported moderate antimalarial activity against strains ofPlasmodium falciparurf6]. We
recently showed that TrEO promotes the deathetshmania amazonensasdL. braziliensis
in vitro [18] and induces INOS mRNA expression but doesawbton NO production by
murine macrophages [19].

The immunomodulation of TrEO can be attributed t® complex mixture of
biologically active components. TrEO is a complexxtore of terpenoids, including
monoterpenes, sesquiterpenes, and diterpenes {faydoms or oxygenated) [20]. In our
study, the essential oil obtained in the summes@eavas detected 52 compounds , but 47
was identified (Table 2). The major class was oxyged sesquiterpenes (38.85%) followed
by oxygenated diterpenes (24.67%). The major cmestis found in the oil wag-cadinol
(14.38%); 14-Hydroxy-9-epi-caryophyllene (12.14%}lbsesquiterpenes compounds. In the
oxygenated diterpenes class was found the presgintgo compounds majority: 9133-

epoxy-7-abietene (7.37%) and 6,7-dehydroroylean@#e89%). These compounds were
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identified by NMR spectra and evaluated for cytadpantioxidant and analgesic activity [15,
20].

Most of the antimicrobial activity of essential ils attributable to oxygenated
terpenoids and to a lesser extent hydrocarbon [, Their interactions can have
antagonistic, additive, or synergistic effectsetattions between the compounds of essential
oils can be investigated using macro/microdiluttenhniques, such as the CheckerBoard,
graphical, and time-kill methods [11]. Such invgations could elucidate the mechanisms of
action of the cellular and microbicidal effectsToEO.

Considering the potential biological effects of gepated terpenoids, Gazim et al.
[15] isolated a new natural diterpene-type abie{@3d 3-epoxy-7-abietene) from TrEO and
reported cytotoxic effects and no antioxidant atstivl he diterpene-type abietane and TrEO
inhibited the viability of the tumoral cell lined=295 and HCT-8 by more than 70% and the
human melanoma cell line MDA-MB-435 by more than%®5This indicates the high
cytotoxicity potential of this essential oil andadtion against these tumor cell lines.
Antioxidant activity has been reported for anottigerpene, 6-7-dehydroroyleanone, with no
cellular toxicity [15]. Thus, TrEO and its isolatedbmpounds appear to be promising
antimicrobial and anticarcinogenicagents. Nonetsléutures studies need to be conducted
to better understand the mechanisms and applicabiliTrEO for disease treatment.

The present results provide further informationcommercial essential oils that may
be used by policymakers to develop regulationsrdégg the manufacture and validation of
natural products. TrEO induced proinflammatory &ytes that are associated with the innate
cellular immune response. It may be an alternatinerapy for several diseases, such as
infectious diseases, that depend on the cellularune response. TrEO suppressed IL-10 and
increased IFNe T. riparia may represent an important component of folk meedidior

modulating the immune response and treating irdestilts biological and pharmacological
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effects must be studieid vivo and in humans to ensure its safety and estabksiintent
protocols to guide the selection of appropriaterapeutic regimens for specific clinical

conditions.
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Table 1. Set of specific genes primer.

90

Gene Primer Conditions for PCF
sequence size (bp)  reaction (cycles)
93 °C for 55 s,
61 °Cfor45s
F1 5-TAC CTG GTA GAA GTG ATG CC-3 o '
100251 gy 5'- CAT CAT GTA TGC TTC TAT GC-3' 252 12 ((:3‘;30; 40s
93 °Cfor55s,
IL-12 [25] F1 5-CGTGCTCATGGCTGGTGCAAAG-3’ 315 61 °C for 45 s,
R2 5 CTTCATCTGCAA GTTCTTGGGC-3’ 72 °C for40 s
(36)
95 °C for 20 s,
IL-1p [26] F1 5-TTGACGGACCCCAAAAGATG-3’ 204 57 °Cfor 25 s,
R2 5-AGA AGGTGCTCATGTCCTCA-3’ 72 °Cfor45s
(30)
95 °C for 15 s,
IL-33 [27] F1 5'-ATGGGTACCTTCCTCGCCATG-3 187 60 °C for 60 s,
R2 5'-GAACGCACAGGCGTTTTACT-3’ 72 °C for 45 s
(35)
95 °C for 30 s,
IL-17 [28] F1 5'-ACCGCAATGAAGACCCTGATAG-3 84 60 °C for 60 s,
R2 5-TTCCCTCCGCATTGACACAG-3 72 °C for 30 s
(35)
95 °C for 30 s,
IL-18 [28] F1 5-ACTGTACAACCGGAGTAATACGG3’ 440 60 °C for 60 s,
R2 5-AGTGAACATTACAGATTTATCCC-3’ 72°Cfor30s
(36)
93 °C for 45 s,
IL-4 [28] F1 5'-GGAGATGGATGTGCCAAACG-3’ 80 55 °C for 45 s,
R2 5'-GCACCTTGGAAGCCCTACAG-3 72 °C for 30 s
(35)
93 °Cfor55 s,
TNF- [25] F1 5-ATGAGCACAGAAAGCATGATC-3’ 276 61 °C for 45 s,
o R2 5-TACAGGCTTGTCACTCGAATT-3’ 72°Cfor40s
(36)
95 °C for 20 s,
IFN-y [26] F1 5-TGGAGGAACTGGCAAAAGGATGGT-3 336 56 °C for 25 s,
v R2 5-TTGGGACAA TCTCTTCCCCAC -3’ 72°Cfor45s
(35)
95 °Cfor 15 s,
GAPDH F1 5'-CCACCATGGAGAAGGCTGGGGCTC-3 239 60 °C for 60 s,
[27] R2 5-AGTGATGGCATGGACTGTGGTCAT-3’ 72 °C for45s

dehydrogenase.

. reverse;

(35)

yde-3 phosphate
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Table 2.Chemical composition of essential oil obtained fieawes ofl etradenia riparia

Peak 4Compound °RI Area % Methods
of
Identification
Monoterpene Hydrocarbons
1 a-pinene 927 0.46 b, c
2 Limonene 1000 0.59 b, c
3 Transp-ocimene 1048 t b, c
4 n.i 1076 t b, c
5 n.i 1086 t b, c
6 n.i 1095 t b, c
Oxygenated Monoterpenes
Fenchone 1096 4.19 b, c
8 Endofenchol 1112 5.96 b, ¢
9 Exofenchol 1123 0.49 b, c
10 Camphor 1133 0.82 b, c
11 Borneol 1154 0.84 b, c
12 Terpinen-4-ol 1169 1.29 b, c
13 o-terpineol 1183 0.42 b, c
14 y-terpeneol 1198 0.68 b, c
15 n.i 1230 0.20 b, c
16 n.i 1253 0.21 b, c
17 n.i 1271 0.41 b, c
Sesquiterpene Hydrocarbons
18 o-cubebene 1336 0.34 b, c
19 a-copaene 1363 0.30 b, c
20 B-elemene 1382 0.40 b, c
21 a-gurjunene 1401 0.61 b, c
22 B-Caryophyllene 1427 2.83 b, c
23 a-transBergamotene 1440 0.32 b, ¢
24 a-humulene 1453 0.21 b, c
25 allo-Aromadendrene 1456 0.36 b, c
26 Germacrene-D 1481 2.18 b, c
27 Cis-p-guaiene 1486 0.33 b, c
28 Bicyclogermacrene 1508 0.46 b, c
29 a-muurolene 1532 3.42 b, c
30 a-(E,E)-Farnesene 1534 3.64 b, c
31 3-amorphene 1544 3.98 b, ¢
32 3-cadinene 1546 0.57 b, c
Oxygenated Sesquiterpenes
33 Muurolol 5-en-4-ol 1560 0.30 b, c
34 Spathulenol 1568 0.46 b, c
35 Globulol 1587 0.28 b, c
36 Viridiflorol 1597 2.72 b, c
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37 Guaiol 1599 0.23 b, c
38 Cadinolepi-a 1624 0.34 b, c
39 Aromadendrenepoxi-allo 1631 3.50 b, c
40 a-cadinol 1648 14.38 b, c
41 14-Hydroxy-9-epi-caryophyllene 1683 12.14 b, c
42 (2Z,6E)-Farnesol 1739 0.40 b, ¢
43 Guaiol acetate 1743 0.21 b, c
44 N-nonadecane 1900 3.89 b, c
Oxygenated Diterpenes
45 P,13B-epoxy-7-abietene 1988 7.37 d
46 dehydroabietane 2141 0.25 b, c
47 n.i 2148 0.75 b, c
48 n.i 2229 0.28 b, c
49 abieta-7,13-dien-18-ol 2310 0.14 b, c
50 Abietol 2374 0.34 b, c
51 Manoyl oxide 2421 0.65 b, ¢
52 6,7-Dehydroroyleanone 2435 14.89
Total identified 98.14%

Monoterpene hydrocarbons 1.05%

Oxygenated monoterpenes 15.51%

Sesquiterpene hydrocarbons 19.91%

Oxygenated sesquiterpenes 38.85%

Oxygenated diterpenes 24.67%

3Compound listed in order of elution from a DB-5uwmh; "ldentification based on retention
index (RI); “Identification based on comparison of mass speflidentification based on
NMR spectra [15].
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M C- C+ MO TEO M C- C+ MO TrEO
GAPDH
(239 bp) |L_1B*
-— (204 bp)
<+—
’ IL-123 h
(315 bp) IFN-y*
P (336 bp)
IL-126h
IL-17*
- ="
[ S——
IL-10*
(252 bp)
—

