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RESUMO

A bexiga € um 6Orgdo constantemente exposto a cdogoéxicos provenientes do
metabolismo, cuja exposicdo cronica pode levarvaerslas patologias quando nao
tratada adequadamente. A cistite hemorragica écomdicao inflamatéria generalizada
da bexiga caracterizada por eventos inflamatoritmnsos e normalmente associada ao
uso de farmacos antineoplasicos como a ciclofosfaniara a prevengéo da ocorréncia
da cistite hemorragica o farmaco 2-mercaptoetafmsatb de sédio (Mesna) tem sido
utilizado, apesar deste composto ndo ser eficientelesdes ja estabelecidas. Em
relacdo ao cancer de bexiga, este é caracterizado sendo a segunda neoplasia mais
comum do trato genitourinario e o0 sétimo cancersnpaievalente entre homens no
mundo. O tratamento varia conforme a natureza imaa$o tumor, sendo que para a
prevencdo da recorréncia deste cancer, quimioter@piimunoterapia adjuvante tém
sido utilizadas. Contudo, a administracdo intrasadsde BCG é o tratamento mais
efetivo do cancer de bexiga superficial, porém sgta inumeros efeitos colaterais,
onde aproximadamente um terco dos pacientes pevgrighra um estagio superior.
Tanto a cistite hemorragica quanto o cancer deghegermanecem como desafios
terapéuticos, uma vez que a eficacia dos tratammentotas vezes, € insuficiente. Na
busca de novos tratamentos, pesquisas tentam earcoampostos a partir de plantas
medicinais com baixa toxicidade. Neste contextoUrcaria tomentosamerece
destaque, uma vez que cascas e raizes da espécampiamente empregadas na
medicina popular para inameras enfermidades, caeaghs do trato urinario e cancer.
Considerando estes dados, o0 objetivo deste esthidoviestigar o efeito do extrato
bruto hidroetandlico e das fracdes purificadasldal@des oxindolidos e de glicosideos
do acido quindvico da plantbincaria tomentosasobre a proliferacdo de células
tumorais de bexiga e sobre um modelo de cistiteoh&gica em camundongos.
Demonstramos no Capitulo 1 que a fragdo purifickdglicosideos do &cido quindvico
foi capaz de inibir o crescimento e a viabilidaddular das linhagens de cancer de
bexiga humano T24 e RT4. Na linhagem T24, esta@éragduziu significativamente a
apoptose pela inibicdo da ciclooxigenase 2, sersatgqaarada no ciclo celular. Embora
mais investigacbes sejam necessarias, hipotetizajnesesta inibicdo possa estar
ocorrendo via inibicdo do fator de transcricdo ®8--No Capitulo 2, demonstramos
que esta mesma fragéo purificada foi capaz de premama reducéo significativa no
edema e no peso das bexigas dos animais previarmatados com este composto,
demonstrando atividade equivalente & Mesna. Assimocpara 0s experimentas
vitro, nos experimento vivo, supomos que a reversdo dos danos induzidos pela
ciclofosfamida, provavelmente esteja associadapacidade desta fracdo em inibir a
ativacao do fator de transcricdo NB; 0 qual poderia estar agindo de modo a prevenir
os efeitos colaterais provocados pela ciclofosfamal partir dos resultados obtidos,
fica evidente que esta investigacdo demonstra gemras propriedades antitumoral e
anti-inflamatoria para a fracao purificada de glideos do &cido quinévico podendo,
no futuro, se tornar um agente terapéutico potenoidratamento destas patologias da
bexiga.
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ABSTRACT

The bladder is an organ constantly exposed to toampounds from the metabolism,
whose chronic exposure can lead to various disgake®t appropriately treated.
Hemorrhagic cystitis is an inflammatory conditiohbdadder characterized by intense
inflammatory events associated with the use of cantier drugs such as
cyclophosphamide. To prevent the occurrence of hdragic cystitis sodium 2-
mercaptoethanesulfonate (Mesna) has been usedyuglththis compound is not
effective in established lesions. Regarding bladiercer, this is characterized as the
second most common malignancy of the genitourirteagt and the seventh more
prevalent cancer among men in the world. The treatmdepends on tumor
invasiveness. To prevent recurrence of bladder evaradjuvant chemotherapy or
immunotherapy has been used. However, the intrealegdministration of BCG is the
most effective treatment of superficial bladderaman Nevertheless, many side effects
are common and approximately one third of cancees@rogress to higher stage. So,
both hemorrhagic cystitis and bladder cancer rerikéntherapeutic challenges, since
the effectiveness of treatment is often insuffitidn the search for new treatments,
researches have been trying to find compounds memiicinal plants with low toxicity.

In this contextUncaria tomentosas noteworthy, since barks and roots of this sggeci
are widely used in folk medicine for numerous déssasuch as urinary tract disease and
cancer. Considering these data, the objectiveisfdiudy was to investigate the effect
of crude extract hydroethanolic and purified frao# of Uncaria tomentosaon the
proliferation of bladder cancer cells and on a nhofldemorrhagic cystitis in mice. We
demonstrated in the Chapter 1, that the quinovid glycoside purified fraction was
able to inhibit the growth and viability of T24 aRT4 human bladder cancer cells. In
T24 cells, this fraction significantly induced apagis by inhibition of cyclooxygenase
2, without causing cell cycle arrest. Although hant investigations are necessary, we
hypothesized that this effect may be occurringykition of the transcription factor
NF-kB. In the Chapter 2, we demonstrated that the gaumiéied fraction was able to
promote a significant reduction on edema and wed§imice bladders, showing activity
equivalent to Mesna. In these experiments, we asdiat the reversal effect of the
damage induced by cyclophosphamide probably iseckle the ability of this fraction
to inhibit the activation of the transcription factNF«B, which could be acting to
prevent the side effects caused by cyclophosphaniidasidering these results, it is
evident that this research shows promising antituamal anti-inflammatory properties
for the quinovic acid glycosides purified fractiowhich may in future, become a
potential therapeutic agent in treatment of bladtieeases.
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1. INTRODUCAO

1.1 A bexiga

O sistema urinério (Figura 1) é revestido internateepelo urotélio, que
corresponde a camada de células transicionaisjrdeadas de células uroteliais. Estas
células s&o nutridas por uma lamina prépria ou swos®a, enquanto que o musculo
detrusor é circundado por tecido conjuntivo froxela gordura pélvica (Netto Jr,

1999; Spence, Johnston, 2003).

Urotélio

Limina Prépria

Figura 1. Camadas que compbéem a bexiga. Adaptado do site

<http://www.iamaguchi.com/page_15.html>.

Quando a bexiga € exposta a compostos toxicos memtes do metabolismo,
pode se tornar inflamada, induzindo morte das aglepiteliais e, entdo, cistite (Huan et

al., 2006), podendo progredir a cancer, quanddnafada adequadamente.



1.2 Cistite hemorragica

1.2.1 Consideracdes iniciais

A cistite hemorrdgica é uma condicdo inflamatéridusd da bexiga
(Manikandan et al., 2010) caracterizada por eveinftematorios intensos como: dor,
edema, hemorragia, ulceracdo, necrose, infiltrdighacitica e, raramente, carcinoma
das células transicionais da bexiga (Santos Jr, &04.0).

Embora a etiologia da cistite hemorragica sejaavalj agentes quimicos e
radiagcdo sao as duas causas mais frequentes. Agsfoxmas (ciclofosfamida e
ifosfamida) e o busulfano, assim como as penidglieaos anti-inflamatérios nao
esterdides, estdo dentre os agentes quimicos camesada cistite hemorragica. Sua
ocorréncia também tem sido observada apOs a reajide para tratamento de
carcinomas préximos a regido pélvica. Ainda, patareelacionada a infec¢des virais,
bacterianas, fungicas ou parasitarias e/ou agahteos (Traxer et al., 2001; Neheman

et al., 2005; Cheuk et al., 2007).

1.2.2 Ciclofosfamida: principal causador da cistitdhhemorragica

A ciclofosfamida é um dos farmacos antineoplasinas efetivos no tratamento
de tumores solidos (cancer de mama e linfoma), bemo, de doencas malignas de
células B, sendo também utilizada como imunossepraem doencas ndo neoplasicas,
como sindrome nefrética, lGpus e artrite reumat{Riista et al., 2006; Bhatia et al.,
2008; Macedo et al., 2008; Santos Jr et al., 2040)entanto, o uso de ciclofosfamida
esta associado a manifestacdes toxicas como imdicioade, teratogenicidade,
genotoxicidade e urotoxicidade (Bhatia et al., 20Bbatia et al., 2008). Destas, 0s

efeitos colaterais uroldgicos sdo os principaistéimes do seu uso, incluindo sintomas



urinarios irritativos, tais como cistite hemorragifibrose da bexiga e necrose (Bhatia

et al., 2006).

A ciclofosfamida é um farmaco inativo até sofrertabelizacdo hepatica, via

hidroxilagdo enzimatica microssomal, dando orige#hadroxiciclofosfamida e a seu

tautbmero aciclico, a aldofosfamida. Aldofosfamida4-hidroxiciclofosfamida séo

transportadas pela circulacdo até as células tisnaade a 4-hidroxiciclofosfamida

pode ser oxidada produzindo metabdlitos inativdsddcloroetilciclofosfamida e 4-

cetociclofosfamida), enquanto a aldofosfamida ¢adia produzindo uma mostarda de

fosforamida, que é a forma ativa, e a acroleirspaesavel pela toxicidade ao urotélio

(Figura 2) (Wong et al., 2000; Rang et al., 2003¢ste modo, a urotoxicidade da

ciclofosfamida esta relacionada a excrec¢do renamndtbdlitos 4-hidroxi, como da

acroleina, ndo estando baseada, portanto, no afgiidante direto na bexiga (Zupancic

et al., 2008).

Inactivation pathways

N-Dechloroethyl CPA  sf—

4-Keta CPA r—

Carboxy CPA 4—————

Cl

i

o
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Activation pathways

Cl
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K )
r / o o— CYPzAD
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Figura 2. Metabolismo da ciclofosfamida. Reproduzido de Sie&t al., 2006.



Batista et al. (2006) demonstraram em um modelocamundongos, que a
toxicidade induzida por ciclofosfamida é atribuigajncipalmente, ao metabdlito
acroleina, que em contato direto com o urotélioepadusar edema subepitelial,

ulceracao, neovascularizagdo, hemorragia e necrose.

1.2.3 Mediadores pro-inflamatorios envolvidos

Tem-se demonstrado que a acroleina promove um aondenliberacdo de
mediadores pré-inflamatérios tais como o fator éerose tumoral alfa (TNE), a
interleucina-1 beta (IL{Y), a interleucina-6 (IL-6), a ciclooxigenase-2 (CQXe o
oxido nitrico (NO) enddgeno, os quais estdo diretém envolvidos na patogénese da
cistite no epitélio da bexiga em resposta a terapia ciclofosfamida (Macedo et al.,

2008; Dantas et al., 2010; Manikandan et al., 2010

1.2.4 Sinais e Sintomas

A sintomatologia da cistite hemorragica caractesizaela polacitria (aumento
da frequéncia urinaria), dor abdominal (regidocedsbu suprapubica) e disuria (dor ou
queimacdo ao urinar). Sinais sistémicos, como fetmafrios e mal-estar, também
podem estar associados (Cotran et al., 2000).

Algumas vezes, a cistite hemorragica é uma congél@waecundaria proveniente
de uma doenca priméaria, como aumento da présttallas ou tumores (Cotran et al.,

2000).

1.2.5 Tratamento
Considerando que a acroleina é reconhecida comgenteatoxico da cistite

hemorrégica, a necessidade de prevenir esta daengarna evidente. Alternativas



como diurese vigorosa e irrigacdo continua da lexim sendo utilizadas para
diminuir a incidéncia da cistite hemorragica. Agsntomo o 2-mercaptoetanosulfonato
de sédio (Mesna), que detoxificam a ciclofosfamr@daeus metabdlitos, tém sido usados
apesar da detoxificacdo da acroleina ndo prevenipletamente os sintomas da cistite
hemorrdgica (Zupancic et al., 2008; Santos Jr et2810). Mesna é um farmaco
clinicamente utilizado para prevenir a ocorrénaacistite hemorragica em pacientes
sob tratamento com a ciclofosfamida (Batista et 2006), cuja acdo é se ligar a
acroleina inativando-a; porém, sem anular a atildd#o farmaco antitumoral (Crocitto
et al., 1996; Morais et al., 1999). Contudo, Meséa tem se mostrado eficiente quando
a lesdo j4 esta estabelecida (Morais et al., 1998ntos Jr et al., 2010).
Consequentemente, outros métodos tém sido utikzamono instilagdo intravesical de
salina, formalina, nitrato de prata e prostaglaastimdministracéo oral de dissulfiram e
de N-acetilcisteina; e terapia com oxigénio hiperbariéombolizacdo da artéria
hipogéstrica, cistectomia com conduto ileal e aumea bexiga sdo as medidas mais
agressivas empregadas (Manikandan et al., 201Gp<sSdn et al., 2010). Embora a
terapéutica disponivel geralmente seja eficientenatalidade ndo é descartada,
enfatizando a gravidade desta manifestacdo clifiaxer et al., 2001) e trazendo a

perspectiva de busca por novas estratégias tereggtie sejam mais seguras.

1.3 Cancer de bexiga

1.3.1 Consideracdes iniciais

O cancer de bexiga € a segunda neoplasia mais cogmgmafeta o trato

genitourinario (Burnstock, 2011) e o sétimo canoais prevalente entre homens no



mundo (Ma et al., 2006), cuja incidéncia é relatsglatrés vezes menor em mulheres
(Jemal et al., 2010). No Brasil, segundo o IngiitNacional do Céancer, estao previstas
para o ano de 2012, 8.900 novos casos de canckeexiga, mantendo-se o sétimo
cancer de maior frequéncia também no nosso pais.

A mortalidade do cancer de bexiga varia entre paisendo que o0s maiores
indices séo observados em paises Europeus (Diranfieimo Unido, Bélgica e Italia)
e 0s menores indices em paises Asiaticos (Japéaw €lsingapura) (Bai et al., 2010).

Estudos epidemioldgicos tém demonstrado que osefatie risco associados ao
cancer de bexiga abrangem: cigarro, idade, histdamiliar, inflamacéo cronica da
bexiga, exposicdo ocupacional a aminas aromatiitdas, solventes, metais pesados,
diesel e exposicdo a radiacdo pélvica (Lee e2@09; Philips et al., 2009; Jacobs et al.,
2011). O tabaco € indicado como a influéncia majgortante, aumentando o risco em
trés a sete vezes e acarretando em 50 a 80% daddstadnceres de bexiga (Cotran et
al., 2000). A incidéncia também aumenta com a idaderrendo mais frequentemente
em pessoas entre 50 a 70 anos (Netto Jr, 199%$&ilal., 2009), sendo raro antes dos
40. Em pacientes com menos de 30 anos, o tumae gesdr mais diferenciado e menos
agressivo (Netto Jr, 1999). Trabalhadores da imidide borracha, de couro, de tinta,
téxtil e gréfica tém o risco aumentado de desetw@nto do tumor, devido a presenca
de compostos carcindgenos nestes locais de traf@dian et al., 2000). As infec¢cbes
cronicas da bexiga e os calculos vesicais tambémeatam o risco do cancer de
bexiga, sendo mais frequente entre os individuesaluigam o parasitdchistosoma
haematobiun{Porth, 2004). O uso abusivo de paracetamol, teadpia pélvica e o
tratamento prévio com ciclofosfamida também pareestar associados ao aumento do

risco de desenvolvimento do cancer vesical (Neft@2P9, Cotran et al., 2000). Ainda,



evidéncias atuais sugerem que alteracbes genamasiucosa normal da bexiga

predispdem a esse cancer (Pollock et al., 2006).

1.3.2 Origem do céancer de bexiga

O céancer de bexiga pode ser de origem epitelialnesenquimal (Figura 3).
Aqueles de origem epitelial (urotelial) constituangrande maioria dos tumores, sendo
o carcinoma de células transicionais o mais freguéd0%). Tumores de origem
mesenquimal correspondem aos sarcomas, que samecitecos de grandes tumores
sélidos. Representam de 1-5% dos tumores vesicamegeral, sdo raros (Netto Jr,

1999; Cotran et al., 2000).

2. Tecudo conective smbepitelial
3 Mhascula
4. Gordura perivescal

Tumor mvade

iredios locai

freasiocs Tumor invade
pavede pélvica

on ab dominal

Figura 3. Extenséo do cancer de bexiga. Adaptado de Jatabs2011.

A forma tumoral mais comum (90%) é o carcinoma €ékrilas transicionais

(CCT) (Netto Jr, 1999; Cotran et al., 2000; Ma &t 32006), sendo este cancer



caracterizado como imunogénico, cujas mudancas dlagicas estdo associadas a
progressao tumoral (Qian et al., 2009).

O céncer de bexiga é uma doenca heterogénea fickdsiem duas categorias
principais: cancer superficial e cancer mudscul@givo, com base na sua progressao e
ocorréncia (Spence, Johnston, 2003; Lee et al9;Xin et al., 2010). Cerca de 70%
dos tumores de bexiga sao diagnosticados como ésnsaperficiais bem diferenciados,
0s quais estdo confinados a mucosa (estagio Taelisd submucosa (estagio T1)
(Figura 3) (Wu et al., 2004; Memon et,&005; Burnstock, 2011). Em geral ndo sao
fatais, apresentando um bom prognéstico (Lee e2@0D9; Kim et al., 2010). Contudo,
em torno de 50% destes pacientes, apresentaméecias apos resseccdo transuretral
do cancer de bexiga, com progressao para o mugddia0%) (Wu et al., 2004; Ma et
al., 2006; Nguyen-Khuong et al., 2009; Burnstodkl D). Aproximadamente 25-30%
dos canceres de bexiga sdo classificados como ésmuaiisculo-invasivos, pobremente
diferenciados, estando associados com significaisad de metastases subsequentes
(30-60%) e uma taxa de sobrevivéncia significatieata reduzida de 10 anos (35%),
demonstrando a natureza agressiva desta doencaofMemnal., 2005; Ma et al., 2006;

Nguyen-Khuong et al., 2009; Kim et al., 2010; Buoock, 2011).

1.3.3 Classificacdo

Com o intuito de padronizar o tratamento e facili@omunicacao dos casos em
estudo, a classificacdo mais utilizada € a da Umidiernacional Contra o Céancer
(UICC), denominada TNM (tumor-nodo-metastase), ofideepresenta a extensao
clinica do tumor, N os linfonodos comprometidos e aVipresenca de metastase,

conforme demonstrado na Tabela 1 (Netto Jr, 1999).



Tabela 1.Classificagdo dos tumores de bexiga segundo sifatagdo TNM. Adaptado

de Netto Jr, 1999.

T (tumor primario)
Tis - Carcinoma in situ
Ta - Carcinoma papilifero restrito a mucosa
T1 - Invasédo da lamina prépria
T2 - Invasédo da musculatura superficial
T3a - Invaséo da musculatura profunda
T3b - Invaséo da gordura perivisical
T4 - Invaséo de 6rgdos adjacentes e visceras pélvicas
T4a - Invasdo da préstata, vagina ou Utero
T4b - Invasédo da parede pélvica ou abdominal
TO - Auséncia de tumor

Tx - Extensao tumoral ndo esclarecida

N (linfonodos)
NO - Auséncia de linfonodos comprometidos
N1 - Linfonodo Unico unilateral menor ou igual a 2cm de diametro
N2 - Linfonodo Unico entre 2 e 5cm ou varios menores que 5cm de diametro
N3 - Linfonodos maiores que 5cm
N4 - Envolvimento dos linfonodos periadrticos

Nx - Linfonodos nao estudados

M (metastase)
MO - Auséncia de metastase & distancia
M1 - Presenca de metastase a distancia

Mx - Presenca de metastases nao avaliadas




Os tumores de bexiga ainda s&o divididos conforngeaduacao tumoral e o
prognéstico: grau | (tumor bem diferenciado, conxdaotencial maligno), grau Il
(tumor moderadamente diferenciado, com baixo graligmo) e grau Il (tumor
indiferenciado, com alto grau de malignidade). etagao ao grau tumoral e ao estagio
no qual o cancer se encontra, os tumores bem nuidiedos s&o considerados

superficiais e os indiferenciados, invasivos (N@ttal999; Cotran et al., 2000).

