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RESUMO

A doenca de Chagas (DC) representa um importante problema de saude publica no
Brasil, devido ao surgimento de novos casos e também por ainda ndo possuir cura.
A DC acomete o controle nervoso do trato gastrointestinal, resultando em severos
disturbios de motilidade. Essas alterac6es de motilidade devem-se, principalmente, a
perda de neurbnios do plexo mientérico, o qual é um dos plexos ganglionados do
sistema nervoso entérico. Neste estudo, objetivou-se avaliar se o uso de baixas
doses de aspirina (ASA) durante a fase aguda (20 mg/kg) ou crénica (50 mg/kg) da
infeccdo experimental por T. cruzi seria capaz de proteger neurdnios mientéricos do
colon de camundongos. Todos os procedimentos foram aprovados pela Comissao
de Etica no Uso de Animais da Universidade Estadual de Londrina (UEL).
Camundongos Swiss foram distribuidos em grupos que receberam PBS ou foram
tratados com baixas doses de aspirina durante a fase aguda (20 mg/Kg, ASAgary) Ou
crénica (50 mg/Kg, ASApelayed) da infeccdo causada pela cepa Y de T. cruzi. Apos 75
dias de infeccéo, coletou-se o colon para quantificar focos inflamatorios em cortes
histol6gicos e neurbnios mientéricos gerais, nitrérgicos, VIPérgicos e colinérgicos
evidenciados por imunofluorescéncia. Além disso, avaliou-se o0 transito
gastrointestinal. Contou-se o nimero total de corpos celulares de neurdnios gerais,
nitrérgicos e VIPérgicos presentes em 24,06 mm? de cada animal, valor que
projetado para 1 cm? O nimero de neurdnios colinérgicos foi estimado pela
diferenca entre o numero de neurbnios gerais e 0 numero de neurdnios nitrérgicos.
Foi também realizada a mensuracdo da area do corpo celular de 300 neurdnios
evidenciados em cada marcacdo de cada animal. Foram mensuradas 700
varicosidades nervosas mientéricas VIPérgicas e contendo Substancia P. O tempo
de transito intestinal foi avaliado com a administracdo de um marcador nao
absorvivel, via gavagem (tempo zero), até a eliminacdo do primeiro pelete de fezes
na cor vermelha. Os dados foram expressos por média = desvio padrdo, e 0s grupos
foram comparados utilizando ANOVA, seguido pelo poés-teste de Tukey,
considerando significante p<0,05. O tratamento com ASA na fase aguda provocou

uma significativa reducdo no pico de parasitemia (p<0,05). Com relacdo a



guantidade de foco inflamatdrio, ambos tratamentos foram eficientes para reduzi-los.
Os camundongos infectados do grupo PBS apresentaram intensa perda neuronal
mientérica, tanto na populacdo geral (60,67%), como também nas subpopulagbes
nitrérgica (49,0%), colinérgica (67%) e VIPérgica (38,0%) (p<0,05). Essa morte de
neurénios foi significativamente reduzida pelo tratamento com ASA tanto na fase
aguda (ASAEeary) como na fase cronica (ASApelayed) da infecgdo (p<0,05). A intensa
morte de neurénios colinérgicos nos animais do PBS provocou significativo retardo
do transito do tubo digestério (p<0,05). O tratamento com ASA contribuiu para que o
tempo de transito gastrointestinal dos animais infectados permanecesse
semelhantes aos animais saudaveis. A infeccdo por T. cruzi, provocou uma
hipertrofia no corpo celular dos neurdnios remanescentes. O tratamento com ASA na
fase aguda da infeccdo contribuiu de forma mais expressiva para manutencao da
area do corpo celular dos neurdnios mientéricos remanescentes. Camundongos
infectados com T. cruzi ndo tratados com ASA apresentaram varicosidades nervosas
mientéricas VIPérgicas atrofiadas e as contendo substancia P estavam
hipertrofiadas. Além disso, as fibras nervosas apresentaram maior intensidade de
brilho para SP. Conclui-se que a administracdo de ASA apresentou efeito
neuroprotetor para os neurdnios do plexo mientérico do célon de camundongos

infectados por T. cruzi.

Palavras-Chave: Doenca de Chagas, Neuropatia Entérica, Aspirina, Neurbnios
mientéricos.
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Abstract

Chagas disease (DC) represents an important public health problem in Brazil, due to
the emergence of new cases and still has no cure. The DC affects the nervous
control of the gastrointestinal tract, resulting in severe disorders of motility. These
alterations of motility are due, mainly, to the loss of neurons of the myenteric Plexus,
which is one of the ganglionated Plexus of the enteric nervous system. In this study,
the objective to assess whether the use of low-dose aspirin (ASA) during the acute
phase (20 mg/kg) or chronic (50 mg/kg) of the experimental infection by t. cruzi would
be able to protect myenteric neurons of the mice colon. All procedures were
approved by the Ethics Committee on use of Animals at the State University of
Londrina (UEL). Swiss mice were divided into groups that received PBS or were
treated with low doses of aspirin during the acute phase (20 mg/Kg, ASAEeary) or
chronic (50 mg/Kg, ASAbelayed) Of the infection caused by the Y strain of t. cruzi. After
75 days of infection, collected the colon to quantify inflammatory focus in histological
sections and general myenteric neurons, nitrergic, VIPergic and cholinergic
evidenced by immunofluorescence. In addition, assessed the gastrointestinal transit.
The total number of cell bodies of general neurons, nitrergic and VIPergic present in
24.06 mm? of each animal was couted, which designed for 1 cm?. The number of
cholinergic neurons was estimated by the difference between the number of general
neurons and the number of nitrergic neurons. The measurement was performed in
the area of the cell body of neurons identified 300 in each marking of each animal.
Were measured 700 VIPergic myenteric nerve varicosities and containing Substance
P. The intestinal transit time was evaluated with the administration of a
nonabsorbable marker, gavage pathway (zero time), until the removal of the first
pellet of stool in red color. The data were expressed by mean + standard deviation,
and the groups were compared using ANOVA, followed by the Tukey post-test,
considering significant p < 0.05. The ASA during the acute phase treatment caused a
significant reduction in peak parasitaemia (p < 0.05). Regarding the amount of

inflammatory focus, both treatments were efficient to reduce them. The mice infected



PBS group showed intense myenteric neuronal loss, both in the general population
as well as in subpopulations (60.67%), nitrergic (49.0%), cholinergic (67%) and
VIPergic (38.0%) (p < 0.05). This death of neurons was significantly reduced by
treatment with ASA both in the acute phase (ASAeary) as in the chronic phase
(ASAbelayed) Of the infection (p < 0.05). The intense death of cholinergic neurons in
animals of the PBS caused significant traffic delay of the digestive tube (p < 0.05).
Treatment with ASA contributed to the gastrointestinal transit time of infected animals
remain similar to healthy animals. Infection with t. cruzi, provoked a hypertrophy in
the cell body of neurons. Treatment with ASA in the acute phase of the infection
contributed more expressive for maintenance of the cell body of myenteric neurons
remaining. Mice infected with t. cruzi treated with ASA presented VIPergic myenteric
nerve varicosities atrophied and the containing substance P were hypertrophied. In
addition, the nerve fibers showed greater intensity of brightness to SP. Concluded
that the wing administration presented a neuroprotective effect to neurons of the

myenteric plexus of the mice colon infected by t. cruzi.

Keywords: Chagas disease, Enteric Neuropathy, Aspirin, Myenteric Neurons.
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1. INTRODUCAO

1.1 Doenca de Chagas

A descoberta da tripanossomiase humana por Carlos Chagas (DC) em 1909
foi um dos trabalhos mais completos e bem-sucedidos na histéria da medicina
tropical. Carlos Chagas nao apenas descobriu uma doenca nova, mas
primeiramente descreveu com riqueza de detalhes ndo apenas um novo parasito,
mas seu ciclo de transmissdo, seu vetor e reservatorio mamifero intermediario, bem
como as manifestacdes clinicas agudas do primeiro caso a acometer humanos
(COURA e BORGES-PEREIRA, 2010; RASSI-Jr, RASSI e MARIN-NETO, 2010).

A historia natural da DC comecou ha milhées de anos como uma doenca
enzodtica entre os animais selvagens, e isso ainda persiste em areas enzodbticas,
tais como a regido amazonica. Devido ao extenso desmatamento para agricultura e
criagdo de gado ao longo dos ultimos 200-300 anos na América Latina, triatomineos
que ficaram sem suas fontes de alimentos devido & remog&o de animais selvagens
comecaram a colonizar areas circundantes habitacdes humanas, e as préprias
habitacOes. Eles se adaptaram a este novo nicho, alimentando-se do sangue de
humanos e animais domésticos (COURA e BORGES-PEREIRA, 2010; RASSI Jr,
RASSI e REZENDE, 2012).

A DC é a manifestacao clinica causada pelo protozoario Trypanosoma cruzi e
a transmissdo pode ocorrer de forma vetorial, congénita, oral, por transfusées
sanguineas e transplantes de érgdos. Atualmente € reconhecida pela Organizacéo
Mundial da Saude como sendo a 132 doenca tropical mais negligenciada e

representa um importante problema social e econdmico na América Latina, haja vista
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gue ainda ndo ha um tratamento que promova a cura dessa enfermidade (COURA,
DIAS, 2009; RASSI-Jr, RASSI e MARIN-NETO, 2010; BRASIL, 2010).

Essa doenca é amplamente dispersa, principalmente, na América Latina,
onde se estima que existam 7 milhdes de pessoas infectadas e a cada ano sao
relatados cerca de 50 mil novos casos, sendo que aproximadamente 75 a 90
milhdes de pessoas estejam sob risco potencial de se tornarem infectadas (COURA;
DIAS, 2009; MAYA, et al., 2010; MUKHERJEE, et al., 2011; MOREIRA, et al., 2011;
WHO 2014).

No Brasil, em virtude da implementacdo de medidas de controle na
transmissdo vetorial e transfusional, ocorreu um decréscimo significativo no
surgimento de novos casos de DC. No entanto, dados epidemiolégicos dos ultimos
dez anos apontam para a continuidade dos nimeros de casos de DC. Nos anos de
2000 a 2010 foram registrados 1.093 casos de DC aguda no Brasil, sendo que a
maior parte (71%) ocorreu por transmissao oral devido a ingestdo de alimentos
contaminados (caldo de cana, acai, entre outros). Mas, no Brasil predominam os
casos cronicos de DC, decorrentes de infeccbes adquiridas no passado, com
aproximadamente trés milhdes de individuos infectados representando um alto custo
para 0 servico de saude, tendo em vista a sua caracteristica de uma longa
cronicidade (MEDEI et al., 2008; COURA,; DIAS, 2009; BRASIL, 2011; MARTINS-
MELO, et al., 2012).

Essa doenca representa a quarta causa de morte entre as doencas infecto-
parasitarias, considerando a faixa etaria acima de 45 anos. Martins-Melo et al.
(2012), analisando os 0bitos registrados no periodo entre 1979 a 2009 cadastrados
no Sistema de Informacdo de Mortalidade SIM/MS/DATASUS, verificaram que de

um total de 27 milh&es de 6bitos registrados no Brasil a DC foi mencionada como a
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causa de morte em mais de 172 mil (0,62%) registros (MEDEI et al., 2008;
ANDREOLLO; MALAFAIA, 2009; MAYA, et al., 2010; BRASIL, 2010).

A DC esta emergindo na América do Norte (Figura 1), provavelmente a partir
da migracdo de individuos infectados (COURA e VINA, 2010; EPTING, COATES e
ENGMAN, 2010). Dessa forma, o Centro de controle de doencas e prevencao estima
gue mais de 300 mil pessoas estejam infectadas com T. cruzi e que um total de 30 a
45 mil pessoas provavelmente serdo diagnosticadas com cardiopatia chagasica
grave e, aproximadamente 3 a 5 mil desenvolverdao a forma digestiva da DC. Assim,
sdo necessarias medidas como aprimorar os métodos de diagndstico e alternativas
terapéuticas para possibilitar uma melhor assisténcia ao paciente, bem como
investimento para prevenir novas infeccées (BERN e MONTGOMERY, 2009;

NUNES et al., 2013; MONTGOMERY, et al., 2014).