Figure 1. Cytokines mRNA expression by semi-quatiié reverse transcriptase-polymerase
chain reaction (RT-PCR). DNA fragments were segarat 1.5% agarose gel electrophoresis
and revealed with ethidium bromide in a transillnator . M, molecular marker; C-, intern
negative control (kD). C+, DNA obtained from macrophages stimulatethva pg/mL of
LPS; MO, macrophages (negative control); TrEO, mjlcages treated with 30 ng/mL of
Tetradenia ripariaessential oil. All conditions tested were analyxéthin 3, 6 and 24 h
incubation at 37 ° C. * p-value significant < 0.05.
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Figure 2. Expression levels of cytokines mRNA bynsgquantitative RT-PCR. Control,
macrophages non-treated (negative control); TrE@craphages treated with 30 ng/mL of
TrEO. INOS mRNA expression levels were normalized5APDH as a housekeeping gene
(internal control). All conditions tested were arzad within 3, 6 and 24 h incubation at 37 °
C. * p-value significant < 0.05.
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Figure 3. Cytokines mRNA expression not inducedTbO using semi-quantitative RT-
PCR. Control, macrophages non-treated (negativea®nTrEO, macrophages treated with
30 ng/mL of TrEO. All conditions tested were an&gavithin 3, 6 and 24 h incubation at 37
° C. * p-value significant < 0.05.
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Figure 4. Cytokines produced by murine macrophagiesulated by TrEO using multiplex
flow cytometry. Control, macrophages non-treateegétive control); TrEO, macrophages
treated with 30 ng/mL of TrEO. All conditions tedtevere analyzed within 3, 6 and 24 h
incubation at 37 ° C. * p-value significant < 0.€&mparing negative control.
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Figure 5. IL-2 and other cytokines produced by meirmacrophages stimulated by TrEO.
The production was evaluated using multiplex floytometry; IL-12, TNF, and IL-5 were

not change. Control, macrophages non-treated aneinfiected (negative control); TrEO,

macrophages treated with 30 ng/mL of TrEO. All dtinds tested were analyzed within 3, 6
and 24 h incubation at 37° C. * p-value significar@.05 comparing negative control.
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ABSTRACT

Cutaneous leishmaniasis causedlUgyshmania (Leishmania) amazonenspecies usually
presents therapeutic resistance to antimonialsgé®shis therapy has shown many adverse
effects and toxicity. In this context, natural puots are regarded to be potent candidates for
alternative leishmaniasis therapiyetradenia ripariaplant has been used as a folk medicine
by many populations to treat infectious and inflasony diseases, but few studies have
investigated the antileishmanial and immunomodaihaéffects of this planiWe investigated
the potential of TrEO againdteishmaniainfection and the imunomodulatory effects that
contribute to infection resolution. For this, peneal fluid cells were infected with
Leishmaniasp. After 4 h, the cells were treated with TrEQJ ah3, 6 and 24 h of incubation,
the cytokines were screened using semi-quantitagverse transcriptase-polymerase chain
reaction (RT-PCR) and flow cytometry. Antileishmalmactivity was evaluated after 24 h by
microscopic counting and real-time PCR (quantigtyPCR). . The treatment with 30 ng/mL
induced 50% of the death dfeishmaniaamastigote forms after 24 h incubation using
microscopic counting, and 15.2% by qPCR. Also, Tr&®nulated IFNy subverting the
inhibition of it by Leishmaniainfection; and TrEO inhibited ILf{, IL-6, IL-17, IL-33, TNF,
and Ty2 cytokines (IL-10, IL-4 and IL-5) subverting thacreased of these cytokines
promoted bylLeishmaniainfection. In addition, IL-12 levels were maintathey TrEO. In
contrastL. (L.) amazonensimfection stimulated the production of IL-10, I3;11L-4, IL-5,
IL-6, IL-17 and IL-33, while inhibited IL-12 and N~y in macrophages. Thus, TrEO down-
regulated F2 cytokines as IL-4 and IL-10, involved with theogression of the infection.
TrEO also increased IFiNwhich is critical to the resolution of leishmansas

Keywords: cutaneousleishmaniasis;Leishmania (Leishmania) amazonensis; Tetradenia

riparia; cytokines; immune response
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INTRODUCTION

Leishmaniases are a neglected infectious diseabésh whe etiologic agents are
protozoan parasite belonging to tbeishmaniagenus (1). There is a broad variety of specie,
which can infect animals and humagm®moting skin lesions or visceral involvementhe
clinic manifestations and clinic healing dependchost immune response and parasite species
infectiveness. Leishmania (Leishmania) amazonenssan agent of cutaneous (CL) and
diffuse cutaneous leishmaniasis, the msmstere and destructive clinic form (2). The CL
clinical form affects about one million people aler the world and the host immune
response is a crucial factor to control infectiow gpathogen death. Howevérgishmania
has an ability to modify the innate and adaptatiTenune responses inhibiting the
antimicrobial mechanisms of the host cells by m@tligan imbalance of T helper (Y cells
(3-4). The recommended treatment has been failndetlae infection persists, this may be
related with the host immunity and this parasitéitsgh The CL specific treatment is based
on pentavalent antimonials and amphotericin B,ciwvhias been used as the second-line
therapy (5). Antimonials and other antileishmanial drugs camulate the innate branch of
immune system which favors the infection resoluiieyn Despite this, ithe last years, many
studies have reported the undeniable leshmaniatality and side effects during treatment
with antimonials and second-line drugs, which ozad| patients to abandon the treatment.
Therefore, researches have been conducted to disnew drugs to leishmaniasis with lesser
toxicity profiles, immunomodulatory effects and @uatial leishmanicidal action (7-8).

Plants possess diverse metabolites that displayast array of pharmacological
activity with potential to be used against leishiais (9-10). Natural products have not a
high probability to cause serious adverse effdatsher they are inexpensive, accessible and
sustainable comparing with current treatment foishimaniasis (11). In addition to

antileishmanial action, extracts and essentialdeisved from plants have been screened for
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immunomodulatory activity. Studies suggest thatdpats with both activities can be used
alternatively to treat infectious diseases, neaplasnd other diseases in which the immune
response is essential for the evolution of thegdkisuch as cutaneous leishmaniasis (12-14).
Tetradenia riparia(Hochstetter) Codd plant belongs to the Lamiadeadly, it is
also known atboza ripariaandMoschosma ripariumit is used as a folk medicine in Africa,
which is used to treat the inflammatory and infaas$i diseases. The plant is an herbaceous
shrub that occurs throughout tropical Africa anaiher regions of the world like Brazil (15-
19). Its leaves and essential oil have shown aatohial activity for the treatment of several
infections such as malaria, cryptococcosis and idasis. It also has been used for treating
respiratory infections as an alternative thera®y @D-22). Most recently, our research group
shown the in vitro antileishmanial activity @af. riparia essential oil (TrEO) and the
expression of the inducible nitric oxide synthag¢QS) mRNA, although TrEO did not
induce nitric oxide production (NO) above normaldls in macrophages infected with
Leishmania(23-24). Oxygen reactive and NO are importamgonents of the host immune
response to combat theishmanianfection (25). The protective immune mechanismthef
essential oil fronTetradenia ripariafor leishmaniasis have not been demonstrated monl.
Thus, the purpose of this research was to evaltiage antileishmanial activity and
immunomodulation of. riparia essential oil (TrEO) on peritoneal fluid cellsenfed withL.

(L.) amazonensis

MATERIAL AND METHODS

Essential oil extraction of T. riparia

T. riparia leaves were collected monthly between Septemb86 2ihd August 2007 in
Umuarama, state of Parana, Brazil (23°46'22’S aBdl&73"W, 391 m). The plant was

identified by Professor Ezilda Jacomasi of the Digpaento de Farmécia of Universidade
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Paranaense (UNIPAR).A voucher specimen is depositetie UNIPAR Herbarium (code
number 2502). The mean values for maximum and mimrtemperature, precipitation, and
relative humidity by season from September 2008ugust 2007 were described by Gazim
et al. (2010) (12). The fresh leavesTofriparia were used to extract the essential oil, which
was obtained by hydrodistillation for 3 h using l@v@nger-type apparatus. The distilled oils
were collected and dried over anhydrous sodiumasuind stored in a freezer. The oil was
analyzed by gas chromatography-mass spectrome@yMGS) using an Agilent 5973N GC-
MS System that was operated in electron ionizatiode and equipped with a DB-5 capillary
column (30 m x 0.25 mm x 0.25 um, Agilent, PA, USAat was used to inject 1 ul of a
solution sample (12, 27). The initial temperatuféhe column was 80°C. The column was
gradually heated to 260°C at a rate of 4°C/min. iRjector (splitless, 0.5 min) and transfer
line temperatures were held at 260°C and 280°(hextvely. Helium (1.0 mL/min) was
used as a carrier gas. The same temperature praggamsed for gas chromatography with a
flame ionization detector (GC-FID). The identificat of the compounds was based on
comparisons of their retention time that were otddiusing various n-alkanes (C7 - C25).
Their electron impact mass spectra were compardd thie Wiley library spectra and

literature (12).