1.3.4 Alteracdes génicas

No desenvolvimento e na progressédo do cancer dgabexiltiplas alteracdes
genéticas e moleculares que antecedem mudancasldgarés e sdo responsaveis pela
tumorigénese e progressao deste tumor estdo edasl{ianaka et al., 2000; Lee et al.,
2007).

Dentre as alteracfes genéticas descritas, desiacamrmutacdo no gene p53,
considerada a alteracdo genética mais comum ncerc@l®e bexiga humano, cujas
alteracdes estdo relacionadas a progressao tunirgene p53 esta envolvido na
regulacdo do ciclo celular, apoptose e reparacddN em varios tipos celulares (Ma
et al., 2006).

Mutacdes e/ou delecbes no gene supressor tum®dEN Rambém tém sido
encontradas em uma proporcdo significativa no cadeebexiga invasivo (24-58%)
(Wu et al., 2004; Knowles et al., 2009; Yohn ef 2011). Da mesma forma, a via da
PI3K, responsavel pela progressdao do ciclo celutbrevivéncia, invasdo e
angiogénese na célula tumoral, também tem sido w&inaola estar aberrantemente
ativa em tumores de bexiga, podendo estar envojustamente na progressao e/ou
tumorigénese (Wu et al., 2004). A hiperativacdoA@tatambém é uma caracteristica

comum em uma ampla variedade de canceres humawcbsndo o cancer de bexiga.
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Sua ativagéo resulta no aumento da resisténcia@tage (Wu et al., 2004; Qin et al.,
2007).

A survivina € uma proteina que esta presente du@diesenvolvimento fetal e
embrionario, mas que no tecido adulto normal élaeigunegativamente. Contudo, esta
passa a ser expressa em uma variedade de cameeltesdo o cancer de bexiga. Neste
cancer, sua expressdo estd associada com grauatumeco de recorréncia e
sobrevivéncia, uma vez que a survivina exibe efatdiapoptéticos (Ma et al., 2006).

Outra molécula que tem sido apontada como sermingtora do crescimento
das células do cancer de bexiga é a citocina éuteiria-6 (I1L-6), cujo aumento dos seus
niveis no soro e na urina de pacientes com caotcenfrelacionado com o grau e o
tamanho tumoral e progndstico desfavoravel. Da rademma, receptores do tipo Toll
4 (TLR4) também podem ser aberrantemente expressosancer de bexiga,

promovendo, quando ativados, a progressao tunirah (et al., 2009).

1.3.5 Sinais e sintomas

Hematdria indolor é a sintomatologia mais frequentecometendo
aproximadamente 85% dos pacientes. A irritabilideelsical caracterizada por disuria,
polacidria e urgéncia miccional € outra manifestacéinica, geralmente associada a
tumores mais agressivos (Netto Jr, 1999; Cotraal. e2000; Jacobs et al., 2011). Dor
lombar e pélvica e edema dos membros inferioresssés e sintomas secundarios,
decorrentes de metastases ou comprometimento desdpgoximos a bexiga (Netto Jr,

1999).
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1.3.6 Tratamento

O tratamento do cancer de bexiga varia conformata@reza invasiva do tumor.
Tumores superficiais podem ser removidos facilmerden cistoscopia, enquanto
tumores invasivos requerem cistectomia radical, uideg de desvio urinario,
quimioterapia sistémica, radioterapia ou uma coagiin destes métodos (Nguyen-
Khuong et al., 2009; Ozawa et al., 2009).

Para prevencdo da recorréncia do cancer de bexjgamioterapia ou
imunoterapia adjuvante tém sido amplamente utiéizadContudo, a administracao
intravesical do Bacillus Calmette-Guérin (BCG) apésseccdo transuretral € a mais
efetiva no tratamento do cancer de bexiga supakfisio entanto, os efeitos colaterais
hematuria, febre, irritacdo da bexiga e dor vesizakterapia da BCG sao comuns, e
aproximadamente um terco dos pacientes nao respoadste tratamento, progredindo
para um estagio superior (Lamm et 4080; Herr et al., 1992; Swellam et al., 2003;
Qian et al., 2009).

O cancer de bexiga é considerado o cancer maisrdigso para pesquisa e
tratamento devido a necessidade de intervalosdrags de uretrocistoscopia, citologia
urindria e avaliacdes radiol6gicas (Bai et al., ®0lAdemais, cancer de bexiga
invasivo, localmente avancado e metastatico, céweerficial recorrente e carcinoma
in situ resistente ao tratamento permanecem como dedafi@géuticos (Ma et al.,
2006; Ozawa et al., 2009), uma vez que a eficansatihtamentos avaliados para esta
neoplasia ndo sdo sempre suficientes. Frente asvéfieitos colaterais da terapia
disponivel, muitas pesquisas tentam encontrar cetapmaturais com baixa toxicidade
(Ma et al., 2006), tendo como base inUmeros regndtgpromissores das plantas em

modelos de céncer pré-clinico (Lee et al., 2007).
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1.4Uncaria tomentosa (Willd.) DC.

1.4.1 Aspectos botéanicos e geogréficos

Uncaria tomentosgWilldenow ex Roemer & Shultes) DC. pertence aifiam
Rubiaceae e € popularmente conhecida coni@-de-gato ou garra-de-gato. Os caules
desta planta possuem um espinho lenhoso, posicopath baixo, reto ou pouco
curvado, podendo medir cerca de 2 cm, o qual éafumedtal na escalada para outras
arvores e sdo os responsaveis pelos nomes popalaitasdos a espécie (Figura 4)

(Keplinger et al., 1999; Pollito, Tomazello, 2006).

Figura 4. Uncaria tomentos@Willd.) DC. Adaptado de Pollito, 2004.

A espécie vegetal é uma videira lenhosa, amplantéfuedida, distribuindo-se
nas florestas tropicais da América do Sul (Amaz@Biasileira, Peru, Coldémbia,
Equador, Guiana, Venezuela, Trinidad, Surinamej éahérica Central (Guatemala,
Costa Rica, Panama, Republica Dominicana) (Kepliegeal., 1999; Quintera, Ugaz,
2003; Pollito, Tomazello, 2006)No Brasil, Uncaria tomentosaé encontrada nos

estados do Amapa, Amazonas, Para e, principalmamt&cre (Pollito, 2004).
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1.4.2 Aspectos fitoquimicos

A andlise dos constituintes quimicos das cascddndaria tomentosaevela a
presenca de uma série de metabdlitos secundariise Eles estdo os compostos
fendlicos, como flavondides, derivados fenilpropasi e taninos; os derivados
triterpénicos, representados pelas agliconas erdsédeos dos acidos quinévico,
ursolico e oleandlico, com uma ou duas cadeiasadkomratos ligadas ao nucleo
triterpénico; e os alcaléides, sendo majoritarieoxindélicos e, em menor proporgao,
os inddlicos, ambos divididos em tetraciclicos ataeiclicos. Dentre os alcalbides
oxinddlicos pentaciclicos estdo a pteropodina,tezopodina, especiofilina, uncarina F,
mitrafilina e isomitrafilina (Keplinger et al., 199 Isolamento dos esterdid@s
sitosterol, estigmasterol e campesterol tém sifleraeciado (Sandoval-Chacén et al.,
1998; Keplinger et al., 1999). Recentemente, éstdoeacido quinico também tém sido
identificados (Sheng et al., 2005).

A padronizacéo das formulagcées comerciait/dearia tomentos& baseada no
seu conteudo de alcaldide oxinddlico, uma vez tpsdades representam a classe mais
abundante de compostos encontrados nesta espégkngér et al., 1999; Sandoval et
al., 2002). Porém, ja foi observado que mudancasnsés podem ocasionar alteracdes

no conteudo destes alcalbides (Keplinger et a@919

1.4.3 Aspectos etnofarmacoldgicos e farmacolbgicos

Relatos histéricos demonstram quacaria tomentosaem sido cultivada por
vérias geracdes indigenas na floresta amazoénicim, tea medicina tradicional quanto
institucional (Pollito, Tomazello, 2006). Quanto iaécio do emprego desta espécie na
medicina indigena Ashaninka, na regido Amazoénicad®a, estes continuam incertos

(Syrimis, 1999). Cascas e raizes Uiecaria tomentosado amplamente empregadas,
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sendo administradas como chd, tanto na forma decd&s como de maceragéo
(Keplinger et al., 1999; Sheng et al., 2000a; Saadet al., 2002). Especialmente no
Peru e na regido norte do Brasil, a espécie tem aiininistrada em casos de dor
reumatica, artrite, osteoartrite, infeccbes baatexs e virais, dores cardiacas, Ulceras
gastricas, hemorragia, inflamacfes crbnicas, a@srgisma, diarréia, gonorréia, acne,
doencas do trato urinario e até mesmo em casofumterc (Keplinger et al., 1999;
Aguilar et al., 2002; Heitzman et al., 2005; Vager2006; Hardin, 2007; Allen-Hall et
al., 2010). Extratos, cdpsulas e comprimidos & likdUncaria tomentosaém sido
introduzidos na Europa e nos Estados Unidos coatantiento adjuvante para o cancer
e algumas doencas virais, como a AIDS (Sandovat@hat al., 1998; Sheng et al.,
2000a).

Diversos estudos relatam diferentes atividadepichs para extratos, fragdes
e/ou isolados deUncaria tomentosa demonstrando propriedades citotoxica,
contraceptiva, antiproliferativa, antiapoptética @ué-apoptética, anti-inflamatoria,
antioxidante, antiviral e antimutagénica (Aquino at, 1989; Rizzi et al., 1993;
Sandoval-Chacén et al., 1998; Sheng et al., 20D6aylartino et al., 2006; Allen-Hall
et al., 2007; Cheng et al., 2007; Allen-Hall ef 2010; Dreifuss et al., 2010).

A atividade imunoestimulante induzida pelos ala@éioxindolicos presentes na
espécidncaria tomentosdoi demonstrada inicialmente vitro e in vivo pelo aumento
da fagocitose em leucdcitos (Wagner et al., 19883teriormente, o extrato acido desta
espécie vegetal, rico em alcaldides, foi adminilstr@or cinco meses em pacientes
infectados pelo virus HIV, causando um aumentcesapitativo nos niveis de linfocitos
(Keplinger et al 1999). Neste mesmo estudo, Keplinger e(1#199) demonstraram i
vitro que os alcalb6ides oxinddlicos pentaciclicos prosnawm o estimulo das células

endoteliais a produzirem fatores que regulam aifpratdo dos linfocitos. Ainda, a
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atividade imunoestimulante foi constatada em magad alveolares de ratos de forma
dose-dependente para 0s extratos aquosos, coradrgerducao das interleucinas 1 e 6
(Lemaire et al., 1999). Além disso, o extrato hidamélico e uma fracdo enriquecida
em alcalb6ides oxindolicos pentaciclicos dacaria tomentosalemonstraram efeitos
imunomodulatério e antiviral contra o virus da demdgipo 2 em mondcitos humanos,
onde a fragdo demonstrou-se muito mais eficienéadmp comparada ao extrato (Reis et
al., 2008). Ademais, a administracdo decaria tomentosgromoveu o estimulo do
sistema imunologico em um modelo de infec¢ao derisse em camundongos (Eberlin
et al., 2005).

C-Med 10§ (CampaMed, New York, NY, USA) é um extrato padzauio,
obtido por decoccdo das cascasUfecaria tomentosaonde moléculas com massa
molecular acima de 10 kDA, como alcaldides, taniadtavondides, sdo removidos.
Apés a suplementacdo deste extrato aquoso, foimmado um aumento no reparo do
DNA e na resposta imunologica vivo, enquanto nenhum sinal ou sintoma de
toxicidade foi observado nas doses testadas emrugrearatos (Sheng et al., 2000a).
Observagdes semelhantes em camundongos foram deadass cujo tratamento destes
animais com C-Med 160promoveu um aumento significativo de linfocitoplésicos,
sendo este efeito totalmente reversivel depoisetieada do extrato (Akesson et al.,
2003b). In vitro, o extrato padronizado promoveu protecdo de litdéqrimarios e de
células tumorais (Raji, HL-60, Jurkat) da induc&pantanea de apoptose (Akesson et
al., 2003a). Da mesma forma, este extrato padrdoizcelerou a recuperagdo da
leucopenia, mesmo apOs a administragcdo do agenteiotgrapico doxorrubicina
(Sheng et al., 2000b). Ainda, foi evidenciado guéido quinico, um componente ativo
deste extrato padronizadbresponsavel por aumentar o nimero de linfécpkEricos

in vivo e por inibir a atividade do N&B in vitro (Akesson et al., 2005). O aumento no
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reparo do DNA demonstra ser muito importante pateatamento de pacientes sob
quimioterapia, uma vez que pacientes tratados coomdinacdo de quimioterapicos e
Uncaria tomentosapresentaram uma acelerada recupera¢do na conagencacitos,
bem como uma reducgdo dos efeitos colaterais, aEmtehuar a neutropenia (Allen-
Hall et al., 2007; Farias et al., 2011). No entagtamportante salientar que o efeito de
Uncaria tomentosadepende do tipo celular estudado, apresentandodaates
contraditorias, podendo inibir a ativacdo do &B--bem como ativar mecanismos
antiapoptéticos que protegem algumas células, cosnbnfocitos (Allen-Hall et al.,
2007).

O potencial antitumoral da espédigncaria tomentosaé atribuido as trés
principais fracbes de metabdlitos secundérios: fepadis, alcaldides e derivados
triterpénicos (Sheng et al.,, 1998; Riva et al.,120De Martino et aJ 2006). Esta
atividade foi observada em células leucémicas Hldfa inibicdo do crescimento
celular decorrente da acédo do extrato aquoso paddmfoi atribuida a estimulagéo de
mecanismos de reparo do DNA, resultando em imumogisicdo, atividade anti-
inflamatoria e, consequentemente, prevencgdo daec@8beng et gl2005). Igualmente
foi constatado o efeito antiproliferativo do extraiquoso déJncaria tomentosaobre
as linhagens de carcinoma de mama (MCF7), linhagensanas de osteossarcoma
(SAOS) e linhagens de carcinoma cervical (HelLa).efeito pré-apoptético foi
observado sobre a linhagem Hela, quando tratadaadoataabutandlica da espécie
Uncaria tomentosaDe Martino et al., 2006). O alcal6ide oxindélipentaciclico
mitrafilina tem demonstrado significativa acéo prdliferativa sobre duas linhagens
celulares do sistema nervoso humano: neuroblast@KdsBE (2) e glioma GAMG
(Garcia Prado et al., 2007). O efeito antitumomaledpécie averiguada para extratos,

fracbes enriquecidas e alcaldides oxindolicos péciteos isolados, também foi
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demonstrada em outros estudos onde diversas linbagdulares foram utilizadas, tais
como linhagens de leucemia mieldéide humana (K-562.60), linhagem de linfoma
humano (Raji), linhagem de melanoma humano (SK-ME#&j)cinoma cervical humano
(KB), carcinoma ductal (BT-549), carcinoma de owq$K-OV-3), linhagem derivada
do rim do macaco (VERO), linhagem humana de leumdimfoblastica T (CCRF-
CEM-C7H2), linhagem de leucemia linfoblastica ag§8al), linhagem celular de
carcinoma de tiredide medular humano (MTC-SK), digém humana de sarcoma de
Ewing’s (MHH-ES-1), linhagens de glioma de rato Y@de humano (U138-MG),
carcinoma de pulméo Lewis de camundongo LL/2 (Ll€aycinoma de mama humano
(MCF7 e MT-3), carcinoma de pulmado de ndo-pequerghslas humano (A549) e
adenocarcinoma de colorretal humano (SW707) (Serpphal., 1993; Sheng et al.,
1998; Muhammad et al., 2001; Bacher et al., 20GghBr et al., 2006; Cheng et al.,
2007; Pilarski et al., 2007; Rinner et al., 2009ménez et al., 2010; Pavei, 2010;
Pilarski et al., 2010). A apoptose mediada por &ssp parece ser 0 mecanismo
associado a morte destas células tumorais (Shealg 4998; Bacher et al., 2005; De
Martino et al., 2006; Cheng et al.,, 2007; Rinnerakt 2009). No entanto, um
mecanismo alternativo de inducao de apoptose pastaerelacionado a capacidade da
Uncaria tomentos&m inibir a ativacdo do NkB, o qual depende do tipo celular e do
seustatusde ativacdo (Allen-Hall et al., 2010).

Além destes, outros estudos também foram realizados de se investigar a
atividade anti-inflamatdria relatada para o usotaespécie na medicina popular. A
acao anti-inflamatériain vitro foi relacionadaa capacidade da espédincaria
tomentosam modular o fator transcricional NdB, mediando a secrecéo diferencial de
TNF-o e IL-1B e, desta forma, promovendo morte celular por agseptConforme

dados da literaturd)ncaria tomentosa& o primeiro vegetal que de maneira distinta

18



regula a secrecdo destas duas citocinas pro-irtibeias, promovendo, via NkB, 0
aumento de IL-§ e suprimindo a sintese de TNHSandoval-Chacon et al., 1998;
Sandoval et al., 2000; Aguilar et al., 2002; Samdlet al., 2002; Akesson et al., 2003a;
Allen-Hall et al., 2007; Allen-Hall et al., 2010 vivo, efeitos anti-inflamatorios foram
observados pela reducdo do dano celular em brésgdé@® camundongos, apos
inflamacg&o respiratoria induzida porsOseguida da administracdo de decoctos
(Cisneros et al.,, 2005) e pela reducdo do edempatke de camundongos e ratos,
induzido por carragenina, apos administracdo deatest hidroalcodlicos e de
glicosideos do acido quindvico, respectivamenteuilag et al., 2002; Aquino et al.,
1991). Ainda, no estudo conduzido por Aguilarakt(2002) foi demonstrado que os
extratos aquoso e hidroalcodlico bacaria tomentosggromoveram um moderado e
fraco efeito inibitério sobre as ciclooxigenase®X:C1 e COX-2, respectivamente. Esta
atividade anti-inflamatéria observada foi atribuédaresenca de alcaldides oxinddlicos
pentaciclicos, 0os quais podem estar agindo isolad@aTou em sinergismo com outros
metabolitos. Da mesma forma, um analogo do acidaigu prontamente inibiu a
atividade de NReB em células A549 estimuladas com ThH?orém, esta atividade foi
atribuida a mecanismos que nao estdo relacionadativadade -citotdxica ou
antiproliferativa nem a atividade antioxidante (ge al., 2009).

O efeito citoprotetor do extrato aquoso das cadeddncaria tomentosaontra
agentes oxidativos também foi evidenciado pela ¢g&duda apoptose, tanto em
macréfagos (RAW 264.7) como em células epiteliaitestinais humanas (HT29),
demonstrando a habilidade em proteger o DNA e éhir ia expressao da iNOS, via
supressdo da atividade do NB-(Sandoval-Chacon et al.,, 1998). Ainda, Sandoval-
Chacon et al. (1998) reportaram que este mesmatexti capaz de inibir a inflamagéo

intestinal cronica induzida por indometacimavivo. Efeitos antioxidantes similares
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foram evidenciados contra o acido hipocloroso, wrtef oxidante produzido por
neutrofilos, podendo justificar a efetividade dacaria tomentosano tratamento de
doencas inflamatérias e em certos tipos de cadepai@l et al., 2009). Dreifuss et al.,
2010 demonstraram um efeito antineoplasico relevalat extrato hidroalcodlico de
Uncaria tomentosaem modelo tumoral solido de carcinosarcoma (Wekks),
correlacionando esta atividade observada com dideade antioxidante da espécie em

regular a homeostase metabdlica e radasivo.
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2. OBJETIVOS
O presente estudo esta delineado na forma de lapitunde estédo inseridos os

artigos cientificos que objetivaram:

- Investigar a acao antiproliferativa do extratato e das fragdes purificadas de
alcaléides oxinddlicos e de glicosideos do acidénduico da espécieUncaria
tomentosasobre culturas de linhagem de células de cancdéreriga humano RT4 e

T24, e elucidar as vias celulares envolvidas (Qaplft).

