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FERNANDES, Eduardo Vignoto. Influéncia do estresse cronico na imunidade
humoral de ratos Wistar exercitados. 2016. 57 f. Tese (Doutorado em Patologia
Experimental) — Universidade Estadual de Londrina, Londrina, 2016.

RESUMO

O exercicio fisico (EF) prescrito de forma adequada promove beneficios a saude
como controle do peso corporal, prote¢gao contra o surgimento de doengas cardiacas
e melhoria do sistema cardiorrespiratério, prevencao contra o diabetes, hipertensao
e hipercolesterolemia e contribui na regulagdo imunolégica. Por outro lado, o
estresse crénico, além de induzir doengcas comportamentais, € um fator de risco para
doencas inflamatdrias, hipertensdo arterial, doencas cardiovasculares, obesidade,
diabetes, aterosclerose e cancer. Além disso, as respostas do organismo a um
mesmo estressor sdo dependentes do sexo. Dessa forma, objetivo do presente
estudo foi investigar a influéncia do chronic variable stress (CVS) na imunidade
humoral de ratos Wistar exercitados. Ratos Wistar fémeas e machos foram divididos
em quatro grupos: Controle (C); Exercicio (E); Estresse (S); Exercicio e Estresse
(ES). Os grupos E e ES foram exercitados por seis semanas, na primeira semana foi
realizada a adaptagcdo ao procedimento de nado (iniciado com 20 minutos e
acrescentado 5 minutos/dia até o tempo de 40 minutos). A intensidade do nado foi
controlada por meio de cargas atadas na regido toracica dos ratos. O ajuste de
carga foi realizado semanalmente, respeitando a variagdo do peso corporal de cada
animal. Na segunda semana foi iniciada a utilizacdo de sobrecarga (2 % do peso
corporal na segunda semana, 3 % na terceira e 4 % na quarta, quinta e sexta
semana de estudo). Na quarta semana de estudo, concomitante ao EF, os grupos S
e ES iniciaram o CVS, procedimento que ocorreu diariamente por 19 dias. Os
estressores utilizados no CVS foram: 1 h em geladeira a 4 °C; cepilho molhado, 12
h; isolamento social, 12 h; caixa inclinada em 45° 12 h; caixa superlotada (caixa
individual com 3 ratos), 12 h; luz acesa do biotério, 24 h. Para a avaliagdo da
producao de anticorpos (IgM, 1gG2a e IgG1), todos os grupos foram imunizados com
IgY de galinha no 24° e 38° dias de estudo. Além disso, foram realizadas analises de
hemograma completo; testes para avaliar os niveis séricos de creatina quinase,
aspartato aminotransferase, alanina aminotransferase, colesterol, triglicerideos,
creatinina, uréia, proteina total, glicose e lactato; avaliagdo comportamental (teste de
preferéncia por sacarose e campo aberto); avaliagdo do peso corporal e de érgaos.
Nos resultados, observamos que o EF e o CVS potencializaram a producao de
anticorpos IgG1 apenas nos ratos machos, quando realizados de forma isolada. Por
outro lado, esse efeito ndo foi observado em ratos submetidos concomitantemente
ao EF e ao CVS. O CVS provocou aumento das adrenais e redugao na preferéncia
por sacarose em machos. Nas variaveis relacionadas ao treinamento, o EF impediu
o rapido aumento do lactato, controlou o peso corporal, reduziu a gordura peritoneal
e hipertrofiou o coragcdo em ambos os sexos. Concluimos que ratos machos Wistar
sao mais suscetiveis ao CVS que as fémeas e que o EF promove melhorias
morfofisiolégicas independente do sexo. Em relagdo a imunidade, ambos, EF e CVS
favoreceram a resposta imune humoral nos ratos machos.

Palavras-chave: Imunoglobulinas. Diferengas entre sexos. Exercicio fisico e
comportamento.



FERNANDES, Eduardo Vignoto. Influence of chronic stress on the humoral
immunity of exercised Wistar rats. 2016. 57 p. Thesis (Doctoral degree in
Experimental Pathology) — Universidade Estadual de Londrina, Londrina, 2016.

ABSTRACT

Physical exercise (PE), when prescribed appropriately, promotes health benefits
such as weight control, protection against the onset of heart disease and
improvements to the cardiorespiratory system, prevention of diabetes, hypertension
and hypercholesterolemia and contributes to immune regulation. On the other hand,
chronic stress, as well as inducing behavioral disorders, is a risk factor for
inflammatory diseases, hypertension, cardiovascular disease, obesity, diabetes,
atherosclerosis and cancer. Moreover, the body’s response to the same stressor is
sex dependent. Thus, the objective of this study was to investigate the influence of
chronic variable stress (CVS) on the humoral immunity of exercised Wistar rats.
Female and male Wistar rats were divided into four groups: Control (C); Exercise (E);
Stress (S); Exercise and Stress (ES). The E and ES groups were trained for six
weeks; during the first week, adaptation to the swimming procedure was performed
(initiated at 20 minutes with 5 minutes/day added up until 40 minutes). The intensity
of swimming was controlled by means of loads tied to the thoracic region of the rats.
Load adjustment was carried out every week, according to the change in body weight
of each animal. The use of a load began from the second week (2% of body weight in
the second week, 3% in the third and 4% in the fourth, fifth and sixth weeks of the
study). In the fourth week of the study, concomitant with PE, the S and ES groups
began CVS, a procedure that occurred daily for 19 days. The stressors used in the
CVS were: cold, 1 h in the refrigerator at 4 °C; wet bedding, 12 h; social isolation, 12
h; box tilted at 45°, 12 h; overcrowded housing (individual box with 3 rats), 12 h; light
on in the vivarium, 24 h. To evaluate the production of antibodies (IgM, IgG2a and
IlgG1), all groups were immunized with chicken IgY on the 24" and 38" days of the
study. In addition, the following analyzes were performed; complete blood count; test
for evaluating the serum levels of creatine kinase, aspartate aminotransferase,
alanine aminotransferase, cholesterol, triglycerides, creatinine, urea, total protein,
glucose and lactate; behavioral evaluation (sucrose preference test and open field
test) and; evaluation of body and organ weights. From the results, we observed that
PE and CVS potentiated the production of IgG1 antibodies only in male rats, when
performed in isolation. On the other hand, this effect was not observed in rats
concomitantly submitted to PE and CVS. CVS caused an increase in adrenal gland
weight and decrease in sucrose preference in males. Regarding the variables related
to training, PE prevented the rapid increase in lactate, controlled body weight,
reduced peritoneal fat and heart hypertrophy in both sexes. We concluded that male
rats are more susceptible to CVS than females and that PE promotes
morphophysiological improvements independent of sex. In relation to immunity, both
PE and CVS favored the humoral immune response in male rats.