Cytotoxicity

Peritoneal fluid cells were obtained from BALB/c amiin accordance with the Ethics
Committee on the Use of Experimental Animals of thaversidade Estadual de Maringa,
Parana State, Brazil (warrant no.133/2012). Brjdftg peritoneal cavity was washed with 8
mL sterile RPMI 1640 medium. The cell suspensiors @&djusted to 210° cells/mL. Next,
100uL was plated in 96-well culture plates (TPP, Switzmed). The plates were incubated for

2 h at 37°C, 5% Cg& and non-adherent cells were removed by steril® RBshing. TrEO
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was diluted from 3 pg/mL to 30 ng/mL in dimethyfexide (DMSO, did not exceed 0.005%
vlv, and it did not have cytotoxic effect). Nondted cultures were used as viability control.
The plates were maintained at 37°C in a humid gbim@® containing 5% CQluring 24 h.
The cytotoxicity on cells was done using colorineetcell viability XTT (2,3-bis[2-
methyloxy-4- nitro-5-sulfophenyl]-2H-tetrazoliuméarboxanilide) (Sigma Chemical Co; St.
Louis, MO) (28-29). The XTT solution (500 ug/mL) svactivated with 50 pg/mL phenazine
methosulfate (PMS, Sigma Co Chemical; St. LouisA)J%nd it was added over the cell
monolayer to each well. After 3-5 h incubated &@with 5% CQ and protected from light,
the results were mensuared at 450/650 nm usingeetrsphotometer plate reader (ASYS
Expert Plus, ASYS Hitech GMBH, Austria). All testere done in duplicate and the results
were expressed as viability percentage. The cytatgxconcentration (C6) was defined as
the dose of the compound that reduced 50% of thavali of cells comparing to untreated

cells (viability control).

Antileishmanial activity
Parasite strain and culture

L. (L.) amazonensifMHOM/BR/1977/LTB0016) was kept by the inoculatiarf
1x10 parasites in the hind left footpad of the BALB/ice Animals between 30 and 40 days
of age were euthanized by inhalation of 40%,0® a chamber at a moderate fill rate
(AVMA Guidelines on Euthanasia, 2007). Their lympbdes fragments were inoculated in
199 culture medium supplemented by fetal bovinereefFCS) 10% (v/v), 1% human urine,
2 mM L-glutamine and antibiotics (100 Ul/mL peniiciland 0.1 mg/mL streptomycin). The
cultures were incubated at 25°C and parasites aia@t by weekly transfers in 25-8m

culture flasks with 199 insect medium supplemented.
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Drug activity measured by microscopic counting

Peritoneal fluid cells were obtained from BALB/camias already reported above.
The cell suspension was adjusted to £xb@crophages/mL. Next, 500 pL were distributed
on 13 mm-diameter sterile glass coverslips (Glaste¢ Sdo Paulo, SP, Brazil) and placed in
24-well culture plates (TPP, Switzerland). The gdatvere incubated for 2 h at 37° C. The
non-adherent cells were removed by sterile PBS dpiate buffered saline) washing.
Macrophages were infected with promastigote formshe proportion of six parasites for
each macrophage and the plates were incubatedhif@t87°C in an atmosphere of 5% £O
TrEO was diluted in DMSO and RPMI 1640 medium. Tihal concentration of DMSO did
not exceed 0.05% and no cytotoxicity effect on thacrophages was observed. After
infection with Leishmania TrEO was added to cultures at 30 ng/mL, and &deh at 37°C
and 5% CQ, the cells on coverslips were fixed in 95% ethamoll dyed with eosin and
hematoxylin. At least, 200 cells were counted inogatical microscope. The infection index
was determined by the percentage of infected maeaggs multiplied by the mean number of

parasites per macrophage.

Drug activity measured by conventional polymerase hain reaction (PCR) and
guantitative real-time PCR (QPCR)

Leishmaniasp. has a conserved regionroinicircle in the mitochondrial DNA that
can be amplified using polymerase chain reactioBRP method. For this, DNA was
extracted from samples conserved in Trizol reageobrding to manufacturer. The PCR was
performed with two oligonucleotides: Al (5'-
(G/C)(G/C)(C/G)CC(A/C)CTAT(A/T) TTACACCAACCCC-3)) adh A2 (5™-
GGGGAGGGGCGTTCTGCGAA-3) (30). The reaction mixturentained 25 pM of each

primer, 1 unit Tag polymerase (Invitrogen, Carlsb@d, USA) and 50 mM MgGlin a final



105

volume of 25 pL. The DNA amount of 5 uL was addeckéch test tube. The amplification
conditions were: one cycle at 94°C for 5 min, 26ley at 94°C for 30 s, 50°C for 30 s and a
final step at 72°C for 10 min. After the PCR, threquct (~120 base pairs) was separated by
electrophoresis in 1.5% agarose gel stained witidietm bromide.

Leishmaniamitochondrial DNA cited above was also measuredjbgntitative real-
time PCR (qPCR) using the same primers A1 and A2hEample was tested in triplicate in
a final volume of 10 pL, including 1 pL of templdDdNA, 5 pL of 1X Sybr® Green Select
Master Mix (Applied Biosystems, Austin, TX, USA)né 25 uM of each primer. The
amplification was run on the thermocycler StepOnealHime PCR System (Applied
Biosystems, CA, USA). The optimized PCR amplifioaticonditions were 94°C for 5 min
and 40 cycles of 94°C for 30 s and 50°C for 30t @hreshold of detection and the baseline
were automatically determined using StepOne™ So#w&.1. Each sample amplification
was performed in triplicate, and a blank consistiighe reaction mixture without DNA
template was included in each gPCR run. A standarde (positive control) gPCR was
performed usingd.. (L.) amazonensiBNA from 1x1@ (high control) to 1 parasites/sample
(low control). The parasites quantification of eaemple was compared with standard curve.
The DNA percentage reduction dfeishmaniainfected and treated macrophages was

calculated comparing with infected-macrophages.

I mmunostimulatory effects of T. riparia essential oil

Resident peritoneal murine cells (1RXlls) were submitted to the following conditions:
a) infected by the promastigote forms laf (L.) amazonensign the proportion of six
parasites for each cell (positive control); b) €efifected by promastigotes (6 parasites/1
cell) were incubated for 4 h to be infected anéted with 30 ng/mL of TrEO; c) non-
treated and non-infected cells were regarded aatiwegcontrol. TrEO was diluted in

DMSO (1:2) and medium RPMI1640 until obtained 3@mmg (there was not cytotoxicity
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concentration, view in results section). The maxmibMSO concentration did not exceed
0.01%, and it did not result in cell cytotoxicityhe plates were maintained at 37°C in a
humid atmosphere containing 5% &£for 3, 6 and 24 h. After these times, the supamtat
was removed and stored at — 80°C to cytokine dfication assay. Trizol reagent

(Invitrogen, USA) was added on adhered-cells toaexinucleic acid and stored at - 80°C.

Semi-quantitative rever se transcriptase-polymerase chain reaction (RT-PCR)

Total RNA was extracted using the Trizol reagemtvifrogen, Carlsbad, CA, USA)
according to manufacturer instructions. cDNA wastkgsized using jg of total RNA as

a template in a reverse transcription reaction €8&gquipt Il reverse transcriptase,
Invitrogen, Carlsbad, CA, USA). The purity leveldaquantity of material extracted were
done using the NANODROP 2000 UV-Vis Spectrophot@né¢Thermo Fisher Scientific
Inc, USA), considering an optimal purity level1.8. The standard PCR conditions are in
Table 1. The primers were chosen according to BLAST available in Genbank database
and publications (31-34). Glyceraldehyde-3 phosphahydrogenase (GAPDH) mRNA of
Mus musculusvas used as an intern control. The amplified DRefgifnents were separated
in 1.5% agarose gel electrophoresis and revealdd ethidium bromide transilluminator.
Semi-quantitative RT-PCR was conducted by quamtifyihe bands densitometry using
ImageJ software (National Institutes of Health, YSBach gene was normalized against

GAPDH as a housekeeping gene control (intern chn(6).

Cytokine quantification
The supernatants previously collected were ceigeifluand 5Q.L of the sample was used for
cytokine quantification (pg/mL) by multiplex Mousgytokine 10-Plex Panel Kit and Mouse

IL-17 Singleplex Bead Kit (Invitrogen, Carlsbad, CAJISA). The assay was read on
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Luminex® 200™ System using XPONENT 3.1™ Software] ¢he samples were tested in

guadruplicate of two independent experiments.

Statistical analysis
Analyzes were carried on using Statistic 7 softwaard p-value < 0.05 was considered to be
significant. The statistical significance was darsing chi-square test, one-way analysis of

variance (ANOVA) and Turkey test.

RESULTS AND DISCUSSION

Essential oil fromr. riparia was not cytotoxicity in murine macrophages at 30mg
( > 95% viable cells), but at 0.2 pg/mL it showdab/® toxicity for the cells. Gazim et al.
(2013) (36) showed that TrEO at 25 pg/mL was armg@kgrowth inhibitor of tumoral cell
lines SF-295, human melanoma cell (MDA-MB-435) dndnan colon cell line (HCT-8),
although the mechanisms remain to be elucidatedtrf®odose and route of the treatment
using TrEO must be evaluated to each conditiorbésteed. The results in this paper show
that TrEO at 30 ng/mL induces 50% deathlL&ishmaniaamastigote forms after 24 h
incubation (Figure 1). The infection index is 112dach non- treated infected-macrophage,
while the treatment with TrEO reduces the inde®%4cat 30 ng/mL, 68 at 0.3 pg/mL and 79
at 3 pg/mL (data not shown). Based on this, TrEG waost effective in the lowest
concentration againgt (L.) amazonensisifection. The possible reason for this might be du
to the essential oil in high dose is cytotoxic étig; allowing the action on parasite and not in
macrophage. The parasite load using gPCR showed éiehmaniainfected macrophages
treated with 30 ng/mL of TrEO had a reduction of2%6 comparing with macrophages
infected and non-treated (p<0.001) (data not shodimjcan population has used the leaves

from T. riparia plant as a traditional medicine use for a broatyeaof diseases, especially
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respiratory infection. The antimicrobial, antioxrdaacaricidal and antileishmanial activities
were attributed td. riparia (12, 21, 24, 26).

