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Epigrafe

“O mundo pode até fazer vocé chorar,

mas Deus te quer sorrindo”

Padre Zezinho.



CALIXTO-CAMPOS, Cassia. O tumor experimental de Ehrlich induz
comportamento nociceptivo em camundongos: padronizagdo de um novo
modelo para o estudo da fisiopatologia da dor no cancer e triagem de analgésicos.
2013. 47 f. Dissertagdo (Mestrado em Patologia Experimental) - Centro de Ciéncias
Bioldgicas, Universidade Estadual de Londrina, Londrina. 2013.

RESUMO

A dor afeta diretamente a qualidade de vida dos pacientes com cancer o que
ressalta a importancia deste campo de pesquisa. O tumor de Ehrlich foi descrito em
1905 como um adenocarcinoma mamario de camundongos fémeas e pode ser
desenvolvido em formas solidas e ascitica, dependendo da administragdo em
tecidos ou cavidades, respectivamente. O presente estudo investigou se a
administragcdo subcutanea plantar das células tumorais de Ehrlich induz o
comportamento da dor manifesta (agitagdo da pata), hiperalgesia mecanica e
térmica em camundongos, e caracterizou inicialmente a susceptibilidade
farmacolégica do modelo. As células tumorais de Ehrlich (1x10*10" células)
induziram hiperalgesia mecéanica, edema e agitacdo da pata de maneira dose-
dependente em relagdo ao grupo salina entre os dias 2-12 (48 h de intervalo entre
as medi¢des). Nao houve diferenga entre as doses de células quanto a hiperalgesia
térmica no teste da placa quente. A dose de 1x10° células foi escolhida para
experimentos de hiperalgesia e 1x10” para dor manifesta. A indometacina (inibidor
da cicloxigenase, 0,7, 2 e 6 mg / kg) e cloridrato de amitriptilina (antidepressivo
triciclico; 3, 10 e 30 mg / kg) ndo foram eficazes em atenuar a hiperalgesia térmica e
mecanica e dor manifesta. Por outro lado, a morfina (opidde, 1, 3 e 10 mg / kg) inibiu
a hiperalgesia térmica, mecanica e dor manifesta. Os efeitos da morfina foram
prevenidos pelo naloxona (antagonista de receptor opidide 1 mg / kg). Nenhum dos
tratamentos afetou o crescimento tumoral. Os resultados demonstram que além da
proliferacdo tumoral, a administracdo das células tumorais de Ehrlich pode
representar um novo modelo para o estudo da dor no cancer, especialmente a dor
susceptivel a tratamento com opidide (morfina), mas néo a inibidor da cicloxigenase
(indometacina) ou antidepressivo triciclico (amitriptilina).

Palavras-chave: Tumor de Ehrlich. Opidide. Antidepressivo triciclico. Inibidor da
cicloxigenase. Dor no cancer.



CALIXTO-CAMPOS, Cassia. Ehrlich tumor induces pain-like behavior in mice: a
novel model of cancer pain for pathophysiological studies and pharmacological
screening. Dissertation (Master’s Experimental Patotology) 2013. 47 p. Dissertation —
Londrina State University, Londrina. 2013.

ABSTRACT

Pain directly affects cancer patients’ life quality supporting the importance of this
research field. The Ehrlich tumor was described in 1905 as a mammary
adenocarcinoma of mice that can be developed in solid and ascitic forms depending
on its administration in tissues or cavities, respectively. The present study
investigates whether the subcutaneous plantar administration of Ehrlich tumor cells
induces overt pain-like behavior (flinches), mechanical and thermal hyperalgesia in
mice, and initial pharmacological susceptibility characteristics. Ehrlich tumor cells
induced dose (1 x 10%-10" cells)-dependent mechanical hyperalgesia (electronic
version of von Frey filaments), edema (caliper), and flinches compared to saline
group between days 2-12 (48 h interval between measurements). There was no
difference between doses of cells regarding thermal hyperalgesia in the hot plate
test. The dose of 1 x 10° cells was chosen for next experiments. Indomethacin
(cyclooxygenase inhibitor, 0.7; 2 and 6 mg/kg) and amitriptyline hydrochloride
(tricyclic antidepressant; 3; 10 and 30 mg/kg) treatments did not affect flinches, and
thermal and mechanical hyperalgesia. On the other hand, morphine (opioid, 1; 3 and
10 mg/kg) inhibited the flinch behavior, thermal and mechanical hyperalgesia. These
effects of morphine on pain-like behavior were prevented by naloxone (1 mg/kg)
treatment. None of the treatments affected tumor growth(edema). The results
showed that in addition to tumor growth, administration of Ehrlich tumor cells may
represent a novel model for the study of cancer pain, specially the pain that is
susceptible to treatment with opioids (morphine), but not to cyclooxygenase inhibitor
(indomethacin) or tricyclic antidepressant (amitriptyline).

Key-words: Ehrlich tumor. Hyperalgesia. Opioid. Tricyclic antidepressant.
Cyclooxygenase inhibitor. Cancer pain.
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IL-10 Interleucina-10
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NO Oxido Nitrico
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1 INTRODUCAO

1.1 CANCER

O Instituto Nacional do Céancer (INCA, 2013) define o cancer como
um conjunto de mais de 100 doencas que tém em comum o crescimento
descontrolado das células. As células cancerigenas podem se dividir rapidamente e
tendem a ser agressivas e incontrolaveis, originando a formac&o de tumores
malignos, que podem espalhar-se para outras regides do corpo, originando o
processo metastatico.

A Organizagdo Mundial da Saude estima que no ano de 2030, 27
milhdes de casos de cancer acontecerao no mundo, sendo que aproximadamente
17 milhdes de pessoas morrerao devido ao cancer. No Brasil, estima-se que em
2012-2013 ocorrerao 518.510 novos casos de cancer (INCA, 2013).

As causas do desenvolvimento do cancer sio variadas, podendo ser
de origem externas, internas, ou inter-relacionadas. As causas externas referem-se
ao meio ambiente e aos habitos ou costumes proprios dos individuos. As causas
internas sao, na maioria das vezes, geneticamente pré-determinadas, e estdo
ligadas a capacidade do organismo de se defender das agressdes externas
(SNUSTAD; SIMMONS, 2001).

O cancer é uma doenga cronico-degenerativa considerada um
problema de saude publica (INCA, 2013). A confirmacao da doenga pode influenciar
diretamente o estilo e qualidade de vida do individuo (MACHADO; SAWADA, 2008 ;
BRIGATTE et al., 2007). O diagndstico quando realizado precocemente € importante
para o incentivo da luta contra a doenca, porém pode causar danos devastadores
para familias de ordem psiquica, social e econémica (SILVA, 2004).

O processo pelo qual uma célula normal se transforma em tumoral é
bem conhecido e pode ser dividido em trés etapas: 1)Iniciacédo, processo pelo qual
uma célula normal se transforma em tumoral, ocorre por aquisicbes de mutagdes no
genoma, que podem ser resultado de processos enddgenos como erros na
replicacdo do DNA, instabilidade quimica intrinseca das bases de DNA, ataque de
radicais livres gerados durante o metabolismo, exposi¢cdo a agentes exdégenos como
radiacao ionizante, radiagdo UV, carcindbgenos quimicos, fisico ou patogénico. Se o

dano do DNA nado for reparado, essas mutagdes genéticas levardao ao
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desenvolvimento de uma célula mutada. As células assim modificadas sé&o
denominadas células transformadas e perdem suas caracteristicas originais
tornando-se atipicas (SNUSTAD; SIMMONS, 2001; BOGLIOLO, 2011). A formagé&o
do tumor ocorre quando ha um aumento da proliferacéo celular e uma reducao da
apoptose das células mutadas. Essas mutagbes geralmente aumentam a fungéo de
proto-oncogenes (genes celulares que promovem o crescimento e a diferenciagao
normal da célula, porém quando alterados levam a uma exacerbacdo do
crescimento celular) e/ou inativam genes supressores de tumor (que regulam
negativamente o crescimento da célula); 2)Promogéao, processo para formagao da
massa tumoral, este processo permite a expansao clonal da célula iniciada,
transmitindo assim suas mutagbes para outras células, originando os ndédulos,
polipos ou papilomas; 3)Progressao, estagio caracterizado pela transformagéao das
células pré-neoplasicas em tumores malignos com capacidade de invadir tecidos e
formar metastases (JAKOBISIAK; LASEK; GOLAB, 2003; CONTRAN; KUMAR;
COLLINS, 2000).

Os tumores podem ser diferenciados de acordo com sua
diferenciagdo e anaplasia (falta de diferenciagdo), velocidade de crescimento,
invasao local e metastase. Isto permite a classificagdo dos tumores em benignos ou
malignos, sendo que os tumores malignos, mas n&o os benignos sofrem metastase,
e o termo cancer usado somente para designar os tumores malignos (CONTRAN;
KUMAR; COLLINS, 2000; SNUSTAD; SIMMONS, 2001; BOGLIOLO, 2011). O
comportamento clinico dos tumores também pode os classificar em benigno ou
maligno pelo aspecto microscoépico (critérios histopatoldgicos) e a origem neoplasica
(critérios histogenético) (BOGLIOLO, 2011).