- Avaliar in vivo, o efeito do extrato bruto e das fragcbes purifisade alcaldides
oxinddlicos e de glicosideos do acido quindvicoedgécieUncaria tomentosanos
eventos inflamatérios e nociceptivos em modelo idgte hemorragica, induzida pela

ciclofosfamida (Capitulo 2).
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3. CAPITULOS - ARTIGOS

CAPITULO 1

QUINOVIC ACID GLYCOSIDES PURIFIED FRACTION OF Uncaria tomentosa
DOWNREGULATE CYCLOOXYGENASE-2 AND INDUCES APOPTOSIS IN

T24 HUMAN BLADDER CANCER CELL LINE

Artigo a ser submetido ao Periédico Journal of Ethnpharmacology
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Abstract

Ethnopharmacological Relevanc@&he Uncaria tomentosaspecies is widely used in
traditional medicine because of the many pharmagocdd properties attributed to it,
and studies have shown the presence of metabulitespotential antitumor effect in
different cell lines.

Aim of the studylnvestigate the antitumor effect of purified bibee fractions of
Uncaria tomentosaon the cell proliferation of T24 and RT4 humandder cancer
lines.

Materials and methodsThe purified bioactive fractions were obtained bgceration
process from the barks bihcaria tomentosaThe T24 and RT4 cell lines were cultured
in RPMI 1640 and DMEM culture medium supplementetth \#0% fetal bovine serum,
respectively. Cells were maintained in 5% £@6% air at 37C. For the evaluation of
the antitumoral activity, the cell count assay vpasformed in haemocytometer. To
measure cell viability, the MTT assay was perform&d determine the cell death,
annexin V/PI flow cytometric staining technique wesed. The cell cycle analysis was
also performed. The immunocontent of PTEN, ERK @aX-1/COX-2 were evaluated
by Western blot. For determination of activity edtenucleotidase/CD73, the inorganic
phosphate released was measured by Malachite Gretrod.

Results:Quinovic acid glycosides purified fraction (QAPWas able to decrease cell
growth and viability of bladder cancer cells. In4T@ell, QAPF significantly inhibited
COX-2 and induced apoptosis. Others experimentsvatidhat this fraction does not
induce cell cycle arrest and do not alter the PHEN ERK immunocontent. In the set
of incubation, no change in the enzyme profile ofoé'-nucleotidase/CD73 was
observed. The A3 adenosine receptor antagonist (ME) also did not change the
anti-proliferative effect induced by QAPF.

Conclusion: Whereas all alternative mechanisms investigateddemonstrated that

QAPF acts by specific inhibition of COX-2 and inéscapoptosis in T24 cells. Further
studies to characterize the exact mechanism byhnQ®PF induces apoptosis will be
carried.

Abreviations: oxindole alkaloids purified fraction (OAPF), quiniovacid glycosides
purified fraction (QAPF)

Keywords: bladder cancerlUncaria tomentosaquinovic acid glycosidesapoptosis,
COX-2
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1. Introduction

Bladder cancer is the second most common malignahey affects the
genitourinary tract (Burnstock, 2011) and the sévenore prevalent cancer among
men in the world (Ma et al., 2006). The incidentéhes kind of tumor is reported to be
three times higher in men than in women (Jemal. ¢2@10). In Brazil, according to the
National Cancer Institute, 8,900 new cases of l@addncer are expected in 2012.
Some risk factors associated with this cancer @vadco, age, occupational exposure,
chronic bladder inflammation and exposure to pehadiation (Jacobs et al., 2011).
Transitional cell carcinoma (TCC) is the most comnamor (90%) (Burnstock, 2011),
where approximately 70% are diagnosed as well rdiffiéated superficial lesions
(Memon et al., 2005) that may have recurrences afiasurethral resection (Wu et al.,
2004; Ma et al., 2006; Nguyen-Khuong et al., 20B9rnstock, 2011). Approximately
25-30% of bladder cancers are classified as museésive tumors and are associated
with significant risk of subsequent metastasesg@%) and a significantly reduced 10-
year survival rate (35%), demonstrating the aggressature of this disease (Memon et
al., 2005; Nguyen-Khuong et al., 2009, Burnstodkl D). Adjuvant chemotherapy or
immunotherapy have been used to prevent recurrefckeladder cancer, but the
intravesical administration of Bacillus CalmettegBn (BCG) after transurethral
resection is the most effective treatment of supi@tfbladder cancer. Nevertheless, side
effects of BCG therapy are common and approximabelg third of patients do not
respond to this treatment (Lamm et al., 1980; lderl., 1992; Swellam et al., 2003).

Recently, the participation of purinergic signaling the physiology of the
urinary bladder has demonstrated strong evidend¢keoinvolvement of this system in

the tumor progression, particularly ecto-5"-nudldase/CD73, the enzyme responsible
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to catalyse the hydrolysis of extracellular nudd®tmonophosphates like AMP to
adenosine. Ecto-5"-nucleotidase/CD73 is highly esped in many solid tumors and is
related with invasiveness, neovascularization ametastasis of tumors (Zimmermann,
1992; Spychala, 2000; Burnstock, 2004). It has bd&monstred that this enzyme is
involved in tumor cell proliferation and tumor pregsion (Spychala et al., 2004; Zhou
et al., 2007). In the same way, in the developnaect progression of bladder cancer,
multiple gene alterations are involved (Tanaka let 2000). Recent studies have
demonstred that reduced PTEN expression is commoladder cancer, while COX-2
has been found to be overexpressed in this tumooykes et al., 2009; Méric et al.,
2006; Huang, Chen, 2011). In relation to ERK, & baen shown that the dysregulation
of this cascade results in several diseases, esmpnsible for more than half of all
cancers (Wortzel, Seger, 2011). Thus, the poss#@dsociation of the ecto-5'-
nucleotidase/CD73 in the malignancy of bladder ttemend the modification on the
immunocontent of PTEN, COX-2 and ERK in tumorigesesf bladder, becomes
possible targets for the treatment of this tumororédver, considering the
ineffectiveness of various currently available #pmutic strategies used in bladder
cancer (Ozawa et al., 2009) and several side sffeicichemical therapeutics drugs,
many studies tried to find more effective natunalgs with reduced toxicity (Ma et al.,
2006). In this sense, medicinal plants have redegreat attention in recent decades,
since the late findings of great impact in thisaastems from research into plant
products (Simdes et al., 2004).
Uncaria tomentosgWilld.) DC., commonly known as “ufia de gato” oratcs

claw”, is a South American Rubiaceae (Pollito, Tasl, 2006). Maceration and
decoctions of bark and roots of this species has lsed for centuries by Ashaninkas

indigenous people (Syrimis, 1999). Recently, prapans ofUncaria tomentosdave

26



been used for the treatment of several diseasels,asugastric ulcers, arthritis, bacterial
and viral infections, inflammations, diseases @& thinary tract and even in cases of
cancer, especially in Peruvian and northern Biazitraditional medicine (Keplinger et
al., 1999; Heitzman et al., 2005). Phytochemicadigs have shown thdfincaria
tomentosabarks present three main fractions of secondaryalmétes, such as
polyphenols (flavonoids, tannins and phenylpropaieicvates), alkaloids (oxindole and
indol) and triterpene derivatives (aglycones andhapic acid, ursolic and oleanolic
heterosides), groups described with potential amiir effects (Sheng et al., 1998;
Keplinger et al., 1999; Riva et al., 2001; De Maotiet al., 2006). Some studies have
suggested thdfincaria tomentos&an inhibit the proliferation of several cell I;such
as cervical carcinoma, breast cancer, osteosar@@malartino et al., 2006), leukemia
(Sheng et al., 1998; Bacher et al., 2005; Cherg.e2007; Pilarski et al., 2007) and
glioma (Pavei, 2010). Caspase-dependent apoptqgeaess to be the mechanism
associated with the death of these tumor cellsi{&e al., 1998; Bacher et al., 2005;
De Martino et al., 2006; Cheng et al., 2007; Rineerl., 2009). Nevertheless, there
seems to be an alternative mechanism of inductaptasis on the ability dincaria
tomentosdo inhibit the activation of the nuclear transtiop factor NF«B (Allen-Hall

et al., 2010). However, no study has evaluatedatitéumor effects of extracts and
fractions of Uncaria tomentosain the treatment of bladder cancer. Here, we
demonstrated for the first time that quinovic agigcosides purified fractiorirom
Uncaria tomentosdas a potent inhibitory effect on the COX-2 anduices apoptosis

on bladder cancer cells.
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2. Material and methods

2.1. Chemicals

RPMI 1640, Dulbecco's modified Eagle's medium (DMEM
penicillin/streptomycin, Fungizone® and 0.5% trypBIDTA solution were obtained
from Gibco (Gibco BRL, Carlsbad, CA, USA). Fetavbw serum (FBS) was obtained
from Cultilab (Cultilab, Campinas, SP, Brazil). AMBimethyl sulfoxide (DMSO),
propidium iodide (Pl), RNAse and (3-[4,5-dimethydthol-2-yl]-2, 5-diphenyl-
tetrazolium bromide) (MTT) were obtained from Sig@hemical Co. (St Louis, MO,
USA). MRS 1220 (9-Chloro-2-(2-furanyl)-5-((phenytdygl)amino)-[1,2,4]triazolo[1,5-
c]quinazoline) was obtained from Tocris Cookson JURITC Annexin V Apoptosis
Detection Kit | was obtained from BD Pharmingen affiklin Lakes, NJ, USA).
Antibodies specific to phospho-ERK42/44, ERK42/BAEN, COX-1, COX-2-actin,
and anti-rabbit 1gG-horseradish peroxidases wergéaimdd from Cell Signaling
Technology (Beverly, MA, USA). All other chemicalnd solvents used were of

analytical or pharmaceutical grade.

2.2. Obtaining of oxindole alkaloids purified framt (OAPF) and quinovic acid
glycosides purified fraction (QAPF)

Barks of Uncaria tomentosacollected in Ucayali (Peru)ere supplied by
Laboratorios Induquimica S.A. of Chorrillos (LimReru). The plant material used was
confirmed to baJncaria tomentosady biologist Peruvian José Ricardo Campos de la
Cruz.

The process for obtaining the extract and purifiettions was performed in

accordance to Borré (2010). Thus, an extracUon€aria tomentosastem barks was
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prepared by a 4 days-maceration with hydroethanebtution 40% (v/v) in a
plant:solvent ratio of 1:10 (w/v), at room tempearat After, the extract was pre-
purified with cross-linked polyvinylpyrrolidone atied residue extract: PVPP ratio of
1:10 (w/w) by 60 min. The pre-purified extract wagomitted to ion-exchange process
using a column filled with strong anionic resin, falows: 300 mL of pre-purified
extract were poured onto the column and eluted & mL of hidroethanolic solution
40% (v/v), and subsequently with 300 mL of ammonagetate buffer 0.3 M (pH 7.0),
300 mL of hidroethanolic solution 80 % (v/v). A Worate of 5.0 mL/min was applied
during the whole process. Separately, the eluabaned in first step (Anionic resin
eluate - ARE) and that using hidroethanolic solutB0 % (OAPF) were reserved,
concentrated and freeze-dried. The ARE was sulinittesolid-phase fractionating
using a column filled with polystyrene resin addwals: a 300 mg-sample of ARE was
dissolved in 200 mL of water, poured on the coluom and sequentially fractionated
with methanol:water mixtures in decreasing polaritge flow rate was kept constant at
2.5 mL/min during all the process. The methanolewa®0% (v/v) and methanol
fractions were mixed (QAPF), concentrated and #esized. The content of oxindole
alkaloids (Unpublished results) and quinovic adigtgsides (Pavei et al., 2012) in the
freeze-dried samples (extract, OAPF and QAPF) waatermined by HPLC-PDA

analysis using previously validated methods (T4dble

2.3. Maintenance of cell lines

The human bladder cancer cell lines T24 (derivexnfran invasive bladder
tumor with metastatic potential) and RT4 (represgnta superficial noninvasive
cancer) were obtained from American Type Culturdlg€bon (ATCC) (Rockville,

Maryland, USA). T24 was maintained in RPMI cultuneedium and RT4 was
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maintained in DMEM culture medium. Cells with up 26 passages were grown and
maintained in culture flasks in culture medium eomng 0.5 U/mL
penicillin/streptomycin antibiotics and supplemehtath 10% (v/v) fetal bovine serum
(FBS). Cells were kept at a temperature diGG7a minimum relative humidity of 95%

and an atmosphere of 5% ¢i0 air.

2.4. Cell treatment

Uncaria tomentosacrude extract and fractions were dissolved in cealture-
grade dimethyl sulfoxide (DMSO). The maximum firaincentration of DMSO in the
culture medium was 0.25% (v/v) and it was the ehgroup in all experiments. The
human bladder cancer cells line were seeded acgpreach experiment and after
reaching semi-confluence the cultures were exptiséallowing formulationsUncaria
tomentosacrude extract (5, 10, 25, 50, 100 and 1&0mL) for 24 or 48 h; oxindole
alkaloids purified fraction (OAPF) and quinovic @cglycosides purified fraction
(QAPF) (5, 10, 25, 50, 100 and 15%@/mL) for 24, 48 or 72 h. In experiments
performed in the presence of adenosine receptaganist, this compound was added
to the culture medium 30 min before QAPF treatment.

To evaluate de effect of QAPF on AMP hydrolysie tiells were treated with
this fraction (25, 50, 100 and 1%@/mL) for 48 h. After the treatment, the cells were
washed three times with phosphate-free buffer doed AMP hydrolysis assay was
performed in the absence of treatment. To meadheedirect effect of QAPF on ecto-
5’-nucleotidase/CD73 activity, the cells were pmetibated in the incubation medium
with the same concentrations of QAPF for 10 min treh the AMP hydrolysis assay

was performed as described above.
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2.5. Cell counting

The human bladder cancer cell lines T24 and RT4weeded at 8xi@ells per
well (RPMI 10% FBS) and 5xfells per well (DMEM 10% FBS), respectively, in
24-well plates and allowed to grown until reachgggni-confluence. Cells were treated
with Uncaria tomentosacrude extract, OAPF, QAPF and/or adenosine recepto
antagonist, as described above. At the end ofnreratt the medium was removed. Cells
were washed twice with CMF (calcium and magnesivee fouffer) and 20QL of
0.05% trypsin/EDTA solution was added to detach teds, which were counted
immediately in a haemocytometer. The results wgpgessed as percentage of cells in

relation to vehicle group.

2.6. Cell viability assay

The MTT method is based on the ability of metalaljcactive mitochondria
from viable cells to reduce the tetrazolium ringshe pale yellow MTT and form dark
blue formazan crystals. Bladder cancer cell linesawplated in a 96-well plate at 310
(T24) and 8x1d (RT4) per well. After reaching semi-confluencee tbultures were
treated as described above. Control culture waenpeed with the addition of culture
medium (cell viability control) or DMSO (vehicle otol) in the absence of treatment.
After 24, 48 or 72 h of treatment, the culture niediwas removed and the cells were
washed twice with phosphate buffered saline (PPBS) {.4). After removing the PBS,
90 uL of culture medium and 1L of MTT (5mg/mL) were added to each well. The
cells were incubated for 3 h and the solution vi@s tremoved from the precipitate. A
total of 100uL of DMSO were added to the wells and the optidadcsbance was

measured at 492 nm using an ELISA plate readers Hhisorbance was linearly

31



proportional to the number of live cells with aetimitochondria. The results were

expressed as percentage of cell viability agamsCiMSO.

2.7. Annexin V/PI flow cytometric staining techraqu

Apoptotic or necrotic cells were quantified by axineV-FITC-propidium
iodide (PI) kit of double staining, in accordancéhwthe manufacturer’s instructions
(BD Pharmingen, Franklin Lakes, NJ, USA). The T2llscseeded in 6-well plates at
2x10 cells per well were maintained for three days dbese. After reaching semi-
confluence, cells were treated with 50, 100 or §§0nL of QAPF for 48 h in culture
medium conditions. At the end of the treatment, thedium and the cells were
harvested and centrifuged 49@ for 6 min. Cells were suspended in cold PBS (p# 7.
and were counted. A quantity of 1¥1¢klls were centrifuged and suspended in binding
buffer containing FITC-conjugated annexin V and Fie samples were incubated for
15 min in dark at room temperature, before analysys flow cytometer. The
quantification of apoptotic or necrotic cells waseened by dual-color flow cytometry
technigue using a FACScan cytometry system (FAC3b@a BD Bioscience,
Mountain View, CA, USA). The data obtained were lgned with FLOWJO (flow

cytometry analysis software).

2.8. Cell cycle analysis

T24 cell line was plated in 6-well plate at 2%4@er well and incubated three
days to adhere. After reaching semi-confluencds eetre treated with 50, 100 or 150
pug/mL of QAPF for 48 or 72 h. At the end of the treant, the medium and the cells
were harvested and centrifuged 40@ for 6 min. Cells were suspended in PBS (pH

7.4) and were counted. A quantity of 1R1dells were fixed with 70% ethanol and

32



maintained at -20 °C. At the day of analysis, tked cells were then washed with PBS
prior to staining. PBS containing 50 pug/mL of paipm iodide and 100 pg/mL of
RNAse was added to the sample for 30 min in th&.daontrol cultures were treated
with DMSO. Finally, the cells were analyzed usithga cytometry technique using a
FACS Calibur cytometry system (FACS Calibur, BD &ience, Mountain View, CA,
USA). The data obtained were analyzed with FLOWJIOwW( cytometry analysis

software).

2.9. Ecto-5’-nucleotidase activity

To determine the ecto-5-nucleotidase activitye t4-well plates containing
bladder cancer cell lines, previously treated, weashed three times with phosphate-
free incubation medium in the absence of substidte.enzymatic reaction was started
by the addition of 200 pL of incubation medium @ning 2 mM MgC}, 120 mM
NaCl, 5 mM KCI, 10mM glucose, 20 mM Hepes, pH 7dd& mM of AMP as
substrate, at 37 °C. After 30 min of incubationrdction was stopped, withdrawing an
aliquot of the reaction medium, which was trangférto eppendorf tubes containing
trichloroacetic acid (5%, w/v), previously placed i@e. The inorganic phosphate (Pi)
released was measured by the malachite green mé@ioah et al., 1986), using
KH,PO, as a Pi standard. Controls to determine the nagreatic Pi release were
performed by incubating the cells in the absenc¢hefsubstrate and incubating the

substrate in the absence of cells. All samples weren triplicate.

2.10. Protein determination
After the enzymatic assay, cells in the 24-weltgdavere dried and solubilized

with 100 pL NaOH 1.0 M and frozen overnight at 0 An aliquot was then removed
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and the protein was measured by the Coomassienbdieod (Bradford, 1976), using
bovine serum albumin as standard. Specific activitgs expressed as nmol Pi

released/min/mg of protein.