Keywords: Immunoglobulins. Differences between sexes. Physical exercise and
behavior.
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1.INTRODUCAO

1.1 ESTRESSE E SISTEMA IMUNOLOGICO

O estresse € um fendbmeno frequente na sociedade, podendo ocorrer
de forma aguda ou cronica (STEIN et al.,, 2010). Ambas as formas estdo
relacionadas aos estressores que afligem os individuos a todo instante por ex., no
transito, no trabalho e por problemas familiares (BARLOW; DURAND, 2015). Por
isso, observa-se que 0 numero de pessoas sob estresse é grande, variando de 18 a
65 %, dependendo do pais ou regido demografica (CALAIS; ANDRADE; LIPP, 2003;
SAHOO; KHESS, 2010; SBARAINI; SCHERMANN, 2008).

Dados epidemiolégicos mostram que até 60% dos individuos
acometidos por estresse cronico podem desenvolver depressdao (KENDLER et al.,
1995; POST, 1992), doenca caracterizada pela desordem mental, na qual, o
individuo apresenta tristeza, pessimismo, dificuldade de pensar ou concentrar-se,
alteracBes no apetite, sonoléncia diurna e insdnia a noite, sensacdo de desespero e
desenvolvimento de pensamentos suicidas (KESSLER et al., 2005). Além disso, o
estresse cronico também é um fator de risco para doencas inflamatoérias crénicas,
hipertenséo arterial, doencas cardiovasculares, obesidade, diabetes, aterosclerose e
cancer (AZUMA et al., 2015; KIBLER; JOSHI; MA, 2009; LU et al., 2013; MOORE;
CUNNINGHAM, 2012; REPASKY; ENG; HYLANDER, 2015; WALES, 1995).

Em relacdo ao sexo, a prevaléncia de depressao, ao longo da vida, é
duas vezes maior nas mulheres do que nos homens (GOBINATH; MAHMOUD;
GALEA, 2014). Essa prevaléncia nas mulheres tem direta relagdo com os hormonios
sexuais. O estrogeno em concentracdes fisiologicas interage com seus receptores
localizados no hipotalamo e inibe o eixo Hipotadlamo-Pituitaria-Adrenal (HPA),
regulando por feedback negativo a producdo do horménio cortisol pelas glandulas
adrenais (GOBINATH et al., 2014; SOLOMON; HERMAN, 2009). Por outro lado,
mulheres que apresentam baixos niveis séricos de estrégeno nao podem regular o
eixo HPA o que implica em niveis aumentados de cortisol (SOLOMON; HERMAN,
2009).



O horménio cortisol é o marcador biol6gico do estresse e encontra-
se elevado em situacdes em que o organismo estd em estado de alerta (fuga de um
predador ou minutos antes de uma competicdo), permanecendo assim, até o
desfecho da acdo (HERMAN et al., 2012).

Além de aumentar o cortisol, o estresse também promove uma
hiperatividade simpética. Isso ocorre porque a ativacdo de eixo HPA estimula a
liberacdo de adrenalina e noradrenalina pela medula adrenal que ira aumentar a
frequéncia respiratéria, os batimentos cardiacos, a concentracdo de glicose
sanguinea e o fluxo de sangue para os musculos esqueléticos (KVETNANSKY; LU;
ZIEGLER, 2013). Essa rapida resposta do organismo em relacdo ao estresse tem
relacdo com a sobrevida do individuo (HERMAN et al., 2012).

Por outro lado, quando o individuo é acometido por longos periodos
de estresse, ocorre um desequilibrio no feedback negativo do eixo HPA e niveis
elevados de cortisol sdo encontrados na circulagdo, o que diminui a quantidade dos
receptores para o cortisol e cada vez mais cortisol € liberado na circulacdo na
circulacdo (HERMAN et al., 2012). Pelo cortisol ser conhecido por regular a
sobrevida, excitabilidade e neurogénese neuronal, altos niveis de cortisol podem
desencadear depressdo. Isso ocorre porque o cortisol ativa os receptores de
glicocorticéides, responséaveis por inibir a expressdo dos fatores neurotroficos, como
o Brain-derived neurotrophic factor (BDNF). A reducdo na expressao desses fatores
implica na morte das células neurais e na menor neurogénese hipocampal,
condicdes relacionadas com o surgimento de sintomas depressivos (ANACKER et
al., 2011; SOUSA; CERQUEIRA; ALMEIDA, 2008; WARNER-SCHMIDT; DUMAN,
2006).

Esse desequilibrio nos niveis séricos do cortisol além, de provocar
alteracdes comportamentais, também influencia o sistema imunologico (SI), que &
definido como um conjunto de moléculas, células, tecidos e 6rgdos que funcionam
coletivamente para proporcionar imunidade, ou prote¢cdo, contra organismos
externos (ABBAS, 2012). Isso ocorre porque as células do Sl, também apresentam
receptores para o cortisol. A ativacdo desses receptores pelo cortisol inibe a
producdo de citocinas inflamatorias como interleucina-1-beta (IL-18), interleucina-6
(IL-6) e Tumor necrosis factor-alpha (TNF-a) (HODES; KANA; MENARD, 2015;
SEGERSTROM; MILLER, 2004), acarretando numa menor eficicia do organismo no



combate as doencas infecciosas e no aumento do tempo da cicatrizacdo de feridas
(ROBLES; GLASER; KIECOLT-GLASER, 2005).

Estudos com animais também mostram evidéncias de que o
estresse cronico suprime o Sl (FRICK et al.,, 2009; KENNEDY et al.,, 2005).
Camundongos submetidos ao estresse crbnico tém um sistema imunolégico
comprometido. Como observado pela reducdo na proliferacéo celular e producéo de
citocinas proé-inflamatoérias [linfocitos TCD4+, interferon-gama (INF-y) e TNF-q].
Essas alteracGes acarretam em maior susceptibilidade ao linfoma e a diminuicao da
sobrevida desses animais (FRICK et al., 2009). Além disso, em outro estudo, foi
observado que ratos submetidos ao estresse de choque inescapéavel suprimiram a
producdo de anticorpos: imunoglobulina M (IgM) e imunoglobulina G2a (IgG2a)
(KENNEDY et al., 2005).

Por outro lado, o estresse agudo é conhecido pela imunoprotecéo
(Figura 1), isso ocorre porgue numa situacao de alerta (fuga ou luta), o estresse
agudo prepara o Sl para mudancas (ferimento ou infec¢cdo) que poderdo ocorrer
através de confrontos estressantes (ataque de um predador) (DHABHAR, 2014).
Como exemplo, o estresse agudo de contencdo estimulou a degranulacdo de
mastécitos em ratos Wistar (CARUNTU et al., 2014). Em seres humanos o estresse
agudo elevou os niveis séricos de IL-6 (GRIFFIS et al., 2013) e aumentou a
atividade e a quantidade de células Natural Killer no sangue periférico (VAN
VENROOIJ et al., 2012).
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Agudo

T Imunoprotecao

1 Eficacia da vacinagao; 1 Proé-inflamatoéria; | Eficacia da vacinagao;

1 Resisténcia a infecgao T Doengas auto-imune | Resisténcia a infecgao

Figura 1. Efeito do estresse agudo e crbnico sobre o Sl. Adaptado de DHABHAR (2014).

