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1. REVISAO DE LITERATURA

Cancer

A partir do processo de urbanizagao, industrializacdo e desenvolvimento da
ciéncia e tecnologia, o0 mundo tem experimentado uma transicdo demografica, marcada pela
reducdo da mortalidade e aumento da expectativa de vida, culminando com o envelhecimento
populacional. Nesse contexto, as doengas crénico-degenerativas ganharam foco, a medida que
as doencas infectocontagiosas reduziram no cenario mundial. A partir das mudancgas ocorridas
mundialmente, a populacdo passou a se expor a uma série de fatores de riscos ambientais,
relacionados ao processo de industrializacao (fisicos, quimicos e biolégicos), além de adotarem
padrées de vida que aumentaram o risco neoplasico, como: tabagismo, alcoolismo, falta de
atividade fisica, refeigdes de baixo teor nutricional, etc. Sendo assim, o cancer tornou-se, na
atualidade, um problema de saude publica mundial devido ao aumento de sua prevaléncia
entre as doencgas cronicas (GUERRA, MOURA GALLO, MENDONCA, 2005; BRASIL, 2014).

De acordo com estimativas mundiais do projeto Globocan 2012, da Agéncia
Nacional para Pesquisa em Cancer, da Organizagdo Mundial de Saude (OMS), houve 14,1
milhées de novos casos de cancer e 8,2 milhdes de mortes por cancer, em todo o mundo, no
ano de 2012. Além disso, segundo o Instituto Nacional do Cancer (INCA), estima-se que em
2014 e 2015 ocorrerao aproximadamente 576 mil casos novos de cancer no Brasil, reforcando
a magnitude do problema do cancer no pais. Dentre essas estimativas, o cancer mais incidente
sera o de pele do tipo ndo melanoma (182 mil casos novos), seguido pelos tumores de prostata
(69 mil), mama feminina (57 mil), célon e reto (33 mil), pulmao (27 mil), estdmago (20 mil) e
colo do utero (15 mil). Em relagao aos tipos de cancer, nota-se uma transicao epidemioldgica
no Brasil, com aumento dos tipos de cancer normalmente associados a alto status
socioecondmico - cancer de mama, prostata e colon e reto - e, simultaneamente, a presenca
de incidéncia persistentemente elevadas de tumores geralmente associados com a pobreza -
cancer de colo de utero, pénis, estdbmago e cavidade oral (KOIFMAN, KOIFMAN, 2003).

Diante das estimativas impactantes é importante realizar atividades de prevencao
primaria para tentar reduzir ou até eliminar os fatores de risco associados ao cancer, e que
predispdem também a outras doencas crbnicas, como controle do uso de tabaco, reducéo do
consumo de alcool, dieta com qualidade nutricional e pratica de atividades fisicas regulares.

Ademais a prevengao secundaria para alguns tipos de cancer, como o de mama e de colo
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uterino, também deve ser implementada e fazerem parte de politicas prioritarias para o
combate e controle do cancer (GUERRA, MOURA GALLO, MENDONCA, 2005).

Oxazoforinas e Cistite Hemorragica

Entre os tipos de tratamento para o cancer, a quimioterapia € uma abordagem sistémica
e citotoxica que torna possivel a cura de alguns tumores, além de permitir o tratamento precoce
de metastases nédo detectaveis. Essa modalidade de tratamento traz inumeros efeitos
indesejados, os quais se relacionam ao fato de néo afetarem exclusivamente as células
tumorais (BONASSA, 2005). Exemplificando, temos os danos relacionados ao sistema urinario,
que estdo associados ao uso de ciclofosfamida e ifosfamida (KORKMAZ, TOPAL, OTER,
2007), sendo que a quimioterapia precisa ser muitas vezes interrompida devido a este efeito
toxico (LIMA et al., 2007).

A ciclofosfamida (CP) é um agente quimioterapico, antineoplasico, alquilante, do grupo
das oxazoforinas (OTER et al., 2004), sendo seu efeito induzido através da formacao de
ligacdes cruzadas com o DNA do tumor (DANTAS et al., 2010). Este antineoplasico, é bastante
empregado no tratamento do cancer de testiculo, osteossarcoma, linfomas, dentre outros
(HIGGS, NAGY, EINHOM, 1989). Devido as suas propriedades imunossupressoras também é
largamente utilizada em outras condi¢des, a exemplo de doengas auto-imunes como: lupus
eritematoso sistémico e nefrite lUpica, artrite reumatoide (MONACH et al., 2010), vasculites
sistémicas: granulomatose de Wegener (KNIGHT et al., 2004) e doencas renais: nefrite lupica,
sindrome nefrotica resistente a esterdides, e glomeruloesclerose segmentar e focal.
(MUKHTYAR et al., 2009; HAUBITZ, 2007). Ainda é empregada para anemia aplastica e em
regimes de condicionamento antes de transplante de medula 6ssea (DEZERN et al., 2011). Por
sua vez, a ifosfamida também pertence aos grupos das oxazoforinas e € amplamente utilizada,
por exemplo, na quimioterapia de doencgas linfoproliferativas, algumas de tumores sdlidos e em
doencas nao neoplasicas, entre estas, o lupus, a artrite reumatéide e a sindrome nefrética
(RATLIFF, WILLIAMS, 1998);
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Figura 1: Estrutura quimica das oxazoforinas (ciclofosfamida e ifosfamida).

E importante salientar que a urotoxicidade deste grupo de farmacos n&o é devida
a atividade alquilante direta sobre o sistema urinario, mas por causa da formacado de
metabdlitos 4-hidroxilados (BROCK, POHL, STEKAR, 1981). A CP é uma pro-droga que sofre
metabolismo hepatico pelas enzimas microssomais, oxidases de fungao mista, do citocromo-
P450, que transformam o farmaco nos compostos, 4-hidroxiciclofosfamida e aldofosfamida.
Esses atingem as células tumorais, através da circulagdo sanguinea, e séo convertidos em
fosforamida, metabdlito citotdxico ativo das oxazoforinas, acroleina, potencialmente urotdxica e
o cloracetaldeido que pode causar encefalopatia (ZHANG et al., 2005). Conhece-se que a
excregao renal de acroleina é altamente irritante para a bexiga urinaria, causando diversos
efeitos toxicos (KEHRER, BISWAL, 2000) e é responsavel pelo desenvolvimento de
complicagdes potencialmente fatais, como a cistite hemorragica (HC, STILLWELL, BENSON,
1988).

A CP é administrada por via oral ou intravenosa e, por ser utilizada em um grande
namero de patologias, as doses deste farmaco sdo muito variaveis. No tratamento do lupus
eritematoso sistémico, relata-se que uma dose de 1 g/m2 de CP, a cada més, durante um
periodo de seis meses, melhora os sintomas da doenca (MARTINELLI et al., 1996). Doses
altas, a partir de 120 mg/kg (5000 mg/m?), durante dois a quatro dias, sdo utilizadas no
condicionamento antes do transplante de medula 6ssea e doses de 50 mg/kg por dia, durante 4
dias mostram bons resultados no tratamento da anemia aplastica (DEZERN et al., 2011).
Considera-se dose alta de CP = 1500 mg/m?/dose, dose intermediaria = 750 mg e < 1500

mg/m?/dose e baixa dose < 750 mg/m?dose, no entanto qualquer paciente que recebe
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ciclofosfamida em qualquer dose tem o potencial de desenvolver toxicidade vesical no curso de
seu tratamento (ROBINSON et al., 2014).