Figura 1: Rotas de migracdo da América Latina e estimativa do nimero total de
infectados em paises ndo-endémicos (COURA e VINA, 2010).
1.2 Interag&o Parasito X Hospedeiro

O ciclo de vida do T. cruzi € complexo, com diferentes estagios de
desenvolvimento no inseto vetor e no hospedeiro mamifero (Figura 2). As formas
tipicas no hospedeiro mamifero sdo a tripomastigota ndo-replicativa e a amastigota

(intracelular replicativa), enquanto as formas epimastigota e tripomastigota
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metaciclica (infectante) sdo encontradas no hospedeiro invertebrado (BRENER,

1971; RASSI-Jr, RASSI e MARIN-NETO, 2010).

Tripomastigotas se transformam em
epimastigotas, que posteriormente
replicam por fiss3o binaria

Triatoma infestans
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- | para o intestino posterior e reto,
H em i

.~ que séo eliminadas nas fezes

Rhodnius prolixus
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e, ..+ nasfezes
vl i ¥ entram no
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Fase cronica da Doenca de Chagas Fase aguda da Doenca de Chagas

Figura 2: Transmissao vetorial e ciclo de vida do T. cruzi. (Adaptado de RASSI Jr,
RASSI e MARIN-NETO, 2010).

Como parte de seu ciclo evolutivo, o T. cruzi um parasito intracelular
obrigatério, apresenta-se sob trés formas evolutivas diferentes: tripomastigota,
epimastigota e amastigota. A diferenciacéo ocorre como forma adaptativa necessaria
para o desenvolvimento nos dois hospedeiros: o invertebrado (triatomineo
hematdéfago) e o vertebrado (mamiferos, incluindo o homem) (COURA e BORGES-
PEREIRA, 2010; RASSI-Jr, RASSI e MARIN-NETO, 2010; SOUZA, CARVALHO e
BARRIAS, 2010; BARRIAS, CARVALHO e SOUZA, 2013).

Portanto, durante a fase aguda, as formas infectantes do T. cruzi (amastigotas

e tripomastigotas) s@o hébeis para infectar todas as células nucleadas do
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hospedeiro mamifero devido a um complexo mecanismo de invaséo celular. A forma
tripomastigota metaciclica invade principalmente macrofagos, fibroblastos e outros
tecidos mesenquimais no sitio primario da infeccao. Apos a transformacéo na forma
tripomastigota sanguinea, 0 parasito precisa resistir a resposta imune humoral
mediada pelo complemento e para iniciar o0 novo ciclo de vida, o parasito precisa
invadir novas células (SOUZA, CARVALHO e BARRIAS, 2010; TEIXEIRA et al.,
2011; OSORIO et al., 2012).

O fato do T. cruzi possuir a capacidade de infectar célula nucleada in vitro e
infectam musculo estriado, musculo cardiaco e neurbnios entéricos, leva o0s
pesquisadores a inferir um possivel e intrinseco tropismo celular. Demonstra ainda
perfil geografico restrito, levando a hipdtese de que existe uma relacdo entre
determinada cepa de T. cruzi e seu tropismo tecidual e clones de cepas distintas
podem ser isoladas de pacientes com a forma cardiaca ou gastrintestinal da doenca
(MELO e BRENER, 1978; EPTING, et al., 2010).

Apés a invasdo, as tripomastigotas devem lancar mdo de mecanismos de
evasao do sistema imune para sobreviver ao ambiente altamente oxidado no interior
dos macrofagos, com a finalidade de estabelecer a infeccdo. Para isso, o T. cruzi
possui uma complexa rede de enzimas antioxidantes localizadas em diferentes
compartimentos subcelulares que defendem o parasito contra um ambiente
oxidadado. Depois de se multiplicar e se transformar na forma tripomastigota
sanguinea, os parasitos devem resistir a resposta imune humoral (De MORAES et
al., 2015).

Mediante o reconhecimento entre o parasito e a célula do hospedeiro
vertebrado, guiados pelo processo de sinalizacdo celular, eles iniciam seu ciclo

intracelular e séo internalizados em um processo que envolve a formacdo de um
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vacuolo endocitico o vacuolo parasitéforo, seguindo varios ciclos de divisao celular
que culminam com a disseminacdo do parasito para o0s tecidos (SOUZA,
CARVALHO e BARRIAS, 2010; TEIXEIRA et al., 2011; BARRIAS, CARVALHO e
SOUZA, 2013).

Epting et al. (2010) e Moraes et al. (2015) relatam que o T. cruzi possui uma
vasta diversidade de moléculas de superficie e secretadas que estdo envolvidas
direta ou indiretamente na adesdo e invasdo da célula hospedeira. Osorio et al.
(2012) complementam que, as estruturas, estratégias ou moléculas produzidas por
um agente patogénico no intuito de invadir e estabelecer relacdo de parasitismo no
hospedeiro, provocando doenca e evadindo das defesas do hospedeiro, define-se

como fatores de viruléncia, que sao listados na tabela 1.

Tabela 1. Fatores de viruléncia expressados pelo T. cruzi durante sua interacdo com
a célula hospedeira.
Fatores de Viruléncia envolvidos na resisténcia do
T. cruzi ao estresse oxidativo Referéncia(s)
Peroxidases (detoxificagdo de hidroperdéxidos)

Alvarez et al. (2004),

Glutationa Peroxidase-1 (TcGPXI) Alvarez et al. (2011)
Alvarez et al. (2004),
Glutationa Peroxidase-1l (TcGPXII) Alvarez et al. (2011)
Piacenza et al. (2008),
Triparedoxina Peroxidase Citosdlica (TcCPx) Piacenza et al. (2009)
Piacenza et al. (2008),
Triparedoxina Peroxidase Mitocondrial (TCMPX) Piacenza et al. (2009)

Superoxido Dismutases
Ferro superoxido dismutase (Fe-SOD) Mateo et al. (2008)

Fatores de Viruléncia envolvidos naresisténcia do
T. cruzi ao Sistema Imune da Célula Hospedeira e
Evasado Imune Referéncia(s)
Moléculas envolvidas na Resisténcia ao Sistema Complemento
Norris et al. (1991),
Fator de Aceleracédo de Decaimento do T. cruzi (T-DAF)  Tambourgi et al. (1993)

Proteina reguladora do complemento (CRP) Nc()artn;l egleg'gél)gggd Cl\rl]ce)}rrrls



Proteina trispanning inibidora do receptor de C2 (CRIT)
Calreticulina (CRT)
Prolina racemase (PR)

Tch52

Evaséo Imune mediada pela inducdo de microvesiculas
derivadas da célula hospedeira

Fatores de Viruléncia Envolvidos na Adeséo e
Invasao da Célula Hospedeira por Tripomastigotas

gp82 e gp35/50

Mucinas

Cruzipaina

Oligopeptidase B (OpB)
gp85/Familia Trans-sialidase (TS)
Superfamilia das TS

Calcineurina

Peptidil-prolil cis-trans Isomerase (TcMIP)
Fosfolipase Al (PLAL)
Gp 63

Fatores de Viruléncia envolvidos no escape do T.
cruzi do Fagolissomo

Tc-tox

LYT1

Fatores de Viruléncia envolvidos na diferenciagéo
ou proliferacdo do T. cruzi
Proteasoma

Fosfatidilinositol Fosfolipase C (TcPI-PLC)
Proteina Fosfatase 2A (TcPP2A)
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(2008)

Cestari et al. (2008),
Cestari et al. (2009), Blom
et al. (2009)

Valck et al. (2010),
Ramirez et al. (2011)

Chamond et al. (2005),
Coutinho et al. (2009)

Ouaissi et al. (1998),
Ouaissi et al. (2002)

Cestari et al. (2012)

Referéncia(s)

Atayde et al. (2004),
Staquicini et al. (2010)

Bugliala et al. (2006),
Alcaide et al. (2004)

Berasain et al. (2003),
Alvarez et al. (2012)

Burleigh et al. (1998),
Coetzer et al. (2008)

Magdesian et al. (2007),
Tonelli et al. (2011)

Lieke et al. (2011), Rubin
e Schenkman (2012)

Araya et al. (2009),
Naderer et al. (2011)

Moro et al. (1995)
Belaunzaran et al. (2011)
Yao (2010)

Referéncia(s)
Rubin-de-Celis et al.
(2006)

Zago et al. (2008)

Referéncia(s)
de Diego et al. (2001)

Vde et al. (2010)

Lauwaet et al. (2007),
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Madeira da Silva et al.
(2010)

Sangenito et al. (2009),

Calpainas Ennes-Vidal et al. (2010)

Assim, a invasdo da célula hospedeira por tripomastigotas € um processo
complexo, compreendendo diferentes etapas, envolvendo moléculas de adesao,
eventos de sinalizacao e atividades proteoliticas.

No entanto, a patogenia da DC ainda permanece controversa. Diversas
teorias tentam elucidar os mecanismos que provocam lesdes teciduais e provocam
intensas e severas disfuncdes, entre elas (1) persisténcia do parasito, (2) a proposta
neurogénica e (3) a autoimunidade (TEIXEIRA, et al., 2011).

A teoria da persisténcia do parasito baseia-se na deteccao precoce de ninhos
de amastigotas nos tecidos musculares durante a fase aguda da infeccdo (TORRES,
1960). No entanto, a auséncia de parasitismo nas lesdes encontradas na fase
cronica coloca em duvida sua credibilidade, uma vez que aproximadamente 90% dos
pacientes que morrem em decorréncia da DC ndo apresentam parasitos nos tecidos
(TORRES, et al., 2004; TEIXEIRA, et al., 2009).

A deteccéo de perdas significativas de neurénios em ganglios autondmicos e
entéricos na auséncia de T. cruzi in situ, € a base para a hipétese da liberacdo de
uma neurotoxina do ninho do parasito escondido em alguma parte do corpo do
hospedeiro (KOEBERLE, 1970). No entanto, ndo ha relatos que demonstrem a
estrutura da neurotoxina ou qualquer substancia neurotdxica liberada pelo parasito
(CILLARI, et al., 1995; TEIXEIRA, et al., 2011).

J& a teoria da autoimunidade é baseada na demonstracdo de uma interacao
citotoxica acelerada entre linfécitos T reativos ao T. cruzi com células alogénicas ndo

parasitadas. Esses linfécitos aderem as miofibras e lisam as fibras musculares livres
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de parasitos. Além disso, sdo capazes de destruir neurénios dos plexos entéricos
(TEIXEIRA, NASCIMENTO e STURM, 2006).

As respostas imunes contra antigenos proprios na DC humana e experimental
foram demonstrados em varios estudos, entre os quais, anticorpos contra antigenos
expressos em células cardiacas (MCCORNICK e ROWLAND 1989, CUNHA-NETO
et al., 1995), células nervosas (RIBEIRO-dos-SANTOS et al., 1979, VAN VOORHIS
e EISEN, 1989), entre outros, foram detectados durante a infec¢éo pelo T. cruzi. No
entanto, os autoanticorpos sdo comumente encontrados apos a infeccdo com
patogenos diferentes, sem qualquer implicacdo sobre uma patologia autoimune
(ARGOV et al., 1989, DANIEL-RIBEIRO e ZANINI, 2000; SOARES, PONTES-de-
CARVALHO e RIBEIRO-dos-SANTOS, 2001).

Dessa forma, Teixeira et al. (2011) concluem que a teoria da autoimunidade
da DC continua sendo indefinida, uma vez que o mecanismo direto que reconhece o
préprio como nao-préprio e resulta na ativacdo de linfécitos inflamatorios efetores

ainda é desconhecido.