A intima relacdo entre o Sl e o sistema nervoso central (SNC) pode
estar associada ao o surgimento da depressao, ndo somente relacionada a fatores
comportamentais, mas também a uma hiperativacdo do sistema imune. Isso foi
observado devido ao aumento na producdo de citocinas pro-inflamatérias, em
especial IL-1B, IL-6 e TNF-a, que podem ser produzidas tanto pelas células imunes
ou ndo imunes. Essas citocinas exercem um papel fundamental na comunicacéo
entre 0 SNC e o Sl, como exemplo, a IL1-B influencia o eixo HPA por estimular o
hipotdlamo a produzir o corticotropin-releasing hormone (CRH) (GADEK-
MICHALSKA et al., 2013). No caso das citocinas IL-6 e do TNF-a quando
reconhecidas pela glandula pituitaria estimulam a producéo do adrenocorticotropic
hormone (ACTH), molécula que se comunica com as glandulas adrenais
estimulando a producéo de cortisol (GADEK-MICHALSKA et al., 2013).

Nesse sentido, uma possibilidade €& que distarbios de
comportamento com origem inflamatéria ndo devam ser tratados com medicamentos
antidepressivos e sim com antiinflamatorios (GADEK-MICHALSKA et al., 2013).
Além disso, a literatura tem apontado que medidas ndo farmacolégicas como a
pratica de EF também sao eficazes no controle dos distirbios de comportamento e
na regulacéo do SI (SCHUCH, 2014; TUON et al., 2014).
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1.2 EXERCICIO FiSICO E SISTEMA IMUNOLOGICO

Em termos conceituais, o EF € uma forma planejada, estruturada e
intencional de realizar préaticas corporais com intuito de melhorar ou manter um ou
mais componentes da aptiddo fisica, como forga, resisténcia cardiorrespiratoria e
composicdo corporal (CASPERSEN; POWELL; CHRISTENSON, 1985). Dessa
forma, aptidao fisica € entendida como a capacidade de realizar trabalho muscular
de maneira satisfatoria (CASPERSEN et al., 1985).

O EF pode ser classificado como agudo ou crénico. E conhecido
como agudo aquele EF realizado uma Unica vez, ou seja, numa sessao isolada, por
ex., 30 min. de caminhada (THOMPSON et al., 2001). Com a repeticdo dessa
sessdo, o EF passa a ser cronico, por ex., 30 min. de caminhada 3 vezes por
semana (THOMPSON et al., 2001).

Outra forma de classificar o EF € pela intensidade (leve, moderada
ou vigorosa). O EF de intensidade leve é aquele realizado de 20 a 50% do volume
maximo de oxigénio (VO2max) € da frequéncia cardiaca maxima (FCnax); 0 EF de
intensidade moderada deve ser realizado entre 50-70% do VOymax € da FCrnax €; 0
EF de intensidade vigorosa deve ser realizado acima de 80% do VOymax € da FCpax
(LEANDRO et al., 2007).

A producdo do lactato, molécula formada pela hidrogenacdo do
piruvato, também é influenciada pelo EF. Quanto mais intenso o EF maior a
producdo de lactato, isso ocorre devido a via glicolitica predominar sobre a via
oxidativa (DOS REIS SILVEIRA; DENADAI, 2002). Nesse sentido, o EF de
intensidade leve compreende todas as intensidades de esforco que podem ser
realizadas sem a modificacdo dos niveis de lactato sanguineo em relacdo aos
valores de repouso; o EF de intensidade moderada comeca a partir da menor
intensidade de esfor¢co onde o lactato se eleva, e tem como limite superior, a
intensidade correspondente a maxima fase de lactato estavel, para o EF de
intensidade vigorosa, ndo existe fase estavel de lactato, com este elevando-se
durante todo o tempo de esforco, até que o individuo entre em exaustdo (GAESSER,;
POOLE, 1996).

Em estudos que envolvem animais, a mensuracdo dos niveis de

lactato € amplamente utilizada para avaliar a intensidade do esforco (ARAUJO et al.,
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2009; DE ARAUJO et al., 2012; DE ARAUJO et al.,, 2013). Por exemplo, ratos
Wistar apresentam méaxima fase estavel de lactato ao nadarem utilizando uma
sobrecarga que varia de 4,5 a 5,5% do peso corporal, visualizado através do teste
de sobrecarga incremental (ARAUJO et al., 2009; DE ARAUJO et al., 2012; DE
ARAUJO et al., 2013).

O EF tem papel importante na manutencdo da saude (AGUIAR et
al.,, 2014; JURASCHEK et al., 2014; MONTGOMERY; DENNIS, 2004; MYERS et
al., 2015; SWIFT et al., 2014). Esses beneficios sdo relacionados ao controle do
peso corporal (SWIFT et al.,, 2014), protecdo contra o surgimento de doencas
cardiacas e melhoria do sistema cardiorrespiratério (MYERS et al., 2015), prevencéo
do diabetes, hipertensdo e hipercolesterolemia (AGUIAR et al., 2014; JURASCHEK
et al., 2014) e melhoria da qualidade e do tempo de sono daqueles que sofrem de
insénia (MONTGOMERY; DENNIS, 2004).

Com a evolucdo tecnolégica, a populagcdo vem constantemente
reduzindo a quantidade de gasto calérico por meio das praticas corporais
(LOVEDAY; SHERAR, 2015). Essa mudanca no estilo de vida tem gerado um
aumento das doencas hipocinéticas (BAUER et al.,, 2014), ou seja, aquelas
relacionadas com a falta de EF como obesidade, hipertenséo arterial, cardiopatias,
diabetes tipo Il e osteoporose (HAMILTON; HAMILTON; ZDERIC, 2007). Nesse
sentido, uma das primeiras investigacdes sobre a correlacdo entre pouco movimento
e mortes por doencas cardiovasculares foi realizada na Inglaterra com motoristas e
cobradores do Onibus Routemaster. Nessa pesquisa, foi observado que os
cobradores sofriam menos com problemas cardiovasculares quando comparados
aos motoristas e isso foi diretamente relacionado com a quantidade de movimento
qgue cada funcéo exigia (MORRIS et al., 1953).