Interferéncia das Oxazoforinas no Equilibrio Redox e na Cascata Inflamatéria

Em doses baixas, a acroleina, reage rapidamente com muitos alvos celulares levando a
diferentes efeitos, a exemplo da deplecao de grupos tidis ou da ativacdo de genes envolvendo
as vias do fator nuclear kB (NF-xB) ou proteina ativadora-1 (AP-1), bem como é capaz de
iniciar a peroxidagao lipidica e reagir com a glutationa (GSH) diminuindo seus niveis (ADAMS,
KLAIDMAN, 1993; BISWAL et al., 2002; HORTON et al., 1999; SONG et al., 2014). Reduz
também a atividade de outras enzimas antioxidantes conhecidas como a superoxido dismutase
(SOD), catalase (CAT), glutationa S-transferase (GST) e glutationa peroxidase (GPx, SONG et
al., 2014). Em doses mais altas a acroleina reage também com outros alvos celulares como
proteinas e DNA (TAKAMOTO et al., 2004).

Os mecanismos fisiopatolégicos desengatilhados pela acroleina parecem envolver
espécies reativas de oxigénio (como o6xido nitrico, superdxido e a consequente formacao de
peroxinitrito) que contribuem para suas acgbes deletérias (ABRAHAM, RABI, 2009a, b;
KORKMAZ, TOPAL, OBTER, 2007; SONG et al., 2014). Portanto nota-se que a acroléina
causa lesao a partir da interrupg¢ao do equilibrio redox. Estudo prévios sugerem que a produgao
de espécies reativas de oxigénio (ROS) é mediada pela ativagao das MAPK (proteinas cinases
ativadas por mitégeno). Essa familia de proteinas desenvolvem importante papel na
transducao de sinal da superficie da célula para o nucleo (MCCUBREY, LAHAIR, FRANKLIN,
2006), diversos estudos demonstraram o papel das MAPKs na fisiopatogénese da cistite
hemorragica (CORROW, VIZZARD; 2007; CORROW, VIZZARD; 2009; CHUNG, ZHANG,
QIAO; 2010; QIAO, GULICK; 2007) e um recente trabalho demonstrou aumento da fosforilagdo
das MAPK: JNK (cinase N-terminal c-jun) e p38, em um modelo de HC induzida por CP em
camundongos (SONG et al., 2014).

A evidéncia da producdo de Oxido Nitrico (NO) em modelos de cistite hemorragica ndo é
um evento inédito, muitos outros estudos se propuseram a demonstrar sua importancia. O NO
€ uma pequena e simples molécula que possui a capacidade de ser ao mesmo tempo benéfica,
auxiliando em acg¢des homeostaticas do organismo, assim como potencialmente toxica, a

depender de sua concentragdo e depuragao tecidual. Em baixas concentracbes, o NO age
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como mensageiro intercelular, participando de fungdes fisioldégicas, em concentragdes
intermediarias age como microbicida e na vigéncia de quadro inflamatério e doencgas
autoimunes, o NO pode ser produzido em altas taxas sendo téxico para as células do
hospedeiro (FLORA FILHO, ZILBERSTEIN; 2000).

As enzimas que sintetizam o NO sdo chamadas de NO sintases (NOS), existem 3
isoenzimas conhecidas, sendo duas constitutivas (cNOS) e uma induzivel (iNOS; STUEHR et
al., 1991). Diferentemente das outras isoformas, a sintase induzivel produz NO em grande
quantidade, o que a torna potencialmente lesiva e participativa em muitos processos
patolégicos, como processos inflamatdrios e doencas autoimunes. O NO é uma molécula
transitoria, oxidando-se a nitrito e nitrato em menos de dez segundos (meia vida), portanto uma
estimativa de sua producado pode ser feita de forma indireta ao medir as concentragdes de
nitrito e nitrato (FLORA FILHO, ZILBERSTEIN; 2000), como foi realizado por outros autores
(ABRAHAM, RABI, KULOTHUNGAN, 2009b; KORKMAZ, OTER, SADIR, 2005; XU,
CUBEDDU, MALAVE, 2001).

De acordo com o trabalho de Souza-filho et al. (1997), o NO esta envolvido nos
eventos inflamatdérios que desencadeiam HC induzida por CP. Com o uso de inibidores de
NOS, L-NG-Nitroarginina Metil Ester (L-NAME), L-NG-Nitroarginina (L-NOARG), observou-se
que ao inibir a producdo de NO, houve redugdao de parédmetros inflamatérios, como
extravasamento de proteinas plasmaticas, peso da bexiga e parametros histopatologicos. A
inibicdo promovida por L-NAME E L-NOARG foi revertida com o uso de L-arginina, confirmando

o papel do NO na HC.

Publicagdes diversas indicam que a iNOS é a responsavel pela produgcdo de NO
na patogénese da cistite (KORKMAZ et al., 2005; SOUZA-FILHO et al., 1997; XU, CUBEDDU,
MALAVE, 2001). Korkmaz et al. (2005), inclusive comprovaram este fato, ao utilizar o
tratamento com aminoguanidina (AG), inibidor preferencial da iNOS, e verificar reducédo da
concentracdo de nitrato na bexiga e de lesdes uroteliais desencadeadas pela CP. Tentando
explicar o mecanismo de protecdao da AG na HC, Abraham et al. (2009) demonstraram que
este efeito era mediado pela inibicdo da nitragdo de proteinas, induzida pelo NO, e inibicao da
poli (ADP-ribose) polimerase (PARP).

As citocinas sao mediadores cruciais do processo inflamatério com papéis

fisiolégicos diversos, e algumas delas tem sido implicadas na modulacdo da resposta
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inflamatdria na cistite hemorragica induzida por oxazafosforinas. O fator de necrose tumoral-a
(TNF-a) e a interleucina-1B (IL-1B) sé&o as principais citocinas pro-inflamatérias e o seu papel
na cistite hemorragica induzida por ciclofosfamida ou ifosfamida tem sido investigado. Um dado
interessante, publicado por Xu et al. (2001), diz respeito a importancia do TNF-a e interferon-y
(INF-y), como indutores da producdo de NO, ao proporcionarem uma maior expressao de
iINOS. Outros autores referem que a indugédo de iINOS no urotélio depende da acao sinérgica
de IL-1B e TNF-a, em modelos de HC induzida por ifosfamida em camundongos (RIBEIRO, et
al., 2002; XU, CUBEDDU, MALAVE, 2001). O estudo de Ribeiro et al. (2002) demonstrou que o
tratamento com soro anti-TNF-a, ou anti-IL-18 diminui o edema da bexiga urinaria e as
alteragdes microscopicas na bexiga urinaria. O tratamento com L-NAME, talidomida (um
inibidor de TNF-a) ou pentoxifilina (inibidor ndo especifico de TNF-a e IL-13) também reduz
esses parametros. Houve também a inibicdo da expressao de iINOS pelo tratamento com os
soros anti-TNF-a ou anti-IL-1B. Estes dados aumentam as evidéncias de que a sinalizagao por
citocinas pro-inflamatdrias € importante para a expressao de iNOS na bexiga urinaria na HC
experimental. Foi evidenciado que o tratamento prévio de animais com soro anti-TNF-a ou anti-
IL-18 reduz o edema da bexiga urinaria e o extravasamento de proteinas plamaticas para este
tecido em camundongos injetados com CP. Além disso, algumas alteragdes histopatolégicas
da bexiga urinaria tais como erosdo da mucosa, hemorragia, edema, migragao de leucocitos,
deposigao de fibrina e ulceragbes sao reduzidas pelo pré-tratamento com soro anti-TNF-a ou
anti-IL-1B (GOMES et al., 1995).

