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RESUMO

O cancer colorretal (CCR) é o terceiro tipo de cancer mais frequente no mundo. Nos ultimos
anos, estudos tém revelado efeito protetor da metformina (MET - agente anti-hiperglicémico
utilizado no tratamento de diabetes tipo 2) contra 0 CCR. O efeito protetor da MET tem sido
associado a ativacdo da AMPK (e inibicdo da mTOR), resultando em supressdo da sintese de
proteinas e reducdo na proliferacdo celular de células malignas. Este trabalho avaliou o efeito
protetor da MET em um modelo de CCR induzido por 1,2-dimetilhidrazina (DMH) em
camundongos fémeas Balb/c. O tratamento simultaneo/continuo (administracdo de MET e
DMH simultaneamente) demonstrou atividade protetora da MET, prevenindo a formacéo de
focos de criptas aberrantes (FCA) em 71.4% na porcdo distal do intestino, e foi capaz de
restaurar os niveis basais de apoptose e prevenir eventos associados a displasia. O tratamento
com MET se mostrou eficiente em modular o processo inflamatoério induzido pela DMH,
resultando em niveis reduzidos de moléculas relacionadas ao estresse oxidativo e nitrosativo.

Palavras-chave: Cancer colorretal. Metformina. 1,2-dimetilhidrazina. Focos de criptas
aberrantes. Prevencao.



BORDINI, Heloiza Paranzini; LUIZ, Rodrigo Cabral. Protective effect of metformin in a
aberrant crypt foci model induced by 1,2-dimethylhydrazine. 2015. 37 p. Dissertation
(Master’s Degree in Experimental Pathology) — Universidade Estadual de Londrina,
Londrina, 2015.

ABSTRACT

Colorectal Cancer (CRC) is the third most frequent cancer in the world. In the last few years,
studies have revealed a protective effect of metformin (MET - an anti hyperglycemic drug,
used in the treatment of type 2 diabetes), against CRC. The protective effect of MET has been
associated with AMPK activation (and mTOR inhibition), resulting in suppressed protein
systhesis, and reduced cell proliferation in malignant transformed cells. The present study
evaluated the protective effect of MET in a CRC model induced by 1,2-dimethylhydrazine
(DMH) in Balb/c female mice. The simultaneous/continous treatment (administration of MET
and DMH simultaneously), revealed protective activity of MET, preventing the formation of
aberrant crypt foci (ACF) in 71.4% at distal colon sections, and was able to restore basal
levels of apoptosis, and prevent dysplastic associated events. Treatment with MET was
efficient in modulating the inflammatory process induced by DMH, resulting in lower levels
of oxidative stress and nitric oxide related molecules.

Key words: Colorectal cancer. Metformin. 1,2-dimethylhydrazine. Aberrant cypt foci.
Prevention.
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1. Introducgéo

1.1. Cancer Colorretal — incidéncia e fatores de risco

O termo cancer se refere ao conjunto de doencas resultantes do descontrole do
ciclo de replicagdo celular, que resulta em um tecido proliferativo com caracteristicas
invasivas. Mundialmente, o cancer tem sido responsavel por iniUmeros casos de morte. Para o
ano de 2012 foram contabilizadas 8,2 milhGes de mortes por cancer. Dentre os tipos de
cancer, o cancer colorretal (CCR) tem recebido bastante atengédo, por ser o terceiro tipo de
cancer mais frequente no mundo (GLOBOCAN, 2012).

Somente para 0 ano de 2014 foram estimados 15.070 novos casos para homens e
17.530 casos para mulheres. Esses valores correspondem a um risco estimado de 15,44 casos
novos a cada 100 mil homens e 17,24 a cada 100 mil mulheres, sendo que 95% dos casos séo
digsnosticados na forma de adenocarcinoma (INCA, 2014).

Considerada uma neoplasia maligna, o CCR acomete a mucosa intestinal tanto
dos célons, quanto do reto, e é geralmente classificado em hereditéario e esporadico. O CCR
hereditario resulta da transmissdo familial de muta¢cBes gendmicas que podem aumentar em
80% a chance do desenvolvimento deste tumor. Os dois tipos mais frequentes de CCR
hereditario sdo a polipose adenomatosa familiar (FAP) e o cancer colorretal hereditario sem
polipose (HNPCC), e juntas representam cerca de 20% dos casos de CCR (VALADAO &
CASTRO, 2007). O CCR esporadico € caracterizado pela auséncia de mutacdo prévia no
genoma, atinge cerca de 80% dos pacientes e € influenciado por aspectos ambientais e
inflamatorios. O destaque do CCR esporadico € relativo a sua epidemiologia, com cerca de
1,4 milhdes de casos novos em 2012, totalizando 9,7% dos casos de céncer no mundo
(WCRF, 2013). Deste modo, o presente trabalho tera como foco o CCR esporadico.

Para o CCR esporadico, os sinais e sintomas mais comuns sdo: sangramento anal
ou sangue nas fezes, alteracdo do transito intestinal (diarreia e obstipacéo alternados), dor ou
desconforto abdominal, fraqueza e anemia e perda de peso sem causa aparente (INCA, 2003).
O estilo de vida moderno parece ser o grande promotor da crescente incidéncia do CCR e por
este motivo este tipo de cancer é mais comum em paises economicamente desenvolvidos
(JEMAL et al., 2010), nos quais se observa modificagcdes na cultura alimentar, que incluem a
substituicdo de uma dieta saudavel composta de frutas frescas, vegetais e produtos integrais,
por uma alimentacdo rica em gréos refinados (como a farinha de trigo) (LALAND et al.,
2010), ingestdo de carnes vermelhas e embutidos (PEREZ CUETO, 2011; ASTON et al.,
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2012; MIRVISH et al., 2002), alimentos ricos em ferro, gordura animal e agticares (PEREZ
CUETO, 2011).

Um interessante exemplo de fator de risco para 0 CCR esporadico € o consumo de
carne vermelha. Em excesso, 0 grupamento heme presente na mioglobina da carne se
comporta com um agente nitrosante e gera compostos carcinogénicos n-nitrosos
(PERICLEOQOUS et al., 2013), além de espécies reativas de oxigénio (ERO) e inflamacéo da
mucosa intestinal (KNOBEL et al., 2007).

Outros fatores de risco relacionados ao CCR esporadico sdo: (i) sedentarismo, (ii)
doencas inflamatorias (OLIVEIRA & AARESTRUP, 2012), (iii) obesidade, devido a maus
habitos alimentares e a resisténcia periférica a insulina (SILVA, 2006), (iv) tabagismo e
alcoolismo (PEREZ CUETO, 2011; ROLAO et al., 2011). A identificacdo dos fatores de risco
¢ importante, pois, deste modo, € possivel agir de maneira preventiva, evitando-os e criando
habitos mais saudaveis, a fim de diminuir a incidéncia do CCR esporadico (DURKO &
MALECKAS-PANA, 2014).