1.3 Manifestacfes Clinicas da Doencga de Chagas

A infeccdo que causa a DC apresenta duas fases bem definidas: a fase aguda
e a fase crbnica. A fase aguda, com duracdo de aproximadamente dois a trés
meses, com a ocorréncia de sintomas nao especificos, comumente encontrados em
outras doencas que dificultam seu diagndstico e caracterizada por uma parasitemia,
febre, mal-estar, linfocitose e astenia. Poucos individuos desenvolvem sindromes
clinicas severas nesta fase, porém cerca de 10% dos acometidos podem vir a ébito
como resultado de severa miocardite ou meningoencefalite (RASSI-Jr, RASSI e

MARIN-NETO, 2010; MONTGOMERY et al., 2014).
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Segundo Montgomery et al. (2014), a fase aguda é diagnosticada pela
identificacdo do parasito na circulacdo sanguinea com avaliacdo microscopica ou
hemocultura do sangue periférico. De acordo com Hofflin et al. (1987) e Grauert et
al. (1993) a parasitemia desenvolve-se em uma fase indetectavel microscopicamente
(periodo pré-patente), outra detectavel e crescente e uma terceira, detectavel e
decrescente.

Segundo os estudos de Correa Oliveira et al. (1999), as manifestacdes
clinicas observadas na DC sdo em parte devido a resposta imune dirigida ao
parasito. O sistema imune, portanto, estaria envolvido tanto na reducdo da carga
parasitaria quanto nas lesdes teciduais verificadas na fase crbnica da doenca
(CUNHA- NETO, 2014).

As manifestacbes da fase aguda da DC, geralmente, se resolvem
espontaneamente em 90% dos individuos infectados, mesmo se a infeccdo néo for
tratada com drogas tripanocidas e aproximadamente 60% destes ndo manifestarédo
as formas clinicas cardiaca, neurolégica, mista ou digestiva. Esses individuos
possuem a forma indeterminada da DC que é caracterizada por auséncia de
sintomatologia clinica, sorologia positiva para T. cruzi, e eletrocardiograma e
radiografias de térax e abdome normais (DIAS, 1995; RASSI-Jr, RASSI e MARIN-
NETO, 2010).

De acordo com Barrias, Carvalho e Souza (2013), 30 a 40% dos pacientes
podem desenvolver uma forma crénica e sintomatica da doenca, que se desenvolve
10-20 anos ap0s a infeccao inicial, provocando lesdes irreversiveis no coracao,
esb6fago e intestino grosso com alteracdo na conducdo nervosa desses 0rgaos,
caracterizando as formas clinicas: cardiaca, digestiva e neurolégica. Durante a fase

aguda da infeccdo experimental por T. cruzi observa-se uma curva de parasitemia,
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que por consequéncia leva a um intenso processo inflamatério com lesbes
secundarias em diversos tecidos do hospedeiro (COURA e BORGES-PEREIRA,
2010). Normalmente, o parasito ndo circula no sangue do hospedeiro durante a fase
cronica (Da SILVEIRA, et al.,, 2007a; CAMPOS, et al., 2016). Por isso, assume-se
gue a maior parte das lesdes teciduais observadas na DC ocorra na fase aguda da
infeccdo (CAMPOS, et al., 2016).

A progressao direta da fase aguda para as formas clinicas da DC acomete
uma pequena parcela dos pacientes (5 a 10%) (BRAZ, AMATO-NETO e OKAY,
2008). A reagudizacédo da doenca pode acontecer em individuos imunossuprimidos
ou que fazem uso de medicamentes imunossupressores.

A morbimortalidade da DC ocorre principalmente na fase cronica, em
decorréncia de les@es teciduais que ocorrem ainda na fase aguda (RASSI e MARIN-
NETO, 2010; MARTINS-MELO et al., 2012). Estudos epidemioldgicos realizados em
paises da América Latina demonstram que 70% dos acometidos por DC séo
assintomaticos, e 30% podem desenvolver cardiopatia severa ou lesGes digestivas
ou disturbios neurolégicos. E importante ressaltar que a cada ano aproximadamente
2 a 3% dos individuos assintomaticos passam a manifestar alteracfes cardiacas,
digestivas ou neuroldgicas (TEIXEIRA, NASCIMENTO e STURM, 2006; MAYA et al.,
2010; ZINGALES, 2011; POVEDA, et al., 2014).

Segundo Verani et al. (2009) e Afonso, Ebell e Tarleton (2012), na fase
cronica da DC o parasito pode ser encontrado esparsamente distribuido
intracelularmente em tecidos por todo o corpo e raramente no sangue. O parasitismo
ndo pode ser detectado por microscopia, mas apenas por mecanismos mais

sensiveis como a PCR (Reacédo de cadeia da polimerase).
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Como as manifestacdes gastrointestinais da DC provocam baixas taxas de
mortalidade em comparacdo com as manifestacbes cardiacas, elas acabam
recebendo pouca atencdo por parte dos pesquisadores e até mesmo politicas
publicas de salude, no entanto os pacientes que manifestam a forma digestiva da DC
possuem altos indices de morbidade, o que resulta em uma qualidade de vida
severamente prejudicada (PINAZO, et al., 2014).

A forma digestiva da DC é caracterizada por alteracdes na funcdo motora,
secretoria e absortiva do trato gastrointestinal (RASSI, et al., 2010). Ela é encontrada
quase que exclusivamente em paises ao sul da bacia amazodnica (Brasil, Chile,
Argentina e Bolivia) e raramente em paises da América Central e do Norte. Essa
distribuicdo geogréfica ocorre devido a diferencas nas cepas do parasito (RASSI, et
al., 2010; RASSI-Jr, RASSI e MARIN-NETO, 2010).

As alteracfes nos 6rgdos do trato gastrointestinal que se manifestam durante
a fase cronica da DC sao atribuidas a lesdes no plexo mientérico, resultando em
movimentos peristalticos incoordenados, hipertrofia muscular e dilatacdo de érgéos
como esobfago e intestinos (ADAD, et al., 2001; CAMPOS, et al., 2016). Em geral os
sintomas digestivos sao inespecificos e diversos fatores, incluindo outras infec¢des
comuns acabam gerando dificuldade no diagnadstico.

O megaesbdfago e 0 megacolon sdo as maiores causas de morbidade na
forma clinica digestiva da DC crbnica (da SILVEIRA, et al.,, 2007ab; MATSUDA,
MILLER e EVORA, 2009), sendo que para o desenvolvimento do megaesoéfago é
necessaria uma reducédo de aproximadamente 85% do numero de neurdnios, € no
megacolon, uma perda de pelo menos 50% do numero de neurdnios (KOEBERLE,

1970; TAFURI, MARIA e LOPES, 1970).
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Ainda sao escassos 0s estudos que visam a elucidar as alteracdes no sistema
nervoso entérico apos infeccdo por T. cruzi, bem como o papel das células
inflamatdrias no desenvolvimento das manifestacdes gastrointestinais. E possivel
que ocorra uma inflamacéo crénica ao redor dos ganglios entéricos nos individuos
infectados que desenvolvem os sintomas gastrointestinais (Da SILVEIRA, et al.,
2007b). Acredita-se que a causa da morte neuronal durante a fase aguda da DC
seja, em partes, provocada pela presenca do parasito em altas concentracdes nos
tecidos (ANDRADE, 1983; Da SILVEIRA, et al., 2005), em contraste durante a fase
cronica a carga parasitaria € muito baixa nas lesGes, assim a destruicdo dos
neurbnios mientéricos pode ser uma consequéncia da resposta imune que segue a
infeccdo (VAGO, et al., 1996; Da SILVEIRA, et al., 2007a). Da Silveira, et al. (2007a)
postulam que o processo inflamatorio e a reducéo das células gliais encontradas em
pacientes chagasicos pode perturbar o funcionamento do SNE, contribuindo para o

desenvolvimento das manifestacdes gastrointestinais.

1.4 Neuropatia Entérica Chagasica

O trato gastrointestinal difere de todos os demais 6rgdos periféricos, pois é
dotado de um extenso sistema nervoso intrinseco, denominado de sistema nervoso
entérico (SNE), que pode controlar suas funcbes intestinais mesmo quando
totalmente isolado do sistema nervoso central (Bayliss e Starling, 1899 APUD
FURNESS, 2012).

O SNE é a maior e mais complexa divisdo do sistema nervoso autbnomo em
vertebrados. Distribuido por todo o trato gastrointestinal (TGI), vesicula biliar e o

pancreas, é organizado como uma rede interconecta de neurénios e células da glia
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gue sdo agrupados no interior de ganglios, localizados nos dois maiores plexos: o

mientérico e o plexo submucoso, demonstrados na figura 3 (FURNESS, 2006).

A

MUSCULO
LONGITUDINA

MUCOSA

MUSCULAR DA
MUCOSA

Figura 3. (A) Desenho esquematico dos plexos ganglionados do sistema nervoso
entérico (Adaptado de Brehmer, 2006). (B) Organizacdo do plexo mioentérico de
humanos e mamiferos médios e grandes (Adaptado de Furness, 2006).

Os componentes do SNE formam um circuito integrado que desempenha
diversas fun¢des como o controle dos padrées de movimento do TGI, troca de
fluidos por meio da superficie da mucosa, altera¢des no fluxo sanguineo e interacéo
com os sistemas imunoldgico e enddécrino do intestino. Embora o TGI receba
influéncia autondmica via sistema nervoso simpatico e parassimpético, 0s circuitos
neuronais intrinsecos do SNE séo capazes de gerar atividade contrétil do intestino

independente de intervencdo do SNC (FURNESS, 2012; SASSELI, PACHNIS e

BURNS, 2012).
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Furness (2012), ressalta que o SNE, no entanto, ndo é autbhomo, pois o
controle neural da funcdo gastrointestinal € um sistema integrado que envolve
interacbes entre reflexos entéricos locais, reflexos que passam por ganglios
simpaticos e reflexos que passam pelo intestino e volta ao SNC.

Ele contém varios tipos diferentes de neurbnios comparaveis em numero ao
da medula espinal (80-100 milhGes) e uma série de neurotransmissores e
neuromoduladores semelhantes aos encontrados no SNC. Com base nas
propriedades eletrofisiolégicas e histoquimicas podem ser classificados em
subpopulacdes funcionalmente distintas, incluindo neurbnios aferentes primarios
intrinsecos, interneurdnios, neurdnios motores, neurdnios intestinofugais, neurdnios
secretores e vasomotores (GIORGIO e CAMILLERI, 2004, BREHMER, 2006;
FURNESS, 2006).

A maior parte dos neurdnios mientéricos humanos séo colinérgicos ou
nitrérgicos (MURPHY, et al., 2007; JABARI, et al., 2014). Como em outras espécies
0s neurdnios nitrérgicos humanos parecem ser interneurbnios descendentes ou
neurbnios motores inibitérios (BREHMER, 2006). Em contraste, os neurdnios
mientéricos colinérgicos sao neurbnios motores excitatérios (FURNESS, 2006).

O VIP (peptideo vasoativo intestinal) € um neuropeptideo ndo-adrenérgico e
nao-colinérgico encontrado em neurdnios secretomotores do intestino. Inervam
diretamente o epitélio e regulam a concentracdo de ions e a secrecdo de fluidos
(KEITA, et al., 2013). Em diferentes estudos VIP é demonstrado como regulador da
resposta inflamatéria (DELGADO e GANEA, 2001; CONLIN, et al.,, 2009). VIP é
principalmente produzido por neurbnios entéricos dos plexos mientérico e
submucoso. Esse neuropeptideo apresenta um potente efeito anti-inflamatorio,

afetando as respostas imunes inata e adaptativa (Di GIOVANGIULIO, et al., 2015).
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Ja a Substancia P, um neuropeptideo expresso em diversas regides, incluindo
o TGI é liberada principalmente por neurénios do plexo mientérico e submucoso,
bem como neurdnios sensitivos intrinsecos e extrinsecos (GOODE, et al., 2000).
Vérios autores (STURIALE, et al., 1999; PELAYO, et al., 2014) sugerem um efeito
pré-inflamatoério para a SP na inflamacao intestinal.

Os disturbios de motilidade sdo comuns em pacientes com a forma digestiva
da DC (da SILVEIRA, et al., 2007b; MATSUDA, MILLER e EVORA, 2009), os quais
sao decorrentes de les6es no plexo mientérico (MAIFRINO et al., 1999; ADAD et al.,
2001; MEDEIROQS, et al., 2010).