Outros estudos investigaram o efeito de citocinas anti-inflamatérias na cistite
hemorragica induzida por ciclofosfamida ou ifosfamida. Mota et al. (2007) demonstraram que a
interleucina-11 (IL-11), uma citocina com efeito protetor em varias doencgas inflamatérias, reduz
o0 edema da bexiga urinaria e o extravasamento de proteinas plasmaticas para a bexiga
urinaria, além de reduzir alteragdes microscopicas. Recentemente foi demonstrado que o
tratamento com IL-4 exdgena atenua a expressao de mediadores inflamatérios tais como TNF-
a, IL-1B8 e INOS. Em adigao, animais tratados com soro anti-IL-4, assim como animais nocautes
para IL-4, exibem um gravidade da HC maior do que aquele observado em animais tratados
somente com ifosfamida (MACEDO et al., 2012).

Como discutido acima, o principal mecanismo que leva a lesdo da bexiga urinaria vista
na HC é o aumento da expressao de iNOS e a consequente elevagao dos niveis de NO. Esse
evento, por sua vez, esta sob a regulagao de citocinas como TNF-a e IL-13, além de outros

mediadores inflamatoérios como IFN-y e PAF.
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Fisiopatogénese, Quadro Clinico e Histopatolégico da Cistite Hemorragica

A bexiga é a parte do trato urinario mais afetada pela acroleina, o restante deste
trato € pouco lesado e seus efeitos sobre a bexiga tém sido atribuidos ao tempo de contato
desta com a acroleina, devido ao armazenamento da urina (BJORLING, 2006). Sabe-se que o
urotélio é revestido por uma parede de glicosaminoglicanas (GAG) que confere uma protecéo
fisiolégica inicial ao 6rgao, um defeito ou lesdo neste local causa a perda desta barreira, que se
torna permeavel, permitindo que o ciclo inflamatério ocorra (Bassi et al., 2011), provavelmente
a acroleina deve agir quebrando esta barreira. Na bexiga, este metabdlito causa descamacao,
afinamento e inflamagdo das paredes vesicais. Esta irritacdo desenvolve sangramento do
revestimento endotelial vesical que inicialmente pode ser microscopico contudo pode evoluir
para hematuria macroscopica e sangramento grave (WEST, 1997). Existe uma escala de
classificagdo da HC desenvolvida por Droller, Saral, e Santos (1982) no qual ha a definicao de
quatro graus de gravidade que variam de hematuria microscépica (grau 1) a hematuria

macroscopica, formagao de coagulos, e obstrucao do trato urinario (grau 4).

Quanto aos sintomas clinicos urinarios, provocados pelos agentes alquilantes,
estes variam desde quadros mais transitérios como frequéncia urinaria alterada, acompanhada
de urgéncia urinaria, desconforto suprapubico, disuria, estranguria com micro-hematuria, até
quadros potenciais e graves de HC. Consequéncias tais como: fibrose cistica, necrose,
contraturas, refluxo vesico-ureteral, além da presenga de hemorragia cistica grave e expansiva
em 4 % das mortes registradas, foram relatadas (PHILIPS et al., 1961). Em casos mais graves
a HC esta associada a elevada morbidade, hospitalizagdo prolongada e em alguns casos
morte, podendo exigir alternativas mais agressivas como cistectomia, desvio urinario

supravesical e embolizagao seletiva de artéria vesical (DECKER et al., 2009).

Histologicamente os trabalhos publicados expde que a CP causa sérios prejuizos
a arquitetura histolégica da bexiga urinaria, como erosao e ulceragao epitelial, edema urotelial
e da lamina propria, hemorragia, exocitose, infiltrado leucocitario e esclerose e hialinizagao,
resultado do reparo tecidual devido lesao inflamatéria (AYHANCI et al., 2010; BOEIRA et al.,
2011; OZCAN et al., 2005; SADIR et al., 2007; SANTOS Jr et al., 2010). O infiltrado leucocitario
encontrado é predominantemente composto por leucécitos polimorfonucleares, os neutrdfilos,
conforme resultados de outro estudo (AYHANCI et al., 2010), que afirmou haver infiltrado de
leucdcitos polimorfonucleares com presenga eventual de linfocitos em cortes de bexigas de

ratos injetados com CP.
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Outros Efeitos Indesejados do Uso de Ciclofosfamida

Os efeitos indesejados agudos documentados, pelo uso de CP, vao desde
nausea, vOmitos, halopécia, cistite hemorragica, mielosupressdo desencadeando infecgdes
oportunistas, a casos mais graves e raros de pneumonite, cardio e hepatotoxicidade. A
hepatotoxicidade foi bem demonstrada em publicacdo recente no qual a dose de 200 mg/kg
intraperitoneal de CP em ratos foi capaz de elevar marcadores hepaticos séricos como Alanina
Aminotransferase (ALT), Aspartato Aminotransferase (AST), Bilirrubina total e reduzir a
albumina, também ocasionou peroxidacao lipidica hepatica, redugdo de enzimas antioxidantes
(glutationa, superéxido dismutase e glutationa peroxidase) e elevagcado da ciclo-oxigenase-2
(COX-2) e TNF-a no figado (GERMOUSH, MAHMOUD; 2014). Inclusive, alguns trabalhos
evidenciaram hepatite em pacientes que receberam baixas doses de CP imediatamente apds o
tratamento (CLELAND BD, POKORNY CS; 1993; MURATORI et al., 2005) e um paciente
desenvolveu faléncia hepatica grave trés horas apés ter recebido 200 mg de CP endovenosa
(SUBRAMANIAM et al., 2013). Portanto, este antineoplasico ndo s6 afeta a bexiga urinaria,

mas tem potencial para afetar toda a homeostase organica.

Apesar de tratar neoplasias, este quimioterapico, assim como outros, possue
dose cumulativa e efeito carcinogénico, aumentando a incidéncia por exemplo de carcinoma de
bexiga e linfoma (HAUBITZ, 2007).