A nomenclatura dos tumores na maioria das vezes depende do seu
tecido de origem, o sufixo oma & empregado na denominacdo de qualquer
neoplasica benigna ou maligna; ja a palavra carcinoma indica tumor maligno que
reproduz epitélio de revestimento e indica malignidade; o termo sarcoma refere-se a
neoplasia maligna mesenquimal e indica malignicidade; e o termo blastoma pode ser
empregado como sindnimo de neoplasia e indica que o tumor reproduz estruturas
com caracteristicas embrionaria. Quando a formacdo da massa tumoral se origina
em tecidos epiteliais, como pele ou mucosas, sdao denominados carcinomas. Se o

ponto de partida sdo os tecidos conjuntivos, como osso, musculo ou cartilagem, sao
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denominados sarcomas, se a origem for glandular sdo denominados de
adenocarcinoma (BRASILEIRO FILHO, 2011).

Para que haja sobrevivéncia da massa tumoral €& necessaria a
presenca de trés componentes basicos: as células neoplasicas proliferantes, um
estroma de suporte feito de tecido conjuntivo e vasos sanguineos para a nutricao
das células neoplasicas (COTRAN; KUMAR; COLLINS, 2000).

1.2 DOR NO CANCER

A dor € uma sensagao desagradavel e primariamente tem uma
funcdo essencial para o sistema de defesa do corpo (CINGOLANI; HOUSSAY,
2004). E definida como uma experiéncia sensorial e emocional desagradavel
associada a uma lesao real ou potencial (IASP, 2012), porém na cronicidade pode
ser prejudicial ao individuo (GUYTON; HALL, 2006).

Na pratica experimental o termo nocicepgao é utilizado para referir-
se ao estimulo nocivo captado por nociceptores. Além disso, também é empregado
no estudo com animais o termo hiperalgesia, definido como intensidade dolorosa
exacerbada em resposta a um estimulo doloroso e alodinia, quando um estimulo
normalmente ndo doloroso passa a gerar dor (CUNHA et al., 2004; IASP, 2012,
VALERIO et al., 2009a, 2009b).

A hiperalgesia inflamatéria pode ser gerada em consequéncia de
uma complexa interagdo entre os mediadores inflamatérios e os neurdnios
nociceptivos, culminando na sensibilizagdo dos nociceptores (revisado por MILLAN,
1999; revisado por SAMAD; SAPIRSTEIN; WOOLF, 2002). A sensibilizacdo dos
neurdnios é induzida pela acao direta de mediadores inflamatdérios primarios, tais
como prostaglandinas, aminas simpatomiméticas, endotelina, substdancia P e
bradicinina sobre o neurdnio nociceptor (CUNHA et al., 2007; revisado por VERRI et
al., 2006a).

Quando a PGE,, por exemplo, se une ao seu receptor no neurdnio,
ativa a proteina G acoplada ao receptor. Esta, por sua vez, ativa a enzima adenilato
ciclase, a qual passa a produzir adenosina 3',5-monofosfato ciclico (AMPc). O
AMPc induz a ativagdo de proteinas quinases (PKA e PKC), culminando na
fosforilagdo de canais idnicos da membrana do neurbnio. Em consequéncia

dessa fosforilacdo, ocorre um aumento da corrente de influxo de ions caélcio e
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sédio. Com isso, ha a diminuicdo do limiar do neurénio nociceptor e aumento da
excitabilidade da sua membrana neuronal, facilitando a ativagao do nociceptor e a
transmissao do impulso nervoso, tornando o nociceptor sensibilizado e resultando
em hiperalgesia (revisado por CUNHA et al., 2007; FERREIRA; NAKAMURA,;
CASTRO, 1978; FERREIRA; NAKAMURA, 1979; NAKAMURA; FERREIRA, 1987;
revisado por VERRI et al., 2006a; VILLARREAL et al., 2007). A liberagao de
mediadores como TNF-a, IL-1B, IL-8, PGE,, 6xido nitrico, histamina e serotonina
por mastécitos ativados contribui para o desenvolvimento e amplificacdo da
magnitude do processo inflamatério, auxiliando também na promogdo da
hiperalgesia (GALLI; NAKAE; TSAI, 2005).

Em modelos animais, uma cascata de citocinas pro-inflamatorias e
quimiocinas sao produzidas em consequéncia da administracdo de estimulos
nocivos, culminando na promogéao da hiperalgesia (revisado por VERRI et al., 2006a;
VERRI et al.,, 2006b). Em camundongos estimulados com carragenina, por
exemplo, a hiperalgesia inflamatoria é mediada pela secrecdo de TNF-a e
quimiocina derivada de queratinécitos (KC) (corresponde a IL-8 em humanos).
O TNF-a e o KC estimulam a subsequente producao de IL-1B que, por sua vez,
induz a expressao de cicloxigenase 2 (COX-2), a qual participa da transformagao
de acido araquidbnico em prostandides. Dentre os prostandides produzidos esta a
PGE,, que promove a sensibilizagdo dos nociceptores e a hiperalgesia (CUNHA et
al., 2005; LORAM et al., 2007). Além da IL-1B propiciar a indugdo da expressao de
COX-2, o proprio TNF-a e a PGE; podem induzi-la (BERTOLINI; OTTANI;
SANDRINI, 2001). O KC também pode contribuir com a sensibilizagdo do nociceptor
por mediar a producdo de aminas simpatomiméticas, como noradrenalina e
dopamina, as quais atuam diretamente sobre o nociceptor aumentando a sua
excitabilidade (CUNHA et al., 2005; KHASAR; MCCARTER; LEVINE, 1999;
NAKAMURA; FERREIRA, 1987).

No desenvolvimento da hiperalgesia neuropatica tem sido relatada a
participacdo de outras células além dos neurbnios, e a cominacdo entre os
neurdnios sensoriais primarios e as células do sistema imune ocorre por varios
mediadores, sendo as citocinas os mais importantes. As células de Schwann,
macréfagos ativados residentes e infiltrantes, microglia, astrocitos e mastdcitos
liberam prostaglandinas e citocinas proé-inflamatdrias incluindo IL-18, IL-6, TNFa e IL-

18, ademais. As citocinas proé-inflamatérias contribuem para o dano axonal
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(KESWANI et al.,, 2003) e modulam a atividade espontanea dos nociceptores e
sensibilidade a estimulos (SCHAFERS et al., 2003a; CUNHA et al., 2005; WOLF et
al., 2006). Por exemplo, a ativagao de receptores para TNF em neurdnios sensoriais
ocasiona a fosforilagado/ativagdo de um grupo importante de proteinas adaptadoras
intracelulares como as MAP (mitogen-activated protein) quinases p38 (SCHAFERS
et al., 2003b) e JNK, regulando a ativagao do fator de transcricao NFkB. Ao mesmo
tempo, o TNFa promove um reforgo da migragdo de macréfagos por induzir a
liberacdo de proteases e aumentar moléculas de adesdo. A comunicagao entre
essas células favorece o crescimento axonal e adaptagdo, mas também
desencadeia o desenvolvimento de dor persistente (SCHOLZ et al., 2007; WOOLF
et al., 2006). O aumento da sintese e liberagéo de citocinas como IL-1[3, IL-6 e TNFa
também parece modular a atividade neuronal e induzir descargas de potencial de
acao espontaneas. Corroborando a participacdo de citocinas nesse fenbmeno, a
superexpressao do IL-1ra (antagonista de receptor de IL-1) ou dele¢do do IL-1R1
(receptor ativado pela IL-1B) inibe o disparo espontaneo de neurbnios sensoriais
(WOLF et al., 2006).

Em 1990 a Organizacdo Mundial da Saude (OMS) decretou a dor
associada ao cancer como uma emergéncia médica mundial, sendo que
aproximadamente um tergco dos pacientes com cancer apresenta dor no momento do
diagnostico da doenga, e pelos menos dois tergos dos pacientes com cancer sentem
dor no estagio final da doenga (NETO et al.,2009).

Pacientes com cancer em estagio final relatam dor intensa e crénica,
0 que reflete em um grave problema para a qualidade de vida desses pacientes.
Essa dor é constituida principalmente por hiperalgesia, alodinia e dor espontanea
sendo uma dor do tipo crénica e persistente (BRIGATTE et al., 2007).