Estudos experimentais (MOREIRA, et al.,, 2011; MOREIRA et al., 2014;
NOGUEIRA-PAIVA, et al.,, 2014) e em pacientes (da SILVEIRA, et al.,, 2007b;
JABARI, et al., 2011; 2012; 2014) revelam morte de neurdnios mientéricos durante a
infeccdo chagasica. No entanto, Jabari et al. (2011) relatam que o0s neurdnios
nitrérgicos sao mais resistentes aos fatores patolégicos que levam a morte neuronal
guando comparados com 0s heurdnios colinérgicos.

A desnervacdo leva a perda de coordenacdo motora e alteracdo no
funcionamento dos esfincteres, e a musculatura lisa do segmento permanece em
estado de contracédo (JABARI, et al., 2014), prejudicando o esvaziamento de material
semissolido, provocando assim a dilatacdo, sendo este 0 mecanismo fisiopatolégico
subjacente ao megaesodfago e megacolon (RASSI, REZENDE e LUQUETTI, 2010).

No megacodlon, os disturbios da motilidade séo relacionados com a dilatacéo
do colo e a constipacdo. O reto e o colo sigmoide sdo 0Ss segmentos mais
comprometidos (da SILVEIRA et al., 2007ab; JABARI et al., 2014). Assim, a
dificuldade em defecar contribui para a dilatacdo do colo provocando dor e

desconforto (TEIXEIRA et al., 2011).
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O mecanismo patofisioldgico que leva a lesdo e morte neuronal observada na
DC ainda é muito discutido no meio cientifico. Embora a maioria dos danos aos
neurénios do plexo mientérico e suas fibras nervosas ocorram durante a fase aguda
da infeccao devido a acédo direta do parasito (JABARI, et al., 2014), grande perda
neuronal ocorre lentamente ao longo da fase crbnica da doenca. A desnervacao
ocorre em graus variaveis, € irregular e provavelmente esteja relacionada com
fatores préprios do hospedeiro e sua interacdo com o parasito (RASSI Jr, RASSI e
REZENDE, 2012), reacdo de autoimunidade (DUTRA, et al., 2009), ou persisténcia
do parasito no tecido do hospedeiro (da SILVEIRA, et al., 2005; CLAYTON, 2010).

No entanto, as lesfes inflamatérias que acometem as fibras musculares e
afetam os neurbnios mientéricos (ADAD, et al., 2001; TEIXEIRA, NASCIMENTO e
STURM, 2006; da SILVEIRA, et al., 2007a), estdo fortemente associadas com a
morte desses neurdnios provocada pela lise mediada pelos linfécitos (TEIXEIRA, et
al., 2011). Da Silveira et al. (2007b) complementam que o desenvolvimento do
megacolon, apds a infeccdo aguda por T. cruzi esta associado com a invasao
permanente dos ganglios entéricos por células T citotoxicas, levando a perda da
inervacdo do musculo liso da parede do colo. Jabari et al. (2012) sugerem que 0
predominio de fibras nervosas inibitdrias intramusculares pode ser um fator

importante no desenvolvimento do megacadlon.

1.5 Tratamento Farmacologico da Doenca de Chagas

O tratamento da DC constitui-se basicamente em controlar a replicacdo do
parasito, particularmente nos casos agudos, congénitos, acidentes de laboratério,
em casos cronicos de baixa idade e ocorréncia de reinfeccéo e reagudizacéo, além

do tratamento sintomatologico durante o curso da infeccdo (MAYA, et al., 2010).
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Existem no mercado dois farmacos para o tratamento da DC, o Benznidazol
(Rochagan®, Roche Pharmaceutical, patente doada ao Ministério da Saude, Brasil)
e o Nifurtimox (Lampit®, Bayer Healthcare).

Nifurtimox e benznidazol atuam através da geracdo de radicais livres e/ou
metabolitos eletrofilicos. O grupo nitro de ambos os farmacos é reduzido a um grupo
amina pela acdo das nitroredutases, formando intermediarios de radicais livres e
metabolitos eletrofilicos (MAYA, et al., 2007).

E provavel que os metabolitos reduzidos do benznidazol estejam envolvidos
nos efeitos tripanocidas por ligacdo colalente a macromoléculas (MAYA, et al.,
2004). O benznidazol melhora a fagocitose e aumenta a morte de tripanossomas por
intermédio do IFN-y (ROMANHA, et al., 2002), promove ainda inibicdo da enzima
NADH-fumarato redutase, que esta presente no T. cruzi e catalisa a reducdo do
fumarato gerando succinato. A atividade da enzima € importante na geracao de
energia do parasito (TURRENS, et al., 1996).

Diversos estudos relatam sobre os efeitos adverso com o uso do benznidazol,
entre eles: dermatite alérgica, erupcbes cutaneas, edema generalizado,
linfoadenopatia, artralgia, prurido, distdrbios gastrointestinais (nausea, anorexia,
vomito, diarréia, colica intestinal), anorexia, perda de peso, cefaléia, neuropatia
periférica (parestesia e hipoestesia astenia ou leve tremor das méos). A depressao
da medula éssea (purpura trombocitopénica, agranulocitose e neutropenia) é um
efeito adverso raro, sendo a neutropenia a manifestacdo mais frequente
(STOPPANI, 1999; PONTES, et al., 2010; PINAZZO, et al., 2013).

O tratamento ainda ndo € efetivo para as duas fases clinicas da doenca,
sendo eficazes para o tratamento da doenca quando administrados na fase aguda,

alcancando indice de cura que varia de 30-70% (GONTIJO, GALVAO e ELOI-
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SANTOS, 1999). Entretanto, em virtude da DC na fase aguda se manifestar com
sintomatologia pouco especifica, grande parte dos individuos infectados né&o
procuram o tratamento em decorréncia da dificuldade de diagnéstico e tornam-se
portadores cronicos da DC (RASSI, et al., 1999); momento em que 0s tratamentos
s&o pouco eficazes (URBINA, 2010). No Brasil, o0 SUS (Sistema Unico de Salde)
disponibiliza 0 medicamento benznidazol apds prescricdo médica, seja em casos
agudos ou cronicos (FIOCRUZ, 2013).

De acordo com Abdalla et al. (2008), durante a fase aguda da DC, ha um
estado de imunossupressao evidenciado por uma baixa resposta humoral sobre
antigenos parasitarios especificos e ndo especificos, pela inibicdo da proliferacdo e
apoptose de células T (FREIRE-DE-LIMA, et al.,, 2006), além de liberacdo de
mediadores inflamatérios como a prostaglandina (PINGE-FILHO, et al., 1999),
possibilitando que o T. cruzi possa evadir-se do sistema imune. Esse estado é
mediado pela prostaglandina E2 (PGE2, ABDALLA, et al., 2008). As prostaglandinas
sao sintetizadas a partir do acido araquidénico por meio da acdo da enzima ciclo-
oxigenase (COX). A PGE2 é um potente imunomodulador, com efeitos tanto
estimuladores quanto inibidores (MAYA et al., 2010).

Experimentos realizados in vitro demonstraram que as PGE2 induzem a
imunossupressao por interferir no processo de apresentacédo de antigeno, inibindo a
expressao de molécula de MHC de classe I, provocando inibicdo da producéo de IL-
2 e reducao da ativacao de linfécitos T (HARRIS, et al., 2002; DURAND et al., 2009;
GANZINELLI et al., 2009).

Abdalla et al., (2008) verificaram que niveis aumentados de PGE2 estavam
relacionados a maior leséo tecidual no parénquima cardiaco de animais infectados

com a cepa Y do T. cruzi e que o tratamento com drogas inibidoras seletivas para
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COX-2 foi capaz de diminuir essas lesGes e contribuir no aumento da sintese de
oxido nitrico.

Freire-de-Lima et al. (2000) demonstraram que a prostaglandina E2 pode
estar envolvida no processo de reproducéo do parasito e que, portanto, inibidores de
ciclooxigenases podem afetar este processo. Tatakihara et al. (2008) demonstraram
que o uso de aspirina provocou aumento de ninhos amastigotas de T. cruzi no
muasculo cardiaco de camundongos C57BL/6, uma linhagem susceptivel que
apresenta progressiva imunossupressao que é correlacionada com o agravo da DC
(PINGE-FILHO, 1999).

Os efeitos do tratamento com anti-inflamatorios ndo esteroidais (AINES)
inibidores das ciclooxigenases (COX) dentre eles a aspirina (ASA), ainda néo estao
totalmente esclarecidos na infeccdo chagasica. Os efeitos da ASA demonstram ser
dose-dependente, uma vez que doses baixas (25 a 50mg/kg) exercem efeito protetor
para o hospedeiro e doses acima de 50mg/kg aumentam a parasitemia e a taxa de
mortalidade do hospedeiro (TATAKIHARA, et al., 2008; MUKHERJEE et al., 2011;
MOLINA-BERRIOS, et al., 2013a; MOLINA-BERRIOS, et al., 2013b). Freire de Lima
et al. (2000) encontraram reducdo da parasitemia, enquanto outros trabalhos
mostram acréscimo da mortalidade e do parasitismo, especialmente no tecido
cardiaco (TATAKIHARA et al., 2008). Nao ha relatos sobre efeitos do tratamento
com ASA sobre o plexo mientérico do intestino durante a instalagdo da neuropatia
entérica na infeccéo por T. cruzi.

O papel dos lipidios bioativos na DC ainda é muito inexplorado e complicado
pelo fato de que o hospedeiro e o parasito sdo as principais fontes de sintese
(MUKHERJEE et al., 2011). Estudos recentes destacam avancos no conhecimento

dos mecanismos de resolucao inflamatéria. Nesses, sugerem que as lipoxinas sao
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promissoras ferramentas terapéuticas para o tratamento de doencas inflamatorias
(MEDEIROS, et al., 2013) e que a inibicdo da COX-2 e a consequente reducao na
producdo de PGE2 com um shift metabdlico para derivados de lipoxinas tem a
capacidade de diminuir a parasitemia e melhorar a mortalidade de camundongos
infectados com T. cruzi (MOLINA-BERRIOS, et al., 2013a).

No entanto, ainda sdo escassos 0s estudos que relacionam os efeitos do
tratamento com ASA para reduzir os efeitos prejudiciais provenientes da infec¢ao por

T. cruzi na neuropatia entérica Chagasica.
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2. OBJETIVO

2.10BJETIVO GERAL

Avaliar o efeito de baixas doses de aspirina (ASA) sobre neurbnios
mientéricos do colon durante a fase aguda (20 mg/kg) ou crénica (50 mg/kg) durante
a infecgdo murina por T. cruzi.

2.1.1 OBJETIVOS ESPECIFICOS

- Verificar se o tratamento com ASA na fase aguda ou na fase cronica da

infeccdo provocada por T. cruzi é capaz de mudar o curso da infeccédo e

proteger da desnervacao a populacdo neural mientérica;

- Avaliar se o tratamento com ASA interfere na plasticidade neuronal

mientérica;

- Verificar se o protocolo experimental proposto provoca alteracdo na

densidade celular e na morfometria das subpopulagdes neuronais produtoras

de oOxido nitrico, VIP e substancia P, do plexo mientérico de camundongos

infectados com T. cruzi.
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ABSTRACT

Background Million individuals have Chagas disease and new cases are diagnosed
every year in Latin America, North America, and Europe. Experimental and clinical
studies have shown that myenteric neuron cell death during infection with
Trypanosoma cruzi mainly occurs in the esophagus and colon, resulting in
megaesophagus and megacolon, respectively. Evidences suggest that the
cyclooxygenase enzyme (COX) is involved in the T. cruzi invasion process. The use
of low-dose aspirin (ASA), a COX-1/COX-2 inhibitor, have been shown capable to
reduce infection with T. cruzi. Therefore, in this study, we evaluated the effects of
treatment with low-dose ASA on myenteric colonic neurons during murine infection
with T. cruzi. Methods Swiss mice were assigned into groups treated with either
phosphate-buffered saline or low doses of ASA during the acute phase (20 mg/kg)
and chronic phase (50 mg/kg) of infection with the Y strain of T. cruzi. Seventy-five
days after infection, colon samples were collected to quantify inflammatory foci in
histological sections and also general (myosin-V*), nitrergic, and VIPergic myenteric
neurons in whole mounts. Gastrointestinal transit was also measured. Key results
ASA treatment during the acute phase of infection reduced parasitemia (p < 0.05).
ASA treatment reduced the intensity of inflammatory foci in the colon, protected
myenteric neurons from cell death and plastic changes, and recovered the
gastrointestinal transit of mice infected with T. cruzi (p < 0.05). Conclusion &
Inferences Thus, treatment with low-dose ASA can reduce the morphofunctional

damage of colonic myenteric neurons caused by murine T. cruzi infection.