Desde entdo, as pesquisas com intuito de investigar a importancia
da préatica de EF e correlaciona-las com tratamento, prevencdo e manutencao da
saude, tiveram um aumento consideravel (CATTUZZO et al.,, 2014; OJA et al.,
2015). Dentro desse contexto, entidades como o Colégio Americano de Medicina do
Esporte e a Organizagdo Mundial da Saude fizeram estudos sobre a quantidade
minima semanal de exercicios para que a pessoa possa manter a saude. As duas
entidades consideram que, se tratando de exercicios aerébios, o individuo adulto
deve realizar 150 minutos/semana, quando a pratica é de intensidade moderada e
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75 minutos/semana quando € de intensidade vigorosa (HASKELL et al.,, 2007;
WHO, 2010).

Estudos mostram que o EF moderado tem efeito benéfico sobre o Sl
como maior protecdo contra infeccBes, aumento da efetividade das vacinas e
aumento na proporcao de células T diferenciadas na circulagdo (BACHI et al., 2013;
EDWARDS et al.,, 2012; SIMPSON; BOSCH, 2014); na regulacdo hormonal e
adaptacdes bioquimicas como nos niveis de cortisol, lactato, creatina quinase,
creatinina, acido urico e uréia (DE ARAUJO et al., 2012); e no comportamento,
auxiliando no tratamento da ansiedade e depressao (CAREK; LAIBSTAIN; CAREK,
2011). Considerando que as patologias afetam o funcionamento fisiolégico do
individuo, estudos sobre a influéncia do EF habitual no funcionamento dos sistemas
fisiolégicos podem contribuir para o desenvolvimento de novas formas de
prevencéao, controle e tratamento das doencas (BAUER et al., 2014; WATERS et al.,
2011).

Dentro desse contexto, as pesquisas que avaliam os efeitos do EF
sobre o Sl tém crescido nos ultimos anos (KRUGER; MOOREN, 2014; PASCOE;
FIATARONE SINGH; EDWARDS, 2014). As primeiras investigagdes que relacionam
o EF intervindo no Sl tiveram inicio no final dos anos sessenta. Nesse periodo, a
énfase era verificar se o EF poderia influenciar na quantidade de proteinas
secretadas na urina, como por ex., imunoglobulinas, apés a sessdo de exercicio
(POORTMANS; JEANLOZ, 1968). Desde entdo, pesquisas tém sido realizadas com
intuito de elucidar como o EF pode modular o SI (KRUGER; MOOREN, 2014;
PASCOE et al., 2014).

O efeito imunomodulador do EF tem sido observado tanto em
estudos experimentais com animais e seres humanos (OLIVO et al., 2014,
PERANDINI et al., 2014). Essa imunomodulacéo € dependente da intensidade do
esforco, no qual, o EF de intensidade moderada € conhecido por promover
adaptacdes positivas ao SI (MACKINNON, 2000; SIMPSON; BOSCH, 2014),
independente se realizado de forma aguda ou crénica (PASCOE et al., 2014).

Os padrdes de citocinas produzidos pelos linfécitos T helper (Th),
sao influenciados pelo EF (GHOLAMNEZHAD et al., 2014; LOWDER; PADGETT;
WOODS, 2006; SHIMIZU et al., 2008; VISETNOI et al., 2009; ZHAO et al., 2012).
Existem diferentes subpopulacdes de linfécitos Th. A duas mais estudadas sdo os

linfécitos T auxiliares do tipo 1 (Thl) ou linfécitos T auxiliares do tipo 2 (Th2). Os
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linfécitos Thl sdo essenciais na resposta imune mediada por células, na defesa
contra patdgenos intracelulares e produzem citocinas pro-inflamatérias como IFN-y e
interleucina-2 (IL-2). Enquanto que os linfécitos Th2 produzem citocinas
antiinflamatdérias como interleucina-4 (IL-4), interleucina-5 (IL-5), interleucina-10 (IL-
10) e interleucina-13 (IL-13), sendo responsaveis pela defesa do hospedeiro contra
patégenos extracelulares e pelo desenvolvimento da resposta imune humoral. Além
disso, as citocinas do padréo Thl, p.ex. INF-y, suprimem a producéo de citocinas do
0 padrdo Th2 e citocinas do padrdao Th2, como a IL-4, suprimem a producao de
citocinas do padrédo Thl (GHOLAMNEZHAD et al., 2014; ZHAO et al., 2012).

A imunomodulagéo exercida pelo EF de intensidade moderada sobre
o Sl é dependente da IL-6 produzida pelo musculo (PEDERSEN; FEBBRAIO, 2008;
REIHMANE; DELA, 2014; STEENSBERG, 2003). Ao contrario do processo
inflamatorio, que estimula a producéo de IL-6 pelas células mononucleares via NF-
kB, o exercicio fisico de intensidade moderada estimula a producdo de IL-6 no
musculo sem lesdo via p38 MAPK e/ou Calcineurin-NFAT. A fosforilagdo dessas
moléculas ativa fatores de transcricdo (CREBP, p300, CBP, NFAT e AP-1) que irdo
atuar na producdo da IL-6, independe da via do NF-kB que ndo é ativada pela
contracdo muscular (PEDERSEN; FEBBRAIO, 2008). A IL-6 produzida pelo
musculo, tem acdo anti-inflamatéria, estimulando a producédo de IL-10, cortisol e
inibindo a producdo de TNF-a, favorecendo o padréo de resposta Th2 (REIHMANE;
DELA, 2014; WOODS; VIEIRA; KEYLOCK, 2006).

Isso foi observado em camundongos infectados com Streptococcus
pneumoniae 72 horas apos realizarem um protocolo de EF de intensidade moderada
por 4 semanas, no qual, o EF atenuou o crescimento bacteriano e 0 processo
inflamato6rio no pulmdo quando comparados aos animais controles (OLIVO et al.,
2014). Tais achados séo suportados, pelo fato do EF de intensidade moderada
favorecer a producéo de IL-6 pelo musculo via MAPK e ter efeito antioxidante
(LIMA et al.,, 2015; PEDERSEN; FEBBRAIO, 2008; REIHMANE; DELA, 2014;
TUNG et al., 2015). Em outro estudo, camundongos submetidos a um protocolo de
EF de intensidade moderada, iniciado apos a infeccdo com o virus influenza,
apresentaram menores quantidades de células infiltradas no pulméo e reducéao da
carga viral (LOWDER et al., 2006).

Em individuos vacinados, o EF de intensidade moderada é

conhecido por aumentar a migracao dos linfocitos para o sitio de administracéo da
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vacina, pelo maior reconhecimento e processamento do antigeno; pela maior
quantidade dos mondcitos e células dendriticas circulantes; e pelo aumento da
migracdo das células que estdo nos sitios do antigeno para os nodulos linféides,
condicdo que favorece a producao de anticorpos (PASCOE et al., 2014), Figura 2.
Como exemplo, idosas participantes de um programa de EF por 12 meses,
produzem maiores niveis de anticorpos (IgM e IgG) anti-influenza em relacédo as
mulheres sedentarias (BACHI et al.,, 2013). Outro estudo, mostrou que idosos
submetidos por 10 meses ao EF (25 a 30 minutos/semana, 3 vezes/semana),
também apresentaram maior producdo de anticorpos contra influenza em
decorréncia do EF (KOHUT et al., 2004). Além da vacina contra influenza, o EF de
intensidade moderada também foi eficaz em potencializar os efeitos da vacina
pneumocécica. Jovens adultos imunizados com a vacina pneumococica, apos 15
minutos de EF moderado, apresentaram maior producdo de anticorpos quando

comparados aos nao exercitados (EDWARDS et al., 2012).