Tratamento da Cistite Hemorragica

O tratamento e a profilaxia ndo sdo capazes de bloquear totalmente os efeitos
lesivos e o principal farmaco usado no tratamento da cistite hemorragica € o mesna (2-
mercaptoetano sulfonato), que se liga a acroleina na bexiga ou outras partes do sistema
urinario, impedindo que a acroleina alcance o uroepitélio e exerca seus efeitos téxicos
(KEHRER, BISWAL, 2000). Antes da introdu¢cao do mesna, a incidéncia de HC era muito alta e
chegava a 68% dos pacientes submetidos ao tratamento com oxazoforinas, com uma taxa de
mortalidade de 4% para os casos mais graves (BURKERT, 1983; KATZ, 1995). Devido a boa
eficacia, este farmaco teve seu uso terapéutico iniciado no final da década de 70 e se tornou a
droga de escolha durante o tratamento de algumas patologias neoplasicas com oxazoforinas
(BROCK, 1983).
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Em uma analise de pacientes submetidos a transplante de medula éssea que
fizeram uso de CP, Shepherd et al. (1991) demonstraram que a adicdo de mesna a terapia de
hiper-hidratacdo nao obteve efeito protetor para o desenvolvimento de HC, sendo que ambas
as terapias se equivaleram. De acordo com o mesmo autor, 33% dos pacientes apresentaram
cistite mesmo apods profilaxia com o mesna. Outros trabalhos também n&o evidenciaram
beneficio na adicdo do mesna a terapia de hiper-hidratacdo para prevencao de cistite
(MURPHY et al., 1994). LIMA et al. (2007), expuseram que apos o tratamento com o mesna, os
danos provocados pelo uso da ifosfamida na bexiga de seres humanos diminuiram
consideravelmente. Entretanto o mesna néao foi capaz de oferecer uroprotegao total, pois este
farmaco nao possui acgao anti-inflamatéria importante, devido ao fato de n&o reverter
completamente os eventos inflamatoérios na bexiga, embora seja importante na neutralizagao
do efeito inicial ocasionado pela acroleina. Na verdade é conhecido que esta droga € apenas
efetiva como meio de prevencdo, sendo incapaz de tratar lesdes estabelecidas de HC
(SANTOS JR et al., 2010) e por vezes pode desencadear, em criangas e adultos jovens, efeitos
colaterais notaveis como hipersensibilidade cutanea e reacdes sistémicas (KHAW et al., 2007)

e possivelmente tem um efeito téxico na mucosa vesical (TSUBOI et al., 2003).

Outras formas de tratamento usadas na pratica clinica diaria para profilaxia de HC
€ hidratacdo adequada com ou sem diuréticos para manter a diluigao e fluxo urinario adequado
(HASELBERGER, SCHWINGHAMMER, 1995), impedindo assim o acumulo deste metabdlito

toxico na urina.

Varios estudos usando animais de experimentagcado tém mostrado que farmacos
como anti-inflamatérios ndo esteroidais, corticoides ou inibidores da sintese de 6xido nitrico
podem exercer efeitos protetores no sistema urinario de animais submetidos ao modelo de
cistite induzida por ciclofosfamida ou ifosfamida (ABRAHAM, RABI, 2009a, b; MACEDO et al.,
2008). Outras publicacbes apresentam associagbes do farmaco de escolha, mesna, e anti-
inflamatdrios, como corticéides. Segundo Vieira et al. (2003), a substituicdo de uma ou duas
doses de mesna, do esquema terapeutico habitual, por dexametasona alcanga efeitos
protetores equivalentes ao uso apenas da droga de escolha em um modelo de HC induzida por
ifosfamida em ratos, onde se avaliou edema e analise macroscépica e histolégica. Contudo o
uso terapéutico apenas da dexametasona nao foi capaz de bloquear os efeitos téxicos vesicais
promovidos pela oxazoforina. Esses farmacos, embora sejam eficazes, determinam outros

efeitos indesejados que podem ser importantes, como os relacionados a disturbios no trato
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gastrointestinal para os anti-inflamatérios nao esteroidais. Assim, outras opg¢des, como as
baseadas na fitoterapia podem ter importancia fundamental no auxilio do tratamento dessa

condicéo.

Produtos Naturais

Neste contexto, o bioma ao qual o estado de Sergipe pertence, a caatinga, é
promissor como fonte de produtos naturais oriundos de plantas utilizadas popularmente para o
tratamento de diversas enfermidades. A caatinga atinge quase 1 milhdo de metros quadrados
no Nordeste do Brasil, sua vegetacao xerdfila € assolada por longos periodos de secas e altas
temperaturas. Devido a baixa renda familiar, o uso de plantas medicinais e a automedicagao
sdao muito disseminados na regiao (DESMARCHELIER et al., 1999). Conforme & descrito por
Gomes (2007), o uso de plantas medicinais pelo homem é relatado desde os primérdios da
humanidade e o interesse pela fitoterapia tem aumentado nas ultimas décadas devido a
necessidade crescente da populagcdo de buscar na natureza formas alternativas de tratamento

e da industria farmacéutica que visa os ganhos financeiros com essas descobertas.

O estudo desta diversidade biolégica da caatinga tem sido impulsionado nos
ultimos anos pelo Ministério da Saude, que busca inserir no ambito do SUS a fitoterapia e o
programa de pesquisas em plantas medicinais, dada a importancia do estudo e utilizagdo da
diversa flora brasileira como alternativa a tratamentos convencionais, através de uma
abordagem etnodirigida, tendo como base o conhecimento construido localmente a respeito
dos recursos naturais e da aplicagdo dos mesmos (ALBUQUERQUE, HANAZAKI, 2006;
BRASIL, 2006).

Diversos grupos de pesquisa tem se consolidado na regidao Nordeste e focado
suas atividades na utilizacdo de plantas da caatinga para o tratamento de condigbes
inflamatorias e/ou dolorosas. O grupo de pesquisa intitulado “Plantas da regidao semiarida
nordestina com fins terapéuticos”, cadastrado na base de grupos de pesquisa do CNPq, tem
realizado varios estudos com extratos de plantas do estado de Sergipe e adjacéncias no intuito
de validar o uso popular das mesmas e caracterizar suas atividades anti-inflamatéria,
antinociceptiva e antioxidante. Desta maneira, resultados preliminares indicam que o extrato
proveniente da Caesalpinia pyramidalis (catingueira; SANTOS et al., 2011; SANTANA et al.,

2012) possui potencial anti-inflamatério e antinociceptivo, bem como possuem acgao
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antioxidante. Esses resultados sugerem que os extratos destas espécies possam ser utilizados
para estudos envolvendo outras condi¢cdes patoldgicas (a exemplo da cistite hemorragica) ou
envolvendo o isolamento de compostos que podem ser os responsaveis pelas atividades

observadas com o extrato bruto.

Caesalpinia pyramidalis Tul.

A Caesalpinia pyramidalis Tul. € uma espécie pertencente ao género Caesalpinia
e a familia Fabaceae. Comumente encontrada na caatinga, habitando terrenos pedregosos, a
“‘catingueira”, como € conhecida, tem a entrecasca utilizada popularmente para diversas
fungdes: anti-inflamatéria, digestiva, dispéptica, antipirética, afrodisiaca, expectorante na forma
de decocto ou “garrafada” (AGRA, FREITAS, BARBOSA-FILHO, 2007; BAHIA et al., 2005;
MENDES et al., 2000; SILVA, MATOS, 1998). Na literatura, ja existem trabalhos avaliando o
potencial deste extrato. De acordo com Santos et al., (2011), o extrato etandlico da Caesalpinia
pyramidalis demonstrou agao anti-inflamatéria ao reduzir a migracdo de leucdcitos, em
modelos de peritonite e edema de pata, induzidos por carragenina. Ainda apresentou agao
antinociceptiva em contorcées abdominais induzidas por acido acético, teste de formalina e
teste de placa quente. O poder anti-oxidante das folhas e entrecasca da catingueira foram
abordadas por Silva et al., (2011), no qual foi demonstrada a presenca de um alto teor de
flavonoides. Também foi evidenciado a capacidade da Caesalpinia pyramidalis em reduzir
parametros inflamatérios em ratos com pancreatite aguda, por obstru¢cdo do ducto
biliopancreatico e agcao antinociceptiva na hiperalgesia abdominal desses animais (SANTANA
et al., 2012). A acao antinociceptiva do extrato também foi comprovada por Santos et al.
(2013), no qual a Caesalpinia pyramidalis reduziu contorgdes abdominais induzidas por acido
acético em camundongos e a dor neuropatica causada pela injecao subplantar de capsaicina e
glutamato, de maneira dose dependente, demonstrando a agao deste fitoterapico no receptor
vanildide tipo 1 (TRPV1) e via glutamatérgica. Foram utilizadas doses de 10-100 mg/kg, do
extrato etandlico da entrecasca da Caesalpinia pyramidalis, sendo que a dose de 100 mg
obteve melhores resultados. Este mesmo trabalho evidencia a acdo da catingueira na via do
NO, pois a adicdo de l-arginina (precursor do NO) reverteu a antinocicepgao promovida pelo
extrato. Por fim, em publicagdo mais recente, o extrato etandlico da Caesalpinia pyramidalis
apresentou atividade gastroprotetora ao reduzir o indice de lesao e area total de ulcera gastrica