2.11. Western blot assay

Western blots were used to analyze the immunocbraémwvarious proteins.
After treatment for 48 or 72 h with, 10, 25, 50, 100 or 153/mL of QAPF, cells were
lysed in 4% sodium dodecylsulfate (SDS), 2 mM EDBA,mM Tris buffer.Aliquots
were taken for protein determination (Peterson,9)1%hdp-mercaptoethanol (Sigma
Chemical) was added to a final concentration of Bfpropriate amounts of protein
(50 or 75ug per lane) were resolved on 10% SDS-PAGE. Aftectebphoresis,
proteins were transferred to nitrocellulose memésamsing a semi-dry transfer
apparatus (Bio- Rad, Trans-Blot SD, Hercules, CSA) Membranes were incubated
for 60 min at 4°C in blocking solution (Tris-bufést saline containing 5% powdered
milk and 0.1% Tween-20, pH 7.4) and then incubatedrnight at 4°C with the
appropriate primary antibody dissolved in the blogksolution. Primary antibodies
against the following proteins were used: pERK42(24.000), ERK42/44 (1:1000),
PTEN (1:1000), COX-1(1:1000), COX-2 (1:600) andi-ghactin (1:1000). Next, they
were washed and incubated with the correspondimgenadish peroxidase-conjugated
secondary antibody at 1:1000 dilution. Chemilumteese (ECL, Amersham
Pharmacia Biotech) was detected using X-ray fillked@k X-Omat, Rochester, NY,
USA). The films were scanned and analyzed usingQpgquant software (Packard

Instrument).
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2.12. Statistical analysis

All experiments were performed at least three timdsiplicate. With exception
of the Western blot experiments, where the resutie expressed as mean + SEM, all
other results were expressed as mean = SD andzadalyy one-way ANOVA,
followed by Tukeypost-hoctest, using &raphPad Prism Softwarelhe differences

were considered significant in relation to the DM&enp<0.05

3. Results

3.1. Anti-proliferative effect of crude extract bhcaria tomentosa in T24 human
bladder cancer cell line

Considering that numerous studies have shownUhaaria tomentosgresents
anti-inflammatory (Allen-Hall et al., 2010), antial activities (Aquino et al., 1989) and
also inhibits the proliferation of certain cancetls (De Martino et al., 2006; Pilarski et
al., 2007; Pavei, 2010), we first investigated thd-prdliferative effect of thecrude
extract ofUncaria tomentosan the proliferation of T24 human bladder cancat kine.
Cells were exposed to different concentrationsrofle extract for 24 or 48 h. The cell
count showed that the cell number was significaddgreased (52.02% * 13.83) at the
highest concentration tested (150 pg/mL), but eflgr 48 h of treatment (Fig. 1A and

B).

3.2. Anti-proliferative effect of fractions of Unieatomentosa in human T24 bladder
cancer cell line
Since the highest dose of crude extract resultesigmficant decrease in the cell

number when compared to the DMSO control, we dectdeinvestigate whether the
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oxindole alkaloids purified fraction (OAPF) and gavic acid glycosides purified
fraction (QAPF) ofUncaria tomentosavould be able to more effectively inhibit the
proliferation of this cell line. Therefore, cellseve exposed to OAPF or QAPF of
Uncaria tomentos@n the same concentrations used to crude extracg4, 48 or 72 h.
As shown in Fig. 2 (A), OAPF that is considerechave the most relevant biological
activities ofUncaria tomentosalid not show significant changes in cell numbeanmy
of the times and concentrations tested. Surprigjige QAPF was able to significantly
inhibit the T24 cell number. We found that 100 &fD pg/mL of QAPF inhibit
significantly the cell number after treatment far 2 (27.93% + 9.5 and 39.1% + 3.98,
respectively), 48 h (58.5% + 8.68 and 68.5% + 6r24pectively) and 72 h (69.8% =+
4.34 and 85.3% * 5.59, respectively). Furtherrafeh of treatment, significant effect
was observed at a concentration of 50 pg/mL withbition of 37.2% (£7.96) (Fig.

2B).

3.3. Anti-proliferative effect of QAPF in RT4 huntdadder cancer cell line
Considering that only the QAPF showed anti-protifere effect on T24 cell
line, we decided to evaluate whether this fractiauld have similar effect in RT4 cell
line, used as a model of superficial bladder candesignificant growth inhibition
effect was observed at concentrations of 50, 1@1&® pg/mL indicating that QAPF
exerts a similar effect on RT4 human bladder cacedrline (Fig. 3). In 24 h, it was
found a reduction of 35.03% (+16.31) at the higluestcentration. In 48 h, QAPF was
able to inhibit 53.15% (+8.03) and 60.97% (+14.1aY) 100 and 150 pg/mL,
respectively. When the cells were treated withttivee higher concentrations (50, 100
and 150 pg/mL) for 72 h, the inhibitory effect walsserved in all these periods of

treatment with an inhibition of 42.97% (x25.77),.83% (+4.82) and 60.33% (+3.35),
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respectively. However, the igvalues for T24 were lower than in RT4 cells in all

periods (Table 2).

3.4 QAPF decrease the cell viability in T24 and RIatder cancer cell line

Next, we evaluated the effect of the treatment \@Q®#hPF on cell viability by
MTT. The results show that QAPF significantly dexyed cell viability, following the
same profile observed in the cell proliferation footh cell lines. At the same
concentrations (50, 100 and 150 pg/mL), QAPF treatmalso reduced the cell viability
(Fig. 4A and B). Based on these informations, wecsed the T24 cell line, the same

doses and the time period of 48 and 72 h for furtlx@eriments.

3.5. Identification of cell death induced by QAPF

Previous works demonstrate thamcaria tomentosanduces apoptosis through
activation of caspases (Cheng et al., 2007; Rimteal., 2009) or by inhibiting the
activation of the transcription factor N& (Allen-Hall et al., 2010). So, we decided to
investigate the cell death of T24 human bladdercearell line treated with QAPF.
Cells treated with 50, 100 or 150 pg/mL for 48 hrevexamined by annexin V and Pl
staining using flow cytometry. As shown in Fig.tBe percentage of viable cells was
reduced from 87.14% to 77.19% and, consequentéy ptrcentage of early apoptotic
cells increasing from 4.01% to 15.06% after theatment. These results indicate that
QAPF of Uncaria tomentosanhibits cell proliferation and also induces apgi in

T24 human bladder cancer cell line.
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3.6. QAPF does not induce cell cycle arrest at A8 @2 h

Considering that QAPF induces inhibition of celbgth in T24 human bladder
cancer line, we decided to assess whether thibitidn could be due to a blockade in
cell cycle progression. To explore this possibjlikg4 cells were treated with 50, 100 or
150 pg/mL of QAPF for 48 or 72 h. After the treatts cells were fixed and stained
with propidium iodide. Flow cytometry analysis shemwthat QAPF did not alter the

distribution of the DNA content neither in 48 hdF6) nor in 72 h (data not shown).

3.7. Ecto-5'-NT/CD73 and A3 adenosine receptor @oe involved in the effects of
QAPF on cell death of T24 cells

As previously described by our group, T24 cellseh@igh activity of ecto-5'-
nucleotidase/CD73 (Stella et al., 2009); and casid the involvement of purinergic
signalling in progression of bladder cancer, westjoeed whether QAPF would be
able to inhibit the activity of ecto-5’-nucleotidd€D73. Cells were treated with QAPF
(25, 50, 100 or 150 pg/mL) for 48 h and then intcebavith substrate AMP. Moreover,
to assess the direct effect, cells were simultasigancubated with AMP and the same
concentrations of QAPF, for 10 min, and the enzyereattivity was assessed. Statistical
analysis revealed no change in the enzyme acifigcto-5'-nucleotidase/CD73 when
T24 cell line were treated with QAPF to assessdinect effect (Fig. 7A) and the
treatment effect after 48 h (Fig. 7B).

Since A3 adenosine receptor has been strongly iassdcwith MAPK
pathways, which are known to be involved in cefivstal and proliferation (Kim et al.,
2010), we decided to verify the effect of A3 adeneseceptor antagonist (MRS 1220)
in the QAPF-mediated inhibition of T24 cell lineopferation. Therefore, in an attempt

to evaluate the involvement of this receptor, toéuce cell was treated with 1 mM
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MRS 1220 for 30 min prior to treatment with 100 mg/de QAPF for 24 or 48 h. At
the end of the treatment, we can observe thatathiggonist did not change the anti-

proliferative effect induced for the QAPF neither24 h (Fig. 8A) nor in 48 h (Fig. 8B).

3.8. QAPF does not alter the PTEN and ERK immunecn

It is well described that ERK is involved in corlimg a variety of cellular
processes such as proliferation and differentiatidnich occur via activation of nuclear
transcription factors that lead to the expressibgemes involved in cell growth (Neary
et al.,, 1999; Meller et al., 2002). In order to estigate the involvement of signal
transduction pathways in QAPF-induced apoptosis bt#dder cancer cell, the
phosphorylation/activation of ERK was analyzed bgstérn blot. As shown in figure 9
A, no significant change in ERK phosphorylationigation was detected after the
treatment with QAPF for 48 h. In 72 h (data nobwh) also no change in ERK
phosphorylation/activation was detected.

Deletions in the tumor suppressor gene PTEN haee bmund in a significant
proportion (24-58%) of invasive bladder cancersdWies et al., 2009). So, considering
that the PTEN is functionally deficient in T24 c@Bildea et al., 2004), we decided to
evaluate if the QAPF would be able to increaseitin@unocontent of this protein in
T24 cell line. The results indicate that the inhdn of cell proliferation and induction
of apoptosis in T24 human bladder cancer cell ks not due to alteration in
immunocontent of PTEN, which was not affect by tfeatment for 48 h (Fig. 9B). In

72 h also no change in PTEN immunocontent was tietédata not shown).
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3.9. QAPF downregulate COX-2 in T24 cell

Cyclooxygenase (COX) 1 is constitutively expressea wide range of tissues,
while cyclooxygenase (COX) 2 is an inducible enzymthe tissues exposed to stimuli
like cytokines (IL-B, IL-2, TNF-a), growth factors (EGF, PDGF), tumor promoters and
tobacco carcinogens (Shirahama, 2000; Méric et 2006; Huang, Chen, 2011).
Considering that COX-2 promotes tumor growth byibitton of cell apoptosis,
stimulation of angiogenic development and metastaticesses (Méric et al., 2006), we
were interested in determining whether QAPF couldo aaffect the COX-2
Immunocontent after treatment with different cortcations for 48 or 72 h. As observed
in Fig. 10 the immunocontent of the COX-2 protei@svhigher in the vehicle group T24
cells than in treated cells, demonstrating that @Af@atment resulted in a significant
decrease at COX-2 immunocontent even at concemirafi25 pg/mL (54%) after 48 h
of treatment. After 72 h, we could observe that @Afas able to inhibit the COX-2
immunocontent at concentration of 10 pug/mL (65.69%ig. 11). At the higher
concentration tested (150 pg/mL) the percentagehabition was 73.18% and 80.94%
for 48 h and 72 h, respectively. These results astgg that COX-2 pathway is involved
in the QAPF -induced cell growth inhibition. Additially, the COX-1 immunocontent
was also investigated in T24 cells, but its immwument was not detectable (data not

shown).

4. Discussion

For centuries, medicinal plants represented the sailrce of therapeutic agents
for humans (Hostettmann et al. 2003), and it wésnased that approximately 40% of
medicines available in modern medical treatmentehdeen developed from natural

sources (Yunes, Calixto, 2001). The informationaoi#d from population constitute

40



strategies for investigation of medicinal plantgce approximately 75% of the
compounds used in the pharmaceutical industry wgelated following a claim given
therapeutic effect in humans (Yunes, Calixto, 20@ye to various side effects of
therapeutic drugs, several studies try to find meffective natural drugs with lower
toxicity (Ma et al., 2006). Based on these evidentads study focused on the antitumor
effect of fractions ofUncaria tomentosaespecially the quinovic acid glycosides
purified fraction (QAPF) in human bladder cancdl loees.

Bark and roots oblncaria tomentosare widely used in the traditional medicine
and the standardization of commercial formulatiafsthis plant is based on their
alkaloidal content (Sandoval et al.,, 2002). Sevepaups have related that most
biological actions ofUncaria tomentosare related to alkaloid constituents (Pilarski et
al., 2007; Rinner et al., 2009). Considering thisg considering that crude extract was
able to decrease the T24 cell number after 48 hredtment (Fig. 1), we have
investigated the cell proliferation in T24 humarmdder cancer line, using oxindole
alkaloids purified fraction(OAPF) and quinovic acid glycosides purified fraati
(QAPF) as treatment. Surprisingly, the OAPF did clinge the cell proliferation (Fig.
2A), while the QAPF significantly inhibit T24 cdihes (Fig. 2B). The same profile was
found to RT4, when the cells were treated with QAPHg. 3). Since only the QAPF
demonstrate potential to inhibit the cell prolifita, we decided to evaluate the cell
viability of these cell lines when treated withghraction. The results showed that
QAPF inhibited the T24 cells viability even at 1A@/mL by 48 h (Fig. 4A). This is
consistent with previous studies that have showedability of Uncaria tomentosado
inhibit the growth in a variety of tumor cell lingSheng et al., 1998; Riva et al., 2001,

De Martino et al., 2006; Pilarski et al., 2010).
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Contradictory to many studies, our results are isterst with the study by
Sandoval et al. (2002), which demonstrated thattkaloids content did not influence
the antioxidant and anti-inflammatory propertiescaf’s claw. In the study conducted
by Sandoval et al. (2002), the biological actiofsUmcaria tomentosaand Uncaria
guianensisvere compared. Ibncaria guianensiswhich is less studied, the alkaloidal
content was almost negligible when comparedUttcaria tomentosalnterestingly,
Uncaria guianensisshowed more effective biological actions, showthgt probably
the alkaloidal constituents are not responsiblettierobserved actions. Another recent
study also wondered about the veracity of the ag8or among anticancer activity of
Uncaria tomentosaand its alkaloidal content (Pilarski et al., 2018psed on our
experimental results and on literature data, priybaher phytochemicals, as the
qguinovic acid glycosides, are also responsibleUfncaria tomentosgpharmacological
actions, acting alone or in association.

Next, we have demonstrated that QAPF-induced cadiidin T24 cells (150
ng/mL) occurred by apoptosis (Fig. 5), which isoals accordance with literature data
(De Martino et al., 2006; Cheng et al., 2007; Rmeteal., 2009). Furthermore, some
studies indicate thafncaria tomentosanduces an arrest of the cell cycle in the GO/G1
or G2/M phases, depending on the extract, fraatioisolated compound used (Cheng
et al.,, 2007; Rinner et al., 2009; Pilarski et @8D10); and others demonstrated that
Uncaria tomentosalid not induce arrest in cell cycle (Akesson et 2003; Pilarski et
al., 2010). In agreement with these two last sgjdiee demonstrated that QAPF does
not induce arrest in the cell cycle (Fig. 6). Pidlgahe arrest in cell cycle was not
found in present work since we used a purifiedtioaccontaining only quinovic acid
glycosides (Table 1), differently of other reseaxhhat used alkaloidals fraction,

isolated alkaloidal or different crude extractsWsfcaria tomentosaln addition, direct
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comparisons between studies are very difficultcesithe composition of the extracts
may vary by extraction method, resulting in diffgreellular responses. There is still
the issue of regional and seasonal variability led plant (Allen-Hall et al., 2010;
Pilarski et al., 2010). Moreover, it is importaatrtote that in most cases, the tumor cells
response to a cytotoxic drug can be a cell cydlesgrwhich is considered one of the
most frequent reasons of the ineffectiveness ofnchieerapy since the cancer cell
continues its proliferation even after drug withdeh Based on this, currently studies
have focused on the discovery of drugs that sefegtinduce apoptosis in cells that are
replicating (Cheng et al., 2007; Pilarski et a01@). Taken together, these preliminary
results suggest that cell toxicity of QAPF on T2l may be caused by apoptotic
death and not by cell cycle arrest.

Ecto-5"-nucleotidase/CD73 is an extensively distied enzyme and with high
expression in many solid tumors. It is responsitiecatalyze the hydrolysis of
extracellular nucleoside monophosphates (AMP) tenadine (Zimmermann, 1992;
Spychala, 2000). In addition to its catalytic fuantit appears to be involved with the
adhesion, in promoting tumor invasiveness and endivelopment of cancer (Sadej et
al., 2006; Zhou et al., 2007; Bavaresco et al.8208tella et al(2009) demonstrated
that ecto-5"-nucleotidase/CD73 is probably invohiedthe tumorigenesis of bladder
cancer, as it was seen in other tumor cells. Thopkin that, we evaluated by the direct
effect and the treatment effect after 48 h if th&R® would be able to alter the ecto-5"-
nucleotidase/CD73 activity. None of the concentraditested, at any time or conditions
of treatment was able to alter the enzyme actiekgluding, therefore, its involvement
in the death of T24 tumor cells (Fig. 7A and B).

Cell death can be induced through certain cellaserfreceptors (Ashkenazi,

Dixit, 1998). It is reported that adenosine recept@an act as mediators of
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angiogenesis, proliferation and may suppress thgcamter immune response

(Spychala, 2000). Moreover, it is demonstrated th&tadenosine receptor is highly

expressed in tumor cells, and depending on itvaan, it has been associated with
pro- or anti-apoptotic events and in cell cycleulagon. Thus, the A3 adenosine

receptor has been considered as a potential tafgeancer therapies, where both
agonists and antagonists represent possible ao#icaherapeutic agents (Kim et al.,

2010). Within this context, we verified the involaent of A3 adenosine receptor in the
QAPF -mediated inhibition of T24 cells proliferatioOur results have denoted that the
A3 adenosine receptor antagonist, MRS1220, di¢hahge the anti-proliferative effect

provoked by QAPF at any time evaluated (Fig. 8A BidSo, these results rule out the
involvement of the ecto-5"-nucleotidase/CD73 arel AB receptor in the death of T24

tumor cell induced by QAPF.

In the development and progression of bladder caneeltiple gene alterations
are involved (Tanaka et al., 2000). PTEN, a tunuppsessor gene, is a multifunctional
phosphatase that antagonizes the PI3K pathway Iphodehorylation of its end
product, the PIP3, being considered the most ilmpobregulatory step of this pathway
(Wu et al., 2004; Saal et al., 2007; Knowles et aD09). Recent studies have
demonstrated that reduced PTEN expression is commmbladder cancer (Knowles et
al., 2009). Within this context, we verified whettaoptosis induced by QAPF in T24
cell line could be due to increase the immunocdntdnPTEN. Our results have
indicated that there was no change in PTEN immumecn, indicating that this
pathway is not involved in the inhibition of T24ogvth, 48 h (Fig. 9B) or 72 h (data not
shown) after treatment.

Another protein that we were interested to invedégwas the extracellular

signal-regulated kinase (ERK). Recently, it hasnbgl®own that the deregulation of the
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ERK cascade results in several diseases, wherdiomgaf the upstream components
of ERK are responsible for more than half of alhaa&s (Wortzel, Seger, 2011).
Analysis of Western blot showed that QAPF treatmisnnot able to change the
phosphorylation/activation of this protein (Fig. PASo, this pathway also is not
involved in the apoptosis induced by QAPF. Morep#RK can phosphorylate many
proteins involved in cell cycle regulation (McCubret al., 2007) and when activated,
promotes cell cycle arrest by induce p21 (Tangl.e2802). In this view, considering

that QAPF does not cause cell cycle arrest andieatnmunocontent of ERK was not
altered, these data are also confirmed.