Exercicio
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Figura 2. Efeito do EF de intensidade moderada favorecendo a producao de anticorpos. Adaptado de
PASCOE et al. (2014).

Devido o EF de intensidade moderada apresentar um papel positivo
na regulacdo imunoldgica, estudos tém destacado véarias formas de aplica-lo como
medida de intervencdo ndo medicamentosa para o tratamento (PERANDINI et al.,
2014) e prevencao (CATTUZZO et al., 2014; OJA et al., 2015) de doencas. Como
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exemplo, o EF de intensidade moderada reduziu os niveis anormalmente elevados
de algumas citocinas (INF-y, IL-10, IL-6 e TNF-a), em mulheres portadoras de Lupus
Eritematoso Sistémico (PERANDINI et al.,, 2014). Outro trabalho mostrou que
mulheres portadoras de cancer de mama utilizam o EF para diminuir a fadiga
corporal acarretada pela doenca, com isso, também se observou melhoria na
qualidade de vida das pacientes (MENESES-ECHAVEZ; GONZALEZ-JIMENEZ;
RAMIREZ-VELEZ, 2015). Nesse sentido, fica evidente a importancia da pratica de o

EF de intensidade moderada na imunomodulagéo do Sl.

1.3 EXERCICIO FiSICO E ESTRESSE

Pesquisas com humanos e animais suportam uma acao positiva do
EF sobre as alterag@es fisioldégicas e mentais causados pelo estresse, sendo cada
vez mais aceito como uma intervencdo que pode reduzir as disfuncdes cognitivas e
os distlrbios comportamentais, como depressédo e ansiedade (JIANG; DANG; LI,
2014; MARQUES et al.,, 2015; TUON et al.,, 2014; YAU et al.,, 2014). Essa
eficiéncia do EF em controlar o comportamento tem sido comparada ao tratamento
farmacoldgico e intervencdes psicologicas (RETHORST; WIPFLI; LANDERS, 2009).
No entanto, a quantidade ideal e o tipo de exercicio para uma maxima protecéo
ainda ndo sdo conhecidos, mesmo assim, individuos fisicamente ativos exibem
menos problemas de saude, principalmente quando se deparam com situacdes de
estresse, observado pela normalizagdo dos niveis séricos de cortisol e de
serotonina, moléculas que se encontram alteradas em individuos sob estresse
(MARQUES et al., 2015).

Com a exposicdo ao estresse o individuo libera elevados niveis
cortisol que tem sido apontado como capaz de reduzir a expressdo BDNF. Nos
casos de estresse crbnico, os niveis de BDNF se mantém baixos, e isso leva a
atrofia do hipocampo (WARNER-SCHMIDT; DUMAN, 2006). Essa atrofia do
hipocampo e de outras estruturas limbicas tem sido observada em individuos com
depressédo (WARNER-SCHMIDT; DUMAN, 2006).

Ao contrario, o EF de intensidade moderada é conhecido por

prevenir os efeitos supressores do estresse sobre a expressdo de BDNF, aumentar
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a neurogénese hipocampal, a plasticidade sinaptica e favorecer a sobrevivéncia
neural (IERACI et al., 2015; SCHOENFELD et al., 2013), mostrando que o EF tem
um papel chave no controle da depressao (IERACI et al., 2015). Exemplo disso foi
observado em ratos Sprague-Dawley submetidos concomitantemente ao estresse e
ao EF (JIANG et al., 2014). Nesse estudo, os efeitos do estresse foram inibidos pelo
EF, sendo observados em testes comportamentais (preferéncia por sacarose e
campo aberto) e pelo aumento na expressao do mRNA para o BDNF (JIANG et al.,
2014).

Pelo fato do EF ser efetivo na prevengcdo e no tratamento dos
distarbios comportamentais as pesquisas tém aplicado o EF como estratégia de
intervencao e controle de doencas como por ex., depressao e distlrbio do panico
(BRUMBY et al., 2013; KLAPERSKI et al., 2014; PLAG et al., 2014; WILES;
CAFARELLA; WILLIAMS, 2015). Dessa forma, Plag et al. (2014) ao analisarem os
efeitos do EF de intensidade moderada sobre a concentragéo de cortisol salivar em
individuos com distlrbio do panico, observaram que apds sete meses de EF o0s
individuos reduziram os niveis de cortisol salivar guando comparados aos individuos
ndo exercitados. Em pacientes depressivos, foi observado que a pratica de EF de
intensidade moderada teve efeito antidepressivo (WILES et al., 2015). Em pacientes
com disturbios do sono também foi observado que a préatica de EF de intensidade
moderada por 4 meses melhorou a qualidade do sono e reduziu os niveis séricos de
cortisol (PASSOS et al., 2014). Outros estudos tém mostrado que o EF também é
eficiente no tratamento do estresse tanto para pessoas com peso normal
(KLAPERSKI et al., 2014) ou obesas (BRUMBY et al., 2013). Diante deste contexto
fica nitida a importancia da realizacdo de EF no sentido de reverter as alteracdes

comportamentais.
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3.0BJETIVOS

3.1 OBJETIVO GERAL

Verificar a influéncia do estresse cronico na imunidade humoral de

ratos Wistar exercitados

3.2 OBJETIVOS ESPECIFICOS

Investigar os efeitos do EF e do CVS no comportamento (teste de

campo aberto e preferéncia por sacarose) e no peso das glandulas adrenais.

Verificar o efeito do EF e o CVS nos parametros relacionados ao
treinamento (avaliacdo bioguimica, peso corporal, gordura peritoneal e do coracédo).

Analisar os efeitos da interacdo entre EF e CVS sobre o
hemograma e contagem diferencial de leucdcitos; peso de bacgo e timo e producao

de anticorpos.