In primary screening for new antileishmanial drugsyitro assays play as important
role. Amastigote-macrophages models require mupeetoneal macrophages or human
monocyte-derived macrophages. This method is the osed assay for testing drugs against
Leishmaniasp. The drug test is usually measured by micrascogpunting of the infected
cells percentage multiplied by number of amastigper cell through of 200-400
macrophages examined (37). In the present study,gBCR method was also used as a
reliable tool to evaluate the parasite load in digate assay, but the results of reduction of
parasite burden obtained by real-time PCR and tmaber and percentage of infected
macrophages in culture were discrepant. This rdiffee between qPCR and microscopic
counting as expected, because according to Reghab (2011), the DNA gquantification
would not ensure a detection of only living parmsitsince the drugs act resulting in living
and dead microorganisms. Additionally, the DNA ncole has a high proper chemical
stability and could hamper its degradation (38)0ilthe microscopic assay demands time
and the analysis are subjective which can leaddolts not as accurate (37).

Torquilho et al. observed that essential oil extracted frbmriparium Hochst has a
lethal dose of 50% (LD50) at 0.98 pg/mL lin amazonensipromastigotes (39). Recently,
the LD50 inL. amazonensigromastigote was observed to be higher than 0.2 ¢24). In
other study, the minimum inhibitory concentratiovIC) of extract leaves fronT. riparia
was measurement against some bacteria and fungududing that the most sensitive
microorganisms werBtaphylococcus aureuBacillus subtilisandCandida albicanshowing
the lowest MIC values of 15.6, 7.8 and 31.2 pg/mekspectively (12).

The pathogens are recognized in the infection Igtennate immune cells such as

macrophages, natural killers (NK) and dendritidsce{40). Specific responses are mounted
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by these cells to avoid the infection to spreath&entire organism. Cytokines inductions are
one of those responses, and their modulation imgaetinnate antimicrobial defenses,
recruitment of effectors cells and repairing thiedated tissue. After pathogen encounter, all
immune mechanisms are coordinated early to talee ptafew hours, these processes require
major changes in mMRNA and protein expression. Spatleogens can interfere directly with
continuous host protein synthesis and innate resgsorinhibition (41). In cutaneous
leishmaniasis, the host immune response is on@eoitost important factor for infection
development.Leishmania parasite has an ability to withstand, inhibit orceige the
antimicrobial effect on host macrophages by subwgrinduction of innate and adaptative
immune responses through mediating an imbaland@ehedper () cells (3).

The clinical forms of leishmaniasis are usuallyeaféd through upregulation of
cellular immune responses involved with host macages activation and 4I cells
producers of IFNr (42). The intracellular localization of the patleog can affect
antileishmanial drugs besides their ability to beeinalized by host cells including rate of
uptake, capability to resist an intracellular degiteon and trafficking, and possibility of cells
cytotoxicity. The screening for leishmanicidal dsugneeds test with extracellular
promastigotes to identify promising compound(s)ahkhalso should have a high therapeutic
index against intracellular amastigotes, a protiestsis technically more complex (43). Thus,
an antileishmanial product capable of stimulatingtgctive immune response against
intracellular pathogens and of inhibiting supprasmunity could be an alternative to deal
with therapeutic resistance, failures and advefffects. TrEO modulated both mRNA
expression (Table 2, Figure 2-3) and productiomasfous cytokines in peritoneal mice cells
infected withL. (L.) amazonensi@~igure 4-5). TrEO mainly stimulated IFNand inhibited
some proinflammatory cytokines like IB1 IL-17, IL-33 and TNF. In addition, the

production of 2 cytokines byL. (L.) amazonensimfection such as IL-10, IL-4, and IL-5
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were also prevented after TrEO treatment. Furthezmbe proliferative cellular mediators,
IL-2 and GM-CSF (Figure 5), were inhibited aftexdgtment. Summarizing, TrEO contributes
to reduce cytokines involved with the progressibthe infection and increase IFN(Figure
4), which is critical to the resolution of the dase (25). The results of this research showed
thatL. (L.) amazonensispecies was able to modify the production and mRMpression of
important cytokines involved witlpersistent infection, including I1L10, ILBland TNF
MRNA expression (Figure 2-3) until 6 h, and theingquction (Figure 4) was stimulated by
the infection until 24 h. IL-4 level was elevated the infection, but the experimental
conditions of this study were not able to exprésd mRNA. IL-33 mMRNA expression levels
were high in the disease, as well as the leveld. &, IL-17, IL-6, IL-5 and GM-CSF at
different times (Figure 5). Therefore, 1L12, IL-187d IFNy expression were inhibited, and
the production of IL-12 and IFN-were decreasing progressively after the infec{figure
4).

While the parasite increases cytokines involvethepersistence of the infection such
as IL-18, TrEO decreases ILBlproduction and mRNA expression lirishmaniainfected
macrophages (p < 0.05), showing that the essanitied able to subvert the ILBLproduction
induced by thé_eishmanianfection (Figure 2 and 4). According to Lima-Juné al. (2013)
the inflammasome-derived ILBlinduces resistance teeishmania amazonensis infected
macrophages (45). ILBL down-regulation was promoted by TrEO, which camfep
advantage in the healing and parasite death mexhanilL-33 was also stimulated by the
infection and inhibited by TrEO. This interleukma member of the IL-1-family of cytokines
which can promote the proliferation and activatioh Ty2 cells and suppress the IT
response (31, 46-47). There is a hypothesis th&3llsynthesis occurs after tissue damage
and in response to inflammation, acting as an afayrthat recruits cells to local infection

(31, 48-49). The role of IL-33 in leishmaniasissidl not very clear. 1L-33 was associated
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with human visceral leishmaniasis and suppressdsrésponses in the livers of BALB/c
mice infected withL. donovani(50) . The authors also suggest that IL-33 couldalbeew
susceptibility factor and a potential prognosticrkea during visceral leishmaniasis (50). In
the present study, IL-33 was highly expressed bgraphages infected with. amazonensjs
this result is in agreement with the study mentibabove. TrEO shows a potent action on
IL-18 and IL-33 cytokines reducing their amount and egpion, subverting the up-
regulation promoted blyeishmania

The IL-17, IL-6 and TNF production were declined Lreishmania infected-
macrophages by the treatment with TrEO after 24 as able to subvert thus inhibition
promoted by infection (Figure 5). In contrdseishmanianfection induced a high IL-17 and
IL-6 levels in non-treated macrophages (FigureTBese stimuli can promote the infection
persistence by J17 cell activation. IL-17 is a proinflammatory ol¢tne produced by J17
and other cells, it induces the synthesis of ILH61 and TNF, resulting in an intense
inflammation because these cytokines can inducenélagrophil recruitment, increasing the
inflammation and tissue damage local. TNF level wigvated in infected macrophages by
Leishmaniathis result is according to other study that sbadhe relationship between TNF
increase and susceptibility ko (L.) amazonensisfections due to the induction of persistent
parasitic infection and tissue damage (51). TrERibition of IL-17, IL-6 and TNF may
contribute to reduction of local damage caused datnophil recruitment before the starting
of infection control.

IL-6 is synthesized early in response to an infetiagent acting onyI7 activations
and inhibiting T regulatory cells favoring the inf®n (52). Further, an increase in TNF and
IL-6 secretion can be augmented as an influx otrophils and inflammatory monocytes to
infection and both of these cell types have beenvsig to be infection targets and aid in the

establishment of the infection. Recently, Duqueaékt (2014) shows that.eishmania
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promastigotes promotes the degradation of synaptotes (Syts) resulting in the induction of
the cytokine secretion as IL-6 and TNF in murindsceSyts are type-l membrane proteins
responsible for regulating vesicle docking anddndn exocytosis and phagocytosis by host
cells (53). This regulation is possible due to zivec metalloprotease GP63 béishmania
which directly degrades the Syt Xl and it is ex@ddfrom Leishmania parasitophorous
vacuoles by the promastigotes surface glycoliggdghosphoglycan. Thus, the GP63 induces
proinflammatory cytokine release and increasedtrafion and inflammatory phagocytes
(53), but TrEO treatment is able to inhibit thegg#okines, contributing to parasite death
mechanisms activation and reduction of local infizetion.