Currently is clear that overexpression of COX-2isommon feature in various
tumors, including the bladder cancer (Méric et &006; Huang, Chen, 2011).
Numerous preclinical studies recently are demotisgrapromising results with
combination treatments of either chemotherapy drotherapy with COX inhibitors
(Shimada et al.,, 2011). Considering that theseiestudncourage the use of COX
inhibitors as anticancer therapy, we decided evaltie potential possible of QAPF in
inhibit the COX-2 protein. Our results indicatedtttQAPF have a great potential to
inhibit the immunocontent of COX-2 in lower conaanions after 48 h (Fig. 10) and 72
h (Fig. 11) treatment, in the T24 human bladderceanConsidering that smoking is a
major risk factor for the development of bladdenas, it is important to known that
smoking has been shown to induce COX-2 immunoconitena variety of cells,
suggesting its influence on the progression of ¢hiscer. Smoking can also induce the
expression of the COX-2 gene regulator d&;-and changes in NkB downstream
products like VEGF, MMP-9 and cyclin D1 have beémkeéd with proliferation,
angiogenesis, invasion and cell cycle in bladdercea (Huang, Chen, 2011). So, the

inhibition of these factors by use of selective C@Xnhibitors is very important to
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decrease the tumor growth. Thus, we assume that@se activation by QAPF in T24
cells might be mediated through inhibition of COXsihce many experimental studies
have demonstrated the positive relationship betvieeroverexpression of COX-2 and
inhibition of apoptosis (Méric et al., 2006). Img way, it is important to evaluate the
immunocontent of cytoplasmic and nuclear ®B-1o verify if the QAPF would be able
also to alter its immunocontent, since this protemm induces the immunocontent of
COX-2 and a consequently inhibition of NB- can reduce the COX-2 immunocontent
(Lou et al., 2010). Nevertheless, further studies reecessary to give support to this
hypothesis, since previous study has demonstrétgdUncaria tomentosathanolic
extract was able to inhibit the activation of theckear transcription factor NkB
(Allen-Hall et al., 2010).

In summary, among all of the alternative mechanismsstigated, the present
study demonstrated that QAPF, and not OAPF, hageeat potential to inhibit the
proliferation and the viability of T24 and RT4 humbladder cancer cell lines. In T24
cells, QAPF induced apoptosis the expressive inhibition of COX-2. Although furthe
investigation of the exact molecular mechanism ive@ in apoptosis induced by QAPF
Is necessary, we hypothesized that the strongitiantof COX-2 is due to an inhibition
of NF-«B, which is upstream protein to COX-2 and also peomote apoptosis. So the
next step is to study the N&B. Taken together, these results here presenty ithpt
QAPF from Uncaria tomentosamay be a potential therapeutic agent in cancer

treatment.
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LEGENDS TO FIGURES
Figure 1. Effect of crude extract dfncaria tomentosan proliferation of T24 human

bladder cell line. Semi-confluent cells were treatgth crude extract (5, 10, 25, 50, 100
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and 150ug/mL) or DMSO (vehicle group) for 24 and 48 h. (A24 human bladder
cancer cell line treated with 150 pg/mL for 48 hrevebserved under phase-contrast
microscopy (100x) (B) Following, cells were detagheith 0.05% trypsin-EDTA and
counted in a haemocytometer. The values reprekenmneans of three (24 h) and five
(48 h) independent experiments performed in trgpéct SD. The data were analyzed
for statistical significance by one-way ANOVA, folWwed by Tukey post-hoc.

™ Significantly different from DMSOp<0.001).

Figure 2. Effect of oxindole alkaloids purified fraction (%) and quinovic acid
glycosides purified fraction (QAPF) dfincaria tomentosaon proliferation of T24
human bladder cancer cell line. Semi-confluentscelére treated with OAPF (A) or
QAPF (B) at concentration 5, 10, 25, 50, 100 an@ddgd'mL or DMSO (vehicle group)
for 24, 48 and 72 h. Following, cells were detacheth 0.05% trypsin-EDTA and
counted in a haemocytometer. The values repredentniean of at least three
independent experiments performed in triplicate @ She data were analyzed for
statistical significance by one-way ANOVA, followedy Tukey post-hoc.
"Significantly different from DMSO [<0.05). ~ Significantly different from DMSO

(p<0.01).” Significantly different from DMSOp<0.001).

Figure 3. Effect of QAPF on proliferation of RT4 human bladdcancer cell line.
Semi-confluent cells were treated with QAPF (5, 28, 50, 100 and 15(0g/mL) or
DMSO (vehicle group) for 24, 48 and 72 h. Followicglls were detached with 0.05%
trypsin-EDTA and counted in a haemocytometer. Dafaesents the means of three
independent experiments performed in triplicateDt Bata were analyzed for statistical

significance by one-way ANOVA, followed by Tukeysiehoc.” Significantly different
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from DMSO $<0.05).” Significantly different from DMSO[<0.01).”" Significantly

different from DMSO <0.001).

Figure 4. Effect of QAPF on cell viability evaluated by MTassay in cultured T24 (A)
and RT4 (B) human bladder cancer cell lines. THks egere grown on 96-well plate
and, after reaching the semi-confluence, they wesated with QAPF or DMSO
(vehicle group). After 24, 48 and 72 h of treatméhé cell viability was evaluated by
MTT assay as described in Materials and methods.CEH viability was represented in
relation to DMSO cells. Data represent the meansatofleast three independent
experiments performed in triplicate + SD. The datare analyzed for statistical
significance by one-way ANOVA, followed by Tukeysiehoc.” Significantly different
from DMSO $<0.05).” Significantly different from DMSO[<0.01).”" Significantly

different from DMSO <0.001).

Figure 5. Apoptotic effect of QAPF in T24 human bladder cancel line. T24 cells
were treated with DMSO (vehicle group) or QAPF (500 and 150 pg/mL). After 48 h
for treatment, cells were double-stained with ammék and Pl and analyzed by flow
cytometry as described in Material and methods. Jdte setting distinguish between
live (bottom left), necrotic (top left), early apgofic (bottom right) and late apoptotic
(top right) cells. Data are from three independexperiments and the graphs shown

refer to a representative experiment.

Figure 6. Effect of QAPF on cell cycle distribution of T24 than bladder cancer cell
line. T24 cells were treated with DMSO (vehicle gpd or QAPF (50, 100 and 150

pg/mL) for 48 h and its content was analyzed bywfloytometry as described in
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Material and methods. Values are the relative nurobeells in the subG1, G1, S and

G2/M phases of cell cycle. Data are from three peeelent experiments.

Figure 7. Effect of QAPF treatment on the ecto-5"-nucleotd@P73 activity in T24
human bladder cancer cell line. (A) Cells at coerfice were pre-incubated with QAPF
(25, 50, 100 and 15Qg/mL) or DMSO for 10 min. Following, cells were uizated
with AMP 2.0 mM for 30 min as described in Materihd methods. (B) Semi-
confluent cells were treated with QAPF (25, 50, 26d 15Qug/mL) or DMSO (vehicle
group) for 48 h. Soon after cells were incubatethv&AMP 2.0 mM for 30 min as
described in Material and methods. Specific activialues were expressed as nmol
Pi/min/mg of protein. Data represents the meanhoée independent experiments
performed in triplicate + SD. The data were anallyftg statistical significance by one-

way ANOVA, followed by Tukeypost-hoc

Figure 8. Effect of As adenosine receptor antagonist on T24 cell pralifen inhibition
induced by QAPFT24 cells were treated for 24 h (A) and 48 h (B)hwi00 pg/mL
QAPF without or pretreated withsfantagonist MRS 1220 (1mM). Following, cells
were detached with 0.05% trypsin-EDTA and countedai haemocytometer. Data
represent the mean of two independent experimearftsrmed in triplicate £ SD. The
data were analyzed for statistical significanceohg-way ANOVA, followed by Tukey

post-hoc Significantly different from DMSO[<0.05)

Figure 9. QAPF does not alter the ERK phosphorylation (AJ & TEN immunocontent
(B) in T24 human bladder cancer cell line treatetth wifferent concentrations (DMSO,

5, 10, 25, 50, 100 or 150 pg/mL) for 48 h treatmde¢presentative Western blot
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showing the phosphorylation levels of ERK, and immomeontent of PTEN an@-actin.
Quantified band values represent mean + SEM oktlesgperiments normalized fb
actin. The data were analyzed for statistical sicgmce by one-way ANOVA, followed

by Tukeypost-hoc

Figure 10. QAPF inhibit COX-2 immunocontent in T24 human laladcancer cell line
treated with different concentrations (DMSO, 5, 28, 50, 100 or 150 pg/mL) for 48 h
treatment. (A) Representative Western blot showlmgimmunocontent of COX-2 and
B-actin. (B) Quantified band values represent measSEM of three experiments
normalized toB-actin. The data were analyzed for statistical ificance by one-way
ANOVA, followed by Tukeypost-hoc “Significantly different from DMSO {<0.05).

" Significantly different from DMSOp<0.01).

Figure 11. QAPF inhibit COX-2 immunocontent in T24 human ldladcancer cell line
treated with different concentrations (DMSO, 5, 28, 50, 100 or 150 pg/mL) for 72 h
treatment. (A) Representative Western blot showlegimmunocontent of COX-2 and
B-actin. (B) Quantified band values represent measSEM of three experiments
normalized toB-actin. The data were analyzed for statistical ificance by one-way
ANOVA, followed by Tukeypost-hoc “Significantly different from DMSO<0.05).

" Significantly different from DMSOp<0.01).
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FIGURES AND TABLES

Table 1

Content of oxindole alkaloids (OAPF) and quinovaidaglycosides (QAPF) in extract
and purified fractions obtained frobncaria tomentosa

Content mg%

X £SD
Compounds Extract OAPF QAPF
Speciophylline® 0.31+0.01 1.16 £0.10 ND
Uncarine F*? 0.05 +0.02 0.28 +0.11 ND
Mitraphylline @ 0.17£0.01 0.77 £0.03 ND
Isomitraphylline ° 1.00 +£0.10 0.37 £0.04 ND
Pteropodine® 0.60 +0.04 2.48 £0.04 ND
Isopteropodine® 0.30 £0.05 12.08 +0.22 ND
Total petacyclic 1.53+£0.19 6.27 £0.16 ND
oxindole alkaloids®
Total quinovic acid 6.78 £1.38 ND 21.78 £ 0.46
glycosides’

2 expressed as mitraphyllintexpressed as isomitraphyllifeexpressed as the sum of
individual concentrations:expressed ashederin; ND: not detected
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Figure 1
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Figure 2
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Figure 3
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Table 2

The 1Go values of QAPF in T24 and RT4 cells for differ&neiatment times

Time (h) ICs0 (Ug/mL)

T24 RT4
24 192.80 233.86
48 85.07 109.87

72 78.36 99.41
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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Figure 10
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Figure 11
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CAPITULO 2

EFEITO DO TRATAMENTO [N VIVO COM EXTRATO BRUTO (UT),
FRACAO PURIFICADA DE ALCALOIDES OXINDOLICOS (FPAO) E
FRACAO PURIFICADA DE GLICOSIDEOS DO ACIDO QUINOVICO (FPAQ)
DE Uncaria tomentosa (Willd.) DC. SOBRE A CISTITE HEMORRAGICA

INDUZIDA PELA CICLOFOSFAMIDA EM CAMUNDONGOS

Artigo em preparacdo a ser submetido a RevistailBrasde Farmacognosia, apos
conclusao dos experimentos previstos. Aqui seraodaldos os resultados preliminares

obtidos até o momento.
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1. Introducao

A cistite hemorragica € uma condi¢do inflamatérenegalizada da bexiga
(Manikandan et al., 2010) caracterizada por everntdamatorios intensos e
normalmente associada ao uso de farmacos antisemsdacomo a ciclofosfamida
(Bhatia et al., 2006; Bhatia et al., 2008). Paravencdo da ocorréncia da cistite
hemorragica em pacientes sob tratamento com aaséémida, o farmaco Mesna tem
sido utilizado (Batista et al., 2006). No entargste composto ndo tem se mostrado
eficiente em lesdes ja estabelecidas (Morais £1999; Santos Jr et al., 2010), além de
apresentar efeitos adversos como dores de cabeeaéial e reacdes de
hipersensibilidade, especialmente em criancas (&®ndpet al., 1991). Frente a
gravidade dos quadros da cistite hemorragica oagarem pacientes sob tratamento
com o quimioterdpico ciclofosfamida, esta patologeErmanece como um desafio
terapéutico, uma vez que a eficacia dos tratamentaléados ndo é sempre suficiente.
Desta forma, muitas pesquisas tentam encontrar @stog naturais que apresentem
além de baixa toxicidade, eficacia para o fim aal ge destinam (Ma et al., 2006).

Uncaria tomentosa popularmente conhecida como unha-de-gato, congpbe
Relac&o Nacional de Plantas Medicinais de Interagss®US (RENISUS) que tem como
finalidade gerar desenvolvimento, inovacdo e pr@n@ pesquisa na area de plantas
medicinais e fitoterapicos (Macedo, Gemal, 2009).amipla gama de atividades
conferida aUncaria tomentosa& atribuida, principalmente a presenca de trésedas
principais de metabolitos secundarios: polifenéisaléides e derivados triterpénicos
(Keplinger et al., 1999), aos quais também tém sa&lacionados a atividade anti-
inflamatoria da espécie. Os efeitos anti-inflamain vivo foram demonstrados pela
reducdo do dano celular em brénquios de camundam@sadministracdo de decoctos

(Cisneros et al., 2005) e pela reducdo do edenmatdede camundongos e ratos apos
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administracdo de extratos hidroalcodlicos e deoglieos do &cido quindvico,
respectivamente (Aguilar et al., 2002; Aquino et B991). Quanto aos experimentos
vitro, estes relacionam a acgéo anti-inflamatéria a ¢dpde da espécie em modular o
fator transcripcional NkB, inibindo a secrecdo diferencial de TMFe IL-18
(Sandoval-Chacoén et al., 1998; Sandoval et al.02B8@uilar et al., 2002; Sandoval et
al., 2002; Akesson et al., 2003; Allen-Hall et aDQ7; Allen-Hall et al., 2010).
Considerando as inumeras propriedades farmacofdgitiibuidas dJncaria
tomentosa bem como os resultados ja obtidos desta espémigefa atividade anti-
inflamatdria, decidimos investigar o potencial &fderapéutico do extrato bruto (UT),
da fracdo purificada de alcaléides oxinddlicos (BPAe da fragdo purificada de
glicosideos do acido quindvico (FPAQ) em um modelw@ivo de cistite hemorragica

induzida por ciclofosfamida, em comparacéo ao catgpde referéncia Mesna.

2. Material e Métodos

2.1 Animais

Foram utilizados camundongos mach8wiss pesando entre 25 e 30 g,
provenientes do Biotério da Universidade FederalPditas (UFPEL). Os animais
foram mantidos no vivario da PUCRS até atingirepeso desejado, com temperatura
(22 £ 1°C) e umidade (60-70%) controlada, em um cictwoekscuro de 12 h (luzes
acesas as 07h00min; luzes apagadas as 19hOOmimni@ais, mantidos em gaiolas
apropriadas para roedores, preenchidas com masadahpinus em numero de 05
animais por gaiola, receberam racdo peletizadaua &itiradaad libitum Nenhum
procedimento experimental foi realizado no espaestigado a manutencdo dos

animais, a fim de evitar a producéo de qualquerdm estresse comportamental.
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Os experimentos foram conduzidos no Laboratériéatenacologia Aplicada |,
da PUCRS. Durante os procedimentos experimentd&nperatura do laboratério foi
mantida em 22 1 °C. Foi utilizado um tempo minimo de adaptagio@o ambiente
de pelo menos 1 h, no qual os animais continua@amlivre acesso a agua e a racao.
Todos o0s experimentos foram realizados entre O07m00m 19h00min. Os
procedimentos de imobilizacdo, antes dos tratamseoram realizados de acordo com
0s principios descritos por Waynforth e Fleckn@é®94), de forma a nado produzir
estresse ao animal. Nao foram utilizados métodaagéasicos, pois 0s mesmos
poderiam interferir nos parametros a serem avadiaBara eutanasia, foi utilizado o
meétodo de deslocamento cervical, um método altametomendado, que apresenta
rapidez, eficacia e facilidade necessarias paraasicom menos de 100 g.

O projeto foi aprovado pelo Comité de Etica patdso de Animais (CEUA) da
Pontificia Universidade Catodlica do Rio Grande dibs®b o niumero 11/00243 (Anexo

1),

2.2 Obtencéo da matéria-prima vegetal

As cascas dbncaria tomentosacoletadas em Ucayali (Peru), foram fornecidas
pelo Laboratorios Induguimica S.A. de Chorrillosnfa, Peru). O material vegetal
utilizado foi confirmado e certificado pelo bidlogeruano José Ricardo Campos de la
Cruz (Anexo 2).

A obtencdo do extrato bruto e das fracdes puriéisddi realizada no laboratério
do Prof. George Gonzélez Ortega do DepartamentdPmelucdo e Controle de

Medicamentos da Faculdade de Farmacia da UFRGS.
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2.2.1 Obtencéo do extrato bruto

O processo foi realizado de acordo com o precooipad Borré (2010). Cascas
de Uncaria tomentosa secas e rasuradaforam submetidas a um processo de
maceracdo em solucao hidroetandlica (40%, v/v) era proporcao droga:solvente de
1:10 (m/v) por um periodo de 4 dias a temperatordiente. A solucdo extrativa obtida
foi filtrada e posteriormente concentrada em evagbar rotatorio a presséao reduzida em
uma temperatura de 45°C para a eliminagao do gelaganico. A solugéo resultante

foi congelada e posteriormente liofilizada obtesdassim o extrato seco liofilizado.

2.2.2 Obtencéo das fracbes

Apéds a obtencdo do extrato, este foi pré-purificaolm polivinilpirrolidona em
uma razao de 1:10 (w/w) por 60 min. O extrato prafigado foi submetido a um
processo de troca ibnica usando uma coluna pretndum resina anidnica, como
segue: 300 mL de extrato pré-purificado foram dedina coluna e eluidos com 100
mL de solucdo hidroetandlica 40% (v/v), e subsetgueante com 300 mL de tampéo
acetato de amoénio 0,3 M (pH 7,0), 300 mL de solugdooetandlica 80% (v/v). Uma
taxa de fluxo de 5,0 mL/min foi aplicada durantda@ processo. Separadamente, 0s
eluatos obtidos no primeiro passo (eluato de reamanica - ARE) e a solucao
hidroetandlica 80% (FPAO) usada, foram reservad@meseguida concentrados e
liofilizados. A ARE foi submetida a uma fracionarnteerde fase solida usando uma
coluna preenchida com resina de poliestireno caagoes 300 mg de amostra de ARE
foram dissolvidas em 200 mL de agua, vertidas po tia coluna, e sequencialmente
fracionadas com uma mistura metanol:dgua em gradiéde polaridade decrescente.
Uma taxa de fluxo constante foi mantida em 2,5 nib/durante todo o processo. As

fracdes metanol:dgua 90% (v/v) e de metanol forastunadas (FPAQ), concentradas e
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liofilizadas. O conteldo de alcaldides oxinddlicGdados ndo publicados) e de
glicosideos do acido quindvico (Pavei et al., 20423 amostras liofilizadas (extrato,
FPAO, FPAQ) foram determinadas por andlise de HPD®- usando métodos

validados previamente (Tabela 1).

Tabela 1. Quantidade de alcaldides e de glicosideos do apidtmdvico presentes no

extrato bruto e nas fracdes purificadas nas dddesdas para os tratamentosvivo.

EXTRATO BRUTO (mg/Kg)

Dose Alcaldides Glicosideos do

acido quinovico

50 0,77 3,39
200 3,07 13,55

FPAO (mg/Kg)

Dose Alcalodides Glicosideos do

acido quindvico

20 1,25 -
50 3,14 -
100 6,27 -

FPAQ (mg/Kg)

Dose Alcaldides Glicosideos do

acido quindvico

20 - 4,36
50 - 10,89
100 - 21,78
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2.3 Inducao da cistite hemorragica

A inducdo da cistite foi realizada de acordo cotécaica descrita por Wantuch
et al. (2007), através de uma Unica administragd@alofosfamida (300 mg/kg) por via
intraperitoneal (i.p.). Animais controle receberawiucdo salina (NaCl 0,9 %, 10
mL/kg, i.p.) mais o veiculo necessario para soizdgo do tratamento. E descrito que
a administracao i.p. de ciclofosfamida ndo prodegidd ou inflamacdo em outros
tecidos abdominais, exceto da bexiga (Olivar, L&i899).