Investigar o efeito do sexo sobre os parametros analisados.
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Abstract

Chronic stress can have immunosuppressive effects and is involved in the
development of some behavioral disorders. However, physical exercise (PE)
can contribute to health and resilience. In addition, the body’s response to the
same stressor is sex dependent. Thus, the aim of this study was to investigate
the influence of chronic variable stress (CVS) on humoral immunity in exercised
Wistar rats. Male and female Wistar rats were divided into four groups: Control
(OC); Exercise (E); Stress (S); Exercise and Stress (ES). The E and ES groups
were trained at moderate intensity for six weeks. From the fourth week of the
study, concomitant with the PE, the S and ES groups were subjected to CVS, a
procedure that occurred daily for 19 days. To evaluate the production of
antibodies (IgM, 1gG2a and IgG1), all groups were immunized with chicken IgY
on the 24™ and 38™ days of the study. In addition, behavioral, biochemical and
hematological analyzes were performed. CVS led to hypertrophy of the
adrenals. It was observed that PE and CVS potentiated the production of 1IgG1
antibodies only in male rats, when performed in isolation. Regarding behavior,
in males, CVS caused a reduction in the preference for sucrose. In the variables
related to training, PE prevented the rapid increase in lactate, controlled body
weight and reduced peritoneal fat and cardiac hypertrophy in both males and
females. It was concluded that male rats are more susceptible to CVS than
females and that PE promotes morphophysiological improvements regardless
of sex. In relation to immunity, both PE and CVS favored humoral immune
response.

Key-words: immunoglobulins, differences between sexes, physical exercise
and behavior.
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1. INTRODUCTION

Stress and its consequences for health are an issue of global
importance [1]. In its chronic form it has been identified as an important factor in
the onset of depression [2]. In fact, stress can deregulate the hypothalamic-
pituitary-adrenal axis (HPA); increasing the reuptake and degradation of
serotonin; increasing degradation of tryptophan; and decreasing the production
of Brain-Derived Neurotrophic Factor (BDNF) [3-5]. Moreover, chronic stress
can promote immunosuppression, affecting lymphoid organs and cells, altering
the production of antibodies and cytokines, resulting from an imbalance in the
activation of Th1/Th2 cells [6-10]. This occurs because chronic stress, by
deregulating the HPA axis, maintains high levels of circulating cortisol. As the
immune system cells have receptors for cortisol, activation of these receptors
inhibits the production of inflammatory cytokines such as IL-1p3, IL-6 and TNF-a
[11, 12], resulting in lower efficacy of the body to fight infectious disease and
increasing the time taken for wound healing [13].

The imbalance caused by chronic stress on the immune system
presents a strong association with the development of depression in clinical and
experimental studies [14-16]. However, the effects of chronic stress on the
development of depression and immune dysfunction are dependent on sex [17,
18]. Epidemiological data show that women are twice as likely as men to
develop depression during their lives. The prevalence of depression in women
is related to fluctuations in the sex hormones which occur in a short period of
time [18]. On the other hand, a study conducted in rats showed that males were
more susceptible to stress when compared to females in relation to production
of specific antibodies [19]. This suggests that the higher prevalence of
depression in women cannot be fully explained by a supposed higher
susceptibility to stress.

Unlike chronic stress, moderate intensity physical exercise
(PE), when practiced regularly, has an anti-inflammatory and
immunostimulatory action, and reduces the signs and symptoms of stress [4, 5,
20-22]. Regarding behavior, Sprague-Dawley submitted rats to moderate
intensity PE and demonstrated behavioral alterations consistent with a

reduction in stress levels and an increase in BDNF mRNA expression [4]. A
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reduction in depressive behavior was also observed in mice subjected to 14
days of voluntary running [20]. Moderate intensity PE has an anti-inflammatory
action, changing the pattern of cellular immune response to humoral in rats [21].
Moreover, PE was able to reduce serum cortisol levels and stimulate
neuroplasticity and serotonin production in rats [4, 5]. In elderly women, the
regular practice of moderate-intensity PE stimulated the production of specific
anti-influenza antibodies (IgM and 1gG) compared to sedentary women [22].
Knowing that chronic stress is able to deregulate behavior and
the immune system, and that moderate-intensity PE has protective effects
against the alterations produced by stress, this study aimed to investigate the
influence of chronic stress on the humoral immunity of exercised Wistar rats. In
addition, to evaluate whether there is an effect of sex associated with the
development of the symptoms of stress and immunosuppression, which

influences the response to exercise.
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2. MATERIALS AND METHODS

2.1. Animals and experimental groups

Male and female Wistar rats were used, of 90 days of age, from
the Central Animal Laboratory at the State University of Londrina (UEL). The
animals were kept in the vivarium of the Department of General Psychology and
Behavioural Analysis at UEL under the following conditions: 3-5 animals per
cage, light and dark cycle of 12 hours (light from 7:00 am), feed (Nuvital,
Colombo, Brazil) and water provided ad libitum and temperature controlled at
25+ 1 °C.

The animals were separated by sex and randomly assigned into
four groups: Control (C); Exercise (E); Stress (S) and; Exercise and Stress
(ES). The groups were composed of 9 to 12 rats. All animals were subjected to
the immunization procedures for evaluation of antibody production (see section
2.6). The project was approved by the Ethics Committee on Animal Use of UEL,
case number 24606.2012.58.

2.2. Physical Exercise and Chronic Stress Variable

To perform the PE, plastic cylinders (50 cm high and 22 cm
diameter) were used, containing 40 cm of water at a controlled temperature of
31 £ 1°C. The animals of the E and ES groups were subjected to swimming PE
for six weeks. Each week the animals performed exercises for five days and
rested for two, according to the protocol adapted from Santos Costa et al. [23].

Figure 1 shows the chronological organization of the
procedures. In the first week adaptation to the PE procedure was carried out
(initiated with a duration of 20 minutes and 5 minutes/day added up to 40
minutes). The intensity of the PE was controlled by means of loads tied to the
thoracic region of the rats. The load was adjusted weekly, respecting the
change in body weight of each animal. The use of a load began from the
second week (2% of body weight in the second week, 3% in the third and 4% in
the fourth, fifth and sixth weeks of the study).

On the 23" day, the chronic variable stress protocol (CVS) was

applied to the animals in the S and ES groups. CVS was performed for 19
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consecutive days. The stressors used in the CVS were: cold, 1 h in the
refrigerator at 4 °C; wet bedding, 12 h; social isolation, 12 h; box tilted at 45°, 12
h; overcrowded housing (individual box with 3 rats), 12 h; light on in the
vivarium, 24 h, a procedure adapted from Carvalho-Netto et al. [24]. The
sequence of stressors was applied by drawing lots, not using the same stressor
on consecutive days to avoid familiarity. The stressor stimulus was applied after
each PE session.

2.3. Behavioral analysis

Two tests were used for the behavioral analyzes: the sucrose
preference test and open field test. The sucrose preference test was performed
on the 1% and 43" days of the experiment (Figure 1). In this test the animals
were placed individually in cages, with two similar bottles, one containing water
and the other a 1% sucrose solution. After 24 hours the volume of water or 1%
sucrose was determined and used to calculate the sucrose preference using the
following equation: PS = CS x 100 / CT, being that PS, preference for sucrose;
CS, sucrose 1% volume consumed within 24 hours; and CT, volume of 1%
sucrose solution and water consumed in the same period of time [5].