Apesar dos mecanismos envolvidos na dor no cancer nao estarem
totalmente elucidados, parecem estar relacionados ao da dor inflamatéria e
neuropatica. Podendo decorrer diretamente do tumor devido a infiltracdo 6ssea, a
compressao e injuria dos nervos, infiltragdo do SNC, infiltracdo e oclusdo de vasos
sanguineos linfaticos, infiltracdo de visceras solidas, ou do tratamento do cancer,
devido a dor pés-cirurgica decorrente do processo inflamatorio pés-amputagéo ou
retirada da massa tumoral, dor pds-radioterapia devido a efeitos colaterais da terapia
e dor pds quimioterapia causada por polineuropatias periféricas induzida pelas

drogas imunossupressoras (NETO et al., 2009).
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Na busca de compreender mais a fundo os mecanismos
fisiopatolégicos da dor no cancer, inuUmeros modelos experimentais animais, como
indugdo de céancer neuropatico (SHIMOYAMA; TANAKA; SHIMOYAMA, 2002),
cancer 6sseo (CLOHISY; OGILVIE; RAMNARAINE, 1995 ; MENENDEZ et al., 2003)
ou cancer subcutaneoplantar (BRIGATTE et al., 2007) entre outros (SASAMURA et
al., 2002; GUI et al., 2013) tem sido introduzido para aprimorar o estudo da dor e
compreender os seus mecanismos moleculares (BRIGATTE et al,, 2007 e
SHIMOYAMA; TANAKA; SHIMOYAMA, 2002).

Mantyh (2010) relata os possiveis mecanismos elucidados até o
momento sobre a dor no cancer 6ésseo, demonstrando que os receptores e canais de
membrana presentes nos nociceptores direcionam a dor no cancer. Os nociceptores
que inervam o osso usam diferentes tipos de receptores para detectar e transmitir
estimulos nocivos que sdo produzidos pelas células tumorais ou pelas células
imunoldgicas. A transmissdo da dor pode ocorrer da ativagcdo de receptor TRPV1 e
canais sensiveis a ions. As células tumorais e células inflamatodrias associadas
também produzem mediadores como prostaglandinas, fator de crescimento de
nervo, endotelinas, bradicininas e ATP. Muitos destes mediadores possuem
receptores nos nociceptores induzindo sua sensibilizacdo e/ou ativacao (revisado
por MANTYH, 2010). E importante ressaltar que a dor no cancer é complexa muito
provavelmente porque envolve em diferentes graus componentes inflamatérios e/ou
neuropaticos numa condigdo cronica e progressiva, sendo que a cronificagao de
processos nociceptivos esta relacionada a plasticidade neuronal o que inclui a
expressao de receptores que normalmente ndo sdo expressos em neurdnios.

Em 1863, Rudolph Virchow ja observou leucdécitos em tecidos
neoplasicos e associou pela primeira vez a inflamagdo e o cancer (revisado por
BALKWILL; MANTOVANI, 2001). Existem evidéncias da contribuicdo de leucécitos
recrutados para o tecido para o desenvolvimento da dor. Por exemplo, neutréfilos
recrutados para o tecido podem produzir PGE2 que sensibiliza os nociceptores e
seu recrutamento é dependente do TNFa (CUNHA et al., 2008, GUERRERO et al.,
2008).

O TNFa € uma molécula importante tanto na dor inflamatoria quanto
na neuropatica e exemplifica a complexidade da sua participacdo na dor. Por
exemplo, na inflamagdo aguda, o TNFa sensibiliza indiretamente os nociceptores,

pois induz a producao de PGE; a qual sensibiliza os nociceptores. Em processos
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com lesao de nervo e que induzem neuropatias, ocorre aumento da expressao de
receptores para TNF nos neurdnios possibilitando a ativagao neuronal pelo TNFa,
que resulta da ativagdo de MAP quinases como a p38 que fosforila canais de sodio
facilitando a despolarizagdo neuronal e consequentemente, a dor (JIN; GEREAU,
2006).

Os tumores apresentam infiltrados de leucdcitos, especialmente
macrofagos e linfocitos. O papel do infiltrado € controverso e o conteudo de leucdcito
depende da expressao de citocinas, no entanto os padrdes de citocinas liberados na
inflamagao no cancer podem variar. Um estudo demonstrou a expressao de TGF-3 e
IL-10, com a auséncia de expressao de IFN-y pela técnica de PCR, em células de
carcinoma de ovario. Outro estudo observou altos de IFN-y no carcinoma de ovario,
demostrando que o padrao de citocinas pode variar até no mesmo tipo de cancer
(revisado por TAVARES-MURTA, 1999). A presenca de citocinas padrdo Th17
também foi demonstrada no cancer de célon e mama (NUMASAKI et al., 2005), além
disso foi detectado altos niveis de citocinas Th17 em pacientes com cancer gastrico
(ZHANG t al., 2008).

No modelo de dor no cancer induzido por fibrossarcomas na tibia de
camundongos, Constantin e colaboradores (2008) demonstraram a presenca de
citocinas pro-inflamatorias como TNF-a, IL-1 e IL-6 e sugeriu que o TNF-a teria um
papel importante na hiperalgesia térmica in vivo. A presenca dessas citocinas foi
observada somente em homogenatos e ndo no cultivo dos fibrossarcomas in vitro
(CONSTANTIN, et al., 2008). Wacnik e colaboradores (2005) também demonstraram
a presenca do TNF-a no mesmo modelo e relatou que a hiperalgesia mecénica na
dor no cancer esta diretamente relacionada com a presenca do TNF, pois o
tratamento com etanercept (antagonista de receptor TNF-a) foi eficaz em reverter a
hiperalgesia (WACNIK et al., 2005).

De fato, ja é sabido que injegdes intraplantar de TNF-a induz
hiperalgesia mecanica e térmica, e sensibilizam os nociceptores de fibra C (CUNHA
et al.,1992; CUNHA et al., 2005).

Contudo, a participacdo de citocinas proé-inflamatérias no liquor,
plasma ou no local da lesdo tecidual, tem sido apontada como responsavel para o
desenvolvimento da dor crénica em pacientes (KRAYCHETE et al., 2009). Em
estudos animais, também tem-se demonstrado papel importante das citocinas para o
desenvolvimento da dor inflamatéria (VERRI et al., 2007; VERRI et al., 2008) e a
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reducdo da producdo de citocinas TNF-a ou IL1B reduziu a dor induzida por
carragenina em ratos e em camundongos (ZARPELON et al., 2013; NAVARRO et
al., 2013), reduziu a dor no cancer induzida por tumor de Walker 256 na tibia de
ratos (HU et al. 2012) e reduziu a dor neuropatica induzida pela ligadura de nervo
spinal (TANG, 2002).

No entanto, o controle para a dor no cancer ainda nao esta bem
definido. Os diferentes tipos de cancer, as varias localidades do desenvolvimento da
massa tumoral e falta de entendimento dos mecanismos que desenvolvem e
mantém a dor no cancer, leva ao desenvolvimento de diferentes tipos de dor e
localidades da dor, isto dificulta a produgcdo de medicamentos efetivos. Por isto,
elucidar e compreender os mecanismos envolvidos na dor em diferentes tipos de
cancer é essencial para controle terapéutico adequado da dor nos pacientes e busca
de novas e melhores terapias (REGAN;PENG, 2000).

Um sintoma ainda mais debilitante para os pacientes com o cancer é
a manifestacdo da dor-fantasma, que ocorre geralmente apds a amputacdo de um
membro e pode ocorrer imediatamente a amputacido ou anos apdés e tem como
caracteristica a imagem do 6rgdao amputado com dor em queimacgao, sensagao de
formigamento e latejamento. Se o paciente vivenciou a dor intensa previamente a
amputacdo do membro este fendbmeno tem maior chance de aparecimento devido
sensibilizacao dos neurdnios centrais (NETO et al., 2009).

Harris e colaboradores em 1983 publicou um estudo realizado com
mulheres portadores do cancer de mama e observou que apenas 5% das pacientes
apresentavam dor anteriormente a operacdo de amputacdo da mama, concluindo
que o sintoma como dor foi raro nas pacientes. Porém, quando ele questionou a dor
na mama quando apalpada, 33% das mulheres admitiram que os nédulos na mama
eram dolorosos, ou seja, apresentavam hiperalgesia. No estudo de Kroner e
colaboradores em 1988 foi demonstrada a correlagdo entre a dor anteriormente a
mastectomia e o aparecimento da dor do membro fantasma. Desta maneira, é
importante que os mecanismos que desenvolvem a dor no cancer sejam bem
esclarecidos para uma intervencdo adequada deste tipo de dor. Assim, quando
necessario o procedimento de amputacdo devido ao cancer, este deve ser
acompanhado de condutas terapéuticas que evitem o desenvolvimento da dor do
membro fantasma (NETO et al., 2009).
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1.3 TRATAMENTOS PARA DOR NO CANCER

A dor no céancer é tratavel, (IASP, 2013), no entanto algumas
barreiras impedem o tratamento adequado para esta dor, como por exemplo, o
desconhecimento dos mecanismos da sindrome, desconhecimento sobre a
terapéutica e o medo dos pacientes com cancer (NETO et al., 2009; INCA, 2013).

Em 1986 a OMS publicou uma primeira edigdo do livro “Alivio da dor
no cancer” que determinou a base para o tratamento deste tipo de dor (NETO et al.,
2009). Foi apresentada uma escala de analgésicos para o tratamento dos pacientes
com cancer. O primeiro degrau da escada analgésica preconiza a utilizacdo de
medicamentos ndo-opidides associados com coadjuvantes para dores fracas. O
segundo passo recomenda a utilizagdo de opidides fracos associados a né&o
opidides e aos coadjuvantes para dores de moderada intensidade. O terceiro degrau
sugere a utilizacao de opidides fortes associados ou ndao a medicamentos nao
opidides e coadjuvantes para dores fortes (OLIVEIRA et al., 2003, NETO et al.,
2009). Entretanto, a utilizagdo dos opidides pode agravar ainda mais a qualidade de
vida dos pacientes devido a seus efeitos colaterais como dose-dependéncia e
algumas vezes analgesia inadequada devido ao efeito de tolerancia (RANG; DALE,
2007).