Diferentes grupos de animais foram tratados conmxteate bruto (UT) de
Uncaria tomentosa(50 ou 200 mg/Kg), com a fracdo purificada de laldas
oxindélicos — FPAO (20, 50 ou 100 mg/Kg), com &&a purificada de glicosideos do
acido quindvico - FPAQ (20, 50 ou 100 mg/Kg) ounco composto de referéncia
Mesna (60 mg/kg) (Kanat et al., 2006), 30 minutoes e, 4 horas depois da aplicacao
da ciclofosfamida. Para os animais tratados conxtmate bruto, além de seguir o
esquema terapéutico descrito acima, foram avaliddas outras formas de tratamento
com a dose de 200 mg/Kg: 1 hora antes e 2 horasaaipdlucdo da cistite, e 30 minutos
antes e 2 horas ap6s a inducdo da cistite. Anic@isrole receberam veiculo nos

mesmos esquemas de administracao.

2.4 Estudo comportamental

A nocicepcdo associada a cistite hemorragica faliada através do método
descrito por Olivar e Laird (1999), com pequenaglifftacdes. Estes experimentos
foram realizados entre 8:00 e 12:00 horas, a fimoemizar as variacdes circadianas
potenciais na resposta comportamental. Imediat@amesppos a aplicacdo de
ciclofosfamida, os camundongos foram observadosntier2 minutos, a cada 30

minutos, em um periodo total de 4 horas. Os segpliparametros comportamentais
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foram avaliados: (i) atividade (caminhar, levargar-nas patas traseiras, escalar,
grooming); (ii) imobilidade; e (iii) comportamentawicativos de nocicepgao visceral.
Também foram avaliados neste mesmo periodo, algar@ametros comportamentais
que foram pontuados conforme segue: 0 = normalpiloerecéo; 2 = forte piloere¢ao;
3 = respiracao forcada; 4 = lamber o abdémen e éstramento ou contragdo do
abddémen, de acordo com a metodologia descrita gm@rte (Olivar, Laird, 1999;
Wantuch et al., 2007). Quando o animal apresentav@s de um destes
comportamentos no periodo de observacdo, era faitasoma dos pontos

correspondentes.

2.5 Andlise das bexigas
Os animais foram submetidos a eutanasia 6 horas apadministracdo de
ciclofosfamida (300 mg/kg, i.p.) e as bexigas foraemovidas para a andlise

macroscopica, conforme a descrigdo a seguir.

2.5.1 Andlise macroscopica
Para a analise macroscoOpica das bexigas foi feitcarte em “Y”, a fim de

visualizar toda a parte interna da mesma. O tetda@nalisado sob uma lupa. A
avaliacdo macroscopica foi realizada de acordo aemritérios estabelecidos por Gray
et al. (1986). A formacédo de edema foi graduadaocdd) severo, quando o fluido
compreendia toda a parte externa e interna dagaeetexiga; (2) moderado, quando o
edema estava confinado na mucosa interna; (1) tavando estava entre normal e
moderado; e (0) auséncia de edema. Para a henagreadiexiga foi graduada da
seguinte forma: presenca de coagulos (3); hemat@maucosa (2); telangiectasia ou

dilatacdo dos vasos da bexiga (1); ou aspecto mqAnaAlém disso, foi avaliado o
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peso umido de cada bexiga e o resultado foi expressio miligrama por 100 g de

animal, como uma medida adicional de edema da &exig

2.6 Andlise estatistica
Os resultados foram expressos como média + EPlsad@s por ANOVA de
uma via seguida do teste de Tukey, usan@aphPad Prism Softwarés diferencas

foram consideradas significativas em relacdo atralenveiculo quandp< 0,05

3. Resultados

3.1 Comportamento nociceptivo induzido pela CYP
A administracao i.p. de CYP (300 mg/Kg) foi cambezinduzir modificacbes

significativas no escore nociceptivo comportamendals camundongos, quando
comparado ao grupo salina (Fig. 1A-C), corroborandm os resultados prévios da
literatura (Olivar, Laird, 1999). Porém, a analisstatistica dos nossos resultados
demonstrou que nenhum dos tratamentos administ@asnimais reduziu de forma
significativa as alteracbes comportamentais indagzigela CYP como a piloerecao, a
dor e a respiracdo forcada. No entanto, uma redpgémal foi observada quando as

fracOes foram administradas, conforme demonstradaguara 1 (B-C).
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Fig. 1. Efeito do extrato bruto (A), FPAO (B) e FPAQ (C) dacaria tomentosaa
resposta nociceptiva induzida pela CYP na cisttmdrragica. Cada coluna representa
a média de seis a oito animais e as linhas vestiginonstram o EP*p<0,001 denota

o valor de significancia da CYP em comparacao adrole salina + veiculo DMSO.
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3.2 Avaliacédo bruta da bexiga

Conforme demonstrado na figura 2 e 3 (A-C), a adinacdo i.p da CYP (300
mg/Kg) resultou em severa hemorragia e edema aydakds camundongos quando
comparados ao grupo salina. De acordo com a ag#alimacroscopica da bexiga, o
composto de referéncia Mesna causou uma inibicgaifisativa da hemorragia
(62,44% + 10,7; 56,79 = 12,34; 67,11 £ 9,63) indazipela CYP (Fig. 2A-C,
respectivamente). No entanto, o extrato brutdJdearia tomentosando seguiu este
mesmo perfil, demonstrando que nas doses e no®reaguterapéuticos testados o
extrato ndo foi capaz de reverter este paramdfro.relacdo a FPAO observou-se um
aumento no quadro hemorragico, que apesar de n&igséicativo foi evidenciado a
medida que a dose era aumentada (Fig. 2B). Coasder que dois grupos de animais
foram tratados somente com a FPAO nas doses de 300 mg/Kg (Fig. 2B) e que
nenhuma alteracdo hemorrgica foi detectada nagdedeéstes animais, a hipotese
destas doses estarem sendo téxicas a bexiga, doiidx Quanto a FPAQ, devido a
grande variacao intra-amostral, ndo se observouc&edsignificativa, apesar de haver
uma diminuicdo superior a 50% na dose de 100 m@Ag 2C). Portanto, o que se
observa apés o tratamento com a FPAQ é uma terdéraiminuicdo da hemorragia,
que devera ser confirmada com a repeticdo dosiexgaios. Ainda, nenhuma alteracéo
foi ocasionada na bexiga dos animais, quando déstam tratados somente com a

FPAQ nas doses de 20 ou 100 mg/Kg.

83



B)

Hemorragia

comparacao ao CYP.

A)

Hemorragia

OAQ R OAQ
X XO \X
OO
&£ &P
& &
> g
O
W ¢
C)
2.5-
Hit
# T l 201 T
Kol
S 1.5
+ %10- +++
I
0.5-
T T T 0.0- T T T
D (D S R R LR R @ QD D D R R KR R
AN O AN
&SSO S T T OSSO
SRR N USRS B
L S L O LSS
O @0 OQ, O@ 09 O@ &R XO v@ QQ/ O,@ QQ
5 & & O & & &

Fig. 2. Efeito do extrato bruto (A), FPAO (B) e FPAQ (C) dacaria tomentosana
hemorragia induzida pela CYP. Cada coluna reprasentédia de seis a oito animais e
as linhas verticais demonstram o Ef<0,05; **h<0,001 denota o valor de
significancia da CYP em comparagdo ao controlenaat veiculo DMSO; p<0,05;

"*p<0,001 denota o valor de significincia do compadtoreferéncia Mesna em

84



Com relagdo a avaliacdo macroscopica do edemarvabses que 0 composto
de referéncia Mesna foi capaz de reverter signifamente o efeito causado pela CYP,
promovendo uma reducdo em torno de 80%. Interessante, observamos que 0
extrato bruto deéJncaria tomentosdoi também capaz de promover reducédo do edema
na dose de 200 mg/Kg (48,95% + 13,4); porém, scamem@ mesmo esquema
terapéutico seguido para os demais tratamentosn{BQtos antes e 4 horas apés a
aplicacdo de CYP) (Fig. 3A). Quanto a FPAO, novamerbservamos um perfil
semelhante aquele obtido para o parametro da hagmronde a FPAO foi incapaz de
reverter as acdes da CYP, sendo que na maior dete,efeito inclusive foi mais
pronunciado que o efeito da ciclofosfamida, apefarndo ser significativamente
diferente (Fig. 3B). Mais uma vez, ndo observamegthuma alteracéo nas bexigas dos
animais tratados somente com a FPAO. Surpreendentema FPAQ reverteu
significativamente os efeitos provocados pela C¥B doses de 50 ou 100 mg/Kg
(73,80% * 16,6 e 84,28% + 15,7, respectivamentglesentando um efeito similar
aguele desencadeado pelo composto de referénciaaM82,54% + 6,9). Na menor
dose (20 mg/Kg), a FPAQ nao protegeu a bexiga dosgcausados pela CYP (Fig.
3C). Ademais, nenhuma alteracao foi observada xigdeos animais, quando tratados

somente com a FPAQ.
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Fig. 3. Efeito do extrato bruto (A), FPAO (B) e FPAQ (C) dacaria tomentosano
edema induzido pela CYP. Cada coluna representadéande seis a oito animais e as
linhas verticais demonstram o EB< 0,05;"p<0,001 denota o valor de significancia
da CYP em comparacdo ao controle salina + veiclMSO; *"p<0,01; **p<0,001

denota o valor de significancia do composto deréef@a Mesna em comparagcao ao

86



CYP; **p<0,01; ***p<0,001 denotam o grau de signdncia dos grupos tratados em

comparacao aos valores de CYP.

O edema induzido pela CYP também foi avaliado asala determinacdo do
peso da bexiga vazia por 100 g de peso corporahndsais tratados com o extrato
bruto ndo demonstraram reducdo significativa n s bexigas, em nenhuma das
doses avaliadas (Fig. 4A). Em relagédo aos animaiados com a FPAO, o mesmo
perfil observado para a hemorragia (Fig. 2B) e maslema (Fig. 3B) foi observado
para o peso das bexigas destes animais (Fig. 4B)omstrando que com 0 aumento da
dose houve um aumento crescente no peso destambe®uanto a FPAQ, este ensaio
de determinacédo do peso da bexiga (Fig. 4C) coatirws resultados obtidos para a
reducdo do edema (Fig. 3C), demonstrando que rses a@le 50 mg/Kg ou 100 mg/Kg
(34,54% + 4,9 e 45,33% + 11,6, respectivamentepesos das bexigas dos animais
tratados com esta fracdo praticamente retornarama@is do peso de uma bexiga

normal, apresentando resultados semelhantes adesobom Mesna (52,08% = 3,0).
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Fig.4. Efeito do extrato bruto (A), FPAO (B) e FPAQ (C) bacaria tomentosano
peso da bexiga dos animais no modelo de cistitotrégica, induzida pela CYP. Cada
coluna representa a média de seis a oito animasdiehas verticais demonstram o EP.
#p<0,01; "p<0,001 denota o valor de significancia da CYP esmpmaracdo ao

+++

controle salina + veiculo DMSO?p<0,01;"p<0,001 denota o valor de significancia
do composto de referéncia Mesna em comparacao & €%H<0,001 denotam o grau
de significancia dos grupos tratados em comparagaealores de CYP.
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3. Discussao

Considerando a ampla utilizagdo de cascas e rdé&Escaria tomentosgpara
inflamacgdes cronicas e doengas do trato urinamejdimos investigar o efeito do
extrato bruto, da fracdo purificada de alcaléidemanlicos (FPAO) e da fracao
purificada de glicosideos do &cido quindvico (FPAd¥sta espécie nos eventos
inflamatdrios e nociceptivos em um modelo de @stémorragica induzida pela CYP
em camundongos. Frente ao comportamento nociceptndwzido pela CYP,
demonstramos que nenhum dos tratamentos admimistridl capaz de reduzir as
alteracdes comportamentais (Fig. 1A-C). Quanto &iser macroscopica das bexigas,
observamos que o extrato brutoldiecaria tomentosaomente foi eficaz em reduzir o
edema induzido pela CYP na maior dose testada r{fJBg) (Fig. 3A). No entanto,
este parametro nao foi confirmado quando o pesbebdgas foi analisado (Fig. 4A).

Para nossa surpresa, a FPAO também ndo demonstlogdp dos demais
parametros avaliados, contradizendo muitos daddgedatura, os quais mostram que
muitas das acdes biologicas dincaria tomentosaestdo relacionadas aos seus
constituintes alcaloidicos (Garcia Prado et al072®ilarski et al., 2007; Rinner et al.,
2009). Ademais, observamos que os animais tratealbsa dose de 50 ou 100 mg/Kg
da FPAO apresentaram hemorragia acentuada (Figo2B),como o edema (Fig 3B) e
0 peso das bexigas (Fig 4B) foram potencializados,comparacdo ao grupo CYP +
salina. No entanto, excluimos a hipétese das dosa@ealiadas serem toxicpsr se
em nivel de sistema urinario, pois 2 grupos de aisifioram tratados somente com esta
fracdo, nas doses de 50 ou 100 mg/Kg, sendo qeenartagia, 0 edema e o peso das
bexigas ndo foram alterados de forma significatAssim, € possivel inferir que de
alguma forma os constituintes da FPAO interagem @mCYP, aumentando os

parametros inflamatorios decorrentes da cistitedngigica.
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Com base na tabela 1, observamos que o0 extrato bdelt/ncaria tomentosa
apresenta praticamente a mesma quantidade deidéogsdo acido quinévico (13,55
mg/Kg) na dose de 200 mg/Kg, semelhante a quamtidadontrada na FPAQ na dose
de 50 mg/Kg (10,89 mg/Kg). Contudo, a FPAQ demaussintensa atividade quando
comparado ao extrato bruto. Atribuimos esta auaédeiatividade do extrato bruto a
presenca de alcal6ide, os quais podem estar impediracdo dos glicosideos do acido
quindvico, uma vez que observamos que a FPAO ams atincentragcbes demonstrou
efeito contrario ao descrito na literatura, quaraa@valiacdo bruta da bexiga foi
realizada. Além disso, se analisarmos o conteuddodéoides no extrato bruto na dose
de 200 mg/Kg (3,07 mg/Kg), observaremos que a gledd de alcalbides presentes na
FPAO na dose de 50 mg/Kg é semelhante (3,14 mg/danpdo suporte a nossa
hipotese.

Em relacdo a atividade anti-inflamatoria observada outros artigos para o
extrato bruto, observamos diferenca quanto ao métattativo empregado, bem como
a concentracao e o tipo de solvente utilizadossutibndo uma comparacdo entre os
estudos.

Quanto a FPAQ, esta se mostrou uma boa candidedadpa prosseguimento

aos estudom vivo, uma vez que foi observada reducao significatovadema (Fig. 3C)
e do peso bruto das bexigas (Fig. 4C), resultamiatvidade similar aguela obtida
com o composto de referéncia Mesna. Quanto a hegiar(Fig. 2C), observamos uma
tendéncia a diminuicdo deste parametro, porém esteltado ainda precisa ser
confirmado.

Recentemente, tem sido sugerido que o BINF IL-13 e a COX-2 estao
diretamente envolvidos na patogénese da cistitec{iiet al., 2009). Considerando que

no estudan vitro com células tumorais de bexigamonstramos que a FPAQ exibiu
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um forte potencial de inibicdo da proteina COX-2emdo em vista, que todos estes
mediadores inflamatorios citados anteriormentergfimosamente regulados pelo NF-
kB, este novamente se torna um marcador atrativagravavelmentan vivo, prevenir

os efeitos colaterais induzidos pela CYP. Maisdsdlestdo sendo realizados a fim de

comprovar esta proposicao.
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4. DISCUSSAO GERAL

Durante séculos, as plantas medicinais represemtarénica fonte de agentes
terapéuticos para o homem (Hostettmann et al., )20D8 fato, estima-se que
aproximadamente 40% dos medicamentos disponiveisenag@éutica moderna sao
desenvolvidos de fontes naturais e, se considesroso farmacos antitumorais e
antimicrobianos, estes constituem aproximadamed® @as drogas desenvolvidas a
partir de produtos da mesma natureza (Yunes, ©Gal2@01). Informacdes obtidas a
partir do conhecimento popular constituem estraggiara investigacdo de plantas
medicinais, uma vez que em torno de 75% dos come@stros naturais empregados na
industria farmacéutica foram isolados seguindoagldg de um dado efeito terapéutico
em humanos (Yunes, Calixto, 2001). Corroborando @stes dados, uma andlise
criteriosa da origem de todos os farmacos anticdmgmvadas pelo Food and Drug
Administration (FDA) entre os anos de 1940 a 208@&n¢éou que o conhecimento sobre
produtos naturais e que os constituintes das atnaram grande influéncia na
descoberta e desenvolvimento de novos farmacosdandr (Newman, Cragg, 2007).
Portanto, frente a varios efeitos colaterais dosd@os atualmente disponiveis, muitas
pesquisas tentam encontrar compostos naturais aoda toxicidade (Ma et al., 2006).
Nesse contexto, este estudo focou na investigagapotencial efeito antitumoral
(Capitulo 1) e do potencial efeito anti-inflamatd(Capitulo 2) do extrato e das fracdes
purificadas deUncaria tomentosaespecialmente da fracdo de glicosideos do acido
quindvico.

Cascas e raizes da espédiecaria tomentosasdo amplamente utilizadas na
medicina tradicional e a padronizacdo das forméscBomerciais desta planta é

baseada no seu conteudo de alcaldides oxindolicos, vez que estes metabdlitos
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representam a classe mais abundante (Keplingdr, t989; Sandoval et al., 2002).
Considerando que varios grupos de pesquisa téntadelague muitas das acdes
bioldgicas deUncaria tomentosastdo relacionadas a seus constituintes alcabsidic
(Garcia Prado et al., 2007; Pilarski et al., 20ifner et al., 2009), e ap0s observarmos
reducdo significativa do numero de células tumocpiando tratadas com o extrato
bruto por 48 h (Fig. 1A e B) (Capitulo 1), decidsrinvestigar a proliferacéo celular em
linhagem de cancer de bexiga humano T24 usanddragg&o purificada de alcaldides
oxinddlicos (FPAO) e uma fragdo purificada de glideos do acido quindvico
(FPAQ). Surpreendentemente a FPAO néo alterou Bfepagdo celular (Fig. 2A),
enquanto que a FPAQ significativamente inibiu scirmento da linhagem celular T24
(Fig. 2B). O mesmo perfil foi encontrado para &digem RT4, quando as células foram
tratadas com a FPAQ (Fig. 3). Como somente a FP&@Qodstrou potencial para inibir
a proliferacéo celular, decidimos avaliar a vialsitie destas duas linhagens celulares
quando tratadas com esta fragdo, com o intuito adirmar nossos resultados. Os
resultados obtidos demonstraram que a FPAQ inivialalidade celular em ambas as
linhagens testadas, sendo que na T24 uma Iinibigioficativa foi observada na
concentracdo de 100 pg/mL apds 48 h de tratam€igo4A). Este resultado esta de
acordo com estudos prévios ondgracaria tomentoséem demonstrado habilidade em
inibir o crescimento de uma variedade de linhagemsrais (Sheng et al., 1998; Riva
et al., 2001; De Martino et al., 2006; Garcia Predal., 2007; Pilarski et al., 2010).
Contraditoriamente a muitos estudos, nossos remsltado consistentes com o
estudo realizado por Sandoval et al. (2002), ossglEmonstraram que o contetdo de
alcaléides néao influencia nas propriedades antimitorias e antioxidantes tacaria
tomentosa No estudo conduzido por Sandoval et al. (2002)agbes bioldgicas de

Uncaria tomentosa& Uncaria guianensigoram comparadas, demonstrando que nesta
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tltima, o conteudo de alcalbides presentes é pratiate negligenciavel (em torno de
35 vezes menor) quando comparaddrearia tomentosalnteressantementéincaria
guianensigdemonstrou agdes bioldgicas superiores, dificdtiam entendimento de que
estes efeitos sejam resultado de seus constitwatta®idicos. Ademais, neste mesmo
estudo, fragbes ndo-alcaloidicasUiecaria tomentosdoram avaliadas e apresentaram
atividade bioldgica (inibicdo da producdo de T&E-de Oxido nitrico), demonstrando
que tais efeitos parecem estar sendo mediadosupstasicias distintas dos alcaldides
oxindélicos. Outro estudo recente, também questi@aeeracidade da associacdo entre
a atividade anticancer déncaria tomentos& o seu contetdo de alcaldides (Pilarski et
al., 2010). Com base em nossos resultados expddaisatados aos dados da literatura,
a explicacdo da atividade anticancer estar sonassieciada ao contetdo de alcaldides
presentes na espeédincaria tomentosgode ser equivocada. Provavelmente, outros
metabodlitos como os glicosideos do acido quinov&unbém sdo responsaveis pelas
acoes farmacoldgicas déncaria tomentosaagindo sozinhos ou em associagdo com
outros grupos quimicos como demonstrado no presaiiaho.