TrEO was able to stimulate IFNand maintained IL-12 levels in the infection. HyN
and IL-12 are pro-inflammatory cytokines produceathe by macrophages in antigenic
response. The second one promotes cell-mediatedumitynvia stimulation of 1
lymphocytes and acts controlling the inflammatiéa)( And the first one is the most potent
macrophage activator to produce the antimicrolustances like oxygen reactive and nitric
oxide (NO), promoting pathogens or cells death.-{FN also important to control infection
dissemination in intracellular agents likeishmaniaand it can be a target for leishmaniasis
therapy (25). Although TrEO induced IFNand inducible nitric oxide synthase (iINOS)
MRNA expression, higher production of NO was ndedid by TrEO stimulus in previous
study. The direct action of TrEO dreishmaniaparasite death, and consequently antigen
stimulus reduction could explain the normal NO prcttbn that was similar in non-infected
and non-treated cells (23). It is may be a restilbtber death mechanisms stimulated by
TrEO. Although NO is considered the most relevardrabicidal molecule, reactive oxygen
species (ROS) are also related with disease suisiigpt The ROS are produced by the
membrane-bound NADPH-dependent oxidases (NOX) astlidy demonstrated that NOX

deficient mice were more susceptibld_tadonovaniandL. majorinfection (55-56). Based on
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this, other microbicidal process of TrEO shouldbdsgter investigated in vitro and in vivo
models to clarify all death mechanisms inducedr dlfte treatment with this essential oil.

In response th. (L.) amazonensimfection, IL-2 was produced early in high levels
by murine cells at 3 h. This result agrees withitteeease of IL-2 observed in patients with
cutaneous leishmaniasis causedLbyL.) amazonensié&b7). The high GM-CSF production
was belatedly induced in infected cells. The GM-G®pears to increase the infectivitylof
amazonensidy protecting promastigotes from heat-induce deatl it is also a growth-
factor for promastigotes dfeishmania(58-61). TrEO inhibits both mediators showing its
importance for the early and late response to fitflec

The synthesy levels of IL-10, IL-4, and IL-5 weoaver on infected cells treated with
TrEO comparing to non- treated infected macroph#ge8.05). Those cytokines are known
as down-regulators of immune response. They alsaiktte the T,2 response that induces
the inhibition of Leishmaniasp. death mechanisms by macrophages, leadingseast
progression (25). Patients infected lgishmania amazonengsoduce high levels of IL-2,
IL-4, IL-6, IL-10, TNF, and IL-17 (57) as well owesults. This profile is related to the
clinical course of human cutaneous leishmaniasie Telation of those cytokines with
Leishmaniainfection remains doubtful, because it is assediatith remission and also with
the development of relapses and more severe fofrtigeallness (57). IL-10 is a regulatory
cytokine that can stimulate CD4+ CD25 T cells (Ds)e which inhibit or decrease the
proliferation, differentiation and function of oth& cells subpopulations, which influence
disease development (25). Also, IL-10 inhibits anfimatory mediators and induces
activation of monocyte regulating the inflammatarynune response (62). Thus, this study
shows that TrEO inhibits j2 and regulatory cytokines involved with the pragien of the
infection and stimulates IFM-an important 1 mediator of the resolution of leishmaniasis

(53).
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In this study, IL-18 mMRNA was less expressed aftdfO treatment (Figure 2-3).
This cytokine primarily produced by macrophages deddrites cells was initially described
as an IFNy-inducing factor (63). It serves as a cofactor lfof12-induced development of
Tul immune response and optimizes lfrlgroduction from effectors {IL cells. The IL-18
role is critical in the development of protectivemunity against intracellular pathogens such
asL. major (64-65). Although TrEO down-regulates IL-18 mRNx@peession, the production
of it by macrophages and other cells involved witbtection againsL. (L.) amazonensis
should be investigated to evaluate the role ofdiziekine in infection.

At 24 h, infected macrophages treated with TrEQrretd to express high levels of
IL-12, I1L-18, IL-10 and TNF mRNA, suggesting thatrotective immunomodulation
promoted by TrEO did not occur after 24 h. Considerthat TrEO modulates harmful
cytokines expression until 6 h and shows the reimgiparasites and persistent infection after
24 h (Figure 1), the parasite persistence mightudtte these cytokines mRNA expression
again. In conclusion, there are sufficient reagorexplain the high mRNA expression of IL-
12, IL-18, IL-10 and TNF observed. For the maintereof the TrEO immunomodulation, a
new dose would be required successively or otteageutic regimens should be tested.

The essential oils including those of the Lamiac&awily are able to stimulate
cytokines that mediate the protective cellular imeuresponse against intracellular
pathogens, other agents, cancer and autoimmwuwddrs (13, 21, 26, 66-67). The
immunomodulatory and antileishmanial effects indudsy TrEO can be attributed to its
complex mixture of compounds. Essential oils usddage large amount of terpenes and
terpenoids constituents (12-13) and the interastlmetween them may result in antagonistic,
additive or synergistic effects as showing in othssential oils (68) . TrEO is a complex
mixture of terpenoids: monoterpenes, sesquiterpenad diterpenes (hydrocarbons or

oxygenated) (12). Most of the antimicrobial acivibf essential oils is found in the
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oxygenated terpenoids and lesser extended hydmtarbn addition, the interactions
between the compounds of the essential oil cambestigated using macro/microdilution
techniques like CheckerBoard, graphical and Tintlerkéthods (68). The interaction studies
could elucidate the mechanism action of the cellgeocess induced by TrEO during
Leishmanianfection.

In other study, the essential oil frof riparia exhibited an excellent analgesic
activity when it was administrated orally in micedainhibiting the constrictions induced by
acetic acid given by abdominal route (12).riparia leaves extract inhibited the percentage
of the acetyl cholinesterase (AChE), COX 1, and C@Xenzymes showing an anti-
inflammatory effect (21, 26). In folks medicing&, riparia leaves are used for treating
respiratory illness (coughs, colds, and sore thraabuth ulcers, stomach ache, diarrhea,
influenza, fever, malaria and headaches (21). Towereall results suggest that this plaias
a potential antileishmanial, analgesic and immurdufetory effects that offer a stepping
stone towards the documentation of commercial ¢isgenils and information to policy
makers on the process to regulate the manufactamagvalidation of natural products as
alternative for the leishmaniasis therapy.

The pharmaceutical industry has behaved with xedatinergy, consequently the
available therapeutic source of antileishmanialgdreemains limited, often leading people
from leishmaniasis endemic areas to depend upaiititnaal medicines used to relieve the
symptoms. The studies with medicinal plants usethe preparation of popular remedies
have contributed with the modern medicine providpitarmaceutical active compounds
(43).

Summarizing, TrEO treatment inhibits. (L.) amazonensisnfection in murine
macrophages, down-regulates cytokines involved thighprogression of the infection and it

also up-regulates IFM-which is relevant to the disease resolution (Fégl). These results
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support the traditional medicine usageTofriparia for parasitic infections and others that
require an immune response modulation. We sughgasthe biological and pharmacological
effects on leishmaniasis must be well known in varal in human to ensure safety use and
establish the treatment protocols. In addition,itme@unomodulation by essential oils or their
compounds must be evaluated to guide the selectiaime most appropriate therapeutic
regimens according to the patient clinical condisioAs a conclusion, TrEO could be an
alternative to leishmaniasis therapy considerirgy dhtileishmanial and immunomodulatory

effects promoted by it.

ACKNOWLEDGMENTS
This work was supported by the Coordenacao de Apedmento de Pessoal de Nivel

Superior (CAPES, Brazil).

DISCLOSURES

None.

REFERENCES

1. Silveira FT, Lainson R, De Castro Gomes CM, Eatir MD, Corbett CE.
Immunopathogenic competenceslLaishmania (V.) braziliensiandL. (L.) amazonensis
American cutaneous leishmania$tarasite Immuno2009;31:423-431.

2. WHO (World Health Organization). Control of theishmaniasis: report of a meeting of
the WHO Expert Committee on the Control of Leihnaaeais, Geneva, Switzerland: WHO
technical report series; 2010.

3. Gollob KJ, Viana AG, Dutra WO. Immunoregulatiotnhuman American leishmaniasis:

balancing pathology and protectidtarasite Immuno2014;36:367-376.



117

4. Silverman JM, Clos J, Horakova E, Wang AY, Wigkiyl, Kelly I, Lynn MA, McMaster
WR, Foster LJ, Levings MK et aLeishmaniaexosomes modulate innate and adaptive
immune responses through effects on monocytes andritic cells. InJ ImmunojUnited
States; 2010; 5011-5022.

5. Sundar S, Chakravarty J. Leishmaniasis: an epdbtcurrent pharmacotherapixpert
Opin Pharmacothe2013;14:53-63.

6. Ghosh M, Roy K, Roy S. Immunomodulatory effedf antileishmanial drugsJ
Antimicrob Chemothe2013;68:2834-2838.

7. Monge-Maillo B, Lopez-Velez R. Therapeutic opso for old world cutaneous
leishmaniasis and new world cutaneous and mucoeoaten leishmaniasidDrugs 2013;
73:1889-1920.

8. Oliveira LF, Schubach AO, Martins MM, Passos Sliyeira RV, Marzochi MC, Andrade
CA. Systematic review of the adverse effects ofsabus leishmaniasis treatment in the New
World. Acta Trop2011;11887-96.

9. Chouhan G, Islamuddin M, Sahal D, Afrin F. Explg the role of medicinal plant-based
immunomodulators for effective therapy of leishnaais.Front Immunol2014;5:193.

10. Monzote L. Antileishmanial patents antileishimaarcurrent drugs and relevant patents.
Recent Pat Antiinfect Drug Disc@011;6:1-26.

11. Singh N, Mishra BB, Bajpai S, Singh RK, TiwsK. Natural product based leads to

fight against leishmaniasiBioorg Med Chen2014;22:18-45.