Por esta razdo, compreender o0s mecanismos relacionados a
geragao e manutencado da dor no cancer é necessario para o desenvolvimento de
terapias mais eficazes (POTENZIERI; ROSE; SIMONE, 2008; REGAN; PENG,
2000).

Potenzieri e colaboradores (2008) demonstraram a eficacia de
antagonistas de receptores para canabidides como uma terapia efetiva para
promover analgesia adequada em pacientes com céancer crénico e dor intensa.
Sukhtankar e colaboradores (2011) demonstraram que a inibicdo da MAPK p38
diminui a manifestagdo de dor em modelo de cancer 6sseo induzida no fémur de
camundongos pela injecdo de células de adenocarcinoma mamario. Gao e
colaboradores (2009) demonstraram que a inibicdo da MAPK JNK atenua a
hipersensibilidade a dor desenvolvida no modelo de dor no cancer plantar induzido
por melanoma de camundongos. Quang e colaboradores (2010) demonstraram que
a bloqueio de receptor de endotelina — A atenua a dor induzida por carcinoma em

camundongos.
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Entretanto, as diferentes células tumorais, localidades do tumor e
modelos experimentais se apresentam de maneira diferente perante os tratamentos

utilizados.

1.3.1 Opidide

O uso de opiodides tem sido extremamente importante para o alivio
da dor (LEE et al.,, 2011). O termo opidide se aplica a todos os agonistas e
antagonistas com atividade morfino-simile naturais e sintéticos (GOODMAN, 2003).

Existem os opidides exdgenos e enddgenos: os opiaceos sdo drogas
derivadas do 6pio, um extrato do suco de papoula Papaver somniferum, e incluem a
morfina, codeina e uma ampla variedade de semi-sintéticos derivados deles,
podendo ser considerado como opdides exdégenos. Ja as endorfinas se referem a
familia de trés peptideos opidides enddégenos que se encontram amplamente
distribuidos no organismo e que tem funcdo reguladora no sistema fisiolégico
semelhante aos apiodes: B-endorfina, encefalinas, e dinorfina (LEE et al., 2011;
RANG; DALE 2007, GOODMAN, 2003).

Sabe-se que o0s principais efeitos analgésicos induzidos por
opiaceos ocorrem através da sua agao nos receptores opiodides localizados no SNC.
Existem trés tipos de receptores opioides denominados u, k, & que medeiam os
principais efeitos farmacacoldgicos dos opidides. Estes receptores estdo
amplamente distribuidos pelo cérebro (LEE et al., 2011).

Os trés tipos de receptores ao serem ativados inibem a adenilato
ciclase reduzindo o conteudo intracelular de AMPc, além de exercer efeito sobre os
canais idnicos como abertura nos canais de Potassio e inibicao da abertura dos
canais de Calcio, isso reduz a excitabilidade neuronal e liberacdo de transmissores
(FILIZOLA; DEVI, 2012; MENENDEZ et al., 2007; ZOLLNER; STEIN, 2007).

A maioria dos opidides usados na clinica sado seletivos para
receptores p. A morfina produz analgesia principalmente pela interagcdo com esses
receptores. Elas atuam principalmente na medula (GOODMAN, 2003).

O mecanismo central dos opidides estao relacionados a diminuigao
da neurotransmissao nociceptiva devido ao acoplamento de seus receptores a

proteina Gi, e perifericamente a morfina ativa a PIsK/AKT/NO/GMPc/PKG/canais de
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K" ATP sensiveis que também reduz a conducdo da informagéo nociceptiva pelos
nociceptores (CUNHA et al., 2010).

A morfina € o opidide mais utilizado e foi descoberto no século XIX
por suas propriedades de aliviar a dor aguda e crbénica. Os opidides possuem
propriedades hipnoanalagésicas potente e muitas vezes produzem dependéncia
psiquica e fisica quando utilizados cronicamente, sendo utilizados principalmente no
controle da dor aguda de intensidade grave e da dor crbénica de natureza neoplasica.
O efeito dos opidides pode ser bloqueado por drogas semelhantes a morfina (ex)
que também possuem afinidade pelos receptores opidides, porém nao sdo capazes
de desencadear seus efeitos (KATZUNG, 2006).

1.3.2 Antiinflamatdrio ndo Esteroidal — AINE

As drogas nao esteroidais, como a indometacina sao amplamente
usadas por seus efeitos em reduzir a dor e inibir a produ¢ao de PGE; (Vane, 1971).

A sintese dos eicosandides pode ser desencadeada por estimulos
que ativam receptores de membrana, acoplados a proteina G, que resultam na
ativacdo da fosfolipase A2. A fosfolipase hidrolisa fosfolipidios de membrana
liberando o acido araquidénico que, quando liberado, serve como substrato para
duas vias enzimaticas: a via das cicloxigenases, que desencadeia a biossintese das
prostaglandinas e dos tromboxanos; e a via das lipoxigenases, responsavel pela
sintese dos leucotrienos e lipoxinas. A COX-1 é expressa constitutivamente em
condigdes fisiologicas. A COX-2 pode ser induzida na presencga de citocinas, ésteres
do forbol, fatores de crescimento e endotoxinas, sendo expressa por células
envolvidas no processo inflamatério, como macréfagos e mondécitos (CARVALHO;
CARVALHO; RIOS-SANTOS, 2004).

Durante as pesquisas de medicamentos com propriedades
antiinflamatoérios a Indometacina foi o primeiro encontrado, e seus efeitos sao
evidenciados em pacientes com artrite reumatoide e gota aguda. No entanto sua
inibicdo ocorre tanto na COX-1 quanto COX-2, o que demonstra a gravidade dos
efeitos colaterais e pode limitar a atividade terapéutica. Sua agao parece ser central,
periférica e também na inibicdo da motilidade dos leucdcitos polimorfonucleares
(GOODMAN, 2003).
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Clinicamente esta classe de droga também é utilizada para

promover analgesia no combate a dor no cancer (NETO et al., 2009).

1.3.3 Antidepressivo Triciclico

Sao considerados analgésicos adjuvantes e nao tem a dor como
indicagao primaria, porém possuem efeitos analgésicos em algumas situagdes. Os
antidepressivos apresentam estas propriedades, e podem ser divididos em:
triciclicos, inibidores seletivos da recaptacdo de serotonina e inibidores da
monoaminoxidade. Na dor oncoldégica os mais indicados s&o os antidepressivos
triciclicos, e parecem atuar pelo mecanismo de inibigdo e receptagcdo da
noradrenalina e serotonina, e antagonismo de neurotransmissores (receptores
NMDA, H-1, 5-HT2) (NETO et al., 2009).

Todos os antidepressivos triciclicos possuem um nucleo molecular
com trés anéis que atuam inibindo a captacdo neuronal de noradrenalina, e
consequentemente produzem respostas terapéuticas na maioria dos pacientes com
depressao. Os agentes que inibem a recaptagdo da serotonina induzem alteragdes
dos neurénios da rafe (GOODMAN, 2003).

Farmacologicamente, a atividade da amitriptilina pode potencializar
ou prolongar a atividade neural simpatica, uma vez que a recaptagdo dessas aminas
é fisiologicamente importante para suprir suas agdes transmissoras (RANG; DALE,
2007).

14 MODELOS EXPERIMENTAIS PARA O ESTUDO DA DOR NO CANCER

Varios modelos experimentais tem se mostrado eficazes para o
estudo da dor no cancer, estes modelos consistem em mimetizar sinais e sintomas
apresentados em pacientes com cancer. Os modelos podem variar na espécie
animal, nos tipos de tumores, localizagdo da massa tumoral e susceptibilidade
farmacolégica (BRIGATTE et al., 2007). Sasamura e colaboradores (2002)
desenvolveram um modelo de dor no céncer pela inoculacdo de células de
melanoma ortotdpico na pata de camundongos e caracterizaram que os tratamentos
com morfina e indometacina foram eficazes para combater a hiperalgesia térmica na

fase inicial da dor, enquanto que somente a morfina foi capaz de reverter a dor na
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fase inicial e tardia. No modelo de Brigatte e colaboradores (2007) foi demonstrado
que a hiperalgesia mecénica induzida pela inoculacdo de células de carcinoma
Walker-256 na pata de ratos poderia ser revertida 2 dias apos a inoculagao pelo
tratamento com indomecina, porém apenas a morfina foi capaz de rever o quadro de
dor 5 dias apds a inoculagdo do tumor. Ja no modelo de Saito e colaboradores
(2005) pela inoculagdo de células de sarcoma osteolitico no fémur em
camundongos, demostraram que o tratamento com indometacina foi capaz de
reverter a hiperalgesia mecanica tanto quanto a morfina 14 dias apds a inoculagao
do tumor. Em modelo por inoculagdo de células de fibrosarcomas injetadas na
cavidade do fémur de camundongos, varias classes de agonistas de receptor
opidide reduziram a hiperalgesia mecanica no 15° dia pelo tratamento com opidides,
e nado tendo efeito na dor drogas antiinflamatéria ndo esteroidais como
indometacina, nem antidepressivos ou anticonvulsivantes (MOUEEDEN et al., 2007).