The values obtained were used to calculate the variation in
preference for sucrose (VPS) according to the equation VPS = PS post
treatment — PS pretreatment x 100 / PS pretreatment.

In the open field test the animal was placed in a 54 x 54 cm
arena for 15 minutes and filmed by a camera (JVC, GZ-MG750BU model, Séo
Paulo, Brazil) attached to the ceiling of the test room. The parameters evaluated
were length of stay; distance traveled in the periphery and the center; frequency
of rising behavior and; duration of grooming behavior, distinguished between
the rostral and body components. This procedure was performed only once, on

day 43, after the evaluation of sucrose preference (Figure 1).
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2.4. Biochemical Analysis

To evaluate the levels of creatine kinase, aspartate
aminotransferase, alanine aminotransferase, cholesterol, triglycerides,
creatinine, urea and total protein, the blood of the rats was collected through
cardiac puncture in anticoagulant-free tubes on the 45™ day of the experiment
(Figure 1). After coagulation the samples were centrifuged at 1000 x g for 5 min.
The serum was recovered, aliquoted and stored at - 20 ° C until analysis.
Biochemical analyzes were performed in the biochemical analyzer Dimension®
Clinical Chemistry System (SIEMENS — Munich, Germany) using commercial
kits according to the manufacturer's specifications.

For measurement of blood glucose and lactate, 25 pl of blood
was collected from the tail vein of the animals and stored in microtubes (1.5 ml)
containing 50 pl of 1% sodium fluoride and stored at - 20 °C until analysis. The
blood collection was performed on the 43™ day of the experiment, in four
distinct stages: 0, before starting the test; 5, after 5 minutes of PE without load;
10, after 5 minutes of PE with a load of 4% of body weight attached to the body;
15, after 5 minutes of PE with 8% of body weight attached to the body. The total
duration of the collection was 15 minutes and the loads were increased every 5
minutes.

The lactate concentrations and blood glucose were measured
in a lactate and glucose electro enzymatic analyzer (YSI 2300L — Yellow

Springs Instruments — Ohio, USA).

2.5. Hematological Analysis

To carry out the hematological analysis, blood was collected
through cardiac puncture and stored in tubes containing 5% EDTA (day 45).
Blood samples were analyzed on the same day as blood collection in an

automated hematology analyzer (BC-2800 VET, Mindray, Shenzhen, China).
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2.6. Immunization and enzyme-linked immunosorbent assay (ELISA) for the
detection of immunoglobulins

To evaluate the humoral immunity, the animals were inoculated
subcutaneously (SC) with 50 ul of phosphate buffered saline (PBS, pH 7.4)
containing 500 pg of aluminum hydroxide and 50 pg of chicken IgY.
Immunization was performed on the 24" and 38" day of the experiment.

To evaluate the production of IgM, IgG1 and IgG2a anti-chicken
IgY antibodies, three samples of peripheral blood were obtained through
cardiac puncture; prior to the first immunization (day 24), seven days after the
first immunization (day 31) and seven days after the second immunization (day
45). The blood was collected in tubes containing 5% EDTA and the plasma was
separated by centrifugation at 1000 x g for 5 min and frozen at -4 °C prior to
use.

The levels of anti-lgY antibodies were determined through
ELISA as described by Fernandes et al. [25] with the following modifications:
plates were coated with 100 pl of a chicken IgY solution at a concentration of 1
pg/ml in sodium carbonate-bicarbonate buffer, pH 9.6. The plasma was diluted
1: 100 in PBS (pH 7.4) containing 1% skimmed milk powder (Molico®, Nestle,
Aracatuba, Brazil). The dilutions of the peroxidase conjugated antibodies; anti-
IgM (03-9820, Zymed, Carlsbad, USA), anti-lgGl (A110-106P, Bethyl,
Montgomery, USA) and anti-lgG2a (03-9620, Zymed, Carlsbad, USA ) were 1.
5,000, 1: 50,000 and 1: 5,000, respectively in the same buffer used for the
dilution of the plasma.

2.7. Body and organ weight

The weight of the animals was obtained at the beginning of
each week of the experiment. At the end of the experiment the animals were
euthanized and the spleen, thymus, left adrenal, heart and peritoneal fat
removed and weighed. The variation in body weight of the rats was calculated
by subtracting the weight at baseline from the final weight. To obtain the relative
weight of the organs in relation to body weight the following equation was used:

organ weight / body weight x 100.
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2.8. Statistical Analysis

The data were submitted to homogeneity (Levene's) and
normality (Kolmogorov-Smirnov) tests. According to these tests, the ANOVA or
Kruskal-Wallis test was applied, followed by a post hoc Bonferroni or Dunn's, for
parametric or nonparametric data, respectively. When comparing the two
independent groups, the Student t test or Mann-Whitney test were applied. To
compare the antibody, lactate and glucose levels in relation to the groups and
time, the ANOVA Two Way was used, followed by the Bonferroni post hoc test
when differences were identified. Parametric data were presented as mean and
standard deviation while nonparametric data were expressed as median and

interquartile range. The minimum significance level was set at P < 0.05.
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3. RESULTS

3.1 Effects of PE and CVS on parameters related to training

Table 1 shows the results of the biochemical parameters of the
female and male rats. Regarding the females, the PE did not cause any
biochemical alteration (P > 0.05). However, in the males it was observed that
the PE increased cholesterol in the ES group compared to the S group (P =
0.04) and increased the total protein in the E group compared to the C group (P
=0.04).

Figure 2 presents the lactate and glucose values from the
peripheral blood of male and female rats during the incremental load test. It was
observed that the PE, regardless of sex, promoted adaptations in the animals
by preventing the rapid increase in lactate (P < 0.01, Figures 2a, b) and
maintaining blood glucose levels (P < 0.01, Figures 2c, d) during the test.

Figure 3 presents the body weight of the peritoneal fat and
heart of the male and female rats. In relation to body weight, females belonging
to the E, S and ES groups presented less variation in body weight (P < 0.001 vs
Group C, Figure 3a). In males, this lower variation in body weight was observed
only in the ES group (P = 0.03 vs Group C, Figure 3b).

The PE reduced the peritoneal fat in females belonging to the E
and ES groups (P < 0.001 vs. Group C, Figure 3c) while, in the males, the PE
only reduced the peritoneal fat in group E (P = 0.01 vs. Group C, Figure 3d). In
relation to the heart, the PE increased the heart weight in the females belonging
to the E and ES groups (P < 0.01 vs. group C, Figure 3d) and males in the E
and ES groups (P < 0.05 vs C and group S, Figure 3e).

3.2. Effects of PE and CVS on behavior and adrenal weight

Table 2 presents the results of the open field test for females
and males. In the results, no differences were found between the groups (P>
0.05).