em modelos, em ratos, de ulcera induzidas por etanol e indometacina, sendo o extrato efetivo
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nas doses de 30, 100 e 300 mg/kg. Além de ter tido atividade anti-helicobacter pylori e ter
estimulado a produgédo de muco, um protetor gastrico.

Com base nessas premissas, o presente trabalho se propds a estudar o potencial
do extrato da Caesalpinia pyramidalis no tratamento da cistite induzida pela ciclofosfamida, um
agente antineoplasico, em ratos, o que poderia servir como terapia coadjuvante para os efeitos
urotéxicos/inflamatérios observados no tratamento de diversas formas de cancer por farmacos

da classe das oxazoforinas.
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Hemorrhagic cystitis (HC) is a common side effect of cyclophosphamide therapy, which deserves new therapeutic strategies, such
as those based on natural products. The ethanol extract of the inner bark of Caesalpinia pyramidalis (Tul.) (EECp) possesses anti-
inflammatory, antinociceptive, and antioxidant activities as previously showed by our group. We have investigated the effect of
EECp on the cyclophosphamide-induced HC. Cystitis was induced in male Wistar rats by the injection of cyclophosphamide.
These animals were pretreated with EECp (100-400 mg/kg), vehicle, or mesna. Myeloperoxidase activity and malondialdehyde
formation were measured in urinary bladder and other tissues. Bladder edema and histopathological alterations and serum nitric
oxide metabolites concentration NO, ~ were also evaluated. Treatment with EECp (100-400 mg/kg) or mesna impaired the increase
of myeloperoxidase activity in urinary bladder and the serum NO, ~ induced by cyclophosphamide but did not reduce edema in
this tissue, as did mesna. Total histological score was reduced by EECp (100 mg/kg). Lung myeloperoxidase activity, which was
increased by cyclophosphamide, was decreased significantly by EECp (400 mg/kg). EECp also diminished the malondialdehyde
formation in bladder, lung, and spleen, although these parameters were not affected by cyclophosphamide. These results indicate
that EECp reduced urinary bladder damage during cyclophosphamide-induced HC in rats.

The treatment of cystitis is usually performed by the use of

1. Introduction

The treatment of many neoplasic or nonneoplasic conditions
with oxazophorines, mainly cyclophosphamide and ifosfam-
ide, leads to hemorrhagic cystitis as an important side effect
[1, 2]. Cyclophosphamide is an alkylating agent used, for
example, to treat breast cancer, B-cell lymphoma, leukemia,
rheumatoid arthritis, and systemic lupus erythematosis and
in bone marrow transplantation [l, 3, 4]. This compound acts
by cross-linking strands of DNA, thus preventing the division
of cells, but its hepatic metabolism forms acrolein, between
other metabolites, that is recognized for the ulceration, hem-
orrhage edema, and necrosis of the urothelium during its
excretion by the urine [4, 5].

mesna (2-mercaptoethane sulfonate sodium), which can bind
to and inactivate acrolein in the urinary bladder or other parts
of urinary tract [2, 6]. Other options to treat hemorrhagic
cystitis are desirable and studies in experimental animals have
shown that nonsteroidal anti-inflammatory agents, corticos-
teroids, or nitric oxide synthase inhibitors may exert protec-
tive effects on the urinary tract in cyclophosphamide or ifos-
famide-induced cystitis [7—10].

Another opportunity to develop new options to treat cys-
titis is the use of natural products. In this regard, many studies
have shown that extracts of medicinal plants or compounds
isolated from these plants can reduce cystitis induced by oxa-
zophorines in rodents. For example, Boeira et al. [11] recently
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demonstrated that the hydroalcoholic extract of Phyllanthus
niruri (L.) and the isolated compounds quercetin, rutin, and
gallic acid were effective in reducing cyclophosphamide-
induced hemorrhagic cystitis in mice. Also, the alcoholic
extract of [pomoea obscura (Linn.) was shown to ameliorate
cyclophosphamide-induced bladder and renal toxicities [12]
and the essential oil of Satureja khuzestanica (Jamzad) pro-
tected rats from cyclophosphamide-induced hemorrhagic
cystitis, mainly due to antioxidant capacity [13].

Caesalpinia pyramidalis Tul. (Fabaceae) is an endemic
tree of the Northeast region of Brazil that is popularly known
as “catingueira” Parts of this plant, especially the inner
bark or leaves, are traditionally used because of their anti-
inflammatory, diuretic, dyspeptic, digestive, antipyretic, and
expectorant effects [14]. Santos et al. [15] have demonstrated
that the ethanol extract of the inner bark of this plant
possesses anti-inflammatory and antinociceptive activities in
rodents, as well as antioxidant capacity. More recently, San-
tana et al. [16] have showed that this extract reduced pancre-
atic inflammation and oxidative stress and hyperamylasemia
and abdominal hyperalgesia observed in rats with common
bile duct obstruction-induced acute pancreatitis. Collectively,
these studies suggest that C. pyramidalis has a potential for the
treatment of inflammatory and painful conditions of clinical
relevance, in which oxidative stress is an important feature.
In this way, the present study was designed to investigate the
potential of C. pyramidalis to reduce hemorrhagic cystitis in
rats.

2. Material and Methods

2.1. Drugs and Reagents. Cyclophosphamide, mesna, hexade-
cyltrimethylammonium bromide, o-dianisidine hydrochlo-
ride, and Tirk solutions were purchased from Sigma (USA).
Isoflurane (Isoforine) was obtained from Cristalia, Itapira, SP,
Brazil. Other reagents were obtained from Merck.

2.2. Plant Material and Preparation of the Inner Bark Ethanol
Extract. The inner bark of Caesalpinia pyramidalis was col-
lected at the Xing06 Village, Canindé de Sao Francisco, Sergipe
State, Brazil (09°66 00 S, 3778 94 W). A specimen
was identified by the botanist Dr. Ana Paula Nascimento
Prata, Department of Biology at the Federal University of
Sergipe, and deposited in the Herbarium of this
institution  (Sao Cristovao, Sergipe, Brazil) under the
registration number ASE 13,164. The inner bark was dried at
40’ C with forced air for 2 days and subsequently powdered
(2,840 g) and extracted by maceration at room temperature
with 90% ethanol for 5 days. The extract was filtered in
vacuum, and the solvent was removed using a rotary
evaporator (45 C). The percentage of EECp yield was 2.6%
(73.8 g). A chromatographic analysis of EECp was previously
performed by our group [16].