Ainda no modelo de Lee e colaboradores (2005), foi demonstrado
que a inoculagdo de hepatocarcinoma na pata de camundongos, desenvolve
hiperalgesia mecéanica, mais nao hiperalgesia térmica, reforcando que o
desenvolvimento da dor é diferente dependendo do tipo de células tumorais
estudada.

Dessa forma, existe uma grande variabilidade de susceptibilidade
farmacologica dependendo do modelo experimental, embora a eficacia dos opidides
seja uma constante. Um explicagdo para a variabilidade € que realmente sao
modelos totalmente diferentes quanto ao sitio de administracdo das células
tumorais, inoculo e tipos de tumores diferentes. Isso mimetiza o que ocorre com
humanos, pois sdo tumores que se desenvolvem em locais diferentes, com taxas de
proliferacdo diferentes e de origem diferentes. Dessa forma, o tratamento da dor
nesses pacientes é dificil. Os modelos pré-clinicos devem contemplar essas
diferencas e deve haver a compreensao de que cada modelo representa condi¢coes
especificas e seus resultados ndo devem ser extrapolados para todos os tipos de

cancer, mas sim, para 0s casos ou caso especifico que aquele modelo representa.
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1.5 TUMOR DE EHRLICH

O tumor de Ehrlich € uma neoplasia transplantavel de origem
epitelial maligna, correspondente a um adenocarcinoma mamario de camundongo
fémea, transplantado pela primeira vez por Paul Ehrlich em 1905. Originalmente se
apresentou na forma sélida, sendo convertido para forma ascitica por Loewenthal
and Jahn (1932) (EHRLICH AND APOLAND, 1905). Seu crescimento pode ser
solido ou ascitico variando dependendo do local inoculado, tecidos ou cavidades,
respectivamente.

A histologia, o tumor de Ehrlich na forma sélida é descrito com
células com alto grau de atipias (anaplasia), caracterizadas por nucléolos evidentes
€ numerosos, cromatina condensada, mitoses atipicas ou aberrantes e relagao
nucleo-citoplasma maior que a das células normais. O estroma é constituido por
fibras colagenas (DAGLI et al., 1989).

O tumor tem sido utilizado e descrito em varios modelos
experimentais animais que avaliam o tratamento de animais com extratos de plantas
ou principios ativos que inibam o crescimento tumoral ascitico (KAMETANI et al,
2007; BALAMURUGAN et al, 2009), e também na forma sélida para avaliacdo de
angiogénese tumoral (USTUN et al., 2010). Todavia, ndo foi descrito até 0 momento

a utilizacdo do tumor de Ehrlich como modelo para o estudo da dor no cancer.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar se o tumor de Ehrlich induz comportamento nociceptivo em
camundongos podendo servir como um novo modelo para o estudo da fisiopatologia

da dor, e delineamento do perfil farmacologico.

2.2 OBJETIVOS ESPECIFICOS

— Definir a dose adequada de células tumorais de Ehrlich para
induzir hiperalgesia mecanica e térmica e dor espontadnea em camundongos;

— Avaliar as caracteristicas histoléogicas como perda de arquitetura
tecidual, achados necréticos e inflamatério na pata dos camundongos;

— Avaliar se as células tumorais inativadas revertem o
desenvolvimento de hiperalgesia mecanica, térmica, dor esponténea e crescimento
tumoral;

— Avaliar se a hiperalgesia e dor esponténea induzida pelas células
tumorais € revertida pelo tratamento com a indometacina;

— Avaliar se a hiperalgesia e dor espontanea induzida pelas células
tumorais é revertida pelo tratamento com a amitriptilina;

— Avaliar se a hiperalgesia e dor esponténea induzida pelas células
tumorais é revertida pelo tratamento com a morfina;

— Avaliar se os tratamentos com analgésicos sdo capazes de

reverter o crescimento tumoral.
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3 ARTIGO PUBLICADO

O artigo “The Ehrlich tumor induces pain-like behavior in mice: a
novel model of cancer pain for pathophysiological studies and pharmacological

screening” foi publicado no periodico BioMed Research International.
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The Ehrlich tumor is a mammary adenocarcinoma of mice that can be developed in solid and ascitic forms depending on its
administration in tissues or cavities, respectively. The present study investigates whether the subcutaneous plantar administration
of the Ehrlich tumor cells induces pain-like behavior and initial pharmacological susceptibility characteristics. The Ehrlich tumor
cells {1 x 10°-107 cells) induced dose-dependent mechanical hyperalgesia (electronic version of the von Frey filaments), paw
edema/tumor growth (caliper), and flinches compared with the saline group between days 2 and 12. There was no difference between
doses of cells regarding thermal hyperalgesia in the hot-plate test. Indomethacin (a cyclooxygenase inhibitor) and amitriptyline
hydrochloride (a tricyclic antidepressant) treatments did not affect flinches or thermal and mechanical hyperalgesia. On the other
hand, morphine (an opieid) inhibited the flinch behavior and the thermal and mechanical hyperalgesia. These effects of morphine
on pain-like behavior were prevented by naloxone (an opioid receptor antagonist) treatment. None of the treatments affected paw
edema/tumor growth. The results showed that, in addition to tumor growth, administration of the Ehrlich tumor cells may represent
a novel model for the study of cancer pain, specially the pain that is susceptible to treatment with opioids, but not to cyclooxygenase
inhibitor or to tricyclic antidepressant.

1. Introduction cancer, 62%-85% experience significant pain that is described
as moderate to severe in approximately 4%-50% and as
Pain is a symptom related to poor quality of life in cancer very severe in 25%-30% [9]. In fact, approximately 43% of
patients. In fact, in the United States, it is the most frequent  {}6 patients report feeling pain as early as diagnosis [7].
cause of disability in these patients [I, 2]. Furthermore,  Therefore, pain management in cancer patients is a public
reports of cancer pain have been increasing over the years  health issue, and the mechanisms of cancer pain are not
accompanying the increased survival of patients [3, 4]. completely understood [7].
Most patients with advanced cancer (60%-85%) and 5-year In this sense, there are various animal models of cancer
survivors (40%) report pain [5-8]. In patients with advanced ~ pain that are used in an attempt to clarify the nociceptive



pathways involved in cancer-related pain, including skin
cancer pain [10], neuropathic cancer pain [11], and bone
cancer pain [12, 13]. These models have been important, for
instance, in the demonstration of the contribution of tran-
sient receptor potential vanilloid receptor 1 (TRPVI), acid-
sensing ion channels (ASICs), nerve growth factor (NGF),
bradykinin, adenosine triphosphate (ATP), endothelin, and
other mediators in the nociceptor sensitization during cancer
pain [14]. There is also evidence that the inflammatory
response against the tumor cells results in the production
of cytokines and chemokines that sensitize the nociceptors
by receptor-mediated activation of protein kinase C (PKC)
and protein kinase A (PKA) and/or activation of mytogen-
activated protein kinases such as p38. The activation of
these intracellular pathways results in activation of TRPV1
and tetrodotoxin-resistant sodium channels and increased
expression of TRPV1 [15]. Therefore, there are complex mech-
anisms, which may also vary depending on the cancer type.

The Ehrlich tumor is a spontaneous murine mammary
adenocarcinoma [16] adapted to ascites form [17] and carried
in mice by serial intraperitoneal (i.p.) passages [18]. The
ascitic form of the tumor has been used as experimental
model to assess the influence of drugs of different origins on
its proliferation and host responses against the tumor cells
[19-21]. The characteristic ascites is probably formed as a
consequence of the inflammatory response towards tumor
cells resulting in increased peritoneal vascular permeability
[22]. Other factors that contribute to ascites and lethality of
the Ehrlich tumor includes the impaired peritoneal lymphatic
drainage by the tumor cells [22], the mechanic pressure
exerted by progressive increase of ascitic fluid, peritoneal
hemorrhage, and endotoxemia [23-25]. The Ehrlich tumor
cells are also used as a model of solid tumor by injection in
different sites [26].

Despite the wide use of the Ehrlich tumor cells in the
investigation of the mechanisms of tumor proliferation as
well as the host inflammatory and oxidative responses against
tumor cells, it is yet undetermined whether inoculation of
the Ehrlich tumor cells could represent a murine model to
study cancer pain. Therefore, the present study standardized
a murine model of cancer pain induced by the intraplantar
injection of the Ehrlich tumor cells and investigated the
pharmacological susceptibility of the model using three
classes of analgesics.