12. Gazim ZC, Amorim AC, Hovell AM, Rezende CM, Nemsento IA, Ferreira GA, Cortez
DA. Seasonal variation, chemical composition, andlgesic and antimicrobial activities of
the essential oil from leaves dfetradenia riparia (Hochst.) Codd in southern Brazil.

Molecules2010;15:5509-5524.



118

13. Gazim ZC, Demarchi IG, Lonardoni MVC, Amorim AE€iovell AM, Rezende CM,
Ferreira GA, de Lima EL, de Cosmo FA, Cortez DAaAcidal activity of the essential oil
from Tetradenia riparia(Lamiaceae) on the cattle ti€ékhipicephalus (Boophilus) microplus
(Acari; Ixodidae) Exp Parasitol2011;129175-178.

14. Nam SY, Chang MH, Do JS, Seo HJ, Oh HK. Esslentl of niaouli preferentially
potentiates antigen-specific cellular immunity acytokine production by macrophages.
Immunopharmacol Immunotoxic®008;30:459-474.

15. Polya GM. Biochemical targets of plant bioaeticompounds. A pharmacological
reference guide to sites of action and biologiffgots, Florida, USA: CRC Press; 2003.

16. Shale TL, Stirk WA, van Staden J. Screeningneflicinal plants used in Lesotho for anti-
bacterial and anti-inflammatory activity.Ethnopharmacol999;67:347-354.

17. van Puyvelde L, de Kimpe N, Ayobangira FX, @odf Nshimyumukiza P, Boaily Y,
Hakizamungu E, Schamp N. Wheat rootlet growth iiioib test of Rwandese medicinal
plants: active principles ofTetradenia riparia and Diplolophium africanum J
Ethnopharmacol988;24:233-246.

18. York T, de Wet H, van Vuuren SF. Plants usedreating respiratory infections in rural
Maputaland, KwaZulu-Natal, South AfrichEthnopharmaca2011;135696-710.

19. York T, van Vuuren SF, de Wet H. An antimicadl@valuation of plants used for the
treatment of respiratory infections in rural Mapatel, KwaZulu-Natal, South Africa.
EthnopharmacoR012;144118-127.

20. Campbell WE, Gammon DW, Smith P, Abrahams Miv&a TD. Composition and
antimalarial activity in vitro of the essential @f Tetradenia riparia Planta Med1997;

63:270-272.



119

21. Okem A, Finnie JF, Van Staden J. Pharmacolggmgenotoxic and phytochemical
properties of selected South African medicinal fdansed in treating stomach-related
ailments.J Ethnopharmacok012;139712-720.

22. van Puyvelde L, Nyirankuliza S, Panebianco &|yBY, Geizer |, Sebikali B, de Kimpe
N, Schamp N. Active principles of Tetradenia ripaii. Antimicrobial activity of 8(14),15-
sandaracopimaradiene-7 alpha,18-didEthnopharmacal986;17:269-275.

23. Demarchi IG, Terron MS, Lopes L, Domeneghet@, jz, Gazim ZC, Cortez DAG,
Pedroso RB, Silveira TGV,Lonardoni MVC. Induciblétric oxide synthase (INOS) of
murine macrophages infected byamazonensiand treated witiTetrania riparia essential
oil. Experimental Pathology and Health Scien2643;7:93.

24. Thomazella MV, Gazim ZC, Cortez DAG, LonarddtVC, Demarchi IG. Activity of
Tetradenia ripariaessential oil againdteishmania (L.) amazonensasdL. (V.) braziliensis
using XTT methodExperimental Pathology and Health Scien2843;7:45-46.

25. Oliveira WN, Ribeiro LE, Schrieffer A, Machadfy Carvalho EM, Bacellar O. The role
of inflammatory and anti-inflammatory cytokinesthre pathogenesis of human tegumentary
leishmaniasisCytokine2014;66:127-132.

26. Ndhlala AR, Finnie JF, Van Staden J. Plant ausitn, pharmacological properties and
mutagenic evaluation of a commercial Zulu herbalxtore: Imbiza ephuzwato J
EthnopharmacoR011;133663-674.

27. Omolo MO, Okinyo D, Ndiege 10, Lwande W, HasdaA. Repellency of essential oils
of some Kenyan plants against Anopheles gamBiagtochemistr004;65:2797-2802.

28. EI-On J, Ozer L, Gopas J, Sneir R, Golan-Go#tthiA. Nuphar lutea in vitro anti-
leishmanial activity againdteishmania majopromastigotes and amastigotesytomedicine

2009;16:788-792.



120

29. Williams C, Espinosa OA, Montenegro H, Cubilla Capson TL, Ortega-Barria E,
Romero LI. Hydrosoluble formazan XTT: its applicatito natural products drug discovery
for LeishmaniaJ Microbiol Method2003;55:813-816.

30. Fagundes A, Schubach A, Paula CCD, Bogio Apaiot LdF, Schiavoni PB, Monteiro
VdS, Madeira MDF, Quintella LP, Valete-Rosalino @Wal. Evaluation of polymerase chain
reaction in the routine diagnosis for tegumentaighimaniasis in a referral centreidtem
Inst Oswaldo Cru2010;105109-112.

31. Byrne SN, Beaugie C, O'Sullivan C, LeightorHd/liday GM. The immune-modulating
cytokine and endogenous Alarmin interleukin-33 ipregulated in skin exposed to
inflammatory UVB radiationAm J PathoR011;179211-222.

32. Cezario GA, de Oliveira LR, Peresi E, Nicole®@, Polettini J, de Lima CR, Gatto M,
Calvi SA. Analysis of the expression of toll-likeceptors 2 and 4 and cytokine production
during experimental.eishmaniachagasiinfection. Mem Inst Oswaldo Cru2011;106573-
583.

33. Chen T, Zhao X, Liu Y, Shi Q, Hua Z, Shen Paklmis of immunomodulating nitric
oxide, INOS and cytokines mRNA in mouse macrophaigesiced by microcystin-LR.
Toxicology2004;197:67-77.

34. Kolodziej H, Burmeister A, Trun W, Radtke OAidérlen AF, Ito H, Hatano T, Yoshida
T, Foo LY. Tannins and related compounds inducecniixide synthase and cytokines gene
expressions irLeishmania majoeinfected macrophage-like RAW 264.7 celBioorg Med
Chem2005;13:6470-6476.

35. Lee S, Jung JW, Park SB, Roh K, Lee SY, Kim Bldng SK, Kang KS. Histone
deacetylase regulates high mobility group A2-tangetmicroRNAs in human cord blood-

derived multipotent stem cell agin@ell Mol Life Sci2011;68:325-336.



121

36. Gazim ZC, Rodrigues F, Amorin AC, de Rezende Sbkovic M, Tesevic V, Vuckovic
I, Krstic G, Cortez LE, Colauto NBet al. New natural diterpene-type abietane from
Tetradenia ripariaessential oil with cytotoxic and antioxidant attes. Molecules2013;
19:514-524.

37. Gupta S, Nishi. Visceral leishmaniasis: expental models for drug discovery. Indian J
Med Res 201113327-39.

38. Reimao JQ, Colombo FA, Pereira-Chioccola VLmpene AG. In vitro and experimental
therapeutic studies of the calcium channel blodegpridil: detection of viabléeishmania
(L.) chagasiby real-time PCREXxp Parasitol2011;128111-115.

39. Torquilho HS. Composicdo quimica, avaliacdo nafarmacologica e atividade
leishmanicida do 6leo essencial Mwschoma ripariumHochst. (Pocos de Calda, Minas
Gerais, Brazil: 222 Reunido Anual da SociedadeiBressde Quimica); 1999.

40. Ebadi P, Karimi, M, Amirghofran Z . Plant conmemts for immune modulation targeting
dendritic cells: implication for therapimmunotherapy014;6:1037-1053.

41. Arguello R, Rodrigues C, Gatti E, Pierre Pot®in synthesis regulation, a pillar of
strength for innate immunityCurr Opin ImmunoR015;32:28-35.

42. Tripathi P, Singh V, Naik S. Immune respongd.¢ishmania paradox rather than
paradigmFEMS Immunol Med Microbid007;51:229-242.

43. Sen R, Chatterjee M. Plant derived therapeuticsthe treatment of Leishmaniasis.
PhytomedicinR011;18:1056-1069.

44. Amoo SO, Aremu AO, Moyo M, Van Staden J. Anidant and acetylcholinesterase-
inhibitory properties of long-term stored medicindints.BMC Complement Altern Med

2012;12:87.



122

45. Lima-Junior DS, Costa DL, Carregaro V, Cunhg Bilva AL, Mineo TW, Gutierrez FR,
Bellio M, Bortoluci KR, Flavell RAet al. Inflammasome-derived IL-1beta production
induces nitric oxide-mediated resistancéésshmaniaNat Med2013;19:909-915.

46. Neill DR, Wong SH, Bellosi A, Flynn RJ, Daly Mangford TK, Bucks C, Kane CM,
Fallon PG, Pannell R et al. Nuocytes representaineate effector leukocyte that mediates
type-2 immunity Nature2010;464:1367-1370.

47. Schmitz J, Owyang A, Oldham E, Song Y, MurphyMeClanahan TK, Zurawski G,
Moshrefi M, Qin J, Li X et al. IL-33, an interleukin-1-like cytokine thsignals via the IL-1
receptor-related protein ST2 and induces T helgpe 2-associated cytokinesnmunity
2005;23:479-490.

48. Moussion C, Ortega N, Girard JP. The IL-1-likgtokine IL-33 is constitutively
expressed in the nucleus of endothelial cells gthaial cells in vivo: a novel ‘alarmin'?
PLoS One008;3:e3331.