Um ambiente intestinal exposto a agentes carcinogénicos, estresse oxidativo e
processo inflamatorio, favorece o surgimento de células geneticamente modificadas. Para o
CCR acredita-se que as primeiras mutagdes ocorrem nos proto-oncogenes K-ras e APC nos
estagios iniciais, e em estagios mais tardios, observam-se alteracdes nos supressores tumorais
DCC e TP53 (TAKAHASHI & WAKABAY ASHI, 2004). MutacGes em outros genes como 0
GSK-3p e da B-catenina também estdo envolvidas neste tipo de cancer (RUBINFELD et al.,
1997).

1.2. Carcinogénese Colorretal
A carcinogénese é o0 processo de desenvolvimento de neoplasias e

tradicionalmente é considerado um evento de multiplas etapas, que envolvem a iniciacao,

promogé&o e progressao (PITOT, 1989) (Fig. 1).
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Agente quimico,
f|5|cc> ou biologico

Iniciagdo Promoczo Progressao

&

Figura 1 — Etapas da carcinogénese.

Para o CCR esporadico o modelo mais conhecido de carcinogénese colorretal é o
proposto por VOGELSTEIN et al. (1996) (Fig. 2). A iniciacdo € primeira fase de
transformacéo celular, onde uma célula normal sofre acdo de um agente mutagénico, gerando
lesbes no material genético celular que podem resultar em mutacGes em proto-oncogenes ou
genes supressores tumorais. A maioria dos compostos iniciadores apresenta acdo indireta, isto
é, precisa passar por biotransformacdo para que seus metabdlitos possam atuar sobre o
genoma celular (CHUN et al., 2013). Para o intestino podemos citar como exemplo, de
agentes iniciadores os derivados do azobenzeno, compostos alquilantes e nitrosaminas
(HIGA, 2007).

Na promogdo, a mutacdo induzida anteriormente é expressa fenotipicamente, isto
é, a célula ndo sofre novas mutagdes, mas € estimulada a entrar em divisao celular (PITOT,
1993). Com o contato prolongado e continuo com o agente oncopromotor, a célula
anteriormente iniciada forma uma pequena massa de células que contém a mutacdo inicial.
Contudo, na auséncia de mutacdes em genes reguladores de apoptose, por exemplo, esta
pequena populacdo de células pode regredir, sendo, portanto, um processo reversivel (INCA,
2014). No intestino estas celulas aparecem na forma de criptas aberrantes, que podem ou nao
apresentar displasia. Caso apresentem, é devido a novas mutagdes que estdo surgindo, ou seja,
é inicio da progressdo (CADERNI et al, 2003). Um exemplo de agente promotor sdo 0s
derivados dos sais biliares, que tém mostrado relacdo com o desenvolvimento de CCR,
principalmente em individuos com dieta rica em gordura. A exposicdo excessiva dos sais
biliares pode provocar danos no epitélio intestinal, relacionados com a geracdo de ERO e
especies reativas de nitrogénio (ERN), que por sua vez, podem causar danos ao material
geneético das células (AJOUZ et al., 2014).

As células que inicialmente se localizavam nas criptas passam a formar massas

teciduais hiperplésicas que evoluem para adenomas (Fig. 2). O acimulo de novas mutacdes
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permite o aparecimento do carcinoma durante o processo de progressdo. Nesta fase as células
apresentam maior facilidade para entrar em mitose e caracteristicas heterogéneas decorrente
da instabilidade gendmica (PITOT, 1989). Ainda dentro do processo de progressédo € possivel
observar angiogénese e invasdo de tecidos adjacentes, além de metastase (CHUN et al., 2013;
VOLGESTEIN & FEARON, 1990; COTTI et al., 2000; PINHO, 2008).

_ i

(L) | &
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— L= ’_'", || I
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APC Hipometilacdo RAS DCe P53

Figura 2 - Representacdo do modelo proposto por Vogelstein (1996) para a sequéncia de mutacdes na evolugdo
adenoma-carcinoma, com alteracdes nos genes APC (adenomatous polyposis coli), RAS (rat sarcoma), DCC

(deleted in colorectal carcinoma) e TP53 (proteina p53).

1.2.1. Estresse oxidativo no cancer

Dentro do processo de carcinogénese colorretal, o estresse oxidativo tem
demonstrado forte envolvimento. O estresse oxidativo ocorre quando as defesas antioxidantes,
sejam elas enzimaticas ou ndo enzimaticas, ndo sao suficientes para controlar ou neutralizar a
guantidade de radicais livres sendo formada, fazendo com que haja prevaléncia destas
moléculas (PRYOR & GODBER, 1991), que por sua vez, sdo altamente instaveis e
quimicamente reativas (BIANCHI & ANTUNES, 1999). Quando existe este desbalango, estas
especies reativas podem provocar diversas doengas, entre elas o cancer (INDO et al., 2015).

Radicais livres sdo definidos como atomos ou moléculas que contém um numero
impar de elétrons na Gltima camada eletronica, que lhes confere a alta reatividade. Um
exemplo sdo as ERO, que sdo formadas durante o metabolismo aerdbico, podendo dar origem
a intermediarios reativos, como radicais superdxido (O;), hidroperoxila (HO;"), hidroxil
(OH") e perdxido de hidrogénio (H,O,) (FERREIRA & MATSUBARA, 1997). Em condicGes

fisiologicas normais, as ERO possuem fungdo na resposta imunoldgica (fagocitose e defesa
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contra infecgdes), e também atuam como fatores de transcricdo na sinalizacdo intracelular,
induzindo a apoptose (BIESALSKI, 2002). Mas em excesso podem acarretar em lesdes
teciduais ou modificacdes nas respostas celulares (GUTTERIDGE & HALLIWELL, 2000).

Além das ERO, também podem ser formadas espécies reativas de nitrogénio
(ERN), dentre elas o 6xido nitrico (NO) e o peroxinitrito (ONOQO’) (CHANG et al., 2015). O
Oxido nitrico pode modular vias de sinalizacdo agindo de forma direta ou indireta. Em
concentracdes baixas, 0 NO pode agir como neurotransmissor no sistema nervoso central,
regular o processo de contracdo e relaxamento dos esfincteres do trato gastrointestinal e
também tem funcgéo no controle do relaxamento dos vasos sanguineos (BILLIAR, 1995). Por
outro lado, em niveis mais elevados (ESPEY et al., 2000), O NO reage com o O,", formando
0 ONOO" que é uma molécula de grande potencial citotdxico com habilidade de destruir
patdgenos e contribuir para a defesa imune. Além disso, 0 ONOO- pode provocar danos em
proteinas, lipideos e acidos nucleicos, contribuindo para o desenvolvimento de doengas, como
o cancer (KONDO et al., 2002).

Umas das consequéncias do estresse oxidativo € a geracdo de lesdes no DNA que
estdo relacionadas ao processo de iniciacdo da carcinogénese (VALKO et al., 2006), através
de quebras simples ou duplas na cadeia de DNA, mutacdes e aberracdes cromossdmicas,
contribuindo para o desenvolvimento de neoplasias (OSHIMA et al., 2003).

1.3. Inducéo de criptas aberrantes pelo modelo de DMH

Devido a importancia epidemioldgica do CCR esporadico, modelos experimentais
tém sido desenvolvidos para compreender esta doenca e avaliar agentes antitumorais e/ou
quimiopreventivos. Um dos modelos experimentais mais utilizados é a inducdo de criptas
aberrantes em animais, atraveés da administracdo da 1,2-dimetilhidrazina (DMH), um agente
carcinogénico iniciador indireto, derivado do azobenzeno, cujos metabolitos apresentam
grande afinidade pelo tecido intestinal (YOSHIDA et al., 2007).