2, Materials and Methods

2.1 Animals. The experiments were performed on male Swiss
mice (20-25g, Universidade Estadual de Londrina, Lond-
rina, PR, Brazil) housed in standard clear plastic cages (six
per cage) with free access to food and water. The behavioral
testing was performed between 9:00 am and 5:00 pm in a
temperature-controlled room. Animals’ care and handling
procedures were in accordance with the International Asso-
ciation for Study of Pain (IASP) guidelines and with the
approval of the Ethics Committee of Universidade Estadual
de Londrina. All efforts were made to minimize the number
of animals used and their suffering.
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2.2. The Ehrlich Tumor Cells Inoculation. The Ehrlich tumor
cells were collected from ascitic fluid of the peritoneal cavity
of mice 10 days after tumor administration. The ascitic fluid
was washed in phosphate-buffered saline (PBS, pH 74),
centrifuged (200 g, 10 min), and washed with PBS three times.
The cell viability was determined by the 0.5% trypan blue
exclusion method in the Neubauer chamber [27]. The Ehrlich
tumor cells were suspended to the final concentrations of
1x 10%, 1 x 10°, 1 x 10%, and 1 x 107 in 25 uL of saline.
Measurements were performed before and after injection of
tumor cells between days 0 and 12.

2.3. Drugs. Drugs were obtained from the following sources:
indomethacin from Prodome Chemical and Pharmaceutical
(Sao Paulo, SP, Brazil), amitriptyline from Germed (Sao
Bernardo do Campo, SP, Brazil), morphine sulphate from
Cristalia (Sdo Paulo, SP, Brazil), and naloxone hydrochloride
from Sigma-Aldrich (St Louis, MO, USA).

2.4. Protocols. Firstly, mice received intraplantar (i.pl.) injec-
tion of the Ehrlich tumor cells (1 % 10*-107 in 25 uL) or saline.
Measurements of mechanical and thermal hyperalgesia, paw
edema/tumor growth, and overt pain-like behavior were
performed on days 0-12. According to the results, the dose
of 1 x 10°/paw of tumor cells was chosen for next experi-
ments of mechanical hyperalgesia, thermal hyperalgesia, paw
edema/tumor growth, and histological analysis at indicated
timepoints. The dose of 1 x 107/paw of tumor cells and
evaluation at the 8th day after inoculation were chosen for
experiments of overt pain. Paw samples were collected for
histological analysis and microscopic observation 12 days
after tumor injection. To evaluate the hyperalgesic effect of
cellular remnants, the Ehrlich tumor cells were inactivated
and injected i.pl,, and compared with the saline and the viable
Ehrlich tumor cells groups; measurements were performed
on days 0-12. To evaluate the pharmacological modulation
of the Ehrlich tumor-induced pain-like behavior, mice were
treated with the cyclooxygenase inhibitor (indomethacin,
0.7, 2, and 6 mg/kg, ip.) or opioid (morphine, 1, 3, and
10 mg/kg, i.p.) on the 8th day after the Ehrlich tumor cells
administration, and the evaluation of mechanical and ther-
mal hyperalgesia, paw edema/tumor growth, and overt pain
was performed 3 h or 45 min after the treatment, respectively.
Another group of mice was treated with tricyclic antidepres-
sant (amitriptyline, 3, 10, and 30 mg/kg, p.o.) daily during 12
days. The evaluation of mechanical and thermal hyperalgesia,
paw edema/tumor growth, and overt pain was performed 3h
after treatment on days 0-12. It is noteworthy that different
experimenters prepared the solutions, made the administra-
tions, and performed the evaluation of pain-like behavior.

2.5. The Electronic Pressure Meter Test of Mechanical Hyper-
algesiz. Mechanical hyperalgesia was tested in mice as pre-
viously reported [28]. Briefly, the test consists of evoking a
hindpaw flexion reflex with a hand-held force transducer (the
electronic von Frey anesthesiometer: Insight, Ribeirdo Preto,
SP, Brazil) adapted with a 0.5 mm’ contact area polypropylene
tip. The investigator was trained to apply the tip perpendic-
ularly to the central area of the hindpaw, and the endpoint
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was characterized by the removal of the paw. The results are
expressed by delta (A) withdrawal threshold (in g), which was
calculated by subtracting the zero-time mean measurements
from the mean measurements (indicated timepoints) after
stimulus.

2.6. The Hot-Plate Test of Thermal Hyperalgesia. Thermal
hyperalgesia was evaluated before and at indicated timepoints
after injection of the Ehrlich tumor cells. In brief, mice were
placed in a 10 cm wide glass cylinder on a hot plate (Hot Plate
HP-2002, Insight Equipamentos, Ribeirao Preto, SP, Brazil)
maintained at 55'C. The reaction time was scored when the
animal jumped, flinched, and/or licked its paws. A maximum
latency (cutoff) was set at 30 s to avoid tissue damage [29].

2.7 Evaluation of Paw Edema/Tumor Growth. The paw
edema/tumor growth was determined before and at indicated
timepoints (at 48 h intervals) after the injection of the Ehrlich
tumor cells using an analog caliper. Paw edema/tumor growth
was presented as A mm [29].

2.8. Overt Pain-Like Behavior Evaluation. Mice were placed
in clear glass compartments at room temperature. After an
acclimation period of 15 min, mice were observed for 10 min,
and the cumulative number of flinches was measured [27].

2.9, Histopathological Analysis. On the 12th day after injec-
tion of tumor cells, mice were killed, and the paws were
removed and fixed in the Bowen solution (75% picric acid,
25% formaldehyde, and 5% acetic acid) for 21 days. The
samples were embedded in paraffin, sectioned into 5pum
sections, and stained with hematoxylin and eosin for light
microscopic observation.

2.10. Inactivation of the Ehrlich Tumor Cells by Thermal Alter-
ation. The Ehrlich tumor cells were inactivated to evaluate
the involvement of cellular remnants in pain induced by the
Ehrlich tumor cells. For this, the cells were inactivated by the
process of freezing and heating. The Ehrlich tumor cells were
first suspended to the final concentration of 1 x 10° or 1 x
107; next cell suspension was submerged in liquid nitrogen
for 5min and then heated in water-bath (80°C) during 5 min
(EvLab, Londrina, PR, Brazil). This process was repeated 5
times, followed by assessment of cell viability by the trypan
blue test, in order to confirm that cells were not viable. Mice
received the equivalent to 1 10° or 1x 107 inactivated tumor
cells, viable cells, or saline (25uL) i.pl. The evaluation of
mechanical and thermal hyperalgesia and paw edema/tumor
growth was performed between days 0 and 12 and, the
evaluation of the overt pain was performed in 8th day.

211 Statistical Analysis. Results are presented as mean +
SEM of measurements made on 6 animals in each group in
each experiment and are representative of two independent
experiments. The two-way analysis of variance (ANOVA) was
used to compare the groups and doses at all times (curves)
when the hyperalgesic responses were measured at different
times after the stimulus injection. The analyzed factors were
treatment, time, and time versus treatment interaction. When
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there was a significant time versus treatment interaction,
one-way ANOVA followed by Tukey’s t-test was performed
for each time. On the other hand, when the hyperalgesic
responses were measured once after the stimulus injection,
the differences between responses were evaluated by one-way
ANOVA followed by Tukey's t-test. Additionally, comparative
statistical analysis between two groups was done using the t-
test. Statistical differences were considered to be significant at
P < 0.05.

3. Results

3.1 The Subcutaneous Injection of the Ehrlich Cells Induces
Mechanical and Thermal Hyperalgesia, Paw Edema/Tumor
Growth, and Overt Pain-Like Behavior in a Dose-Dependent
Manner. The Ehrlich tumor cells (1 x 10*-107 in 25uL
per paw), or the vehicle group (PBS), were subcutaneously
injected in the mouse hindpaw (i.pl.), and mechanical hyper-
algesia was evaluated 2, 4, 6, 8, 10, and 12 days after cell
injection, Figure 1(a). The mechanical hyperalgesia induced
by tumor cells was dose and time dependent. All doses of
tumor cells tested induced significant mechanical hyperalge-
sia on day 8, which remained on days 10 and 12. There was no
statistical difference between the doses of 10° and 107 tumor
cells regarding mechanical hyperalgesia, Figure 1(a). There
was no difference between the doses in the hot-plate test (data
not shown); therefore, for clear presentation, only the results
on thermal hyperalgesia and the dose of 10° are shown in
Figure 1(b). The injection of tumor cells induced a progressive
and dose-dependent increase in paw edema/tumor growth,
Figure 1(c), which corroborates the progressive increase of
mechanical hyperalgesia in Figure 1(a). The dose of 10* did
not induce significant paw edema/tumor growth, while 10°
induced at days 10 and 12, Figure 1(c). The paw edema/tumor
growth was significant between 2 and 12 days for the doses of
10° and 107 (Figure 1(c)). Spontaneous nociceptive behavior
was quantified by the number of flinches, Figure 1(d). The
doses of 10* and 10° did not induce paw flinch, the dose
of 10° induced paw flinch at days 10-12, and 107 induced a
significant number of flinches at days 4-12 with a peak at day
8 (Figure 1(d)). Considering these results, the dose of the 108
Ehrlich tumor cells was chosen for histological analysis and
behavioral experiments evaluating mechanical and thermal
hyperalgesia and paw edema/tumor growth, while the dose
of 107 was chosen for overt pain-like behavior evaluation.