49. Pushparaj PN, Tay HK, H'Ng S C, Pitman N, XuMZKenzie A, Liew FY, Melendez
AJ. The cytokine interleukin-33 mediates anaphytastock.Proc Natl Acad Sci US2009;
1069773-9778.

50. Rostan O, Gangneux JP, Piquet-Pellorce C, MaBueMcKenzie AN, Guiguen C,
Samson M, Robert-Gangneux F. The IL-33/ST2 aximdsociated with human visceral
leishmaniasis and suppresses Thl responses invdrs bf BALB/c mice infected with
Leishmania donovanMBio 2013;4:e00383-00313.

51. Cargnelutti DE, Salomon MC, Celedon V, Cuellrin FD, Gea S, Di Genaro MS,
Scodeller EA. Impact of tumor necrosis factor reoep55 deficiency in susceptibility of
C57BL/6 mice to infection witlhheishmania (Leishmania) amazonengi$/icrobiol Immunol
Infect2014,;168466-68.

52. Gaffen SL. An overview of IL-17 function andjsaling.Cytokine2008; 43:402-407.



123

53. Duque GA, Fukuda M, Turco SJ, Stager S, Deacatéd. Leishmaniapromastigotes
induce cytokine secretion in macrophages throughdbgradation of synaptotagmin Xl.
Immunol2014;1932363-2372.

54. Duque GA, Descoteaux A. Macrophage cytokinesolvement in immunity and
infectious disease&ront Immunol2014,5:491.

55. Blos M, Schleicher U, Soares Rocha FJ, MeisshdRollinghoff M, Bogdan C. Organ-
specific and stage-dependent controLeishmania majoinfection by inducible nitric oxide
synthase and phagocyte NADPH oxiddser. J ImmunoR003;33:1224-1234.

56. Murray HW, Nathan CF. Macrophage microbici@chanisms in vivo: reactive
nitrogen versus oxygen intermediates in the killfgntracellular visceralLeishmania
donovaniJ Exp Medl999;189741-746.

57. Espir TT, Figueira Lde P, Naiff Mde F, da Co&ta, Ramalho-Ortigao M, Malheiro A,
Franco AM. The role of inflammatory, anti-inflamroag, and regulatory cytokines in
patients infected with cutaneous leishmaniasis ma&onas State, Brazil. Immunol Res
2014;2014 481750.

58. Barcinski MA, Schechtman D, Quintao LG, CostdeDA, Soares LR, Moreira ME,
Charlab R. Granulocyte-macrophage colony-stimujafiactor increases the infectivity of
Leishmania amazonendiy protecting promastigotes from heat-induced lddatect Immun
1992;60:3523-3527.

59. Charlab R, Blaineau C, Schechtman D, BarciWski Granulocyte-macrophage colony-
stimulating factor is a growth-factor for promastigs ofLeishmania mexicana amazonensis
J Protozool1999;37:352-357.

60. Ho JL, Reed SG, Wick EA, Giordano M. Granuleegtacrophage and macrophage
colony-stimulating factors activate intramacrophag#ling of Leishmania mexicana

amazonensis) Infect Dis1990;162224-230.



124

61. Soares LR, Barcinski MA. Differential producti@f granulocyte-macrophage colony-
stimulating factor by macrophages from mice susbkptand resistant td_eishmania
mexicana amazonensisLeukoc Bib1992;51:220-224.

62. Siewe L, Bollati-Fogolin M, Wickenhauser C, &gi T, Muller W, Roers A. Interleukin-
10 derived from macrophages and/or neutrophilslatgsi the inflammatory response to LPS
but not the response to CpG DNRur J ImmunoR006;36:3248-3255.

63. Nakanishi K, Yoshimoto T, Tsutsui H, Okamuraliderleukin-18 regulates both Th1l and
Th2 response®Ainnu Rev Immun@011;19:423-474.

64. Li Y, Ishii K, Hisaeda H, Hamano S, Zhang M,kidaishi K, Yoshimoto T, Hemmi H,
Takeda K, Akira S et al. IL-18 gene therapy develdfhl-type immune responses in
Leishmania major-infected BALB/c mice: is the etfewediated by the CpG signaling TLR9?
Gene The2004;11:941-948.

65. Ohkusu K, Yoshimoto T, Takeda K, Ogura T, Kastmura S, Iwakura Y, Akira S,
Okamura H, Nakanishi K. Potentiality of interleukiB as a useful reagent for treatment and
prevention ol.eishmania majomfection.Infect Immur000;68:2449-2456.

66. de Lima VT, Vieira MC, Kassuya CA, Cardoso @dves JM, Foglio MA, de Carvalho
JE, Formagio AS. Chemical composition and freecedeéscavenging, anticancer and anti-
inflammatory activities of the essential oil fro@timum kilimandscharicuniPhytomedicine
2014;21:1298-1302.

67. Joshi RK. Chemical composition and antimicrblaativity of the essential oil of
Plectranthus mollis(Lamiaceae) from Western Ghats Region, Karnataidia. Rev Biol
Trop 2014;62:423-431.

68. Bassole IH, Juliani HR. Essential oils in conabion and their antimicrobial properties.

Molecules2012;17:3989-4006.



Table 1. Set of specific genes primer.

125

Product size Conditions for PCI

Gene Primer sequence (bp) reaction (cycles)

93°C for 55 s,

IL-10 F1 5-TACCTGGTAGAAGTGATGCC-3’ 250 312% ':f(’)rr i% Z
(34) R2 5-CATCATGTATGCTTCTATGC-3’ (36)

93°C for 55 s,

IL-12 F1 5-CGTGCTCATGGCTGGTGCAAAG-3’ 315 6L°Cfor4ss,

(34) R2 5-CTTCATCTGCAA GTTCTTGGGC-3' 72°C for 40 s
(36)

95°C for 20 s,

IL-1p F1 5-TTGACGGACCCCAAAAGATG-3’ 504 B57°Cfor2ss,

(33) R2 5-AGA AGGTGCTCATGTCCTCA-3’ 72°C for 45 s
(30)

95°C for 15 s,

IL-33 F1 5-ATGGGTACCTTCCTCGCCATG-3' 1g7 60°Cfor60s,

(31) R2 5-GAACGCACAGGCGTTTTACT-3’ 72°C for 45 s
(35)

95°C for 30 s,

IL-17 F1 5'-ACCGCAATGAAGACCCTGATAG-3’ gq 60°Cforéos,

(32) R2 5-TTCCCTCCGCATTGACACAG-3’ 72°C for 30 s
(35)

95°C for 30 s,

IL-18 F1 5-ACTGTACAACCGGAGTAATACGG-3' 60°C for 60 s,

440 R

(32) R2 5-AGTGAACATTACAGATTTATCCC-3’ 72 (gg)f 30s

93°C for 45 s,

L4 (32) F1 5 GGAGATGGATGTGCCAAACG 3’ go 55°Cfor4ss,

R2 5-GCACCTTGGAAGCCCTACAG 3’ 72°C for30's
(35)

93°C for 55 s,

TNF F1 5-ATGAGCACAGAAAGCATGATC-3’ ,7g 61°Cfor4ss,

(34) R2 5-TACAGGCTTGTCACTCGAATT-3’ 72°C for 40 s
(36)

95°C for 20 s,

IFNy F1  5-TGGAGGAACTGGCAAAAGGATGGT-3’ 335 56°Cfor 25s,

(33) R2 5-TTGGGACAA TCTCTTCCCCAC-3’ 72°C for 45 s
(35)

95°C for 15 s,

GAPDH F1 5-CCACCATGGAGAAGGCTGGGGCTC-3' 539 60°Cfor 60,

(31) R2 5-AGTGATGGCATGGACTGTGGTCAT-3’ 72°C for 45 s

(35)

F1: forward; R2: reverse; IL: interleukin; TNF: tornecrosis factor, IFN: interferon,
GAPDH: Glyceraldehyde-3 phosphate dehydrogenase.



126

IL-18 IL-4 IL-6 IL-10 IL-12 IFN- y TNF IL-17
Control
3h 37.320 737.8£76.5 1761.5+188.7 159.0+58.8 2.5+0 88HB.4 215.9+4167.0 0.9+0.0
6h 29.7+13.1 1175.1+384.2 7120.6£1074.8 161.8+94.9 22.4+34.5167.4+31.2 284.6+286.0 0.0+0.0
24h 51.1+412.0 1181.4+£196.0 1990.2+99.9 233.5+82.6 2.510 149.4+0 174.9+28.8 0.0
LLa
3h 77.720 2187.84262.58448.9+112.8 99.5+0 46.948.1 472.0£0 1400.4+308)71+0.0
6h 83.7429.1 1263.6£419.0 2109.3+627.7 215.7487.0 20.0+30276.3+243.4 317.9+132.7 0.5+0.0
24h 77.7+0 992.5471.7 2290.8+228.0 194.3+115.@.5+0 68.3+16.4 346.5£15.1 1.840.9
LLa TrEO
3h 23.2+12.3 363.910.1 187.2+0 109.848.9 2.5+0 49.440.0 73.6820. 0.3+0.0
6h 14.6+£0 202.5+0 1707.3x14.0 29.60 2.5+0 161.4+72195.6£128.1 0.9+0.0
24h 30.7411.3 1349.64£990.2 1263.6+563.4 128.5+130.53.3+1.4 425.3+122.5172.3+105.8 0.3+0.2