A DMH teve seu potencial carcinogénico descoberto em um estudo com
moradores do Guame (Micronésia), que consumiam farinha de cica (Cycas circinalis)
(ROSENBERG et al., 2009). Ao alimentar ratos com grandes quantidades da farinha de cica,
LAQUEUR (1964), observou o desenvolvimento de adenocarcinomas no coélon destes
animais, associados a presenga de cicasina, uma hidrazina similar a metilazoximetanol
(MAM).
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Hidrazinas sintéticas podem ser encontradas no ambiente devido ao seu uso na
indUstria (fabricacdo de combustiveis), na agronomia (maturador de plantas), e na medicina
(agente antineoplasico procarbazina), e suas diferentes formas podem induzir o
desenvolvimento de diferentes tipos de cancer (TOTH, 1975). Também estdo presentes na
natureza de forma restrita em alguns cogumelos, folhas de louro e no tabaco. O potencial
carcinogénico das hidrazinas é comparado a carcinégenos quimicos como hidrocarbonetos
policiclicos aromaticos, compostos N-nitrosos e aminas aromaticas (TOTH, 2005).

A DMH ¢é um composto quimico com conhecido potencial carcinogénico, que,
uma vez metabolizada na sua forma ativa, instala-se no intestino (SWENBERG et al., 1979),
onde o metabdlito ativo ird provocar alquilagdo no DNA e, consequentemente, a inducéo do
cancer de colon (YOSHIDA et al., 2007).

Na primeira etapa de metabolizacdo, a DMH da origem ao azoximetano, que é
metabolizado no figado via CYP 2E1, para gerar metilazoximetanol (MAM). Ainda no
figado, 0 MAM ¢ conjugado pelo acido glicurénico e é liberado no cdlon via bile. No
intestino, 0 MAM ¢ desconjugado pelas enzimas B-glicuronidase, e uma vez livre no intestino,
0 MAM é metabolizado e forma o ion metildiazdnio, que por sua vez, gera o ion carbdnio, seu
composto carcindgeno ativo, sendo responsavel pela metilacdo de acido nucléico,
desencadeando o processo de carcinogénese colorretal (ROSENBERG et al., 2009).

Apb6s submetidos ao tratamento com DMH, roedores apresentam lesdes
precursoras do desenvolvimento de cancer de colon e reto (DIEHL et al., 2006), como um
conjunto de criptas com morfologia anormal (RUDOLPH et al., 2005).

Estas lesGes provocadas no intestino foram descritas pela primeira vez por BIRD
(1987), como focos de criptas aberrantes (FCA), que sdo as primeiras leses pré-neoplasicas
do CCR. Tais lesBes sdo de importante identificacdo na mucosa intestinal humana, para que se
tenha um método de controle e prevengdo de CCR precoce, ao invés de considerar somente
polipos e adenomas, como precursoras do CCR, ja que sdo lesdes mais tardias.

VIVONA et al. (1993) e McLELLAN et al. (1991), mostram que FCA podem
conter elementos sugestivos de céncer de cdlon, tais como elementos de displasia e a
expressdo de mutagdes no oncogene ras e no gene supressor apc, podendo progredir para um
cancer (STEVENS, 2006).

As variagOes histologicas e moleculares nas criptas sdo muito comuns as dos tumores
induzidos nas cobaias, permitindo que os FCA sejam considerados confiaveis para a avaliacdo
pré-clinica de agentes quimiopreventivos que se deseja estudar (VIVONA et al., 1993;
BRUCE, 1990; PEREIRA & KHOURY, 1991).
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Por ser um modelo experimental de relativo baixo custo e de curta duracdo, a
indugdo de criptas aberrantes em animais, tem sido utilizada para identificar agentes
quimiopreventivos contra 0 CCR esporadico (De FLORA et al., 2001).

1.4. Quimioprevencgado do cancer

De modo geral, os canceres esporadicos tém aumentado sua incidéncia com o
decorrer dos anos, por este motivo varias pesquisas cientificas tém tentado identificar
compostos quimicos naturais ou sintéticos capazes de exercer atividade quimiopreventiva
sobre o cancer, isto é, prevenir o aparecimento do cancer ao inibir alguma das etapas de
carcinogénese (KELLOFF et al., 2004; SURH, 2003).

De FLORA et al. (2001) classificaram os agentes quimiopreventivos em agentes
de acdo priméria, secundéaria e tercidria. Os agentes de acdo primaria evitam iniciacdo do
cancer, seja de maneira intra ou extracelular ou inibem a promogdo. Os de acdo secundaria
inibem a progressdo de lesdes pré-malignas, enquanto os de acgdo terciaria evitam metastases
ou recidivas dos tumores malignos.

Posteriormente STEWARD & BROWN (2013) sugerem a classificacdo dos
agentes quimiopreventivos em bloqueadores e supressores. Os agentes bloqueadores atuam
impedindo a lesdo inicial da célula seja por sequestrar os radicais livres (scavengers), induzir
reparo de DNA, e bloquear a captacdo de um composto cancerigeno. Ja os supressores atuam
sobre as células transformadas alterando a expressdo génica, inibindo a expansdo clonal das
células, induzindo a apoptose em lesbes pré-neoplasicas ou modulando a transducao de sinais.

As fibras alimentares sdo os mais conhecidos agentes de preven¢do do CCR.
Primeiramente as fibras alimentares aceleram o transito do contetdo intestinal, e por ndo
serem digeridas sdo fermentadas por bactérias, resultando na formacdo de &cidos graxos de
cadeia curta, que podem agir nas diferentes fases da quimioprevencéo, causando apoptose das
células cancerosas, ou ativando enzimas metabolizadoras, que podem reduzir a carga de
agentes carcindgenos, diminuindo, portanto, o nimero de mutacdes, por final, reduzindo o
risco de cancer (SCHARLAU et al., 2009). Inumeras substancias de origem natural ou
sintéticas tém sido avaliadas na quimioprevencdo do CCR, dentre elas podemo citar a
metformina (TAKAHASHI et al., 2013; HIGURASHI et al., 2012; HOSONO et al., 2010a;
HOSONO et al., 2010b).

Para 0 CCR tem sido proposto o uso de drogas anti-inflamatorias, como inibidoras

de ciclooxigenase 2 (COX-2) tanto para prevencdo quanto para tratamento adjuvante
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(FARJADO & PIAZZA, 2015). Dentre os agentes anti-inflamatdrios estudados, estd o
celecoxibe, um inibidor seletivo de COX-2 utilizado no tratamento de artrite, que demonstrou
efeito preventivo sobre o CCR além de acdo adjuvante no tratamento de canceres em estagio
avancado. No entanto, esta droga aumenta o risco de doencas cardiovasculares e anemia
(CHEN et al., 2014).