Keywords: American trypanosomiasis, Chagas disease, enteric denervation, enteric

nervous system, nonsteroidal anti-inflammatory drugs.
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KEY POINTS

1) Colonic motility disorders occur because of myenteric neuron death, which is
caused by inflammatory processes in the digestive tract.

2) During the acute and chronic phases of experimental infection with Trypanosoma
cruzi, administration of low doses of ASA reduced the intensity of colonic
inflammatory foci, protected myenteric neurons against cell death, and recovered the
gastrointestinal transit in mice.

3) The use of low doses of ASA may represent a therapeutic alternative for Chagas
disease and should be evaluated in combined treatment with benznidazole.

INTRODUCTION

Approximately 7-8 million individuals have Chagas disease (American
trypanosomiasis) and 50,000 new cases are diagnosed every year in Latin America,
North America, and Europe?!?. It is estimated that more than 90 million individuals are
currently at risk of infection with the Chagas disease etiologic agent (Trypanosoma
cruzi)®3. Furthermore, slightly invasive or non-invasive strains of Trypanosoma cruzi
(CL-14 and G strains) are capable of infecting mice with gastric lesions*, indicating
that the number of oral infection cases has potential to increase.

The Chagas disease-associated morbidity and mortality occur mainly during
the chronic phase, as a result of tissue damage during the acute phase®®. Although
many infected individuals remain asymptomatic during their lives®’, 30-40% develop
cardiac®, neurologict®, digestive®2°, or mixed complications.

Motility disorders commonly occur in patients with digestive form of Chagas
disease'®!! as a result of myenteric plexus lesions. Experimental'2'314 and clinical
studies!®1>16.17 have shown that myenteric neuron cell death during infection with T.
cruzi mainly occurs in the esophagus and colon, resulting in megaesophagus and

megacolon, respectively'®’. However, there is evidence of selective and partial
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survival of nitrergic and VIPergic neurons!>6, There is no agreement regarding the
cause of myenteric neuron death; however, the most accepted hypothesis is that it is
associated with an inflammatory process induced by the presence of the
parasite319.18.19,

Evidence suggests that the cyclooxygenase enzyme is involved in the T. cruzi
invasion process?’. Thus, the use of aspirin (ASA) and celecoxib, respective COX-
1/COX-2 and COX-2 inhibitors, can inhibit infection with T. cruzi?®?l, The effects of
ASA have been shown to be dose-dependent, as low doses (20-50 mg/kg) have a
protective effect and doses above 50 mg/kg increase host parasitemia and mortality
rates in mice?2:2324.25,

The objective of this study was to evaluate the effects of low doses of ASA on
colonic myenteric neurons during the acute phase (20 mg/kg) or chronic phase (50

mg/kg) of murine infection with T. cruzi.

MATERIALS AND METHODS
All performed procedures were approved by the Animal Ethics Committee of

the State University of Londrina (Reference number: 156/2012).

Experimental groups

Sixty-day-old male Swiss mice (Mus musculus) weighing 25-30 g were
sourced from the animal house at State University of Londrina (Brazil). Mice were
kept in polypropylene boxes in groups of five individuals under standardized
conditions: 21-23°C and 12-h light/dark cycle. Rodent chow (Nuvilab CR1 from

Nutrient Nuvil Ltda.®, Curitiba, Brazil) and water were provided ad libitum.
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Mice were randomly assigned into six groups (Fig. 1A). Two groups were
treated 0.1 M phosphate-buffered saline (PBS, pH 7.4); the remaining four groups
were treated with ASA (A2093 from Sigma-Aldrich, St. Louis, MO, USA). One PBS-
treated-group and two ASA-treated-groups were infected with 1,300 blood
trypomastigotes of T. cruzi (Y strain) via i.p.. The trypomastigotes were sourced from
the Parasitology Laboratory of the Department of Basic Health Science at State
University of Maringa (Brazil). To induce the chronic phase of T. cruzi infection, 100
mg/kg doses of benznidazole (Rochagan® from Roche Pharmaceuticals, Mannheim,
Germany, patent donated to the Brazilian Ministry of Health) were administered by
gavage on days 11, 13, 15, 25, 29, and 48 post infection'? (dpi). ASA treatment was
performed during the acute phase (Fig. 1B) or chronic phase (Fig. 1C) of infection
with T. cruzi. The doses and duration of the ASA treatment in this experiment were

defined for an exploratory study.

Course of experimental infection

Host parasitemia was evaluated using Brener's Method (1962)2¢, counting the
parasite number in 5 pL of blood extracted from the mice tail each day on days 4-15
dpi. The parasitemia curve was plotted using the average count of parasites in the

infected mice.

Euthanasia and colon collection
All mice were euthanized using an euthanasia chamber with halothane vapor
saturation (Tanohalo®) at 135 days of age (75 dpi). Colon extraction was performed

and its length and width were measured in order to calculate total area.
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Inflammatory infiltrate analysis

One centimeter distal segment of each colon was used to histological
processing in order to obtain four semi-serial histological sections stained with
hematoxylin-eosin. All sections were 5-um thick and 20 um away from each other.

For inflammatory foci evaluation, 10 microscopic field magnified by 400X were
analyzed in each section (1.9 mm? total area). Foci were classified as absent (0-9
inflammatory cells), discrete (10-24 inflammatory cells), moderate (25-50
inflammatory cells, and intense (50+ inflammatory cells), as suggested by
Michailowsky et. al.?’. Final results were obtained by summing the number of

inflammatory cells observed in each histological section.

Myenteric plexus evaluation
Immunofluorescence

Colons were washed with 0.1 M PBS (pH 7.4) and fixed using Zamboni’s
fixative solution for 18 h at 4°C. After washing with different concentrations of
ethanol, the colons were stored in 0.1 M PBS, pH 7.4, containing 0.08% sodium
azide at 4°C for microdissection using a stereomicroscope. Whole mounts containing
the external muscular layer and myenteric plexus were processed according to

standard immunofluorescence technique using the antibodies shown in Table 1.

Quantitative analysis
The total number of myenteric neurons immunoreactive (IR) to myosin-V (a

general marker), neuronal nitric oxide synthase (nNOS), and vasoactive intestinal
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polypeptide (VIP) was counted using 35 images captured with a high-definition
camera (AxioCam, Carl Zeiss, Jena, Germany) coupled to a fluorescence
microscope (Axioskop Plus light microscope, Carl Zeiss) using a 20X objective lens.
The difference between the number of myosin-V-IR neurons and nNOS-IR neurons
was used as the estimated number of cholinergic neurons as suggested by Philips et

al?®. The counting result was extrapolated to 1 cm?.

Morphometric analysis

Three hundred myenteric cell body area (um?) immunoreactive to myosin-V,
NNOS, and VIP of each mouse was measured using Image Pro-Plus 4.5v software
(Media Cybernetics, Rockville, MD, USA). Furthermore, 700 VIPergic myenteric
varicosities and 700 varicosities containing substance P (SP) of each mouse were

measured using the same software.

Bright field analysis

Bright field intensity was evaluated in 60 images captured with a high-
definition camera (AxioCam, Carl Zeiss) using a 40X objective lens. The image
capture settings (exposure, gain, and offset) were standardized during the
experiment in order to avoid external influences on image brightness. The bright field
intensity was analyzed using ImageJ 1.48v software (NIH, Bethesda, MD, USA). For
this purpose, the area containing the myenteric ganglion was selected. Areas of
different images and the bright field intensity of each mouse were summed. The

values found in each mouse were extrapolated to 1 cm?.

Gastrointestinal transit time evaluation
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The gastrointestinal transit time was evaluated by administering a non-
absorbable marker (3% carmine red and 0.5% ethylcellulose) by gavage?®. The mice
were assigned into individual boxes containing food and water. The time required for
elimination of the first evacuated red pellet was considered as the gastrointestinal

transit time.

Statistical analysis

All data were expressed as the mean + standard error of the mean. Data were
analyzed to determine the distribution using the Shapiro-Wilk test. The Mann-Whitney
test was performed to analyze parasitological parameters. For the other parameters,
significant statistical differences were identified using the one-way ANOVA test,
followed by Tukey’s test. For this purpose, the GraphPad Prism6 software (GraphPad

Software Inc. San Diego, USA) was used. The significance level was set to 5%.

RESULTS
Effects of ASA in the course of infection by T. cruzi

The parasitemia curve of the three groups infected with T. cruzi (PBS, ASAEarly
and ASAbeiayed) showed the characteristic profile of the Y strain. ASA treatment
during the acute phase (ASAkeary) reduced the peak parasitemia by 46% by day 8 (p <
0.01), 65% by day 9 (p < 0.01), and 75% by day 11 (p < 0.01) after infection, thus
contributing to the reduction in total parasitemia (p < 0.01) (Fig. 1D).
ASA treatment reduces the number of inflammatory foci

Even after 75 dpi with T. cruzi, the infected mice treated with PBS showed

intense (p < 0.01) inflammatory foci in the colonic wall. ASA treatment during the
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acute and chronic phases of the infection was capable to reduce the number of

inflammatory foci in the colonic wall (p < 0.01; Fig. 2).

Neuroprotective effect of ASA treatment during the infection with T. cruzi

PBS-treated-mice infected with T. cruzi presented intense myenteric neuron
loss in the general population (60.7%; Fig. 3A—3D) and nitrergic (49.0%; Fig. 4A-4D),
VIP (38.0%; Fig. 5A-5D), and cholinergic (67.0%; Fig. 6A) subpopulations. Neuronal
death was dramatically reduced by ASA treatment in both the acute and chronic
phases of infection (p < 0.01; Fig. 3A, 3E-3F, 4A, 4E-4F, 5A, 5E-5F). However,
more intense death of the cholinergic population was observed (Fig. 6A). As there
were no modifications in the colonic area (p > 0.05), the neuronal population density
showed myenteric denervation in groups infected with T. cruzi. The high cholinergic
neuronal death rate in the infected mice from the PBS group caused a significant
delay in gastrointestinal transit (p < 0.01; Fig. 6B). ASA treatment contributed to
gastrointestinal transit of the infected mice had no difference compared with the
uninfected mice (p > 0.01; Fig. 6B). Notably, ASA treatment of uninfected mice led to
a discrete (15.0%) neuronal death (Fig. 3A), mainly for the cholinergic population
(Fig. 6A).

The cell body of the remaining neurons of the PBS-treated-mice infected with
T. cruzi became hypertrophic. ASA treatment during the acute phase of infection
contributed most significantly to maintaining the cell body area of the remaining
myenteric neurons (p < 0.05; Fig. 3B, 4B, and 5B). Additionally, ASA treatment of
uninfected mice led to cell body atrophy of myenteric neurons (p < 0.05; Fig. 3B and
5B). PBS-treated-mice infected with T. cruzi showed atrophied VIPergic myenteric

varicosities and hypertrophied myenteric varicosities containing substance P (p <
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0.05; Fig. 6C and 6D). Furthermore, myenteric nerve fibers showed higher bright field
intensity when marked for SP in PBS-treated-mice infected with T. cruzi (p < 0.05;
Fig. 6E). None of the ASA treatments contributed to restoring the balance of VIP and

substance P (p > 0.05; Fig. 6C—6E).

DISCUSSION

This is the first study to investigate the effects of ASA treatment for colonic
neuropathy caused by T. cruzi. Low-dose ASA treatments reduced the lesions
resulting from murine infection with T. cruzi. It was observed lowered parasitemia,
decreased inflammatory foci in the colonic wall, protection of myenteric neurons, and
reestablishment of gastrointestinal transit.