2.3. Animals. Male Wistar rats (220-270g,1 = 8/group)
were obtained from the Animal Center of the Federal Uni-
versity of Sergipe. Animals were maintained at 21 + 2'C with
free access to food (Purina) and filtered water under a 12: 12 h
light/dark cycle. The animals were deprived of food for 8 h
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before the experiment, but had free access to water. All exper-
imental procedures were conducted in accordance with the
guidelines of the Brazilian College of Animal Experimenta-
tion and were approved by the Ethics Committee for Animal
Use in Research at the Federal University of Sergipe (protocol
number 055/09), which was conducted in accordance with
the internationally accepted principles for laboratory animal
use and care.

2.4. Induction of Hemorrhagic Cystitis. Hemorrhagic cys-
titis was induced by the injection of cyclophosphamide
(200 mg/kg, SmL/kg, i.p.), according to previous studies [10,
17]. Control animals received saline (0.9%, 5 mL/kg, i.p.).

After 24 hours of cyclophosphamide injection, animals
were anesthetized with inhalatory isoflurane (3%). Samples of
blood were collected from the abdominal vein; animals were
exsanguinated and submitted to transcardiac perfusion with
saline 0.9% plus heparin (5 U/L). Urinary bladder tissue and
samples of lung, spleen, liver, and kidney were collected for
biochemical dosages.

2.5. Experimental Design. The following experimental groups
were used: (i) Vehicle + Saline group: animals were orally
pretreated with vehicle (tween 80, 5%, 10 mL/kg) | hour prior
to injection of saline; (ii) Vehicle + cyclophosphamide group:
animals were orally pre-treated with vehicle (tween 80, 5%,
10 mL/kg) 1 hour prior to injection of cyclophosphamide;
(iii) EECp + cyclophosphamide group: animals were orally
pre-treated with EECp (100, 200 or 400 mg/kg) | hour prior
to injection of cyclophosphamide; (iv) Mesna + cyclophos-
phamide group: animals were treated with i.p. administration
of mesna (40 mg/kg, | mL/kg), 5 min before and at 4 and 8
hours after injection of cyclophosphamide [7].

2.6. Determination of Urinary Bladder Edema. Edema of uri-
nary bladder was estimated by weighting this tissue after dis-
section and expressing values as the result of urinary bladder
weight (mg) divided by the whole body weight of animals (g)
[18].

2.7. Determination of Biochemical and Inflammatory Param-
eters. For myeloperoxidase (MPO) activity determination,
samples of urinary bladder, lung, spleen, liver, and kidney
were collected, weighted, and homogenized with potassium
phosphate buffer (50 mM, pH 6.0 containing 0.5% of hexade-
cyltrimethylammonium bromide), and | mL aliquots of the
homogenates were incubated at 60°C for 2 h (for inactivation
of catalase) and centrifuged (2 min, 8,000 xg, 4'C). In a 96-
well plate, aliquots of supernatant were incubated with a solu-
tion of o-dianisidine hydrochloride (0.167 mg/mL containing
0.005% H,0O,). The MPO activity was measured kinetically in
amicroli r late scanner (Labsystem Multiskan) at 460 nm

te p
and intervals of 15s over a period of 5min. Results were
expressed as units of MPO per mg tissue (UMPO/mg tissue).
An UMPO was considered as the amount of enzyme that
degrades | mmol of hydrogen peroxide/min [18, 19].
For determination of thiobarbituric acid reactive sub-
stances (TBARS), samples of urinary bladder, lung, spleen,
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liver, and kidney were weighted and homogenized in potas-
sium phosphate buffer (50 mM, pH 7.4) containing buty-
lated hydroxytoluene (BHT, 12.6 mM). Then, aliquots of the
homogenate (in duplicate) were incubated (90°C, 45 min)
with thiobarbituric acid (TBA;0.37%) in an acidic solution
(trichloroacetic acid at 15% and hydrochloric acid at 0.25 N).
At the end of incubation, the homogenates were centrifuged
(5 min, 8,000 xg), and aliquots from the supernatants were
extracted with n-butanol, followed by stirring in a vortex for
30 s and further centrifugation (2 min, 8,000 xg). The super-
natant absorbance was measured at 535 nm in a microplate
reader (corrected by the values of absorbance at 572 nm). The
results were calculated using a molar extinction coefficient of
155 x 10°M ' em ™' and expressed as pmol of malondialde-
hyde (MDA) formed per mg of tissue [16, 20].

Total nitrate/nitrite (NO, ) concentration was deter-
mined in serum submitted to ultrafiltration (10 kDa; Micro-
con centrifugal filter units) using the Griess reaction for
nitrite, after the nitrate reductase-catalyzed reduction of
nitrate to nitrite, as previously described [16].

Total leukocyte counts were performed in aliquots of
20y L of peripheral blood taken from the tail vein of anes-
thetized rats, immediately before euthanasia. The total leuko-
cyte count was performed in a Neubauer chamber. Results
were expressed as number of leukocytes/mL of peripheral
blood [16].

2.8. Histopathological Analysis. After euthanasia, bladders
were removed, fixed in formalin, embedded in paraffin, and
cut into 5} m sections, which were stained with hematoxylin
and eosin for morphological analysis (i = 5 animals). To
evaluate the effect of EECp (100 or 400 mg/kg) on cyclophos-
phamide-induced cystitis, hemorrhage, edema, and leuko-
cyte infiltration, mucosal ulceration and erosion were scored
to reflect the severity of cystitis as follows: 0 = normal, | =
mild changes, 2 = moderate changes, and 3 = severe changes.
For each bladder, four sections were cut and scored.

2.9. Statistical Analysis. Results were expressed as mean =+
SEM and analyzed by one-way analysis of variance (ANOVA)
followed by Bonferroni’s post hoc test by using GraphPad
Prism software (version 4.0).7 < 0.05 was considered signif-
icant. For histological analysis, the results were expressed as
the median (min—max) and analysis was performed first by
using the nonparametric Kruskal-Wallis test to discover
whether there was any difference between groups. The Mann-
Whitney [ test was then performed to analyze two groups
consecutively.

3. Results

3.1. Effect of EECp on Urinary Bladder Alterations during
Cyclophosphamide-Induced Cystitis. Injection of cyclophos-
phamide (200 mg/kg) markedly augmented the MPO activity
in urinary bladder tissue, when compared with saline group
(P < 0.001). The treatment with EECp significantly reduced
this activity (! < 0.001 for 100 or 400 mg/kg and ! < 0.05 for
200 mg/kg, = 8;Figure 1).
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Figure 1: The ethanol extract of Caesalpinia pyramidalis (EECp)
decreases the myeloperoxidase (MPO) activity in bladder of rats
during cyclophosphamide-induced cystitis. Animals were treated
with EECp (100-400 mg/kg, p.o.), vehicle, or mesna (40 mg/kg, i.p.)
and injected with cyclophosphamide (200 mg/kg, i.p.). After 24 h,
the MPO activity was determined in urinary bladder homogenate
and was expressed as units (U) of MPO/mg of tissue. “7 < 0.001
versus vehicle + saline; 7 < 0.050r ™7 < 0.001 versus vehicle +
cyclophosphamide.