A MET, por outro lado, é a droga antihiperglicémica mais utilizada no mundo
para o tratamento de diabetes mellitus tipo 2 (BUZZAI et al., 2007), e os efeitos colaterais
principais sdo disturbios gastrointestinais (diarréia) e raros casos de acidose latica
(HIGURASHI et al., 2012), e raramente induz hipoglicemia (ROJAS & GOMES, 2013).
Devido aos raros efeitos colaterais da MET, ela se torna uma droga relativamente segura para
a prevencdo do CCR (HOSONO et al., 2010b; HIGURASHI et al., 2012).

1.5. Metformina

A metformina é uma dimetilbiguanida, descoberta na arruda-capraria (Galega
officinalis), um arbusto encontrado na Europa e Asia ociental, que era utilizado como agente
antihiperglicemiante (BAILEY & DAY, 2004). Atualmente, a metformina é uma biguanida
produzida de forma semi-sintética, com a adi¢do de dois grupos metil no nicleo de nitrogénio,
amplamente utilizada no tratamento de diabetes mellitus tipo 2 (DM2) (DEL BARCO et al.,
2011) (Figura 3).
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Figura 3 - Formula estrutural da metformina (dimetilbiguanida)

Dentre todas as guanidinas, a MET é a mais eficiente (BAILEY, 1992) e comecgou
a ser utilizada de forma isolada em pacientes diabéticos tipo 2 a partir de 1957 (BAILEY,
1992), tornando-se atualmente o agente antihiperglicemiante de primeira escolha
(DAVOREN, 2015).

Seu efeito anti-hiperglicémico se da pela inibicdo da gluconeogénese e da saida de
glicose do figado, que tem como consequéncia a reducdo dos niveis de glicose no sangue,
diminuindo, portanto, os niveis de insulina (SHAW et al., 2005). Também estimula o
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consumo de glicose pelos masculos esqueléticos (ZHOU et al., 2001) e pelos adipdcitos
(SAHRA et al., 2010). A metformina pode reduzir a resisténcia a insulina sem afetar a
secrecdo deste hormonio (BAILEY, 1992). Em individuos saudaveis, a insulina é produzida
pelas células B-pancreéticas, que detectam alteragfes na concentracdo de glicose sanguinea e
liberam quantidades correspondentes de insulina, capazes de suprir a demanda metabdlica
(FU et al., 2013). Em individuos com DM2, ocorre a deterioracdo gradativa da funcdo das
células B-pancreaticas que gera uma deficiéncia na secrecdo de insulina e resisténcia das
células a acdo deste horménio devido a diminuicdo no nimero de receptores celulares. Este
fendbmeno faz com que os tecidos percam a sensibilidade a insulina. Desta forma, numa
tentativa compensatdria, o pancreas excede a producdo deste hormdnio (hipersinsulinemia),
gerando um quadro de resisténcia periférica a insulina (BEARDSALL et al., 2006). Devido
ao estado hiperinsulinémico, o DM2 em si € um fator de risco para o desenvolvimento do
CCR (VIGNERI et al., 2009), uma vez que a insulina funciona como fator de crescimento
celular, atuando também na diferenciacdo, adesdo, migracdo e inibi¢do da apoptose, 0s quais
sdo fatores importantes para a sobreviéncia do cancer e metastase (LE ROITH & ROBERTS,
2003; YU & ROHAN, 2000). No caso de individuos diabéticos com resisténcia a insulina, a
MET pode agir aumentando a atividade do receptor tirosina-quinase da insulina, aumento da
sintese de glicogénio, e aumento no recrutamento e atividade dos transportadores de glicose
GLUT4, diminuindo, portanto, a resisténcia insulinica e o quadro hipersinsulinémico
(GIANNARELLI et al., 2003).

Esta droga vem sendo utilizada em pesquisas para prevencdo de varios tipos de
cancer, como cancer de mama (GONZALEZ-ANGULO & MERIC-BERNSTAM, 2010),
cancer de pulmdo (WU et al., 2011), cancer de ovério (RATTAN et al., 2011), e
principalmente o cancer colorretal, por ser um tumor insulino-dependente (POLLAK, 2008).
HOSONO et al (2010b) publicaram a primeira triagem clinica em pacientes ndo diabéticos na
qual a metformina foi capaz de inibir o processo de carcinogénese colorretal em humanos,
através de uma dose baixa (250mg/dia) por um més. Ao se analisar os focos de criptas
aberrantes como parametro, p6de-se notar que os individuos tratados com MET tiveram
reducdo significativa do nimero destas lesdes.

Os mecanismos antitumorais da MET n&o estdo totalmente esclarecidos até o
momento. As principais hipoteses de seu mecanismo preventivo se dividem em indireta e
direta. Na forma indireta ha o envolvimento do seu efeito antidiabético, no qual, ao controlar
os niveis de glicose, a MET, por consequéncia, controla indiretamente os niveis de insulina e

a disponibilidade deste hormdnio, que € um conhecido fator de crescimento que contribui para
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a proliferacéo das células tumorais (LUENGO et al, 2014). Ja na forma direta, sugere-se que
a MET exerca um efeito quimiopreventivo direto sobre as células tumorais, independente do
seu efeito farmacoldgico, através da ativacdo da AMPK (HOSONO et al., 2010a;
HIGURASHI et al., 2012).

A via da AMPK (adenosine-monophosphate-activated protein kinase) esta
envolvida com o balango energético celular, sendo ativada quando ha variacdo na proporcao
ATP:AMP, na qual o ATP diminui e 0 AMP aumenta, em condi¢cdes de menor suprimento
energético, ou até mesmo sob condigdes de estresse celular (KHAN et al., 2005). A MET
pode ativar a via AMPK, através da inibicdo do complexo | da cadeia mitocondrial de
transporte de elétrons, diminuindo a respiracdo oxidativa, que leva a um desequlibrio
energético. Isto faz com que LKB1, um conhecido supressor tumoral, seja a principal quinase
capaz de fosforilar e ativar a via AMPK (ANWAR et al., 2014) no figado e musculos
esqueléticos (SHAW et al., 2005; SHACKELFORD & SHAW, 2009).

Quando a via AMPK ¢ ativada, os processos anabdlicos sdo inibidos, enquanto
gue os processos catabolicos sdo ativados, mudando os niveis de energia da célula (SAHRA et
al., 2010; DEL BARCO et al., 2011). Isto se da pelo blogueio de mTOR, o que resulta num
bloqueio da divisdo celular e da sintese de proteinas (HAN et al., 2006). Por este motivo, é
proposto que a MET pode inibir a proliferacdo de células tumorais (SAHRA et al., 2010).

O estudo da MET como agente preventivo do CCR se faz importante, uma vez
que a incidéncia de individuos diabéticos tipo 2 vem aumentando de forma exponencial, com
estimativa de 64 milhdes de casos até o ano de 2025, somente nas Américas (KING et al.,
1998), aumentanto, portanto, o consumo desta droga (ROJAS & GOMES, 2013).