3.2. Histopathological Analysis. Mice were sacrificed at day 12
after injection of the Ehrlich tumor cells or saline (25 uL), and
the paws were collected for histological analysis performed
with hematoxylin/eosin staining (Figure 2). There was no
histological abnormality in mice that received Lpl. injection
of saline (Figure 2(a)), presenting normal epithelium (arrow
1) and normal bone cartilage (arrow 2). Mice that received
i.pl. injection of the Ehrlich tumor cells (10*-10") showed
malignant neoplasm and poor differentiation, character-
ized by the presence of tumor cells, with nucleus show-
ing frequent aberrant mitosis. Considering that there was
no difference between the different doses of tumor cells
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FicuRe I: The Ehrlich tumor induces pain and paw edema/tumor growth in a dose-dependent manner. The Ehrlich tumor cells (1 x10*7)
or saline (25 uL) was injected subcutaneously in the paw. (a) The intensity of mechanical hyperalgesia, (b) thermal hyperalgesia, (c) paw
edema/tumor growth, and (d) overt pain-like behavior was evaluated between 0 and 12 days at every-other-day intervals after injection of
tumor cells or saline; » = 6, representative of two experiments. *P < 0.05 compared with saling; "*P < 0.05 compared with saline and the
dose of 10% *P < 0.05 compared with saline and the doses of 10* and 10°%; ¥ P < 0.05 compared with saline and the doses of 1 x 10",

regarding the tumor characteristics, the figures represent the
dose of the 10° Ehrlich tumor cells that was used in most
of the evaluations (Figures 2(b)-2(h}). Figure 2(b) shows
bone cartilage destruction induced by tumor cells (arrow 4).
Figure 2(c) shows at 4x magnification the epithelium (arrow
1) and the presence of tumor cells (arrow 3) with intense areas
of necrosis (arrow 5). Figure 2(d) shows areas of necrosis
(arrow 5) induced by the Ehrlich tumor cells. Figure 2(e)
shows at 10x magnification the presence of tumor cells (arrow
3)ina paw tissue, and Figure 2(f) shows tumor cells (arrow 3),
areas of necrosis (arrow 5), and a presence of mitosis (arrow
6). Figure 2(g) shows the presence of atypical mitosis (arrow

6), and Figure 2(h) shows at 40x magnification mitosis (arrow
6) and tumor cells with atypical nucleus (arrow 7). Therefore,
the histopathological analysis confirmed the presence of the
tumor cells (Figures 2(b) and 2(h)), together with an extensive
area of necrosis (Figures 2(c), 2(d), and 2(f)) characterized
by neutrophilic infiltration, associated with the presence
of fibrin and red blood cells, which gives an eosinophilic
coloration (Figure 2(d)), tumor cells with aberrant mitosis
(Figure 2(g)), and bone/cartilage destruction (Figure 2(b)).

3.3. Inactivation of the Ehrlich Tumor Cells by Thermal Alter-
ation Abolishes the Nociceptive Responses. Mice received i.pl.
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FiGURE 2: Histopathological analysis of paw injected with the Ehrlich tumor. The Ehrlich tumor cells (1 x 10°) or saline (25 L) was injected
subcutaneously into the hindpaws of the mice. Panel (a) indicates histological sections of normal paw that received saline, and panels (b)-(h)
indicate the paw that received the Ehrlich tumor cells stained by hematoxylin/eosin. Arrows (1) indicate normal epithelium; (2) normal bone
cartilage; (3) tumor cells; (4) destroyed bone cartilage; (5) extensive area of necrosis; (6) tumor cells with mitosis or atypical mitosis; (7) and

tumor cells with atypical nucleus.

injection of saline (25 uL), the viable Ehrlich tumor cells (108
or 107/ paw), or the inactivated Ehrlich tumor cells (equivalent
to 10° or 107 cells). Mechanical and thermal hyperalgesia and
paw edema/tumor growth were evaluated between 0 and 12
days, and overt pain-like behavior was evaluated on day 8
after stimulus. The inactivation of the 10° Ehrlich tumor cells
was able to abolish the mechanical (Figure 3(a)) and thermal
(Figure 3(b)) hyperalgesia and paw edema/tumor growth
(Figure 3(c)) compared with the viable cells. Inactivation of
the 107 tumor cells also resulted in abolishment of overt
pain-like behavior (Figure 3(d)) compared with the viable
cells. Thus, the cellular remnants of the Ehrlich tumor cells
were not capable of inducing paw edema/tumor growth and
nociceptive responses, which suggests that these responses

depend on the proliferation of tumor cells and their activities
and interactions with the host immune responses.

34. Effect of Indomethacin Treatment on the Nociceptive
Responses and Paw Edema/Tumor Growth Induced by the
Ehrlich Tumor Cells. Mice received the 10° or 10’ Ehrlich
tumor cells, and on the 8th day, they were treated with
indomethacin (0.7, 2, or 6 mg/Kg 1.p.) or Tris buffer, and 3h
after the treatment mechanical, and thermal hyperalgesia,
paw edema/tumor growth, and overt pain-like behavior were
measured (Figure 4). The Ehrlich tumor cells induced sig-
nificant mechanical (Figure 4(a)) and thermal (Figure 4(b))
hyperalgesia, paw edema/tumor growth (Figure 4(c)), and
overt pain-like behavior (Figure 4(d)) compared with the
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FiGURE 3: Thermal inactivation of the Ehrlich tumor cells abolishes pain and paw edemaj/tumor growth. The Ehrlich tumor cells (1 x 10°) were
inactivated by cold followed by heat. Mice received 25 uL of inactivated tumor cells, viable tumor cells (1 x 10°), or saline. (a) The intensity
of mechanical hyperalgesia, (b) thermal hyperalgesia, and (c) paw edema/tumor growth was evaluated on days 2-12 after injection of the
inactivated Ehrlich tumor cells, viable tumor cells, or saline. Mice received 1 x 107 of inactivated tumor cells, viable cells, or saline and (d) the
overt pain was evaluated on the 8th day after injection; n = 6, representative of two experiments. * P < 0.05 compared with the saline, and

*P < 0.05 compared with the viable 1 x 10° or 1 x 107 tumer cells.

saline group. However, the treatment with indomethacin did
not affect those parameters induced by the Ehrlich tumor
cells (Figure 4), indicating that they do not depend on the
production of prostanoids.

3.5 Effect of Amitriptyline Treatment on the Nociceptive
Responses and Paw Edema/Tumor Growth Induced by the
Ehrlich Tumor Cells. After inoculation of the 10° or 107
Ehrlich tumor cells, mice were treated with amitriptyline (3,
10, and 30mg/kg) or water via oral gavage (per oral: p.o.)

once a day during 12 days, and 3 h after treatment, mechanical
and thermal hyperalgesia, paw edema/tumor growth, and
overt pain-like behavior were evaluated (Figure5). None
of the doses of amitriptyline affected the Ehrlich tumor
cells-induced mechanical hyperalgesia (Figure 5(a)), ther-
mal hyperalgesia (Figure 5(b)), paw edema/tumor growth
(Figure 5(c)), or overt pain (Figure 5(d)). These results sug-
gest that the inhibition of serotonin and/or norepinephrine
reuptake does not affect the maintenance of cancer pain in
this model.
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Frcune 4: Effect of indomethacin treatment on pain and paw edema/tumor growth induced by the Ehrlich tumor cells. Mice received the 1 x
10° Ehrlich tumaor cells or saline, and on the &th day, they were treated with indomethacin (0.7-6 mg/kg, L.p.) or Tris buffer. (a) The intensity
of mechanical hyperalgesia, (b) thermal hyperalgesia, and (c) paw edema/tumor growth was evaluated 3 h after the treatment. Mice received
the 1x 107 Ehrlich tumor cells or saline, and on 8th day, they were treated with indomethacin (6 mg/kg i.p.) or Tris buffer, and (d) overt pain
was assessed 3 h after treatment; n = 6, representative of two experiments. * P < 0.05 vehicle group compared with the saline.