The parasitemia curve observed during the acute phase of the experimental
infection with T. cruzi leds to an intense inflammatory process with secondary lesions
in several tissues®. Typically, the parasite does not circulate in the host’s blood
during the chronic phase!®'®. Therefore, it is assumed that most tissue lesions
observed in Chagas disease occur during the acute phase of infection'®. Lower
parasitemia was observed in BALB/c mice treated with 5-50 mg/kg of ASA during the
acute phase of infection with T. cruzi**. However, Mukherjee et al.?® reported an
increase in parasitemia and the mortality of C57BL/6 and CH3/HeJ mice treated with
20 and 50 mg/kg of ASA during the acute phase of infection with T. cruzi. The results
of experimental studies evaluating the treatment with nonsteroidal anti-inflammatories
during the infection with T. cruzi are controversial. In general, these results vary
according to the administrated drug?®?'3! and its doses?®?425 as well as also
according to the species and strains of the host®2. Furthermore, the T. cruzi strain?

may interfere with the results.
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Low-dose ASA treatments for T. cruzi-infected mice have shown a protective
effect against lesions observed during the course of infection34. This effect may be
related to NF-xB translocation to the nucleus>36:37 alternative production of 15-epi-
lipoxin-As%%, and increase in anti-inflammatory cytokines3¢3®. As a result,
inflammatory mediators are reduced, which can explain the reduction of inflammatory
foci found in the colonic wall of ASAEeary- and ASApelayed-infected mice groups. These
findings were also observed in the heart of BALB/c mice treated with 25-50 mg/kg of
ASA?4, This inflammatory process control can contribute to a better survival rate of
mice infected by T. cruzi'®. Therefore, the use of low doses of ASA may represent a
therapeutic alternative against the evolution of Chagas disease?® and should be
evaluated in combined treatment with benznidazole, the only trypanocidal drug
available in Brazil for humans®.

Several studies have detected intense denervation in the myenteric plexus
during infection with T. cruzi®12404142 which was also observed in the infected mice
colon samples used in this study. However, in a parallel study using the same mice,
myenteric denervation was not found in nitrergic neurons of the esophagus®*.
Myenteric neuronal losses are consistent with clinical findings of the digestive form of
Chagas disease!®’42. |t has been suggested that this loss is related to the
inflammatory process caused by T. cruzi’®#!, and thus is related to parasitemia3.
ASAEearly and ASAbelayed treatment protected the colonic myenteric neurons. Because
the parasitemia curve did not change for mice treated with ASA during the chronic
phase of infection, the mechanisms involved in preserving myenteric neurons with
low-dose treatment with ASA may be related to reducing the inflammatory process

during infection with T. cruzi rather to control the parasitemia.
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Our results revealed higher denervation of cholinergic myenteric neurons in
PBS-treated-mice infected with T. cruzi. These results differ from those of Da Silveira
et al.*? in chagasic humans, which showed a higher denervation of nitrergic and
VIPergic myenteric neurons. However, Jabari et al.'>'617 observed a selective
survival of nitrergic and VIPergic myenteric neurons in chagasic humans, suggesting
that these types of neurons are more resistant to neuronal death provoked by
Chagas disease. Nitrergic myenteric neuronal death was not observed in the
esophagus of the PBS-treated-mice infected with T. cruzi®*. Some authors have
suggested that the survival imbalance between excitatory and inhibitory motor
neurons is strongly associated to the chagasic megacolon patogeny%43,

Regarding the death and survival of neurons, we observed a discrete
reduction in the number of neurons in uninfected mice treated with ASA. Additional
studies are required to investigate whether the use of low-doses of ASA can cause
myenteric neuronal death.

Studies have indicated that the relationship between reduction in myenteric
neurons and modifications of contractility can determine digestive symptoms of the
Chagas disease!®4144 Campos et al.!® suggested that myenteric denervation and
the formation of fibrotic areas, resulting from intense inflammatory processes, may
modify the smooth muscle architecture and promote modifications in the
intermuscular nerve fibers, thus resulting in symptoms such as constipation. In this
study, a higher cholinergic myenteric neuron loss was observed compared to that for
nitrergic myenteric neurons in the PBS-treated-mice infected with T. cruzi, resulting in
delayed gastrointestinal transit. ASAeary and ASAbelayed treatment partially preserved
myenteric neurons from cell death and thus was efficient for maintaining the

gastrointestinal transit.
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Regarding the myenteric neuronal morphometric, we observed that the
infection with T. cruzi led to hypertrophy of the remaining neurons in the PBS-treated-
mice. This result was similar to those of previous studies, which analyzed the
myenteric plexus of humans* and mice!?% infected with T. cruzi. However,
atrophied nitrergic myenteric neurons were found in the esophagus of the PBS-
treated-mice34. The increase in the neuronal cell body size may be related to a
morphological adaptation (neuronal plasticity) as a compensatory mechanism related
to higher physiological activity and resulting in greater neurotransmitter release, such
as nitric oxide (NO) and the VIP. An increased level of NO promotes over relaxation
of the muscle layer and peristaltic disorders; both of these characteristics are
common in Chagas disease!>“%. VIP has been shown to have neuroprotective*’4849
and neuroeffector® roles in Chagas disease. Jabari et al.1® suggested that VIP can
protect neurons from death, despite the colonic motility being irreversibly disrupted.
Only ASAeary treatment was able to control the hypertrophy of the all evaluated
myenteric neuronal populations in infected mice. The ASAbelayed treatment was not
able to control the hypertrophy of the nitrergic myenteric neuronal population in
infected mice. This indicates that although inflammatory process control was
established by the ASApbeayed treatment, it was unable to restore the nitrergic
myenteric neuronal area. ASA treatment minimized atrophy of the nitrergic myenteric
neurons in the esophagus of PBS-treated-mice infected with T. cruzi®4.

Dutra et al.>* reported that increased VIP levels and decreased SP levels
induce regulatory cytokines, resulting in the indeterminate form of Chagas disease.
However, a microenvironment with decreased VIP levels and increased SP levels
promotes an increasing of pro-inflammatory cytokines, resulting in the various clinical

forms of Chagas disease. Accordingly, larger varicosities containing SP and smaller
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varicosities containing VIP were found in PBS-treated-mice infected with T. cruzi.
Furthermore, SP-producing nerve fibers were brighter in these mice, indicating a
larger amount of this neuropeptide. This suggests that PBS-treated-mice infected
with T. cruzi showed an imbalance contributing to the development of clinical forms of
Chagas disease. The VIPergic and SP varicosities behaved in opposite manners
based on the results for the ASAeaity and ASApelayed treatment. However, ASA
treatment did not show a significant difference from PBS-treated-mice infected with T.
cruzi. On the other hand, both ASAeaity and ASAbelayed treatments reduced the
number of inflammatory foci in the colonic wall. Considering the role of VIP and SP in
inflammatory process*®°!, the strong influence of these two neuropeptides over
colonic motility*®* and their contribution to the physiopathology of Chagas
diseasel016.1747.4849 = we suggest that ASA treatment positively influenced the
balance of these two neuropeptides. This benefic effect occurred regardless of
whether ASA treatment was performed during the acute or chronic phase, as
treatment in both phases appeared to be effective for reducing inflammatory foci and
recovering the gastrointestinal transit.

We conclude that only the ASAearny treatment was capable of reducing
parasitemia. Both ASAeary and ASAbelayed treatments were capable of reducing the
intensity of inflammatory foci in the colonic wall, protecting myenteric neurons against
cell death and plastic changes, and recovering the gastrointestinal transit in mice
infected with the Y strain of T. cruzi. Therefore, low-dose ASA treatment reduces

myenteric neuron loss in the colon of mice infected with T. cruzi.



52

AKNOWLEDGEMENTS, FUNDING, AND DISCLOSURES

This paper is part of the JYO’s PhD thesis. We thank the Araucaria Foundation for
Scientific and Technological Development (Brazil) for the grant given through the
agreement number 319/2012, and the Federal University of Mato Grosso do Sul
(Brazil) for providing JYQO’s training license.

AUTHORS CONTRIBUTIONS

JYO acquisition of data, statistical analysis, interpretation of data and drafting of the
manuscript; MOB, TMC, RG, NMM & CLM acquisition of data and technical support;
SMA Trypanosoma cruzi providing and critical revision of the manuscript for
important intellectual content; DMGS study design and critical revision of the
manuscript for important intellectual content; NCB antibody against mysion-V
providing and critical revision of the manuscript for important intellectual content; PPF
study design, critical revision of the manuscript for important intellectual content and
study supervision (second supervisor); EJAA Senior author, study design, obtained
funding from Araucéria Foundation for Scientific and Technological Development
(Brazil), critical revision of the manuscript for important intellectual content, study
supervision (first supervisor); All authors approved of the final version submitted.

REFERENCES

1. Coura, JR, Dias, JCP. Epidemiology, control and surveillance of Chagas disease —
100 years after its discovery. Men Inst Oswaldo Cruz 2009;104( Suppl 1):31-40.

2. WHO. World Health Organization. Chagas disease (American trypanosomiasis)
Available in: http://www.who.int/mediacentre/factsheets/fs340/en/ . Acessed 02-08-
2014.

3. Vazquez, BP, Vazquez, TP, Miguel, CB, Rodrigues, WF, Mendes, MT, Oliveira,
CJF, Chica, JEL. Inflammatory responses and intestinal injury development during
acute Trypanosoma cruzi infection are associated with the parasite load. Parasites &
Vectors 2015; 8:206.

4. Cossentini, LA, Da Silva, RV, Yamada-Ogatta, SF, Yamauchi, LM, Araujo, EJA,
Pinge-Filho, P. Aspirin treatment exacerbates oral infections by Trypanosoma cruzi.
Experimental Parasitology 2016;164:64-70.

5. Rassi Jr, A, Rassi, A, Marin-Neto, JA. Chagas disease. Lancet 2010;375:1388-
402.



53

6. Martins-Melo FR, Ramos AN, Alencar CH, Heukelbach J. Mortality related to
Chagas disease and HIV/AIDS coinfection in Brazil. J Tropical Med 2012;2012:1-4.

7. Maya, JD, Orellana, M, Ferreira, J, Kemmerling, U, Lopez-Mufios, R, Morello, A.
Chagas disease: presente status of pathogenic mechanisms and chemotherapy. Biol
Res 2010;43:323-331.

8. Zingales, B, Miles, MA, Moraes, CB, Luquetti, A, Guhl, F, Schijman, A, Ribeiro, I.
Drug discovery for Chagas disease should consider Typanosoma cruzi strain
diversity. Men Inst Oswaldo Cruz 2014;109(6):828-833.

9. Poveda C, Fresno M, Girones N, Martins-Filho OA, Ramirez JD, et al. Cytokine
Profiling in Chagas Disease: Towards Understanding the Association with Infecting
Trypanosoma cruzi Discrete Typing Units (A BENEFIT TRIAL Sub-Study). PLoS
ONE 2014;9(3): €91154.

10. Da Silveira, ABM, Lemos, EM, Adad, SJ, Correa-Oliveira, R, Furness, JB, Reis,
DD. Megacolon in Chagas disease: a study of inflammatory cells, enteric nerves, and
glial cells. Human Pathology 2007;38:1256-1264.

11. Matsuda, NM, Miller, MS, SM, Evora, PRB. The chronic gastrointestinal
manifestations of Chagas disease. Clinics 2009;64(12):1219-24.

12. Moreira, NM, Sant’Ana, DMG, Araujo, EJA, Toledo, MJO, Gomes, ML, Aradijo,
SM. Neuronal changes caused by Trypanosoma cruzi: an experimental model. Anais
da Academia Brasileira de Ciéncias 2011;83(2):545-555.

13. Moreira, NM, Zanoni, JN, Dalélio, MMO, Araujo, EJA, Braga, CF, Araujo, SM.
Physical exercise protects myenteric neurons and reduces parasitemia in

Trypanosoma cruzi infection. Experimental Parasitology 2014;141:68-74.