A fim de esclarecer se a acdo protetora da MET sobre o CCR é dada por uma
propriedade quimiopreventiva da droga, sem interferéncia de suas propriedades
antihiperglicémicas, mais estudos em modelos ndo diabéticos se fazem necessarios para

esclarecer estes mecanismos.
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2. JUSTIFICATIVA

Devido a alta incidéncia do cancer colorretal, se fazem necessarios estudos que
caracterizem agentes quimiopreventivos ou terapéuticos, bem como seus mecanismos de
acdo. Por este motivo, o presente trabalho avaliou o efeito preventivo da metformina em
modelo in vivo, de inducdo de criptas intestinais aberrantes, um evento pré-neoplésico do
CCR.
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3. OBJETIVOS

3.1. Objetivo Geral

Avaliar a agdo preventiva da MET no modelo experimental de indugéo de

focos de criptas aberrantes por 1,2-dimetilhidrazina em camundongos fémeas Balb/c com sete

semanas de idade.

3.2.0bjetivos Especificos

« Analisar alteraces fisioldgicas atraves do peso corporeo dos animais e de
alguns 6rgaos (coracdo, pulmdes, rins e figado) no presente modelo experimental;

« Dosar colesterol total, triglicerideos e glicose no plasma, para identicar se
hé interferéncia da acéo antihiperglicémica da metformina;

« Analisar e quantificar FCA, comparando os resultados entre os segmentos
de colon ascendente, transverso e descendente;

« Verificar a presenca de displasia no tecido com criptas aberrantes com
coloragdo para presenca de mucina;

« Avaliar o indice mitético através de coloracdo com hematoxilina e eosina;

« Avaliar nivel de apoptose pelo teste de TUNEL;

« Analisar marcagdes imunohistoquimcas para p53, INOS, nitrotirosina,
NFkB e Nrf2;

« Avaliar dosagem das citocinas IL-1p e IL-10 em homogenato do tecido
intestinal para analise de resposta pro e anti-inflamatoria;

« Verificar o envolvimento do estresse oxidativo no tecido intestinal no

efeito protetor da metformina.
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4. CONCLUSOES GERAIS

No presente estudo, observamos que a metformina, uma droga utilizada como
agente antihiperglicemiante no tratamento de diabetes mellitus tipo 2, apresenta potente efeito
protetor no modelo de carcionogénese colorreral induzida por DMH em animais. No entanto o
efeito € observado para protocolo de tramento simultaneo/continuo, que simulam o uso da
metformina de modo mais continuo, havendo pouco efeito protetor caso o processo de
iniciacdo ja tenha ocorrido (simulado pelo protocolo de pos-tratamento). Além disso,
observamos que o efeito quimiopreventivo da MET esta relacionado com a modulagdo do
processo inflamatorio induzido pela DMH, resultando em menores niveis de estresse
oxidativo no tecido intestinal. Desta forma, o presente trabalho, além de reforcar resultados
prévios da literatura, a respeito do efeito protetor da MET, aponta um novo mecanismo de

acao.
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Colorectal Cancer (CRC) is the third most frequent cancer in the world. In the last few
years, studies have revealed a protective effect of metformin (MET - an anti hyperglycemic
drug, used in the treatment of type 2 diabetes), against CRC. The protective effect of MET has
been associated with AMPK activation (and mTOR inhibition), resulting in suppressed
protein systhesis, and reduced cell proliferation in malignant transformed cells. To elucidate
new mechanisms for the protective effect of metformin, we evaluated the modulation of
oxidative stress and inflammatory process, once these processes are strictly involved in
colorectal carcinogenesis. The present study evaluated the protective effect of MET in a CRC
model induced by 1,2-dimethylhydrazine (DMH) in Balb/c female mice. The
simultaneous/continous treatment (administration of MET and DMH simultaneously),
revealed protective activity of MET, preventing the formation of aberrant crypt foci (ACF) in
71.4% at distal colon sections, and was able to restore basal levels of apoptosis, and prevent
dysplastic associated events. MET treatment also reduced inflammatory process induced by
DMH, resulting in lower levels of oxidative stress and nitric oxide related molecules.

Key words: Colorectal cancer, metformin, 1,2-dimethylhydrazine, aberrant crypt foci,

prevention.
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INTRODUCTION

Colorrectal cancer (CCR) is the third most frequent cancer in the world, mostly in
developed countries [1]. The high incidence of CCR is related to bad eating habits, smoking,
alcoholism, sedentary lifestyle and obesity [2-4]. In the last few decades the use of agents
capable to block or delay the carcinogenic process have been proposed as a preventive
strategy against CCR [5,6]. Promising agents against CRC are COX-2 inhibitors, but due to
its serious cardiovascular side effects [7], safer drugs need to be studyed.

In the last few years, metformin, a dimethylbiguanide, used in treatment of type 2 diabetes,
has shown preventive effect against CCR in clinical trials and experimental approaches [8-
10]. Up to date, there are two main mechanims proposed: (i) inhibition mMTOR by AMPK
activation, resulting in the reduction of protein synthesis and cell proliferation; (ii) and the
antidiabetic effects of metformin, that would reduce insulin levels, a growth factor to cancer
cells [9,11]. To elucidate other mechanisms involved in metformin preventive effect, the
present study evaluated the involvement of metformin-mediated oxidative stress modulation,

in an 1,2-dimethilhydrazine-induced CRC model.

MATERIALS AND METHODS

Chemicals and animals

Seven-week female Balb/c mice were purchaised from the Center of Biologycal Sciences
from State University of Londrina (UEL). Six mice were housed per cage, with sterelized
food (basal diet Nuvilab®), water and softwood chips used as beding. Mice were treated
according to national resolutions, and the experiment was approved by the Committee of
Ethics in the Use of Animals (CEUA-UEL). To induce colorrectal cancer, 1,2-
dimetilhydrazine (DMH) was purchased from Sigma (St. Louis, USA). Metformin (Sigma)
was dissolved in drinking water at a dose of 50mg/Kg, replaced daily [12].

Weighing of animals and organs
Animals were weighted in the first day of treatment and at the day of sacrifice. In the

momente of sarifice, heart, lungs, kidneys and liver were removed and weighted.
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Plasma biochemical markers
Blood was colected from heart punction in the moment of sacrifice and centrifugated to
obtain plasma. Biochemical levels were measured according to manufacturer’s protocol

(Colesterol - Doles; Triglycerides and Glucose — Vida biotecnologia).

Induction of Aberrant Crypt Foci

Animais were divided in five groups: a control group drinking normal water (group 1), a
group with metformin added in the water (group 2), a positive control that received four
intraperitoneal injections of DMH, twice a week for two weeks with 20mg/Kg (group 3), and
two associated groups that received metformin all the time or just after the injections of DMH
(group 4 and group 5, respectively). Eight weeks after the last DMH aplication, animais were

sacrificed (Figure 1).

Aberrant Crypt Foci and Crypt Foci analysis

At the moment of sacrifice, the large intestine was removed and washed with saline 0.9% to
remove fecal contents, opened longitudunally, and fixed flat in styrofoam in 10% buffered
formalin for 24h. After fixation, intestines were washed and stained with 0.1% methylene
blue, and were microscopically observed. Intestines were divided in three equal sections
(proximal, medial and distal), and it was quantified the number of ACF and its multiplicity in

each section. ACF were identified according to Bird [13].

Analysis for mucin presence
Combined alcian blue — PAS technique was used to analyse acid and neutral mucin

depletion, as an indicator of dysplasia.