Additionally, administration of cyclophosphamide to rats
significantly increased the urinary bladder weight, when
compared with saline-treated rats (¢ < 0.01), which was
inhibited (? < 0.05) by the treatment with mesna (40 mg/kg).
The oral administration of EECp (100-400 mg/kg) did not
change the urinary bladder weight, when compared to
vehicle-treated rats (Figure 2).

Although the injection of cyclophosphamide did not
cause MDA formation (62 + 17 pmol of MDA/mg of tissue,

= 8) when compared with saline group (93 £ 21 pmol of
MDA/mg of tissue, = 8), the EECp significantly decreased
the MDA content in urinary bladder tissue homogenate ( <
0.05 for each dose) at the doses 0f 100, 200, or 400 mg/kg (27 +
13,48 + 13 and 23 + 12 pmol of MDA/mg of tissue, resp., = 8)
when compared with vehicle-treated animals.

3.2. Effect of EECp on MPO Activity and MDA Formation in
Other Tissues, Total Peripheral Blood Leukocyte Counts and
Serum N 0, Levels. The MPO activity in the lung tissue of
rats injected with cyclophosphamide was also increased in
about 120% (P < 0.05), when compared with saline-injected
group. The pretreatment with EECp decreased significantly
(P < 0.05) this activity at doses of 200 or 400 mg/kg, which
was not observed for 100 mg/kg, when compared with cyclo-
phosphamide group. Treatment with mesna did not alter
MPO activity in lung, although there was a tendency to
lower values in this group (Table 1). In this tissue, there was
no detectable difference in MDA formation after the cyclo-
phosphamide injection, however, both the EECp (200 or
400 mg/kg) and mesna treatments significantly decreased the
MDA formation in lung (7 < 0.05, Table ).

In the spleen tissue there was no differences in the MPO
activity or MDA formation after 24 h of the administration of
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Table 1: Effect of the ethanol extract of Caesalpinia pyramidalis (EECp) on the myeloperoxidase (MPO) activity and lipid peroxidation of
lung and spleen of rats during cyclophosphamide (CP)-induced cystitis.

Tissue Group MPO (UMPO/mg of'tissue) MDA (pmol of MDA/mg of tissue)
Vehicle + Saline 6.6+ 1.7 350+8.5
Vehicle + CP 14.6+1.7" 402+5.5
Mesna + CP 1.1£ 1.6 13.1+4.%
Lung
EECp (100 mg/kg) + CP 79425 52.8+12.3
EECp (200 mg/kg) + CP 6.4+ 14 173+£4.3
EECp (400 mg/kg) + CP 63+12 127+5.6
Vehicle + Saline 16.3+2.0 351+72
Vehicle + CP 207+ 11 43.1+10.7
Mesna + CP 153+ 1.7 18.9+ 6.7
Spleen
EECp (100 mg/kg) + CP 172+ 3.0 3524161
EECp (200 mg/kg) + CP 20.9+2.7 22.8+113
EECp (400 mg/kg) + CP 271+24 2.7+£2.0

Rats were treated with EECp (100-400 mg/kg), mesna (40 mg/kg), or vehicle and injected with saline or CP (200 mg/kg). After 24 h of induction, the MPO
activity and malondialdehyde (MDA) formation were determined in the lung or spleen tissues. Data are expressed as mean + SEM for = § rats. < 0.05
versus respective vehicle + saline group; "7 < 0.05 versus respective vehicle + CP group.
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Figure 2: Urinary bladder weight of rats with cyclophosphamide-
induced cystitis submitted to treatment with the ethanol extract
of Caesalpinia pyramidalis (EECp). Animals were treated with
EECp (100-400 mg/kg, p.o.), vehicle, or mesna (40 mg/kg, i.p.) and
injected with cyclophosphamide (200 mg/kg, i.p.). After 24 h, the
urinary bladder weight was measured and expressed as mg/g of
whole body weight of animals. “P < 0.01 versus vehicle + saline;
P < 0.05 versus vehicle + cyclophosphamide.

cyclophosphamide to rats. However, it was also observed that
EECp significantly reduced the MDA formation in spleen at
the dose of 400 mg/kg, without affecting MPO activity in this
tissue. Mesna did not modify these parameters in spleen
(Table 1).

Liver and kidney tissue MPO activity and MDA forma-
tion were also measured and very low MPO activity was
found in these tissues (lower than 0.05 UMPO/mg of tissue),
with no difference between the groups evaluated (data not
shown).

Total peripheral blood leukocyte counts were decreased
significantly by the cyclophosphamide administration (6.7 +
0.9 cells/mL), when compared with saline group (13.2 +
1.0 cells/mL; P < 0.001). This reduction wasnot significantly

affected by the treatment with mesna (5.8 + 1.6 cells/mL) or
EECp at 100, 200, or 400 mg/kg (4.6+£0.9,4.8+0.5,and 5.3
1.0 cells/mL, resp.).

Serum concentrations of NO, =~ were also augmented by
the injection of cyclophosphamide (59.8 + 4.9y M), when
compared to saline-injected group (10.3+2.2¢y M;? < 0.001).
Treatment with EECp significantly reduced these concentra-
tions at the doses of 100 mg/kg (33.1 + 8.8 M, ? < 0.05) or
400 mg/kg (24.4+ 571 M,? < 0.01), as did the treatment
with mesna (20.8 + 5.2y M; ? < 0.01). The treatment with
the dose of 200 mg/kg was not tested for this parameter.

3.3. Effect of EECp on the Histopathological Alterations
Induced by Cyclophosphamide. The administration of cyclo-
phosphamide to rats caused histopathological alterations in
the urinary bladder, which were characterized by moderate-
severe edema of lamina propria and hemorrhage and severe
mucosal ulceration and erosion, as well as leukocyte infiltra-
tion (Table 2 and Figures 3(c) and 3(d)), when compared with
the saline-injected animals that presented normal pattern
(Figures 3(a) and 3(b)). Presence of leukocyte in cyclophos-
phamide-injected and vehicle-treated animals was primarily
characterized by polymorphonuclear cells in the lamina
propria.

The treatment with EECp at 100 mg/kg decreased the
leukocyte infiltration in the urinary bladder in a significant
manner (! < 0.05, Table 2), but only showed a tendency to
reduce the other parameters analyzed, although it diminished
the total score of morphological alterations induced by
cyclophosphamide (Table 2 and Figures 3(e) and 3(f)). The
dose of 400 mg/kg also tended to improve the histology of
urinary bladder, but it was not as effective as the lower dose
of EECp used (Table 2 and Figures 3(g) and 3(h)). The dose
of 200 mg/kg was not performed for this analysis. Treatment
with mesna significantly reduced the effect of cyclophos-
phamide for all parameters evaluated (Table2 and Fig-
ures 3(i) and 3(j)).
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Table 2: Effect of ethanol extract of Caesalpinia pyramidalis (EECp) on the histopathological parameters during cyclophosphamide (CP)-

induced cystitis in rats.

Group Edema Hemorrhage Erosion and ulceration Leukocyte Total score
Saline + Vehicle 0(0-0) 0(0-0) 0 (0-0) 0 (0-0) 0 (0-0)
CP + Vehicle 2 (1-3) 2 (1-3)* 3(2-3) 3(3-3) 11(9-12)"
CP + Mesna 0 (0-1)° 0 (0-1)° 1(1-2) 0 (0-0)’ 2(2-4)
CP + EECp (100 mg/kg) 1(0-2) 1(0-2) 2(2-3) 1(1-2) 6 (4-8)
CP + EECp (400 mg/kg) 1(0-2) 1(0-2) 2(1-3) 3(1-3) 9(3-11)

Data are shown as median (min—max) for = 5animals. #» < 0.05 versus respective saline + vehicle group and "7 < 0.05 versus respective CP + vehicle

group.