3.6. Effect of Morphine Treatment on the Nociceptive Responses
and Paw Edema/Tumor Growth Induced by the Ehrlich Tumor
Cells. Mice were treated with morphine (1-10 mg/kg, i.p.) or
saline on the 8th day after the Ehrlich tumor (10° or 107 cells)
injection in which the peak of hyperalgesia was detected.
After the treatment (45min) with morphine, mechanical
(Figure 6(a)) and thermal (Figure 6(b)) hyperalgesia and paw
edema/tumor growth (Figure 6(c)) were evaluated. The mor-
phine dose dependently inhibited Ehrlich tumor-induced
mechanical (Figure 6(a)) and thermal (Figure 6(b)) hyper-
algesia, but it did not affect the paw edema/tumor growth,
which indicates that morphine presents analgesic effect not
related to inhibition of tumor proliferation. The dose of
3mg/kg of morphine reduced the Ehrlich tumor-induced
mechanical hyperalgesia compared with the positive control,
while the dose of 10 mg/kg of morphine presented significant

inhibition compared with the Ehrlich tumor-positive control
and the doses of 1 and 3 mg/kg of morphine (Figure 6(a)). The
Ehrlich tumor-induced thermal hyperalgesia was inhibited
by the dose of 10 mg/kg of morphine without significant
inhibition with the doses of 1 and 3mg/kg (Figure 6(b)).
To confirm the receptor-dependent effect of morphine and
that an opioid-receptor-dependent inhibition of the Ehrlich
tumor-induced hyperalgesia was being observed, mice were
treated with naloxone (Img/kg, ip.) 1h before morphine
(10 mg/kg) treatment, and after additional 45 min, measure-
ments of mechanical (Figure 6(d)) and thermal (Figure 6(¢))
hyperalgesia were performed. Again, the Ehrlich tumor-
induced (10° cells) mechanical and thermal hyperalgesia were
inhibited by morphine, and this inhibition was prevented
by naloxone treatment. Furthermore, the Ehrlich tumor
induced (107 cells) spontaneous flinches at the 8th day
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Ficure 5: Effect of amitriptyline treatment on pain and paw edema/tumor growth induced by the Ehrlich tumor cells. Mice received the 1 x
10° Ehrlich tumor cells or saline, and they were treated with amitriptyline (3-30 mg/kg, p.o.) or water every day after subcutaneous injection
of tumor cells. (a) The intensity of mechanical hyperalgesia, (b) thermal hyperalgesia, and (c) paw edema/tumor growth was evaluated 3h
after the treatment on days 2, 4, 6, 8, 10, and 12 after injection of the cells. Mice received the 1 x 107 Ehrlich tumor cells or saline and were
treated daily with amitriptyline (30 mg/kg, p.o.) or water and after & days; (d) the overt pain was assessed 3 h after the treatment; n = 6,
representative of two experiments. *P < 0.05 compared with the saline.

of cancer development, which were also inhibited by mor- 4. Discussion

phine treatment (10 mg/kg), and the analgesic effect of mor-

phine was prevented by naloxone treatment (Figure 6(f)).  Cancer pain directly affects the quality of life and survival
Therefore, the Ehrlich tumor induces mechanical and ther-  of patients with cancer [11, 30]. Cancer pain is characterized
mal hyperalgesia and overt pain-like behavior susceptible to by the presence of hyperalgesia, allodynia, and/or sponta-
opioid-receptor analgesia (Figure 6). neous pain. Tactile allodynia and mechanical hyperalgesia
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Frgure 6: Effect of morphine treatment on pain and paw edema/tumor growth induced by the Ehrlich tumor cells. Mice that received
the 1 x 10° Ehrlich tumor cells were treated with morphine (1-10 mg/Kg, i.p.) or saline on the &th day after tumor cells injection. (a) The
intensity of mechanical hyperalgesia, (b) thermal hyperalgesia, and (c) paw edema/tumor growth was evaluated 45 minutes after treatment
with morphine. In another set, mice were treated with naloxone (1 mg/kg, i.p.) 1 hour before the treatment with morphine (10 mg/kg i.p.), and
(d) 45 minutes after morphine treatment, the intensity of mechanical hyperalgesia and () thermal hyperalgesia was evaluated. Mice received
the 1 x 107 Ehrlich tumor cells or saline, and after 8 days, they were treated with naloxone (1 mg/kg L.p.) 1h before treatment with morphine
(10 mg/ke i.p.), and (f) 45 min after the treatment with morphine, the overt pain was assessed; n = 6, representative of two experiments.
*P < 0.05 vehicle group compared with the saline; *P < 0.05 compared with the tumor or compared with the treatment with naloxone plus
morphine, and " P < 0.05 compared with the doses of 1 and 3 mg/kg morphine.



are important features of cancer pain and decrease the life
quality of patients. Considering the importance of pain in
cancer, several experimental models, including neuropathic
cancer pain [11], bone cancer pain [12, 31, 32], and cancer pain
induced by orthotopic tumor inoculation in mice [10, 33],
have been developed and contributed to the characterization
of the pathophysiology of cancer pain.

Several experimental studies have shown that marked
nociceptive reactions induced by malignant tumor vary with
animal species, tumor types, and localizations of the tumor
[10-12, 33-36]. In the present study, we develop a model of
pain characterized by mechanical and thermal hyperalgesia
and spontaneous pain-like behavior, for example, flinching
of the paw. The mechanical hyperalgesia and flinches were
dependent on the number of the Ehrlich tumor cells injec-
tion and were progressive over time. The time- and dose-
dependent features of the present model argue in its favor as
a good model to investigate the effect of novel analgesics and
mechanisms involved in cancer pain regarding mechanical
hyperalgesia and overt pain-like behavior. It is noteworthy
that, in the case of thermal hyperalgesia, it was significant
and increased over time, but there were no differences in the
responses induced by different number of the Ehrlich tumor
cells injected.

[t is important to understand the mechanisms involved in
the model used to investigate the action of novel drugs and to
have a clear view of the possible mechanisms to be addressed.
Nevertheless, as a first insight into the mechanisms involved
in the Ehrlich tumor-induced nociception, it was determined
its susceptibility to three classes of analgesics; nonstercidal
anti-inflammatory drug, tricyclic antidepressant, and opioid.
The acute treatment with nonsteroidal anti-inflammatory
drug, indomethacin, a cyclooxygenase inhibitor, did not
affect the nociceptive responses and paw edema/tumor
growth induced by the Ehrlich tumor. Indomethacin did
not affect pain in a model of femur cancer pain induced
by fibrosarcoma cells in mice [37]. On the other hand, in a
model of bone cancer pain induced by injection of osteolytic
murine sarcoma into the femur, the oral administration of
indomethacin reduced pain behavior in mice [38]. These
controversial data may be due to the different routes of
administration that were used, the different doses of treat-
ment, and mainly the different models of cancer pain.

Chronic treatment with amitriptyline, a tricyclic antide-
pressant inhibitor of reuptake of serotonin and norepineph-
rine, did not inhibit the nociception induced by the Ehrlich
tumor cells. Others have shown that amitriptyline reduced
only spontaneous pain behavior at sedative doses [37]. Tri-
cyclic antidepressants have been extensively studied because
there is evidence of their analgesic properties in several
chronic diseases [37], and neuropathic pain [39]. However,
the reuptake of serotonin and norepinephrine seems not to
be related to the maintenance of cancer pain induced by the
Ehrlich tumor.

The treatment with morphine dose dependently reduced
the nociception induced by the Ehrlich tumor. Additionally,
it was observed that the effect of morphine was receptor
specific, because the opioid receptor antagonist naloxone
reversed the effect of morphine. Despite the reduction of
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nociception promoted by morphine, there was no change
in tumor growth, which indicates that morphine inhibited
nociceptive responses rather than reduced nociception by
decreasing tumor growth.

Despite all of the research performed in an attempt to
inhibit cancer pain, it cannot be stated the exact mechanisms
involved in the maintenance and chronicity of cancer pain. In
fact, cancer patients still face inadequate analgesia. One major
reason is that, despite some similarities, each model of cancer
pain has its peculiar mechanisms similarly to each type of
cancer in humans. Thus, it is conceivable that a great variety
of cancer pain models are necessary to line up with varied
human conditions. Bone cancer pain models are considered
particularly interesting since during metastasis tumor cells
may reach the bones. In the present study, there was bone
cartilage destruction in the foci of tumor injected, indicating
that there might be a bone pain component in this model.
Nevertheless, models that evaluate the pain before metastasis
are also important. To exemplify conditions in which cancer
pain before metastasis is important, it is noteworthy to
mention that a third of breast cancer patients will report
pain in the lump spontaneously or upon examination [40].
The present model using the injection of cells of a murine
mammary adenocarcinoma presents a condition resembling
the preoperative breast cancer pain since there is sponta-
neous pain-like behavior in the paw and hyperalgesia upon
stimulation of the lump (foci of tumor injection in the paw).
Importantly, there is a significant relation between preopera-
tive breast pain and phantom breast pain syndrome [41], and
treatment of pain prior to mastectomy is an important clinical
approach to reduce the incidence of phantom breast pain
syndrome. Therefore, the present model might contribute asa
model to study preoperative breast cancer pain mechanisms.

5. Conclusion

We have characterized a cancer pain model induced by
subcutaneous injection of the Ehrlich tumor cells into the
hindpaw of mice. This model is characterized by robust tumor
growth and rapid development of mechanical and thermal
hyperalgesia and overt pain-like behavior, rendering it as
convenient to study the mechanisms of cancer pain and
tumor growth and to test new treatments.
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4 CONCLUSAO

O desenvolvimento do presente trabalho permitiu a caracterizagao
de um novo modelo para o estudo da dor no cancer, com crescimento tumoral
sélido, desenvolvimento de hiperalgesia mecanica, hiperalgesia térmica, e dor
espontanea.

O modelo apresentado € conveniente para estudar os mecanismos
que desenvolvem e mantém a dor no cancer, principalmente para dores susceptiveis
a opidides, mas nao a antiinflamatérios ou antidepressivos. Permitindo também o

estudo de terapéuticas alternativas para este tipo de dor.
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