Mitotic Index

Segments of intestine were embedded in paraffin and cut in 5um tissue sections (microtome
SLEE), and stained with hematoxilin and eosin (H&E) [14]. The slides were observed in optic
microscope, accounting the number of mitotic cells per field. Crypts were divided in two
equal portions: low crypt position (closer to basal membrane) and high crypt position (closer

to the intestinal lumen). The presence of aberrant mitotic figures was also evaluated.
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Apoptosis assay

Intestines were embedded in paraffin and cut in 5um tissue sections (microtome SLEE).
The apoptotic tumor cells were stained using a TUNEL staining kit according to the
manufacturer’s instruction (Dead-End™ Colorimetric TUNEL system, Promega). Cells

showing positive staining (dark brown) for TUNEL were counted in each crypt per field [9].

Immunohistochemistry

Each segment of intestine embedded in paraffin was cut in 5um tissue sections
longitudinally (microtome SLEE). The slides were deparaffinized and blocked for
endogenous peroxidase with 1% hydrogen peroxide for 20 minutes, followed by imersion in
FBS 1% for 30 minutes. Specific antibodies were used for detection of p53 (FL-393),
phosphorilated NFkB-p65 (A), Nrf2 (C-20), inducible NO synthase (iNOS) (N-20) and
nitrotyrosine (HM11) (Santa Cruz Biotechnology). The antibodies were applied over night in
humid medium under refrigeration. Then, a secondary antibody was applied on the slides for
1 hour. Diaminobenzidine (DAB) was used as chromogen for 1 minute at room temperature
(Santa Cruz Biotechnology). Slides were counterstained with Haris hematoxylin, and
coverslipped. Slides were visualized in a photomicroscope (Olympus BX43), and the

photomicrographs were analysed at ImageJ.

Cytokine measurement

Samples of the intestine were homogenized in 500 pL of buffer containing protease
inhibitors, and IL-1p and IL-10 levels were determined by enzyme-linked immunosorbent
assay (ELISA), according to the manufacturer's instructions (eBioscience®, USA), using an
ELISA plate reader (Thermo Plate—TP-Reader) at 450nm. Results were expressed in pg
cytokine/mg of tissue [15].

Involvement of oxidative stress

Intestine samples were homogenized in an Ultraturrax homogenizer containing 25mg of
tissue/ml (KH,PO4/KCI buffer) for malondialdehyde (MDA) measure, and 0.5mg of tissue/ml
(Na,CO3; 2mM degassed buffer) for nitric oxide (NO) measure. MDA levels were determined
according to Jentzsch et al [16], in a spectrophotometer (Shimadzu UV-1650 PC) in 535nm

and 572nm and the results were expressed in nmol/25mg tissue. To the NO analysis, a
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chemiluminescence realtime (Glomax 20/20 Luminometer) was performed according Terra et

al [17]. Results were expressed in RLU/g of tissue (relative light units).

Statistical analysis

Results were expressed as mean + standard deviation. Statistical analysis were performed
using the One way ANOVA followed by t-test. Differences were considered significant at
p<0.05.

RESULTS
Effect of metformin on weight measurements and biochemical markers
We did not observe significant difference in the inicial and final body weights among all
groups (Table 1). The organs weights were also not affected (Table 2). There was no

significant alteration in any of the biochemical markers tested (Table 3).

Effects of metformin in ACF model

Metformin (group 2) showed no capacity to induce ACF/mice or AC/mice, but Metformin
(group 4) was able to singnificantly inhibit ACF/mice (47.4% reduction) and AC/mice (58.3%
reduction) induced by DMH treatment. On the other hand, Metformin (group 5) showed no
preventive capacity (Table 4).

Considering the intestine segments, DMH induced AC predominantly at the proximal
portion of the intestine. Compared to DMH (group 3), Metformin (group 4) significatively
reduced the number of ACF and AC in proximal and distal sections, with predominant
preventive effect in distal sections. Once more, Metformin (group 5) showed no preventive
effect, and was discontinued in the present study (Figure 2A).

In our experimental conditions we did not observe the depletion of mucin in any of the
treatment groups, revealing the absence of dysplastic crypts (Figure 2B).

In Control (group 1), and Metformin treatment (groups 2 and 4), was observed the presence
of mitotic figures in the low crypt position. DMH treatment (group 3) increased the number of
mitotic figures in the low crypt position and induced the presence of mitotic figures in the
high crypt position. Metformin (group 4) significantly reduced the number of mitotic figures

compared to DMH (group 3) (Figure 3).
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Effect of metformin on apoptosis and p53
Metformin (group 2) presented apoptotic rate similar to control (group 1). The treatment
with DMH (group 3) significantly reduced apoptotic rate. Animals treated with Metformin
(group 4), presented increased apoptotic rate compared to DMH (group 3) (Figure 4A).
Immunohistochemistry for p53 revealed that Metformin (group 2) was able to increase p53
level in comparison to control (group 1). On the other hand, DMH (group 3) showed

singnificantly reduced levels of p53, which were restored in Metformin (group 4) (Figure 4B).

Metformin in Oxidative Stress and Inflammation

Intestine of animals from control (group 1) and Metformin (group 2) presented similiar
levels of NFkB, whereas DMH (group 3) showed significantly increased levels. Treatment
with Metformin (group 4) was able to restore NFkB labeling to control levels (Figure 5A).

Metformin (group 2) showed increased levels of Nrf2 compared to control (group 1), while
DMH (group 3) presented important increased levels, and the treatment with Metformin
(group 4) had decreased levels of Nrf2 compared to DMH (group 3) (Figure 5B).

By calculating the ratio between NFkB and Nrf2, we obtained the oxidative stress index,
which showed that treatment with Metformin (groups 2 and 4) is capable of reducing the
oxidative stress induced by DMH (group 3) (Figure 5C).

MDA results showed that Metformin (group 2) presented reduced levels compared to
control (group 1), and also did the DMH (group 3). On the other hand, Metformin (group 4)
was able to restore MDA levels compared to control group (Figure 5D).

NO levels did not vary significantly between control (group 1) and Metformin (group 2).
DMH (group 3), by contrast, had significantly higher levels of NO, and the treatment with
Metformin (group 4), reduced NO levels significantly (Figure 6A).

For iINOS labeling, control (group 1) and Metformin (group 2) were statistically equivalents,
while DMH (group 3) showed increased levels of iNOS. Treatment with Metformin (group 4)
was able to reduce iNOS levels and became similar to control (group 1) (Figure 6B).

Following these results, nitrotyrosine labeling showed that Metformin (group 2) had very
similar levels compared to control (group 1), and DMH showed significantly increased levels
of nitrotyrosin, while Metformin (group 4) decreased nitrotyrosine labeling (Figure 6C).

For IL-1B, control (group 1) and Metformin (group 2) had similar levels, but DMH (group 3)
showed significantly higher levels, and treatment with Metformin (group 4) reduced IL-1
levels (Figure 7A). For 1L-10, Metformin (group 2) had similar levels to control (group 1),
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DMH (group 3) showed markedly reduction of I1L-10, and treatmet with Metformin (group 4)
was able to increase 1L-10 levels in the intestinal tissue (Figure 7B).