14. Nogueira-Paiva, NC, Fonseca, KS, Vieira, PMA, Diniz, LF, Caldas, IS, et al.
Myenteric plexus is differentially affected by infection with distinct Trypanosoma

cruzi strains in Beagle dogs. Mem Inst Oswaldo Cruz 2014;109:51-60.



54

15. Jabari, S, Da Silveira, ABM, Oliveira, EC, Neto, SG, Quint, K, Neuhuber, W,
Brehmer, A. Partial, selective survival of nitrergic neurons in chagasic megacolon.
Histochem Cell Biol 2011;135:47-57.

16. Jabari, S, Da Silveira, ABM, Oliveira, EC, Neto, SG, Quint, K, Neuhuber, W,
Brehmer, A. Selective survival of calretinin- and vasoactive-intestinalpeptide-
containing nerve elements in human chagasic submucosa and mucosa. Cell Tissues
Res 2012; 349:473-481.

17. Jabari, S, Oliveira, EC, Brehmer, A, Da Silveira, ABM. Chagasic megacolon:

enteric neurons and related structures. Histochem Cell Biol 2014;142:235-244.

18. Pavanelli, WR, Gutierrez, FRS, Mariano, FS, Prado, CM, Ferreira, BR, et al. 5-
Lipoxygenase is a key determinant of acute myocardial inflammation and mortality
during Trypanosoma cruzi infection. Microbes and Infection 2010;12:587-597.

19. Campos CF, Cangussu SD, Duz ALC, Cartelle CT, Noviello MdL, Veloso VM, et
al. Enteric Neuronal Damage, Intramuscular Denervation and Smooth Muscle
Phenotype Changes as Mechanisms of Chagasic Megacolon: Evidence from a Long-
Term Murine Model of Tripanosoma cruzi Infection. Plos ONE 2016;11(4): e0153038.
doi:10.1371/journal.pone.0153038.

20. Malvezi, AD, Panis, C, Da Silva, RV, Freitas, RC, Lovo-Martins, MI, Tatakihara,
VL, et al. Inhibition of Cyclooxygenase-1 and Cyclooxygenase-2 Impairs
Trypanosoma cruzi entry into cardiac cells and promotes differential modulation of
the inflammatory response. Antimicrobial Agents and Chemotherapy 2014;10:6157-
6164.

21. Malvezi, AD, Da Silva, RV, Panis, C, Yamauchi, LM,Lovo-Martins, MI, Zanluqui,
NG, et al. Aspirin modulates innate inflammatory response and inhibits the entry of
Trypanosoma cruzi in mouse peritoneal macrophages. Mediators of Inflammation
2014; 580919. doi: 10.1155/2014/5809109.

22. Tatakihara VL, Cecchini R, Borges CL, Malvezi AD, Graca-de Souza VK, et al.
Effects of cyclooxygenase inhibitors on parasite burden, anemia and oxidative stress
in murine Trypanosoma cruzi infection. FEMS Immunol Med Microbiol 2008;52:47-
58.



55

23. Mukherjee, S, Machado, FS, Huang, H, Oz, HS, Jelicks, LO, Prado, CM, et al.
Aspirin treatment of mice infected with Trypanosoma cruzi and implications for the
pathogenesis of Chagas disease. Plos ONE 2011;6(2):e16959.

24. Molina-Bérrios, A, Campos-Estrada, C, Henriquez, N, Faundez, M, Torres, G, et
al. Protective role of acetylsalicilic acid in experimental Trypanosoma cruzi infection:
evidence of 15-epi-Lipoxin A4-Mediated effect. PLoS Negl Trop Dis 2013;7(4).e2173.

25. Molina-Bérrios, A, Campos-Estrada, C, Lapier, M, Duaso, J, Kemmerling, U, et al.
Protection of vascular endothelium by aspirin in a murine modelo f chronic Chagas
disease. Parasitol Res 2013;112:2731-2739.

26. Brener Z. Therapeutic activity and criterion of cure on mice experimentally

infected with Trypanosoma cruzi. Rev Inst Med Trop 1962; 4: 389-96.

27. Michailowsky, V, Silva, NM, Rocha, CD, Vieira, LQ, Lannes-Vieira, J, Gazzinelli,
RT. Pivotal role of interleukin-12 and interferon gama axis in controlling tissue
parasitismo and inflammation in the heart and central nervous system during

Trypanosoma cruzi infection. American Journal of Pathology 2001;109(5):1723-1733.

28. Phillips, RJ, Kieffer, EJ, Powley, TL. Aging of the myenteric plexus: neuronal loss

is specific to cholinergic neurons. Auton Neurosci 2003;106(2):69-83.

29. Calcina, F, Barocelli, E, Bertoni, S, Furukawa, O, et al. Effect of N-Methyl-p-
Aspartate receptor blockade on neuronal plasticity and gastrointestinal transit delay
induced by ischemia/reperfusion in rats. Neuroscience 2005;134:39-49.

30. Coura, JR, Borges-Pereira, J. Chagas disease: 100 years after its discovery. A

systemic review. Acta Tropica 2010;115:5-13.

31. Lopez-Mufos, R, Faundez, M, Klein, S, Escanilla, S, et al. Trypanosoma cruzi: in
vitro effect of aspirin with nifurtimox and benznidazole. Experimental Parasitology
2010;124:167-171.

32. Roggero, E, Perez, A, Tamae-Kakazu, M, Piazzon, |, Nepomnaschy I, et al.
Differential susceptibility to acute Trypanosoma cruzi infection in BALB/c and



56

C57BL/6 mice is not associated with a distinct parasite load but cytokine
abnormalities. Clin Exp Immunol 2002;128:421-428.

33. Caetano, LC, Prado Jr, JC, Toldo, MPA, Abrahdo, AAC. Trypanosoma cruzi: do
different sylvatic strains trigger distinct immune responses? Experimental
Parasitology 2010;124:219-224.

34. Massocatto CL, Moreira NM, Muniz E, Pinge-Filho P, Rossi RM, Araujo
EJ, Sant‘Ana DM. Aspirin prevents atrophy of esophageal nitrergic myenteric
neurons in a mouse model of chronic Chagas disease. Dis Esophagus 2016; doi:
10.1111/dote.12449.

35. Moro, MA, De Alba, J, Cardenas, A, De Cristobal, J, Leza, JC, et al. Mechanisms
of the neuroprotective effect of aspirin after oxygen and glucose deprivation in rat
forebrain slices. Neuropharmacology 2000;39(7):1309-18.

36. Medeiros, R, Kitazawa, M, Passos, GF, Baglietto-Vargas, D, Cheng, D. et al.
Aspirin-Triggered Lipoxin A4 stimulates alternative activation of micréglia and
reduces Alzheimer disease-like pathology in mice. The American Journal of
Pathology 2013;182(5).

37. Asanuma, M, Nishibayashi-Asanuma, S, Miyazaki, |, Kohno, M, Ogawa, N.
Neuroprotective effects onf non-steroidal anti-inflammatory drugs by direct

scavenging of nitric oxide radicals. Journal of Neurochemistry 2001; 76:1895-1904.

38. Morris, T, Stables, M, Hobbs, A, Souza, P, Colville-Nash, P, Warner, T, et al.
Effects of low-dose aspirin on acute inflammatory responses in humans. The Journal
of Immunology 2009;183(3):2089-2096.

39. Caldas IS, Talvani A, Caldas S, Carneiro CM, de Lana M, da Matta Guedes PM,
et al. Benznidazole therapy during acute phase of Chagas disease reduces parasite

load but does not prevent chronic cardiac lesions. Parasitol Res 2008;103(2):413-21.

40. Maifrino, LBM, Liberti, EA, Watanabe, IS, Souza, RR. Morphometry and
acetilcholinesterase activity of the myenteric neurons of the mouse colon in the
chronic phase of experimental Trypanosoma cruzi infection. Am J Trop Med Hyg
1999;60(5):721-725.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Massocatto%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moreira%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muniz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pinge-Filho%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rossi%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ara%C3%BAjo%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ara%C3%BAjo%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=26725535
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sant%27Ana%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=26725535

57

41. Adad SJ, Cancado CG, Etchebehere RM, Teixeira VP, Gomes UA, Chapadeiro
E, et al. Neuron count reevaluation in the myenteric plexus of chagasic megacolon

after morphometric neuron analysis. Virchows Arch 2001;438(3):254-8.

42. [b] da Silveira AB, D’Avila Reis D, de Oliveira EC, Neto SG, Luquetti, AO, Poole
D, Correa-Oliveira R, Furness JB (2007) Neurochemical coding of the enteric

nervous system in chagasic patients with megacolon. Dig Dis Sci 52:2877-2883.

43. Nascimento, RD, Martins, PR, De Souza Lisboa, A, Adad, SJ, Da Silveira, ABM,
Reis, Dd. An imbalance between substance P and vasoactive intestinal polypeptide
might contribute to the immunopathology of megaesophagus after Trypanosoma
cruzi infection. Hum Pathol 2013;44(2):269-76.

44. Tanowitz, HB, Kirchhoff, LV, Simon, D, Morris, SA, Weiss, LM, Wittner, M.
Chagas disease. Clin Microbiol Rev 1992;5(4): 400-419.

45. Moreira, NM, Santos, FDN, Toledo, MJO, Moraes, SMF, Araujo, EJA, Sant’Ana,
DMG, Araujo, SM. Moderate physical exercise reduces parasitaemia and protects
colonic myenteric neurons in mice infected with Trypanosoma cruzi. Int J Exp Path
2013;94:426-435.

46. Takahashi T. Pathophysiological significance of neuronal nitric oxide synthase in
the gastrointestinal tract. J Gastroenterol 2003;38:421-30.

47 Ekblad E, Bauer AJ. Role of vasoactive intestinal peptide and inflammatory
mediators in enteric neuronal plasticity. Neurogastroenterol Motil 2004;16(Suppl
1):123-128.

48. Brenneman DE. Neuroprotection: a comparative view of vasoactive intestinal
peptide and pituitary adenylate cyclase-activating polypeptide. Peptides
2007;28:1720-1726

49. Di Giovangiulio, M, Verheijden, S, Bosmans, G, Stakenborg, N, et al. The
neuromodulation of the intestinal immune system and its relevance in inflammatory
bowel disease. Frontiers in Immunology 2015;6:590. doi: 10.3389/fimmu.2015.00590



58

50. Furness JB, Alex G, Clark MJ, Lal VV. Morphologies and projections of defined
classes of neurons in the submucosa of the guinea-pig small intestine. Anat Rec A
2003; 272:475-483.

51. Dutra, WO, Menezes, CAS, Magalhdes, LMD, Gollob, KJ. Immunoregulatory

networks in human Chagas disease. Parasite Immunology 2014;36:377-387.

52. Buttow NC, Zucoloto S, Espreafico EM, Gama P, Alvares EP. Substance P
enhances neuronal area and epithelial cell proliferation after colon denervation in

rats. Dig Dis Sci 2003;48(10):2069-76.



59

Table 1. Primary and secondary antibodies used for the immunofluorescence
technique.