4. Discussion

Treatment with cyclophosphamide, an alkylating agent, is
largely known to cause urotoxic effects [1, 2]. In this study,
cyclophosphamide injection to rats caused edema, increase of
MPO activity, and histopathological alterations in the urinary
bladder tissue, as expected [21], which were partially reduced
by treatment with EECp, with the exception of bladder
edema.

The pharmacological activity of Caesalpinia pyramidalis
was described recently by a previous study [15], which dem-
onstrated that treatment with EECp, at the same doses used
in the present study, decreased inflammation in carrageenan-
induced rat paw edema or mice peritonitis and inhibited
the nociception induced by various stimuli and possessed in
vitro antioxidant properties. As these properties would have
value to treat hemorrhagic cystitis, we tested here the effects
of this extract. In this way, although the pretreatment with
EECp did not alter the urinary bladder edema, it reduced
the neutrophil accumulation in this tissue, as measured by
the MPO activity. This finding was confirmed for the dose of
100 mg/kg of EECp, through the histological analysis. Besides
the inhibition of leukocyte infiltration, this dose of EECp
tended to reduce the edema of the lamina propria, hemor-
rhagia, and the mucosal erosion and ulceration of urinary
bladder. Interestingly, the higher dose utilized of EECp did
not show a significant improvement of urinary bladder tissue
histology, although a tendency for lower scores was observed.
Taken together, these results suggest that even lower doses of
EECp could be used in rats.

Interestingly, we did not detect lipid peroxidation in
the urinary bladders, 24 h after the injection of cyclophos-
phamide, which contrasts with the findings by others [22-24],
but it does not exclude the possibility that peroxidation may
have occurred at previous experimental time points, which
were not evaluated. In spite of this finding, we observed a
reduced MDA formation in the bladders from animals treated
with EECp, which enable us to speculate that the inhibitory
effect of neutrophil infiltration is related to the diminishment
of MDA formation by EECp. As a matter of interest, a similar
link between reduced MDA formation and MPO activity was
described by Santana et al. [16] in the model of acute pancre-
atitis induced by the common bile duct obstruction in rats.
These results further agree with the previous data from Santos
et al. [15], showing in vitro antioxidant activity and anti-
inflammatory effect of EECp. All together, these data indicate

that EECp induced anti-inflammatory effect in urinary blad-
der during the cyclophosphamide-induced hemorrhagic cys-
titis model in rats.

An additional important finding of this study is that the
EECp treatment is able to reduce the serum concentrations of
metabolites of NO in rats with cystitis. Overproduction of NO
is a characteristic of the inflammatory process and it was
showed that inhibition of inducible nitric oxide synthase
isoform by aminoguanidine has beneficial effects in the
cyclophosphamide-induced cystitis in rodents [10]. The fact
that EECp reduced the serum concentrations of NO metabo-
lites is in accordance with the protective effects of this extract
in the urinary bladder, especially regarding to the decrease of
the MDA levels in this tissue. Also, it is plausible that reduced
NO metabolite formation, induced by EECp, in other organs
may contribute to this effect.

In this study, the effect of EECp was also evaluated in
some tissues of rats injected with cyclophosphamide, like
lung, spleen, liver, and kidney, or in the leukocyte count in
peripheral blood. It is interesting to note that cyclophos-
phamide treatment increased the MPO activity in lung. This
result is in accordance with previous studies that showed the
potential of cyclophosphamide to cause lung toxicity [25, 26].
However, no lipid peroxidation was detected in lung tissue in
our study, which contrasts with other authors’ findings [27].
The EECp pretreatment decreased MPO activity in lungs,
reinforcing its anti-inflammatory activity, and decreased
basal values of MDA formation in this tissue. Accordingly, a
study from our group showed that the lung neutrophil infil-
tration and lipid peroxidation secondary to acute pancreatitis
induced by bile duct ligation in rats was also reduced by
treatment with EECp [16]. Spleen, liver and kidney MPO
activities were not affected by cyclophosphamide or EECp,
but EECp decreased the MDA formation in rat spleen, with-
out affecting liver, and kidney lipid peroxidation. This may be
linked with the antioxidant activity presented by EECp [15,
16], but it can be argued that the actual importance of this
finding is related to the fact that administration of EECp,
in the dose range used, does not lead to the injury of these
tissues, especially liver and kidney. By comparison, previous
data from our group showed that the treatment with the
ethanol extract of Sideroxylon obstusifolium, in the same way
that was used in the present study, increased lipid peroxida-
tion in spleen and urinary bladder of rats [18].

Cyclophosphamide is also well known by its damaging
effects in the hematopoietic stem cells and precursor cells and
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Figure 3: Light microscopy of the bladders of rats with cystitis. Original magnification of 10-fold (Panels (a), (c), (e), (g), and (i)) or 40-
(Panels (b), (d), (f), (h), and (j)); hematoxylin and eosin staining. Panels (a) and (b) show control saline + vehicle rats with normal tissue
histology. Panels (c) and (d) demonstrate that injection of cyclophosphamide induced mucosal erosion and ulceration, severe edema in
the submucosal region (*), hemorrhagic foci (red arrows), and leukocyte infiltration (black arrows). Panels (e¢) and (f) indicate that EECp,
at 100 mg/kg, reduced the cyclophosphamide-induced morphological alterations, affecting mainly the leukocyte infiltration and mucosal
erosion/ulceration, which was not so clearly observed in the urinary bladders of EECp (400 mg/kg)-pretreated rats (Panels (g) and (h)) that
still presented mucosal erosion, ulceration, edema in the submucosal region, and hemorrhagic foci. A slight leukocyte infiltration reduction
was observed in these animals ((g) and (h)) when compared with animals pretreated with vehicle and injected with cyclophosphamide ((c)
and (d)). Panels (i) and (j) show that mesna pretreatment almost completely reverted the damage induced by cyclophosphamide.
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to the hematopoietic microenvironment, leading to myelo-
suppression [28, 29]. In our study, we detected a decrease in
the total leukocyte number in peripheral blood that was not
changed by EECp, indicating that this extract does not have
any effect on the negative hematopoietic effects of cyclophos-
phamide.

The components of EECp are still poorly characterized,
but the study by Santana et al. [16] has strongly suggested that
rutin, a well-known flavonoid, is present in this extract. As a
matter of interest, rutin, present in the hydroalcoholic extract
of Phyllanthus niruri (Euphorbiaceae), was shown to dimin-
ish the urinary bladder inflammation during cystitis induced
by cyclophosphamide in mice [11]. Whether rutin is presented
in EECp in a concentration high enough to reach biological
significance for the effects of this extract is still not estab-
lished, and the possibility that other compounds would con-
tribute to these protective actions cannot be discharged.

In summary, we provided here evidence that demonstrate
that EECp decreases cyclophosphamide-induced pathologi-
cal alterations of urinary bladder, as neutrophil infiltration.
This extract also does not have any deleterious effects,
detected in terms of MPO activity and MDA formation, in
lung, spleen, kidney, and liver. This indicates that EECp has a
potential to treat cystitis induced by oxazophorines.
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