Uma caracteristica importante para um potenciand@o antitumoral é a
habilidade de induzir apoptose nas células carermiy(Cheng et al., 2007; Lee et al.,
2009). A apoptose é um processo bioguimico esdem@tvo que se caracteriza por
morte celular programada para a manutengdo da lsbasé necessaria e para a defesa
contra inumeras doencas (Sheng et al., 2000a; Céieal, 2007). Com o intuito de
investigar o tipo de morte induzido pela FPAQ, msaahos por citometria de fluxo o
mecanismo que poderia explicar a diminuicdo daifpratdo celular observada na
linhagem T24. Observamos que a linhagem T24 trataddose de 150 ug/mL com a
FPAQ apresentou morte celular apoptética (Fig.eS)ando de acordo com os dados

demonstrados previamente na literatura (Bachel.,e2@06; De Martino et al., 2006;
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Cheng et al., 2007; Rinner et al.,, 2009). Estudwicam queUncaria tomentosa
promove bloqueio no ciclo celular na fase GO/GIG@iM, dependendo do extrato, da
fracdo ou do composto isolado utilizado (Bachexl €2006; Cheng et al., 2007; Rinner
et al., 2009; Pilarski et al., 2010). Outros awton@or sua vez, demonstram que esta
espécie ndo induz parada no ciclo celular (Akessal., 2003a; Pilarski et al., 2010).
De acordo com estes dois ultimos estudos, nés degraomos que a FPAQ déncaria
tomentosando induz parada no ciclo celular (Fig. 6). Prolmeste ndo observamos
parada no ciclo celular no presente estudo pordilizammos uma fracdo purificada
contendo somente glicosideos do acido quindvicddlBa 1), diferentemente dos
demais estudos onde foram utilizados alcaldidekdss, fracbes de alcaldides ou
diferentes extratos dgncaria tomentosaAlém disso, uma comparacdo direta entre
estudos é muito dificil, uma vez que a composigeaxktratos pode variar conforme o
método extrativo empregado, resultando em difeserdgspostas celulares. Ainda ha a
guestdo da variabilidade sazonal e regional daal@ilen-Hall et al., 2010; Pilarski et
al., 2010). Ademais, é importante ressaltar quema#ria das vezes, a resposta da
célula tumoral a uma droga citotoxica é uma paradaciclo celular, o que é
considerado uma das raz6es mais frequentes dadaiefida quimioterapia, uma vez
gue a célula cancerigena pode continuar sua aliwigeoliferativa apos a retirada da
droga. Com base nessas evidéncias, as pesquisded#&mto na descoberta de drogas
que seletivamente induzam a apoptose em célulasréisnque estdo em proliferacéo
(Cheng et al., 2007; Pilarski et al., 2010). Defssma, nossos resultados preliminares
sugerem que a toxicidade celular da FPAQ sobrélatas T24 pode ser causada por
morte apoptética e ndo por parada no ciclo celdlazendo perspectivas para a

continuidade do estudo.
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Uma enzima amplamente distribuida e com alta egsgcesm muitos tumores
sélidos é a ecto-5"-nucleotidase/CD73. Esta enzémeesponsavel por catalisar a
hidrolise de nucleosideos monofosfatados a adem@Zimmermann, 1992; Spychala,
2000). Além de sua funcéo catalitica, esta enziarage estar envolvida com eventos
de adesao, promovendo invasao tumoral e o desemesito do cancer (Sadej et al.,
2006; Zhou et al., 2007; Bavaresco et al., 200@)ls5et al. (2009) demonstraram que a
ecto-5"-nucleotidase/CD73 provavelmente esta eialva tumorigénese do cancer de
bexiga, como ja evidenciado em outras células taimoNesse contexto, avaliamos se a
FPAQ seria capaz de alterar a atividade desta enzMo entanto, nenhuma das
concentracdes testadas, em nenhum tempo ou cortiigéatamento avaliado foi capaz
de alterar a atividade enzimética da ecto-5-ntidase/CD73, excluindo, desta
maneira, seu envolvimento na morte das célulasraim®24 (Fig. 7A e B).

Como j& demonstrado, a morte celular pode ser idduatravés de certos
receptores de superficie celular (Ashkenazi, Db98). E relatado que receptores de
adenosina podem agir como mediadores de angiogédeseproliferacdo e podem
também suprimir a resposta imunoldgica anticanspyc¢hala, 2000). Além disso, tem
sido demonstrado que receptores de adenosina A8ltsdioente expressos em células
tumorais e, dependendo de sua ativacdo, tém sidociados a eventos pro- e
antiapoptoticos, além da regulacéo do ciclo cel#lasim, receptores de adenosina A3
sao considerados potenciais marcadores para tedap@ancer, uma vez que tanto
agonistas gquanto antagonistas podem representampassivel agente terapéutico
anticancer (Kim et al., 2010). Neste contexto, iavabs o envolvimento do receptor de
adenosina Ada inibicdo mediada pela FPAQ na proliferacdo @éhslas T24. Nossos
resultados demonstraram que o antagonista do ceadptadenosina A3, o MRS 1220,

nao alterou o efeito antiproliferativo induzido @eFPAQ em nenhum dos tempos
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avaliados (Fig.8A e B). Assim, estes resultadoduexe o envolvimento da enzima
ecto-5"-nucleotidase/CD73 e do receptor de adeadsdna morte das células tumorais
T24, induzida pela FPAQ.

No desenvolvimento e na progressédo do cancer dgabexiltiplas alteracdes
genéticas estdo envolvidas (Tanaka et al., 2000BNP um gene supressor tumoral, é
uma fosfatase multifuncional que antagoniza a \@aaRd3K por desfosforilar seu
produto final, o PIP3, sendo considerado um pasgolatdrio muito importante (Wu et
al., 2004; Saal et al., 2007; Knowles et al., 2008)a vez que a perda de atividade da
PTEN leva a permanente ativacdo da via de sindlizag PI3K/Akt (Osaki et al.,
2004). Estudos tém demonstrado que a expressaaidadda PTEN é comum em
cancer de bexiga (Knowles et al., 2009). Considkrasta informacao, investigamos se
a apoptose induzida pela FPAQ nas células T24 f@odstar relacionada ao aumento
do imunoconteudo da PTEN. Contudo, nossos resugltadiolenciaram que ndo houve
alteracdo no imunoconteudo da proteina PTEN, indicaque esta via ndo esta
envolvida na inibicdo das células T24 depois den4@&ig. 9B) e 72 h (dados né&o
mostrados) de tratamento.

Outra proteina investigada foi a ERK (cinase redpia de sinal extracelular).
Recentemente, tem sido demonstrado que a desragudagcascata da ERK resulta em
vérias doencas, cujas muta¢cfes de componapstseamda ERK séo responsaveis por
mais da metade de todos os canceres (Wortzel, SXifek). A analise dé/estern blot
demonstrou que o tratamento com a FPAQ n&do foi zcagda alterar a
fosforilacdo/ativacdo desta proteina (Fig. 9A). tBdsrma, esta via também ndo esté
envolvida na apoptose induzida pela FPAQ. AlémadiasERK pode fosforilar muitas
proteinas envolvidas na regulacdo do ciclo cel(NeoCubrey et al., 2007) e quando

ativada, promover parada no ciclo por inducdo da(pang et al., 2002). Neste sentido,
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considerando que a FPAQ néo causou parada noceicliar e que o imunocontetdo da
ERK néao foi alterado, estes dados se confirmam.

Atualmente é amplamente estabelecido que a supessgw da ciclooxigenase-
2 (COX-2) é uma caracteristica comum em varios tesjoncluindo o cancer de bexiga
(Méric et al., 2006; Huang, Chen, 2011). Numerosssudos pré-clinicos tém
demonstrado resultados promissores com tratamentobinados de quimioterapicos
e/ou radioterapicos com inibidores da COX (Shimatal., 2011). Uma vez que tais
estudos encorajam o uso de inibidores da COX carapia anticancer, decidimos
avaliar o possivel potencial da FPAQ em inibir atgina COX-2. Nossos resultados
indicaram que a FPAQ exerce um potencial efeitoitiirio sobre a COX-2 em baixas
concentracdes depois de 48 e 72 h de tratament@nuer de bexiga humano T24 (Fig.
10 e 11). Uma vez que o tabaco € o maior fatorist® para o desenvolvimento do
cancer de bexiga, é importante salientar que telm svidenciado que o tabagismo
induz o imunoconteddo da COX-2 em uma variedadecd@alas, sugerindo sua
influéncia na progressdo deste cancer. Tabagismobém pode induzir o
imunocontetdo do gene regulador da COX-2, oxBF-e alteracdes nos produtos
downstreamdeste gene, como VEGF, MMP-9 e ciclina D1 tém sidsociados com
proliferacéo, angiogénese, invaséo e ciclo celntacancer de bexiga (Huang, Chen,
2011). De fato, a inibicAo destes fatores pelodesanibidores seletivos da COX-2 é
essencial para diminuir o crescimento tumoral. ASEASSUMIMOS que a ativacdo da
apoptose pela FPAQ nas células T24 pode ser mediatka inibicdo da COX-2, uma
vez que muitos estudos experimentais tém demowstaadelacédo positiva entre a
superexpressdo da COX-2 e a inibicdo da apoptogseidMt al., 2006). Contudo, no
momento se torna necessario avaliar o imunoconteddo NFkxB nuclear e

citoplasmatico para verificar se a FPAQ também asetapaz de alterar seu
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imunocontetdo, uma vez que esta proteina podeimalimunoconteddo da COX-2 e,
uma consequente inibicdo do MB-poderia levar a uma reducdo no imunocontetdo
desta ciclooxigenase (Lou et al., 2010), conduzim#sta forma, a morte apoptética.
Estudos prévios tém demonstrado que o extrato letande Uncaria tomentosdoi
capaz de inibir a ativagdo do fator nuclear trapsmmal NF«xB (Allen-Hall et al.,
2010). Assim, uma vez que observamos que tantdratexoruto quanto a FPAQ de
Uncaria tomentosanibem a proliferacdo de células tumorais de kexgypomos que
estes possam estar interferindo com alguma viarndadransdugao de sinal, como o
NF-kB, controlando o crescimento celular e/ou divishiagerimos que a inibicdo deste
gene poderia, a0 menos parcialmente, causar gaoiloia proliferacéo celular, uma vez
que no cancer, a proliferacdo ocorre via produgéal lde fatores de crescimento, 0s
quais sdo eventos regulados por vérios fatoresadedricdo, como o NkB (Sandoval

et al.,, 2002). No entanto, estudos complementadiesnecessarios para dar suporte a
esta hipotese.

Em resumo, no Capitulo 1, demonstramos que a FRA@p a FPAO, tem um
grande potencial para inibir a proliferacdo e @Nidade das linhagens celulares de
cancer de bexiga humano T24 e RT4. Nas células 8P AQ induziu apoptose por
inibicdo da proteina COX-2. Embora mais investigac8ejam necessarias para a
compreensao do exato mecanismo molecular envoluaapoptose induzida pela
FPAQ, noés hipotetizamos que o forte efeito inibitdda COX-2 seja devido a uma
inibicAo do NFkB, o qual é uma proteinapstreamda COX-2 e também pode
promover a apoptose.

Conforme comentando anteriormente, devido a amplaagdo de cascas e
raizes ddJncaria tomentosgara inflamagdes crénicas e doencas do trato wjnéw

Capitulo 2, decidimos investigar o efeito do extrbtuto, da FPAO e da FPAQ de
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Uncaria tomentosanos eventos inflamatorios e nociceptivos em umeatmde cistite
hemorrégica induzida pela ciclofosfamida em camuogds. Frente ao comportamento
nociceptivo induzido pela CYP, demonstramos que humen dos tratamentos
administrados foi capaz de reduzir as alteracegpodamentais (Fig. 1A-C). Quanto a
analise macroscopica das bexigas, observamos gextrato bruto deUncaria
tomentosasomente foi eficaz em reduzir o edema induzido @& na maior dose
testada (200 mg/Kg) (Fig. 3A). No entanto, est@peatro nao foi confirmado quando o
peso das bexigas foi analisado (Fig. 4A).

Assim como nos experiment@s vitro apresentados no Capitulo 1, a FPAO
novamente ndo demonstrou reducéo dos demais paodnataliados, contradizendo
muitos dados da literatura, os quais mostram quaasuwas acdes bioldgicas da
Uncaria tomentosa&stéo relacionadas aos seus constituintes alwalsifGarcia Prado
et al.,, 2007; Pilarski et al., 2007; Rinner et @8D09). Ademais, observamos que 0s
animais tratados com a dose de 50 ou 100 mg/KgPdeOFapresentaram hemorragia
acentuada (Fig 2B), bem como o edema (Fig 3B) eso pas bexigas (Fig 4B) foram
potencializados, em comparacdo ao grupo CYP +asallo entanto, excluimos a
hipotese das dosagens avaliadas serem téop@&aseem nivel de sistema urinario, pois
2 grupos de animais foram tratados somente comfrasi@, nas doses de 50 ou 100
mg/Kg, sendo que a hemorragia, o edema e 0 pesioedagas n&do foram alterados de
forma significativa. Assim, é possivel inferir qde alguma forma os constituintes da
FPAO interagem com a CYP, aumentando os paramiefiamatérios decorrentes da
cistite hemorragica.

Com base na Tabela 1, observamos que o extrato deltncaria tomentosa
apresenta praticamente a mesma quantidade deidéossdo acido quinévico (13,55

mg/Kg) na dose de 200 mg/Kg, semelhante a quamtidadontrada na FPAQ na dose
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de 50 mg/Kg (10,89 mg/Kg). Contudo, a FPAQ demaussintensa atividade quando

comparado ao extrato bruto. Atribuimos esta auaédeiatividade do extrato bruto a
presenca de alcaldides, os quais podem estar ingmediacao dos glicosideos do &cido
quindvico, uma vez que observamos que a FPAO eams atincentragcbes demonstrou
efeito contrario ao descrito na literatura, quaraa@valiacdo bruta da bexiga foi

realizada. Além disso, se analisarmos o conteuddodéoides no extrato bruto na dose
de 200 mg/Kg (3,07 mg/Kg), observaremos que a gledd de alcalbides presentes na
FPAO na dose de 50 mg/Kg é semelhante (3,14 mg/danpdo suporte a nossa

hipotese.

Em relacdo a atividade anti-inflamatoéria observada outros artigos para o
extrato bruto, observamos diferenca quanto ao méattativo empregado, bem como
a concentracao e o tipo de solvente utilizadossutibndo uma comparacao entre os
estudos.

Quanto a FPAQ, esta se mostrou uma boa candidedadpa prosseguimento

aos estudom vivo, uma vez que foi observada reducao significatovadema (Fig. 3C)
e do peso bruto das bexigas (Fig. 4C), resultamiatvidade similar aguela obtida
com o composto de referéncia Mesna. Quanto a hegiar(Fig. 2C), observamos uma
tendéncia a diminuicdo deste parametro, porém eteltado ainda precisa ser
confirmado.

Recentemente, tem sido sugerido que o BINE IL-13 e a COX-2 estao
diretamente envolvidos na patogénese da cistitec{iiet al., 2009). Considerando que
no estudain vitro com células tumorais de bexiga (Capitulod&émonstramos que a
FPAQ exibiu um forte potencial de inibicdo da phaéeCOX-2 (Fig. 10 e 11) e, tendo
em vista, que todos estes mediadores inflamatécitsdos anteriormente sédo

rigorosamente regulados pelo MB; este novamente se torna um marcador atrativo
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para provavelmentén vivo (Capitulo 2), prevenir os efeitos colaterais indog pela
CYP. Apesar de mais estudos estarem sendo reaizadiom de comprovar esta
proposi¢cdo, os resultados aqui apresentados sugguema FPAQ deUncaria
tomentosgode, no futuro, se tornar um agente terapéutitenpa@l no tratamento de

tumores e inflamacdes da bexiga.
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5. CONCLUSOES

- As fracOes purificadas déncaria tomentosapresentaram perfis distintos,
sendo a fracdo purificada de glicosideos do aaidloogico (FPAQ) mais efetiva que a
fracao purificada de alcaldides oxinddlicos (FPA@jto para as avaliagdes realizadas
no modeloin vitro de tumor de bexigguanto para as avalia¢cdes realizadas no modelo
in vivode cistite hemorragica;

- A FPAQ inibiu a proliferacdo e a viabilidade daludas linhagens T24 e RT4
de tumor de bexiga humana com inducdo de apoptesmearada no ciclo celular na
linhagem T24;

- A FPAQ causou inibicdo expressiva da proteina €0Xem promover
alteracdo no imunoconteudo das proteinas PTEN erzERKhagem T24;

- O tratamento das células T24 com a FPAQ naooaltaratividade da enzima
ecto-5"-nucleotidase/CD73 nem a sinalizacado dgtecele adenosina A3;

- Na avaliagéo da atividade nociceptiva e anteimétoria em modelo de cistite
hemorrégica induzida pela ciclofosfamida em camungdse, a FPAQ foi a mais efetiva
promovendo uma reducao significativa do edema @edm das bexigas dos animais

tratados.
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6. PERSPECTIVAS

Com o intuito de elucidarmos os mecanismos pela@sscau FPAQ exerce suas

acOes, nossas perspectivas para a continuacaesknpe estudo sao:

Linhagens celulares de tumor de bexiga:

- Avaliar o efeito da FPAQ no ciclo celular, no dipde morte e no
imunocontetdo das proteinas PTEN, ERK e COX-1/CG¥é&2nhagem RT4, a fim de
realizarmos uma comparacéao entre as duas linhagenares de cancer de bexiga;

- Avaliar na linhagem T24 o imunocontetdo das pneie PTEN e ERK em
tempos mais iniciais aos tempos aqui avaliados, weaague nos tempos de 48 e 72 h
essas proteinas ja podem ter retornado aos niasdsésh

- Avaliar o imunoconteudo citoplasmatico e nucléamlNF«B na linhagem T24,
com o intuito de tentar elucidar o mecanismo pelal @ FPAQ esta levando a morte
celular,;

- Avaliar o envolvimento da via da PI3K/Akt, consiendo que varios estudos

tém demonstrado mutacdes e alteracbes génicasvieesiacancer de bexiga.

Modelo de cistite hemorragica induzida pela CYP:

- Analisar através de andlise histologica a migracé@lular de neutréfilos e
macrofagos e as camadas teciduais da bexiga apgtamento com a FPAQ;

- Avaliar a producéo local de citocinas como T&le-IL-18, ap0Os tratamento
com a FPAQ;

- Avaliar o imunocontetudo da COX-2 (imuno-histogigane Western blgte do

NF-xB (Western blgtna bexiga dos animais tratados;
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- Avaliar a expressdo da enzima ecto-5"nucleoti@d3é3 na bexiga dos

animais com cistite hemorragica induzida pela CHp@&s tratamento com a FPAQ.
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10. ANEXOS

1. APROVACAO COMITE DE ETICA

s
W CE . Pontificia Universidade Catolica do Rio Grande do Sul
oot PRO-REITORIA DE PESQUISA E POS-GRADUACAQ
PUCH j COMISSAQ DE ETICA NO USO DE ANIMAIS
Oficio 127/11 - CEUA Porto Alegre, 03 de outubro de 2011.