ANTIBODY SPECIES DILUTION MANUFACTURER CODE
nNOS Rabbit 1:1000 Santa Cruz SC8309
VIP Rabbit 1:200 ABCAM AB8556
SP Rabbit 1:1000 Millipore AB1566
MYOSIN-V Rabbit 1:1000 Buttow, et al.>?  --—---
ALEXA FLUOR 568 Donkey 1:500 Invitogen A100042
ANTI-RABBIT

nNOS (neuronal nitric oxide synthase); VIP (vasoactive intestinal peptide); SP (substance P).
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Figure 1. Flowchart showing the method used in the study. (A) Experimental groups, (B) Aspirin (ASA) treatment
protocol performed during the acute phase (ASAeary) of infection with Trypanosoma cruzi, (C) ASA treatment
protocol performed during the chronic phase (ASAbelayed) Of infection with T. cruzi, and (D) Parasitemia curve for
male Swiss mice infected with T. cruzi (Y strain) and treated with ASA during the acute phase (ASAgary) Of the

infection. *p < 0.05 compared to the infected group (Mann-Whitney’s test).
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Figure 2. Evaluation of inflammatory infiltrate in uninfected mice, mice infected with Trypanosoma cruzi (Y strain)
and treated with aspirin (ASA). (A) Quantification of inflammatory infiltrate present on the colonic wall after
histopathological analysis, (B) Photomicrography showing absence of inflammatory foci in uninfected mice, (C)
Intense inflammatory foci presence (see arrow head) in PBS-treated-mice infected with T. cruzi, (D) Reduction of
inflammatory foci (see arrow head) ASAEeany-treated-mice infected with T. cruzi, (E) Reduction of inflammatory foci
(see arrow head) in ASAbeiayed-treated-mice infected with T. cruzi. # p < 0.05 compared to uninfected PBS-
treated-group. *p < 0.05 compared to infected PBS-treated-group. ANOVA one-way, followed by Tukey’'s post-
test.
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Figure 3. Morphoquantitative and morphometric evaluation of myosin-V* myenteric neurons of uninfected mice,
mice infected with Trypanosoma cruzi (Y strain) and mice treated with aspirin (ASA). (A) General myenteric
neuronal population density (myosin- V*), (B) Cell body area of the general myenteric neuronal population, (C) to
(F) Immunofluorescence photomicrographies showing myenteric neurons (see arrow heads) in the colon of
uninfected mice, infected with T. cruzi (Y strain) and treated with ASA during the acute (ASAeary) Or chronic
(ASAbelayed) phases of the infection. #p < 0.05 compared to the uninfected PBS-treated-group. *p < 0.05 compared
to the infected PBS-treated-group. *p < 0.05 compared to uninfected ASA-treated-groups. /p < 0.05 compared to
infected ASA-treated-groups. 'p < 0.05 comparation between the two ASA-treated-groups (uninfected or infected).
ANOVA one-way followed by Tukey’s post-test.
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Figure 4. Morphoquantitative and morphometric evaluation of nitrergic myenteric neurons of uninfected mice,
mice infected with Trypanosoma cruzi (Y strain) and mice treated with aspirin (ASA). (A) Nitrergic myenteric
neuronal population density, (B) Cell body area of the nitrergic myenteric neuronal population, (C) to (F)
Immunofluorescence photomicrographies showing myenteric neurons (see arrow heads) in the colon of
uninfected mice, infected with T. cruzi (Y strain) and treated with ASA during the acute (ASAeary) Or chronic
(ASAbelayed) phases of the infection. *p < 0.05 compared to the uninfected PBS-treated-group. *p < 0.05 compared
to the infected PBS-treated-group. *p < 0.05 compared to uninfected ASA-treated-groups. p < 0.05 compared to
infected ASA-treated-groups. 'p < 0.05 comparation between the two ASA-treated-groups (uninfected or infected).
ANOVA one-way followed by Tukey’s post-test.
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Figure 5. Morphoquantitative and morphometric evaluation of VIPergic myenteric neurons of uninfected mice,
mice infected with Trypanosoma cruzi (Y strain) and mice treated with aspirin (ASA). (A) VIPergic myenteric
neuronal population density, (B) Cell body area of the VIPergic myenteric neuronal population, (C) to (F)
Immunofluorescence photomicrographies showing myenteric neurons (see arrow heads) in the colon of
uninfected mice, infected with T. cruzi (Y strain) and treated with ASA during the acute (ASAeary) Or chronic
(ASAbelayed) phases of the infection. *p < 0.05 compared to the uninfected PBS-treated-group. *p < 0.05 compared
to the infected PBS-treated-group. *p < 0.05 compared to uninfected ASA-treated-groups. fp < 0.05 compared to
infected ASA-treated-groups. 'p < 0.05 comparation between the two ASA-treated-groups (uninfected or infected).
ANOVA one-way followed by Tukey’s post-test.
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Figure 6. Morphoquantitative, morphometric, and physiological evaluation of myenteric neurons of uninfected
mice, mice infected with Trypanosoma cruzi (Y strain) and mice treated with aspirin (ASA). (A) Cholinergic
myenteric neuron population density, (B) Gastrointestinal transit evaluation, (C) to (D) Varicosities area of VIP and
substance P (SP) producing nerve fibers, (E) Bright field intensity of varicosities containing SP. #p < 0.05
compared to the uninfected PBS-treated-group. *p < 0.05 compared to the infected PBS-treated-group. *p < 0.05
compared to uninfected ASA-treated-groups. p < 0.05 compared to infected ASA-treated-groups. 'p < 0.05
comparation between the two ASA-treated-groups (uninfected or infected). ANOVA one-way followed by Tukey’s
post-test.
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CONCLUSAO

Baseados na hipotese de que o tratamento com aspirina em baixas doses
seria eficiente para controle da neuropatia colénica induzida pela infeccdo com T.
cruzi, em camundongos, e que os efeitos terapéuticos seriam benéficos para os
neurénios do plexo mientérico tornou-se um guia para a realizacdo deste trabalho
experimental. Conclui-se, portanto, que a hipotese inicial era verdadeira.

O tratamento com ASA na dose de 20 mg/kg durante a fase aguda da
infeccdo por T. cruzi foi capaz de reduzir significativamente a parasitemia, fato este
ndo observado no grupo ASApeayed. Devido a esse efeito antiparasitario
demonstrado no grupo ASAeary, foi possivel verificar uma relacdo entre a carga
parasitaria e as lesdes que se manifestam na fase cronica da infeccdo: reducao na
quantidade de focos inflamatérios; preservacdo estrutural e quantitativa dos
neurbnios do plexo mientérico coldnico e restabelecimento da funcéo intestinal.
Como os camundongos do grupo ASApelayed N80 tiveram alteragdo nos parametros
parasitologicos, pode-se inferir que o0s beneficios terapéuticos oriundos da
administracdo de ASA, possivelmente podem estar relacionados com a reducao do
processo inflamataorio.

Desse modo, o tratamento com ASA mostrou-se eficaz para reduzir as
alteracOes teciduais e celulares que acompanham as manifestacdes clinicas da DC.
Entretanto, beneficios maiores sao adquiridos quando o tratamento ocorre
precocemente, nos periodos iniciais do processo infeccioso. Portanto, sugere-se a
realizacdo de trabalhos que possuam um maior tempo de tratamento com ASA,
iniciando na fase aguda da infec¢cdo, bem como a inclusdo de métodos fisiologicos

como a manometria que possam avaliar as alterac6es da motilidade do célon.
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Aprovacdo da Comissdo de Etica no Uso de Animais da Universidade Estadual de

Londrina (CEUA/UEL) protocolo 156/2012 e processo 7371.2012.56.

Universidade
Estadual de Londrina

COMISSAO DE ETICA NO USO DE ANIMAIS
OF. CIRC. CEUA N° 156/12 Londrina, 25 de Junho de 2012

Prezada Pesquisadora,

A CEUA/UEL, reunida em 19 de Junho de 2012, reavaliou o projeto de pesquisa
intitulado "Andlise dos efeitos do tratamento com aspirina sobre o desenvolvimento de neuropatia
entérica de camundongos infectados com Trypanosoma Cruzi', processo registrado na CEUA sob n°
7371.2012.56, pesquisa do Centro de Ciéncias Biolégicas, desenvolvido sob sua responsabilidade.
Esclarecidos os aspectos metodolégicos solicitados, o projeto esta aprovado para execugio
entendendo-se que os principios éticos postulados pelo Conselho Nacional de Controle da
Experimentag8o Animal estao respeitados.

Seréo utilizados 192 camundongos da raga Suigos com idade de 60 dias, machos,
com procedéncia do Biotério Central CCB-UEL. Neste projeto sera avaliado se o uso de aspirina, uma
droga antiinflamatéria néo esteroidal (AINES) convencional, durante a fase aguda da infecgéio
experimental causada por Trypanosoma cruzy (cepa y) interfere no desenvolvimento da neuropatia
entérica chagasica observada na fase cronica da infecgdo. Para isto camundongos que ndo serfio
infectados seréo tratado com PBS sem aspirina (G1), camundongos n&o infectados sera tratado com
a Aspirina (G2), camundongos infectados seréo tratados com PBS (G3) e camundongos infectados
sergio tratados com aspirina (G4). Os camundongos receberfio 7. cruzi para indugdo de uma fase
crénica e serdo tratados com Benznidazol nos dias 11, 16 e 18 apés a infecgdo. O tratamento com a
aspirina sera iniciado no 20° dia apés a infecgéo, sendo o tratamento diario e 75 dia apos a infecgdo
os camundongos serdo eutanasiados. Os coléns dos animais seréo coletados e analisados quanto a
quantidade de neurdnios mioentéricos, também sera realizada a analise morfométrica dos neurénios
e dosagem de citocinas. O projeto esta previsto para ser desenvolvido em 24 meses

Cumpre orientar que caso pretendam-ege quaisquer alteragbes no protocolo
experimental aprovado, deve-se submeter o novo protocolo & apreciagdo da CEUA/UEL
anteriormente & execugdo das modificagdes. Sem mais para o momento, subscrevo-me.

Cordialmente,
W:fab‘tw
Prof. Dr. Waldlce parecndoV |Jun|or
Coordenador da CEUA/UEL
limo. Sr.

Prof. Dr. Eduardo José de Almeida ATEUJO

Coordenadora do Projeto

Departamento de Histologia

Centro de Ciéncias Bioldgicas

Com copia para Sr* Egle Maria de Sousa (Chefe da DCA/PROPPG) e Prof. Luiz Carlos Juliani (Diretor do
Biotério Central da UEL).
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weeks of receipt of a revision letter from the Editor. (ii) Major revisions: these require
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be submitted in their final form within three months of receipt of a revision letter from the
editor.

In all cases, resubmissions after the allotted time will be considered as new submissions.

Language

Please note that the Journal uses American spelling (e.g. 'esophagus', not 'oesophagus’).
Authors for whom English is a second language may choose to have their manuscript
professionally edited before submission to improve the English. A list of independent
suppliers of editing services can be found
at http://authorservices.wiley.com/bauthor/english_language.asp. All services are paid for
and arranged by the author, and use of one of these services does not guarantee
acceptance or preference for publication. Authors of manuscripts with a poor standard of
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Abstract and Keywords

The abstract must not exceed 250 words. It should summarize the aim of the study and
describe the work undertaken, results and conclusions. For Original Articles and Technical
Notes, the abstract should be structured under four subheadings: Background, Methods,
Key Results and Conclusions & Inferences. For Review Articles, the abstract should be
structured underBackground and Purpose. For Mini-review editorials, “Hot Topics” and
Case Reports, the abstract should be unstructured, i.e. without the subheadings. In addition,
you should list up to six keywords in alphabetical order. For ideas on optimising your
abstract, see here.

Key Points

The Key Points of research papers should provide readers with a concise, but precise,
synopsis of the paper, and make the research accessible to readers from overlapping
disciplines.

Key Points should be written clearly, in lay English that can be understand by a non-expert in
the area, and the use of scientific language should be kept to a minimum. Only those
abbreviations in common usage will be allowed.

The Key Points summary should be written in short sentences, should not exceed 80 words
total, and should be presented as 3 bulleted points as follows:

. The first point should describe, in one or two short sentences, the state of current
knowledge and the key question(s) being addressed in the research paper

. The second point should describe the results of the current paper. It is neither
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. The third point should state the importance of these results in the context of the
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Introduction
This section should not exceed more than 500 words and should not have a separate
heading. The Introduction should briefly discuss the objectives of the study and provide the
background information to explain why the study was undertaken, and what hypotheses were
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Materials and methods
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generic names of drugs. Symbols, units and abbreviations should be expressed as Systéme
International (SI) units. In exceptional circumstances, others may be used, provided they are
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Results

Tables and text should not duplicate each other.

Discussion

This section should not exceed more than 1500 words and should be concise. The
Discussion should include a brief statement of the principal findings, a discussion of the
validity of the observations, a discussion of the findings in light of other published work
dealing with the same or closely related subjects, and a statement of the possible
significance of the work. Authors are encouraged to conclude with a brief paragraph that
highlights the main findings of the study.
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