Table 2. Cytokines determination (pg/mL) using floytometry. Mean + standard deviation.
LPS: lipopolysaccharide-stimulated macrophages; tt@bnmacrophages non-treated and
non-infected (negative control); LLa: macrophagdsdted byl eishmania (L.) amazonensis
(6:1); LLa TrEO: macrophages infected Ibgishmaniasp. (6:1) and treated with 30 ng/mL of
T. riparia essential oil. IL: interleukin; IFN: interferon-gama; TNF: tumor necrosis factor;
conditions tested were analyzed within 3, 6 anth Z#cubation at 37° C.
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Condition tested Infection Index (% of reduction)
(a) Macrophages non infected and non treated -
(b) Macrophages infected with L. (L.) amazonensis 112
(¢) Infected-macrophages treated with 3 pg/mL of TrEO 79 29.5)
(d) Infected-macrophages treated with 30 ng/mL of TrTEO 54 (51.8)

e
M 1 2 3 4 M

Figure 1. Antileishmanial activity oTetradenia ripariaessential oil. Peritoneal cells of
BALB/c mice infected and treated with riparia essential oil (TrEO) (a-d). (a), non-infected
and non-treated macrophages (negative control); rii@crophages infected with. (L.)
amazonensi§ parasites/macrophage); (c), infected-macrophtagated with 3 pg/mL of.
riparia essential oil (TrEO); (d), infected-macrophagested with 30 ng/mL of TrEO. The
cells were stained with hematoxylin and eosin (2@bjective). Arrow indicates amastigote
intracellular forms. All conditions were tested daplicate and analyzed after 24 h of the
incubation at 37°C with 5% CO(e-f), Leishmania(e) and GAPDH DNA expression (f)
detected by semi-quantitative reverse transcrigboiymerase chain reaction. DNA
fragments were separated in 1.5% agarose gel @bbcresis and revealed with ethidium
bromide in a transilluminator. (1), intern negatis@ntrol (HO); (2), L. (L.) amazonensis
promastigotes cultivated in 199 culture medium el (3), cells infected withL. (L.)
amazonensig6 parasites/macrophage); (4), cells infected wiith(L.) amazonensisand
treated with 30 ng/mL of TrEO; (5) non treated aaah infected cells. All of the conditions
were analyzed in 3, 6, and 24 h incubation 4C37p < 0.05. bp: base pairs.
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Figure 2. Expression levels of cytokines mRNA bynsquantitative reverse transcriptase-
polymerase chain reaction (RT-PCR). LPS: lipopalgbaride-stimulated macrophages;
Control: macrophages non-treated and non-infeategjgtive control); LLa: macrophages
infected by L. (L.) amazonensig6:1); LLa TrEO: macrophages infected hy (L.)
amazonensis(6:1) and treated with 30 ng/mL ®fEQ. All conditions tested were analyzed
within 3, 6 and 24 h incubation at 37° C. * p-vatugnificant <0.05.
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Figure 3. Cytokines mRNA expression induced by TniEIhg semi-quantitative RT-PCR.
DNA fragments were separated in 1.5% agarose galtrephoresis and revealed with
ethidium bromide in a transilluminator. (1), Negatiintern reaction control @@); (2),
lipopolysaccharide-stimulated macrophages; (3)reatéd and uninfected macrophages; (4)
LLa, macrophages infected with (L.) amazonensig5) LLa TrEO, macrophages infected
with L. (L.) amazonensisp. and treated with 30 ng/mL of TrEO. Above, éxpression was
observed after 6 and 24 h incubation. bp: basa.pair
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Figure 4. Essentials cytokines involved.n(L.) amazonensigfection during treatment with
Tetradenia ripariaessential oil. Cytokines were quantified in matages by multiplex flow
cytometry; LPS: lipopolysaccharide-stimulated mabiages; Control: macrophages non-
treated and non-infected (negative control); LLaacmphages infected by. (L.)
amazonensifs:1); LLa TrEO: macrophages infectedlby(L.) amazonensi&:1) and treated
with 30 ng/mL of TrEO. All conditions tested weneatyzed within 3, 6 and 24 h incubation
at 37°C. * p-value significant < 0.05 comparing aige control. T* p-value significant <
0.05 comparing.eishmaniainfected macrophages.
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Figure 5. Interleukin 17 and other important cytms production during. (L.) amazonensis

infection treated withTetradenia riparia essential oil.
macrophages by multiplex flow cytometry; LPS: liptysaccharide-stimulated macrophages;
Control: macrophages non-treated and non-infeabegjdtive control); LLa: macrophages

infected byL. (L.) amazonensi§:1); LLa TrEO: macrophages infected bgishmaniasp.

(6:1) and treated with 30 ng/mL of essential oil. @onditions tested were analyzed within 3,
6 and 24 h incubation at 37°C. * p-value significar0.05 comparing negative control. T* p-

value significant < 0.05 comparihgishmaniainfected macrophages.

Cytokines were quantified in
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Figure 6. Hypothetical role of signaling eventsidgrtreatment withr. riparia essential olil
leading to the induction or inhibition of cells fttions duringLeishmaniainfection. L. (L.)
amazonensispromastigotes are phagocytized by macrophages aheér aypes of
mononuclear phagocytic cells, where promastigotassform in amastigote forms. The
parasite and immunology contribute to disease ouécor infection persistence. The cytokine
environment promotes the activation or inhibitidnpamary cells involved with cutaneous
leishmaniasis that are macrophages, neutrophil,elpen 1(§), Tyl7 and T2 cells.
Interferon-gamma (IFNJ, interleukin 12 (IL-12), and IL-18 production pnote the
activation of macrophage andyT cell leading to microbicidal mediators secretion
macrophages, such as oxide nitric, reactive oxyaysh other. This route leads to parasite
death. Moreover,L. (L.) amazonensisnfection can inhibit these protective cytokines
secretion.T. riparia essential oil (TrEO) can subvert the inhibitiommoted by the parasite
and enhanced mainly IFiNsecretion. IL-B, IL-4, IL-6, IL-10, TNF and other induced by
Leishmanianfection are involved with macrophage inhibitidm2 and {17 cells activation
favoring the parasite persistence and disease ggsign. TNF secretion can promote the
neutrophil recruitment enhancing the inflammationy2 and {17 cytokine profile induced
by L. (L.) amazonensimfection is related with parasite persistence disg¢ase progression.
Moreover, after TrEO treatment, mainly TNF, IL-1@dalL-4 production were inhibited.
Thus, T42 and 17 cytokines are inhibited, and protective cytokiaee stimulated by TrEO
that it contributes theishmaniadeath, control of inflammation and disease outcome.
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CAPITULO I

Conclusdes e perspectivas futuras

Os resultados obtidos nos ensaios/itro para a atividade do Oleo essencialTde
riparia (TrEO) e do seu isolado 6,7-dehidroroileanona (TYRR@ermitem concluir que:

O isolamento de compostos leishmanicidas como @YrR partir do TrEO sustenta
o0 uso medicinal tradicional desta planta por algurpapulacdes para o tratamento de
infeccdes parasitoldgicas; TrEO e TrROY séo capdeesibverter a inibicdo da producéo de
nitrito promovida pela infeccao par (L.) amazonensie induziram a producdo em niveis
normais na auséncia da infeccéo.

Na auséncia de infeccdo, o TrEO foi capaz de imdazexpressdo de mRNA e
producao de citocinas pro-inflamatdrias principalteeda resposta imune celular inata; TrEO
também mostrou um grande potencial em suprimirodygdo de IL-10 contribuindo para a
regulacéo da imunidade na auséncia da infeccagamtduesta; TrEO estimulou uma maior
expressdo de mRNA e a producédo de interferon-gaifiiiy) favorecendo a resposta
imune protetora contra a leishmaniose.

Considerando todos os efeitos leishmanicidas e omoduladores do 6leo essencial
derivado da plantd. riparia, este poderia ser utilizado como uma terapia alterngtiaaa o
tratamento da leishmaniose cutanea. Todos os adssltoferecem um trampolim para a
documentacdo deste Oleo essencial para o coméeciofermacdo aos decisores politicos no
caminho para a regulamentacdo da producdo e vatidde produtos naturais para o
tratamento da leishmaniose cutédnea. Para issoressgeque o0s efeitos biolégicos e
farmacologicos do TrEO e seu isolado sejam bem amdbsin vivo e em humanos para
assegurar 0 uso seguro destes produtos e paralestabos protocolos de tratamento. O
potencial imunomodulador deste 6leo essencial sérmia e presenca de infeccado deve ser
considerado para orientar a selecao de regimgsétdreos apropriados para cada condigcéo
clinica.

Como perspectivas futuras, acredita-se que a &ied®eguranca do tratamento com o
TrEO paara a infec¢ao pbr (L.) amazonensiseja avaliado também em modelos animais e
posteriormente, em ensaios clinicos. Além dissn) adfinalidade de se desenvolver novos
agentes leishmanicidas, outros compostos devemsaados da plantd. riparia e testados
inicialmentein vitro e in vivo, assim como a interacdo farmacoldgica entre dades. A

utilizacdo de produtos naturais, como o TrEO, caratamento alternativo da leishmaniose
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podera contribuir com os individuos que apresenfatha terapéutica ou resisténcia
parasitaria, e em populacdes que utilizam plantdicimais e ndo possuem acesso gratuito

aos medicamentos para a cura da leishmaniose.