Senhora Pesquisadora:

A Comissdo de Etica no Uso de Animais da PUCRS apreciou e
aprovou seu protocolo de pesquisa, registro CEUA 11/00243 intitulado:
“Efeito do tratamento in vivo com fra¢oes purificadas bioativas de
Uncaria Tomentosa (WILLD) DC. sobre a cistite hemorragica
induzida por ciclofosfamida”.

Sua investigacdo estd autorizada a partir da presente data.

Atenciosamente,

-

AADAAA A Ui
Profa. Dra. Anamaria Go%alves Feijo
Coordenadora da CEUA/PUCRS

Ilma. Sra.

Profa. Fernanda Bueno Morrone
FFARM

Nesta Universidade

Campus Central

PUC . : Av: Ipiranga, 6690 -~ Prédio 60, sala 314

CEP: 90610-000
Fone/Fax: (51) 3320-3345
E-mail: ceua@pucrs.br
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2. LAUDO DE CERTIFICACAO BOTANICA E AUTORIZAGCAO DE

IMPORTACAO

CERTIFICACION BOTANICA

José Ricardo Campos de la Cruz. Bilogo Colegiado. C. B. P. # 2796

Certifica:

Que, la muestra vegetal conocida como “mfia de gato”, proporcionada por
LABORATORIOS INDUQUIMICA S. A. con RUC # 20101364152, ha sido
estudiada y determinada cientificamente como: Uncaria tomentosa (Willdenow ex.
Roemer & Schultes.) DC. Y en base al Sistema de Clasificacion de Arthur
Cronquist et. al. 1981 se ubica en las siguientes categorias taxondmicas.

DIVISION : MAGNOLIOPHYTA

CLASE : MAGNOLIOPSIDA

SUBCLASE : ASTERIDAE

ORDEN : RUBIALES

FAMILIA : RUBIACEAE

GENERO : Uncaria Schreb.

ESPECIE : Uncaria tomentosa (Willd. ex. Roem. & Schult.) DC.

Nombre vulgar: “Ufia de gato”

Se expide la presente certificacién a sohc1tud de la empresa para los fines. que
estime conveniente.

Luna,OSJumodelZOOG - e
Jiron Sanchez Silva # 156 Urbamzacmn Santa Luzmxla o i ;
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S

e e i N2 007892 -AG-INRENA

INRENA

PERMISO PARA FAUNA Y FLORA SILVESTRE

Este permiso debe adjuntarse con los especimenes y/o productos a
exportar, importar o re-exportar.

[X] exporTacion  [] MporTACION [ ] RE-EXPORTACION

Vélido por 60 dias calendarios

Nwitvs : LABORATORIOS INDUQUIMICA S.A.
S . Calle Santa Lucila N°® 152-154 Urb. Villa Marina, Chorrillos.
Domicilio . Lima - Perg
Documento de Identidad :  RUCN’20101364152
Producto (s)
URA DE GATO (Uncaria fomentosa)

Cantidad: 5 kg de corteza molida de ufia de gato,
PRODUCTO CON FINES COMERCIALES

Los derechos otorgados sobre los recursos bioldgicos no otorgan derechas sobre los recursas genéticos
contenidos en ellos (Art. 1, inciso f del Decreto Supremo 014-2001 -AG). )

. fi.
Lugar de Procedencia Ucayali
. Gec !
Destinatario eorge Gonzéles Ortega
Avenida Ipi 2752, 80610, A i
Direccion ; BR%‘SI;L piranga 2752, 90610.000 Porto Alegre ~ RS
2006

O 1 Tkt
ol

FECHA: "37’%3 & g
HORA : $ife 3?""""

Aeda we gqo- 9&
S A N gsmeqRlfSY

Eltitular del presente permiso conoce las disposiciones legales vigentsg en lamateria y es responsable de su
cumplimiento y sujeto a las sanciones correspondientes en casa del incumplimiento total o parcial,
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DESCRIPTION

The Journal of Ethnopharmacology is dedicated to the exchange of information and understandings
about people's use of plants, fungi, animals, microorganisms and minerals and their biological and
pharmacological effects based on the principles established through international conventions. Early
people confronted with illness and disease, discovered a wealth of useful therapeutic agents in the
plant and animal kingdoms. The empirical knowledge of these medicinal substances and their toxic
potential was passed on by oral tradition and sometimes recorded in herbals and other texts on
materia medica. Many valuable drugs of today (e.g., atropine, ephedrine, tubocurarine, digoxin,
reserpine) came into use through the study of indigenous remedies. Chemists continue to use
plant-derived drugs (e.g., morphine, taxol, physostigmine, quinidine, emetine) as prototypes in their
attempts to develop more effective and less toxic medicinals.

In recent years the preservation of local knowledge, the promotion of indigenous medical systems
in primary health care, and the conservation of biodiversity have become even more of a
concern to all scientists working at the interface of social and natural sciences but especially to
ethnopharmacologists. Recognizing the sovereign rights of States over their natural resources,
ethnopharmacologists are particularly concerned with local people's rights to further use and develop
their autochthonous resources.

Accordingly, today's ethnopharmacological research embraces the multidisciplinary effort in the:

+ documentation of indigenous medical knowledge,

¢ scientific study of indigenous medicines in order to contribute in the long-run to improved health
care in the regions of study, as well as

e search for pharmacologically unique principles from existing indigenous remedies.

The Journal of Ethnopharmacology publishes original articles concerned with the observation and
experimental investigation of the biological activities of plant and animal substances used in the
traditional medicine of past and present cultures. The journal will particularly welcome interdisciplinary
papers with an ethnopharmacological, an ethnobotanical or an ethnochemical approach to
the study of indigenous drugs. Reports of anthropological and ethnobotanical field studies fall
within the journal's scope. Studies involving pharmacological and toxicological mechanisms
of action are especially welcome. Clinical studies on efficacy will be considered if contributing
to the understanding of specific ethnopharmacological problems. The journal welcomes review
articles in the above mentioned fields especially those highlighting the multi-disciplinary nature of
ethnopharmacology. Commentaries are by invitation only.
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GUIDE FOR AUTHORS

INTRODUCTION

The Journal of Ethnopharmacology is dedicated to the exchange of information and understandings
about people's use of plants, fungi, animals, microorganisms and minerals and their biological and
pharmacological effects based on the principles established through international conventions. Early
people, confronted with illness and disease, discovered a wealth of useful therapeutic agents in
the plant and animal kingdoms. The empirical knowledge of these medicinal substances and their
toxic potential was passed on by oral tradition and sometimes recorded in herbals and other texts
on materia medica. Many valuable drugs of today (e.g., atropine, ephedrine, tubocurarine, digoxin,
reserpine) came into use through the study of indigenous remedies. Chemists continue to use
plant-derived drugs (e.g., morphine, taxol, physostigmine, quinidine, emetine) as prototypes in their
attempts to develop more effective and less toxic medicinals.

Please note that figures and tables should be embedded in the text as close as possible to
where they are initially cited. It is also mandatory to upload separate graphic and table files as
these will be required if your manuscript is accepted for publication.

Classification of your paper

Please note that upon submitting your article you will have to select at least one classification and
at least three of the given keywords. You can preview the list of classifications and keywords
(here). This information is needed by the Editors to more quickly process your article. In addition to
this, you can submit free keywords as described below under "Keywords".

The Editors and Editorial Board have developed the "Rules of 5" for publishing in JEP. We have produced
five clear criteria that each author needs to think about before submitting a manuscript and setting
the whole process of editing and reviewing at work. Click here.

For more details on how to write a world class paper, please visit our Pharmacology Author Resources
page.

Authors are encouraged to submit video material or animation sequences to support and
enhance your scientific research. For more information please see the paragraph on video data below.

The Journal of Ethnopharmacology will accept the following contributions:

1. Original research articles - whose length is not limited and should include Title, Abstract, Methods
and Materials, Results, Discussion, Conclusions, Acknowledgements and References. As a guideline,
a full length paper normally occupies no more than 10 printed pages of the journal, including tables
and illustrations.

2. Ethnopharmacological communications (formerly Short Communications) - whose average length
is not more than 4 pages in print (approx. 2000-2300 words, including abstract and references). A
maximum of 2 illustrations (figures or tables) is allowed. See paragraph below for description and
format.

3. Letters to the Editors.

4. Reviews - Authors intending to write review articles should consult and send an outline to the
Reviews Editor (see inside front cover for contact information) before preparing their manuscripts.
The organization and subdivision of review articles can be arranged at the author's discretion. Authors
should keep in mind that a good review sets the trend and direction of future research on the subject
matter being reviewed. Tables, figures and references are to be arranged in the same way as research
articles in the journal. Reviews on topics that address cutting-edge problems are particularly welcome.
5. Book reviews - Books for review should be sent to the Reviews Editor.

6. Commentaries - invited, peer-reviewed, critical discussion about crucial aspects of the field but
most importantly methodological and conceptual-theoretical developments in the field and should
also provide a standard, for example, for pharmacological methods to be used in papers in the
Journal of Ethnopharmacology. The scientific dialogue differs greatly in the social / cultural and
natural sciences, the discussions about the common foundations of the field are ongoing and the
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papers published should contribute to a transdisciplinary and muiltidisciplinary discussion. The length
should be a maximum of 2-3 printed pages or 2500 words. Please contact the Reviews Editor
j.ethnopharmacol@pharmacy.ac.uk with an outline.

7. Conference announcements and news.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/ethicalguidelines.

In the covering letter, the author must also declare that the study was performed according to the
international, national and institutional rules considering animal experiments, clinical studies and
biodiversity rights. See below for further information. The ethnopharmacological importance of the
study must also be explained in the cover letter.

Animal and clinical studies - Investigations using experimental animals must state in the Methods
section that the research was conducted in accordance with the internationally accepted principles
for laboratory animal use and care as found in for example the European Community guidelines (EEC
Directive of 1986; 86/609/EEC) or the US guidelines (NIH publication #85-23, revised in 1985).
Investigations with human subjects must state in the Methods section that the research followed
guidelines of the Declaration of Helsinki and Tokyo for humans, and was approved by the institutional
human experimentation committee or equivalent, and that informed consent was obtained. The
Editors will reject papers if there is any doubt about the suitability of the animal or human procedures
used.

Biodiversity rights - Each country has its own rights on its biodiversity. Consequently for studying
plants one needs to follow the international, national and institutional rules concerning the biodiversity
rights.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis), that it is not
under consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that,
if accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder. To verify
originality, your article may be checked by the originality detection software iThenticate. See also
http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who
must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

AUTHOR INFORMATION PACK 20 Feb 2012 www.elsevier.com/locate/jethpharm 5

140



Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (for
more information on this and copyright see http://www.elsevier.com/copyright). Acceptance of the
agreement will ensure the widest possible dissemination of information. An e-mail will be sent to
the corresponding author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

As an author you (or your employer or institution) retain certain rights; for details you are referred
to: http://www.elsevier.com/authorsrights.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated. Please see http://www.elsevier.com/funding.

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified
as conditions of their grant awards. To learn more about existing agreements and policies please visit
http://www.elsevier.com/fundingbodies.

This journal offers you the option of making your article freely available to all via the ScienceDirect
platform. To prevent any conflict of interest, you can only make this choice after receiving notification
that your article has been accepted for publication. The fee of $3,000 excludes taxes and other
potential author fees such as color charges. In some cases, institutions and funding bodies have
entered into agreement with Elsevier to meet these fees on behalf of their authors. Details of these
agreements are available at http://www.elsevier.com/fundingbodies. Authors of accepted articles,
who wish to take advantage of this option, should complete and submit the order form (available at
http://www.elsevier.com/locate/openaccessform.pdf). Whatever access option you choose, you retain
many rights as an author, including the right to post a revised personal version of your article on your
own website. More information can be found here: http://www.elsevier.com/authorsrights .

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who require information about language editing and copyediting services pre- and
post-submission please visit http://webshop.elsevier.com/languageservices or our customer support
site at http://support.elsevier.com for more information.

Submission to this journal proceeds totally online and you will be guided stepwise through the creation
and uploading of your files. The system automatically converts source files to a single PDF file of the
article, which is used in the peer-review process. Please note that even though manuscript source
files are converted to PDF files at submission for the review process, these source files are needed for
further processing after acceptance. All correspondence, including notification of the Editor's decision
and requests for revision, takes place by e-mail removing the need for a paper trail.

Authors who want to submit a manuscript should consult and peruse carefully recent issues of the
journal for format and style. Authors must include the following contact details on the title page of
their submitted manuscript: full postal address; fax; e-mail. All manuscripts submitted are subject to
peer review. The minimum requirements for a manuscript to qualify for peer review are that it has
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been prepared by strictly following the format and style of the journal as mentioned, that it is written
in good English, and that it is complete. Manuscripts that have not fulfilled these requirements will
be returned to the author(s).

In addition, you are recommended to adhere to the research standards described in the following
articles:

Cos P, Vlietinck Al, Berghe DV, et al. Anti-infective potential of natural products: how to develop a
stronger in vitro 'proof-of-concept’. J Ethnopharmacol 2006, 106: 290-302. Click here.

Matteucci, E., Giampietro, O. Proposal open for discussion: defining agreed diagnostic procedures in
experimental diabetes research. J Ethnopharmacol 2008,115: 163-172. Click here.

T.SA. Froede and Y.S. Medeiros Animal models to test drugs with potential antidiabetic activity. ]
Ethnopharmacol 2008, 115: 173-183. Click here.

PREPARATION

It is important that the file be saved in the native format of the wordprocessor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the wordprocessor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your wordprocessor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.
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Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual work
was done) below the names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the full postal address of
each affiliation, including the country name and, if available, the e-mail address of each author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that telephone and fax numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal
address. Contact details must be kept up to date by the corresponding author.

+« Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated
as a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The author should divide the abstract with the headings Ethnopharmacological relevance,
Materials and Methods, Results, and Conclusions.
Click here to see an example.

Authors must supply a graphical abstract for all types of articles at the time the paper is first submitted.
The graphic should summarize the contents of the paper in a concise, pictorial form designed to
capture the attention of a wide readership and for compilation of databases. Carefully drawn figures
that serve to illustrate the theme of the paper are desired. The dimensions of the graphical abstract
are: 5cm by 17 cm and 200 x 500 pixels. Authors must supply the graphic separately as an electronic
file. For an example of a graphical abstract please click here.

Keywords

After having selected a classification in the submission system, authors must in the same step select
5 keywords. These keywords will help the Editors to categorize your article accurately and process it
more quickly. A list of the classifications and set keywords can be found here,

In addition, you can provide a maximum of 6 specific keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will
be used for indexing purposes.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).
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Elsevier aims at connecting online articles with external databases which are useful in their respective
research communities. If your article contains relevant unique identifiers or accession numbers
(bioinformatics) linking to information on entities (genes, proteins, diseases, etc.) or structures
deposited in public databases, then please indicate those entities according to the standard explained
below.

Authors should explicitly mention the database abbreviation (as mentioned below) together with the
actual database number, bearing in mind that an error in a letter or number can result in a dead link
in the online version of the article.

Please use the following format: Database ID: xxxx

Links can be provided in your online article to the following databases (examples of citations are
given in parentheses):

+ GenBank: Genetic sequence database at the National Center for Biotechnical Information (NCBI)
(GenBank ID: BA123456)

* PDB: Worldwide Protein Data Bank (PDB ID: 1TUP)

+ CCDC: Cambridge Crystallographic Data Centre (CCDC ID: AI631510)

e TAIR: The Arabidopsis Information Resource database (TAIR ID: AT1G01020)

* NCT: ClinicalTrials.gov (NCT ID: NCT00222573)

¢ OMIM: Online Mendelian Inheritance in Man (OMIM ID: 601240)

¢ MINT: Molecular INTeractions database (MINT ID: 6166710)

 MI: EMBL-EBI OLS Molecular Interaction Ontology (MI ID: 0218)

¢ UniProt: Universal Protein Resource Knowledgebase (UniProt ID: Q9HOHS)

Present simple formulae in the line of normal text where possible and use the solidus (/) instead of
a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be presented in
italics. Powers of e are often more conveniently denoted by exp. Number consecutively any equations
that have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may
be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Save text in illustrations as 'graphics' or enclose the font.

« Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

+ Provide captions to illustrations separately.

¢ Produce images near to the desired size of the printed version.

« Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalised, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.
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If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is'.

Please do not:

¢ Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low;
¢ Supply files that are too low in resolution;

¢ Submit graphics that are disproportionately large for the content.

Please note that figures and tables should be embedded in the text as close as possible to where
they are initially cited. It is also mandatory to upload separate graphic and table files as these will
be required if your manuscript is accepted for publication.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color on the Web (e.g.,
ScienceDirect and other sites) regardless of whether or not these illustrations are reproduced in color
in the printed version. For color reproduction in print, you will receive information regarding
the costs from Elsevier after receipt of your accepted article. Please indicate your preference
for color; in print or on the Web only. For further information on the preparation of electronic artwork,
please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables
below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data presented in tables do not duplicate results
described elsewhere in the article.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style
of the journal and should include a substitution of the publication date with "Unpublished results".
"Personal communication" will not be accepted as a reference. Citation of a reference as "in press”
implies that the item has been accepted for publication.

Reference management software

This journal has standard templates available in key reference management
packages EndNote (http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors only
need to select the appropriate journal template when preparing their article and the list of references
and citations to these will be formatted according to the journal style which is described below.

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by "et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: "as demonstrated (Allan, 1996a, 1996b, 1999; Allan and Jones, 1995). Kramer et al.
(2000) have recently shown ...."
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List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters "a", "b", "c", etc., placed after the year of publication. Please use full journal names.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.]., Lupton, R.A., 2000. The art of writing a scientific article. Journal
of Scientific Communication. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 1979. The Elements of Style, third ed. Macmillan, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include these within the body of the article. This can be done in the same way
as a figure or table by referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly relate to the video
file's content. In order to ensure that your video or animation material is directly usable, please provide
the files in one of our recommended file formats with a preferred maximum size of 50 MB. Video and
animation files supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your
files: you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages at http://www.elsevier.com/artworkinstructions.
Note: since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that refer to
this content.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

¢ E-mail address

¢ Full postal address

+ Telephone and fax numbers

All necessary files have been uploaded, and contain:

o Keywords

« All figure captions

« All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked' and 'grammar-checked'

+ References are in the correct format for this journal

¢ All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Web)
* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print

AUTHOR INFORMATION PACK 20 Feb 2012 www.elsevier.com/locate/jethpharm 11

146



« If only color on the Web is required, black-and-white versions of the figures are also supplied for
printing purposes
For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DQOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. The correct format for citing a DOI is shown as follows (example taken
from a document in the journal Physics Letters B):

doi:10.1016/j.physletb.2010.09.059

When you use the DOI to create URL hyperlinks to documents on the web, the DOIs are guaranteed
never to change.

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. Please use this proof only for checking the typesetting, editing,
completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. We will
do everything possible to get your article published quickly and accurately — please let us have all your
corrections within 48 hours. It is important to ensure that all corrections are sent back to us in one
communication: please check carefully before replying, as inclusion of any subsequent corrections
cannot be guaranteed. Proofreading is solely your responsibility. Note that Elsevier may proceed with
the publication of your article if no response is received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the article
is accepted for publication. The PDF file is a watermarked version of the published article and includes
a cover sheet with the journal cover image and a disclaimer outlining the terms and conditions of use.

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please
visit this journal's homepage. Contact details for questions arising after acceptance of
an article, especially those relating to proofs, will be provided by the publisher. You
can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs (http://www.elsevier.com/authorFAQ) and/or contact Customer Support via
http://support.elsevier.com.

© Copyright 2012 Elsevier | http://www.elsevier.com
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