The ratio between IL-1p and IL-10 showed that treatment with Metformin (group 2) did not
modify intestinal immunity. Treatment with DMH (group 3) produced a pro-inflammatory

status that was modulated by Metformin treatment (group 4) (Figure 7C).

DISCUSSION

In the present study we showed that metformin is capable of preventing the development of
pre-cancerous lesions in the large intestine of animals, induced by DMH.

In humans, the distal colon is the portion of the intestine with major incidence of ACF [18].
In the present work, Metformin (group 4) decreased the development of pre-cancerous lesions
mostly in the distal portion of the intestine, revealing a promising result that has not been
described so far.

Alcian blue and PAS revealed the absence of displastic ACF with mucin depletion in all
groups, which is an important parameter to distinguish hiperplasic and dysplasic crypts [19].
In DMH treatment we observed the presence of mitotic figures at the high portion of the
crypt, indicating a dysregulation in the intestine proliferation/apoptosis balance [20], which is
confirmed by lower apoptotic rate. We also observed presence of atypical mitotic figures,
which may contribute to neoplasia development. Treatment with Metformin (group 4) was
able to prevent changes in mitosis location and the appearance of atypical figures, reducing
the possibility of neoplastic transformation.

To determine indirect effect of metformin, we measured serum biochemical markers as
cholesterol, tryglicerides and glucose, and Metformin treatments did not modify these
parameters, indicating that the preventive effect may not be related to antidiabetic properties
[9].

It is expected that the large intestine has a considerable level of apoptosis at the high portion
of the crypt, since it is a labile tissue [20]. Our findings reveal that DMH treatment reduces
apoptosis rate. Previouly, Saini & Sanyal [21] also observed the reduction of apoptosis
percentage in animals treated with DMH, with markedly increased expression of PI3-K and
Akt signaling proteins. On the other hand, metformin exhibited potencial to restore the
apoptotic levels in the intestine.

Treatment with Metformin (group 2) showed an increase in p53 labeling, without affecting
apoptotic rate. A possible explanation is that p53 blocks cell cycle and induces apoptosis only

in damaged cells [22]. For DMH treatment we observed reduced p53 levels associated with
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lower apoptotic rate, allowing DNA-damaged cells to proliferate, resulting in ACF generation
[23]. Metformin (group 4) increased the levels of p53, enabeling damaged cells to undergo
apoptosis, what partially explains its protective effect.

In our study, Metformin (group 2) presented significantly lower levels of MDA, suggesting
that this drug interferes on oxidative stress. Metformin can act as an antioxidant molecule, by
directly scavenging ROS [24-25]. In DMH (group 3), we also observed decreased levels of
MDA that can be explained by the increased levels of Nrf2 labeling, revealing that the tissue
is responding to oxidative stress. Nrf2, is an important transcription factor that regulates the
expression of enzymes able to protect the cells from injuries [26]. Animals treated with
metformin (group 2) had increased Nrf2 labeling, as observed by other authors in other
experimental models [27-28], and shows that indirect antioxidant effect of metformin depends
on Nrf2 signaling.

NFkB is a transcription factor induced by a variety of immunity mediators involved in
inflammation, and can also be activated in oxidizing conditions [29]. Our results showed that
DMH treatment increased NFkB labeling, confirming the presence of oxidative stress and
inflammation. The oxidative stress index showed that metformin (group 4) protected the
intestine against DMH-induced oxidative stress, suggesting that oxidative stress modulation is
an important mechanism of metformin against CRC carcinogenesis.

In our experimental model metformin did not affect NO levels, iINOS expression or
nitrotyrosine labeling. Treatment with DMH increased all NO-related parameters. This result
is in agreement with other studies, such as increased iINOS expression in AOM-induced rat
colon tumours [30], and increased nitrotyrosine levels in human colon carcinoma [31,32].
Taken together, these results confirm the importance of nitrosative stress in colorectal
carcinogenesis [31]. Treatment with metformin (group 4), reversed all NO-related
parameteres to control levels, showing that modulation of nitrosative stress is also envolved in
the protective effect of metformin.

To investigate the involvement of inflammatory process, we measured IL-1p and IL-10. Our
results showed that treatment with DMH induced inflammatory process in intestinal tissue
[33], and that treatment with metformin (group 4) was able to modulate the inflammatory
process by increasing IL-10 levels and inhibition of NFKB signals, supressing a subsequent
inflammatory process, as proposed by Hirsch et al [34].

In conclusion, our study confirmed that metformin exerts a protective effect on colorectal

cancer, specially in protocol simultaneous/continuos. For the first time, we showed that
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metformin exerts its protective effect by many mechanisms, including oxidative and

nitrosative stress, and inflammatory process modulation.
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TABLES

Table 1 — Inicial and final body weight of the animals

Inicial Final
Treatment body weight body weight
(g/mice) (g/mice)
Control (group 1) 15,76 £ 0,95 18,33 +£0,42
Metformin (group 2) 15,83 £ 0,30 18,33 +£0,42
DMH (group 3) 15,83+ 0,74 18,83 + 0,60
Metformin (group 4) 17,00 £ 1,37 17,40 £ 0,87
Metformin (group 5) 16,83 £ 0,47 17,83 £0,40

The body weight of the animals (mean+SD) were measured at the first day of treatment and at
the day of sacrifice. No significant difference was observed among the groups.



Table 2 — Weight of the organs
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Heart Lungs Kidneys Liver
(g/mice) (g/mice) (g/mice) (g/mice)
Control (group 1) 0.109+£0.005  0.193+0.011 0.277 £0.009  0.824 +0.002
Metformin (group 2)  0.108 £ 0.002 0.156 + 0.006 0.276 £ 0.007  0.732 +0.093
DMH (group 3) 0.097 £0.004  0.170 £ 0.007 0.281+0.008  0.760 + 0.062
Metformin (group 4)  0.092 + 0.002 0.160 + 0.008 0.257+£0.011  0.708 + 0.089
Metformin (group5)  0.080 £0.014  0.181+£0.011 0.273+0.004 0.732+0.014

Weight of the organs (meanxSD) after sacrifice. No significant difference was observed

among the groups.
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Table 3 — Biochemical markers in the plasma

Total Cholesterol Triglycerides Glucose
(mg/dL) (mg/dL) (mg/dL)
Control (group 1) 106.25 + 9.82 63.25 + 15.9 84.56 + 16.94
Metformin (group 2) 96.16 + 51.47 106.06 + 42.53 91.7 +7.59
DMH (group 3) 100.06 + 36.42 61.72+12.78 105.75 + 6.65
Metformin (group 4) 94.12 + 25.12 168.22 + 145.73 100.13 + 4.49
Metformin (group 5) 1115 + 29.53 393.75 + 463.59 81.41 + 15.82

Data are expressed as mean+SD. No significant difference was observed among the groups.
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Table 4 — Number of ACF/mice and percentage of damage reduction

Treatment No. of mice No. of ACF/mice? No. of AC/mice®
Percentage of reduction Percentage of reduction

Control (group 1) 6 00 00

Metformin (group 2) 6 0+0 0+0

DMH (group 3) 6 7.6+1.2° 16.8 + 2.7

Metformin (group 4) 5 4.0 £0.3*" 7.0+0.8*°
47.4% 58.3%

Metformin (group 5) 6 9.0+1.7° 17.2 £ 2.7%
-18.4% -2.4%

ACF = aberrant crypt foci, AC = aberrant foci. ® significant difference compared to control
(group 1), p<0.05; © indicates difference from DMH (group 3), p<0.05.
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Figure 3

A Number of mitotic figures in 10 high-powerfields (400x).
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¢ Abnormal
High-aypt tow crypt Total mitotic
position position
figures
Control (group 1) 0 3.2541.25 1.63+1.92 -
Metformin (group 2) 0 3.5+¢1.29 1.75+2.05 -
DMH (group 3) 1.2540.95° 5:1.4° 3.142.3° +
Metformin (group 4) 0 3.25+1.5° 1.75+1.91° -
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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 SUBTITLES

Figure 1 - Experimental Design. Seven-week old female Balb/c were treated with or without
metformin  (50mg/Kg). Mice were injected intraperitoneally with 20mg/Kg 1,2-
dimethilgydrazine (DMH) twice a week, for tw weeks, and sacrificed 8 weeks after the first
DMH injection. Control (Group 1): Mice received normal water and saline injections.
Metformin (Group 2): Mice received metformin in the drinking water and saline injections.
DMH (Group 3): Mice received normal water and DMH injections. Metformin (Group 4):
Mice received DMH injections simultaneously with metformin in the drinking water.

Metformin (group 5): Mice received metformin two weeks after the DMH injections.

Figure 2 — Aberrant crypt foci (ACF) and Aberrant crypt (AC) per colon/mice and PAS-Schiff
staining. (A) Graphs represent data obtained from large intestine segments (proximal, medial,
distal), expressed as mean + SD, and the percentage of reduction, compared to DMH group
(x10). *Difference compared to DMH (group 3), p<0.05. Representative image of an intestine
divided in three sections. (B) Representative image (40x) for PAS-Schiff staing for mucin
detection. The figure on the left represents a normal intestine, without ACF formation, and in

the figure on the right, the white arrows indicate ACs without mucin depletion.

Figure 3 - Mitotic Index in H&E staining. (A) Data represents mean results observed in four (4)
random histologycal sections + SD (x40). *Difference compared to control (group 1), p<0.05.
"Difference compared to DMH (group 3), p<0.05. The analysis considered the location of mitotic
figures at high or low portion of the crypt. (B) Representative image of H&E staining in
intestinal tissue. Mitotic figures are pointed by the black arrows. Representative chromosomal

aberrations are showed inside the squares.

Figure 4: Apoptosis assay by TUNEL and p53 immunohystochemical labeling (40x). (A) For
the apoptotic rate (TUNEL), it was analysed the number of apoptotic cells/crypt. In the
representative image the white arrows indicate TUNEL-positive cells (400x). (B)
Immunohystochemical analysis of p53 labeled area x 10°. *indicates statistically difference
from control (group 1), p<0.005. Representative image shows p53 labeling in healthy and
ACEF colons.



59

Figure 5 — NFkB and Nrf2 labeling. (A) Figure represents NFKB immnunohystochemical
staining £ SD (x40). Representative image of NFkB labeling in dark brown color. (B) Figure
represents Nrf2 immnunohystochemical staining £ SD (x40). Representative image shows
Nrf2 labeling in healthy and ACF colon (x40). (C) Oxidative stress index was calculated from
NFkB and Nrf2 labeling data. (D) MDA (malondialdehyde) levels in the intestinal tissue
measured by spectophotometry. *indicate statistically difference from control (group 1),
p<0.05.

Figure 6 - Nitric Oxide-related parameters. Figure A shows the results obtained from
inducible nitric oxide synthase (iINOS) labeling (x40). Figure B represents nitrotyrosine
labeling, and figure C shows the results obtained from nitric oxide (NO) measurement (x40).
*indicate statistically difference from control (group 1), p<0.05. Representative image shows

INOS and nitrotyrosine labeling in healthy and ACF colons.

Figure 7 — Cytokines measurement. IL-1B (Figure A) and IL-10 (Figure B) measured by
indirect ELISA. Figure C expresses the result obtained from IL-1B/IL-10 ratio. *indicates

statistically difference from control (group 1), and p<0,005.



ANEXO B
CARTA DE APROVACAO DO COMITE DE ETICA

Universidade
Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 57/2014 Londrina, 30 de Abril de 2014.

Prezado Pesquisador,

A CEUA/UEL reunida em 8 de Abril de 2014 avaliou o projeto de pesquisa intitulado
“Avaliagdo do efeito protetor da metformina em modelo de cancer colorretal’,
registrado sobe o processo CEUA n° 3610.2014.08, pesquisa do Centro de Ciéncias
Biologicas, desenvolvido sob sua responsabilidade, julgando-o aprovado entendendo-se
que os principios éticos postulados pelo Conselho Nacional de Controle de Experimentagdo
Animal estdo respeitados.

Serao utilizados 40 camundongos machos Balb/C, com peso aproximado de 22-26g,
provenientes do CEMIB da UNICAMP, Campinas-SP. Os animais serdo divididos em 5
grupos experimentais, cada um contendo 8 animais. Posteriormente, serdo submetidos aos
seus respectivos fratamentos, durante 12 sémanas, descritos a seguir: 1- controle negativo
(EDTA e d&gua ad libitum, 2 vezes: -porsemana; 2- controle positivo (DMH-1,2
dimetilhidrazina 2 vezes por. semana por2 semanas e agua ad libitum); 3- grupo metformina
(EDTA 2 vezes por 2 semanas‘e agua ad libitum);: 4= grupo*- Simultaneo/ Continuo (DMH+
metformina 2 vezes por semana por 2 semanas, depois somente metformina); 5- grupo pds-
tratamento (somente DMH,-2-vezes: por semana-por 2 semanas, depois so metformina).
Apbs 12 semanas os camundongos serdo eutanasiados por deslocamento cervical. Apos
esse procedimento, serd removido o intestino dos animais para as analises no colon
ascendente e descendente de displasias nos focos de criptas aberrantes, expressdo de
proteinas intestinais relacionadas com a proliferacéo celular, vascularizagdo (PCNA, VEGF
e B-catenina), apoptose (teste de TUNEL), inflamag&o (INOS e COX-2) e estresse oxidativo
(TRAP, MDA e NO). Também serd analisada a toxicidade medular e hepética pela
contagem de reticulécitos, e dosagem de TGO e TGP, respectivamente. Os protocolos
experimentais estéo aprovados para execugio em 36 meses.

Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo de
pesquisa aprovado, deve-se submeter o novo protocolo & apreciagdo da CEUA/UEL
anteriormente & execugdo das modificacdes.

Coloco-me a disposicao para quaisquer esclarecimentos que se fizerem necessaria.
Sem mais para o momento, subscrevo, cordialmente,

Wl e Ep * Verrd’ T
Prof. Dr. Waldiceu Aparecido i Junior
Coordenador da CEUA/UEL

limo. Sr.

Prof. Dr. Rodrigo Cabral Luiz

Departamento de Ciéncias Patolégicas

Centro de Ciéncias Bioldgicas

Com copia para Sra. Egle Maria de Sousa (Chefe da DCA/PROPPG), Diretor(a) do Centro
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