Figure 4 displays the results of the sucrose preference test in
female and male rats. For females there were no differences between the

groups (P> 0.05, Figure 4a). On the other hand, a greater preference for
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sucrose was observed in the E male group compared to the males in the S
group (P < 0.05, Figure 4b).

Figure 5 presents the weight of the adrenal glands of the male
and female rats. For the females, there was no difference between groups (P >
0.05, Figure 5a). On the other hand, in the males, CVS increased the weight of
the adrenal gland in the S group (P = 0.03 vs. group C, Figure 5b).

3.1. The effect of PE and CVS on immunological parameters

Table 3 presents the results of the blood count and differential
leukocyte count in the peripheral blood of female and male rats. In the results,
no difference was found between the groups (P > 0.05).

Table 4 presents the spleen and thymus weights of female and
male rats. In the females, the PE increased the spleen weight in the E group in
relation to the C and S groups (P = 0.04), whilst in the males, no differences
were observed between the groups (P > 0.05). Regarding the thymus, neither
males nor females differed between groups (P > 0.05).

Figure 6 shows the levels of IgM, IgG1l and IgG2a anti-IgY in
the peripheral blood of male and female rats. Regarding the females, regardless
of treatment, there was an increase in the production of three classes of
antibodies on days 31 and 45 compared to day 24 (P < 0.05, Figures 6a, c, e),
with the exception of IgG2a in the ES group which did not increase on day 31.

In relation to the production of antibodies in the males, an
increase was observed, regardless of the treatment in three classes, on day 45
compared to day 24 (P < 0.05, Figures 6b, d, f). It was also observed that on
day 45, the PE and CVS potentiated the production of IgG1 antibodies in the E
and S groups (P < 0.05 vs. group C, Figure 6d).
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4. DISCUSSION

The study results demonstrate that female and male animals
presented similar physiological adaptations to PE. However, metabolic,
immunological and behavioral parameters were influenced by the effect of PE
and CVS in the male animals. The present study showed that PE and CVS did
not influence the humoral immunity of the females. On the other hand, in male
rats, both PE and CVS, when applied separately, potentiated the production of
IgG1 anti-lgY antibodies. These results suggest that both PE and the CVS
protocol favored the Th2 response after the second immunization. This effect of
PE and chronic stress in inducing the Th2 response has been observed in
several studies [11, 22, 25-28]. For example, mice subjected to chronic stress
presented a changed pattern of Thl response to Th2 [29]. Other studies have
shown that regular physical activity, or the application of PE protocols of
moderate intensity, favor the response to influenza vaccination, increasing the
titers of circulating antibodies [22, 26, 28].

Besides improving the immune system, PE, when performed at
moderate intensity, promotes adaptations, such as controlling body weight [30],
cardiac hypertrophy [31], reduced fat [32] and increased lactate threshold [33].
Similar results were found in the rats in the present study, regardless of sex,
demonstrating that the experimental protocol was effective as a training model.

Regarding behavior, PE has also been suggested as an important
tool for controlling stress levels. This efficiency has been compared to
pharmacological therapy and psychological interventions [34]. However, the
optimal quantity and type of exercise for maximum protection are not yet known.
Physically active individuals exhibit fewer health problems, even when faced
with stressful situations [35], which may have consequences on behavior, such
as insomnia, anxiety and depression [36]. In rats, stress has been reported to
lead to a decrease in exploratory activity, reducing the preference for sugary
solution and increasing the weight of the adrenals [4, 5, 37, 38], observed in
male rats in the present study. Although changes in the open field test were not
observed, the effects on the preference for sucrose solution and increased

adrenal weight were prevented in animals subjected to PE and CVS.
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The modulations of stress also influence the production of
antibodies. For example, rats immunized with keyhole limpet hemocyanin (KLH)
immediately following an inescapable shock session, presented decreased
production of anti-KLH antibodies (IgG and IgG2a) after 28 days of
immunization [8]. Another study showed that male Wistar rats immunized with
Sheep Red Blood Cells (SRBC) concomitant with chronic stress from a forced
swim produced anti-SRBC antibodies normally (IgG and IgG2a), however,
stress inhibited the production of IgG1 anti-SRBC antibodies [30]. Furthermore,
it was observed that male rats were more susceptible than females to chronic
restraint stress in relation to production of anti-SRBC antibodies [19]. In the
present study CVS did not alter the production of IgM or IgG 2a anti-IgY
antibodies. On the other hand, in male rats, CVS favored the production of IgG1
anti-lgY antibodies. A study conducted in mice subjected to chronic stress
demonstrated an increase in production of Th2 cytokines, associated with
weight loss and an increase in adrenal weight and corticosterone production in
animals with stressed and depressive behavior [29]. As IgM and IgG2a
antibodies are related to cellular immunity (Thl pattern) and IgG1l antibodies
are related to humoral immunity (Th2 pattern) [8], we can speculate that the
CVS model used in the present study, like PE, also favored humoral immunity.

5. Conclusions

From the findings of the present study, we concluded that both
PE and CVS, when performed in isolation, favored the humoral immune
response of male rats. On the other hand, when PE and CVS were used
concomitantly this potentiation did not occur, however, PE prevented the
development of behavioral and physiological signs and symptoms of stress. The
results suggest that moderate intensity PE practice is good for the organism

even when submitted to chronic stress situations.
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Figure 1. Chronological organization of the procedures. s, Sucrose preference test; i,
Immunization; a, Blood collection; o, Open field test; &, Collection and weighing of organs.

Table 1. Biochemical parameters of the rats.

Females

C (n=12) E (n=12) S (n=12) ES (n=11)
CK (U/L) 588.0 + 340.0 757.2 +413.2 630.8 + 418.7 613.3 +478.9
AST (U/L) 206.5 + 83.5 249.7 + 68.7 247.1 +56.8 215.6 +59.9
ALT (U/L) 49.8 + 14.6 64.6 +19.0 67.5+19.5 57.0+13.6
CHOL (mg/dl) 74.0 £ 20.7 77.2+18.2 75.7 +11.6 71.3+11.8
TRIG (mg/dl) 88.5+34.3 89.4 + 39.0 78.1+20.7 81.0+29.5
Cr (mg/dl) 05+0.12 0.6 +0.07 0.5+0.11 0.6 £0.09
UREA (mg/dl) 43.9+9.3 46.7 £ 6.9 46.4 +10.1 46.18 +12.5
TP (g/dl) 6.9+1.4 7.6+0.9 71+1.1 6.8+ 1.0

Males

C (n=12) E (n=12) S (n=12) ES (n=9)
CK (U/L) 966. 6 + 731.6 762.1 +493.3 606.6 + 450.0 800.6 + 609.4
AST (U/L) 248.3 +154.3 265.5+90.2 210.8 +59.2 252.6 +109.9
ALT (U/L) 74.2 + 455 73.4 +16.6 62.3+16.2 65.8 + 14.6
CHOL (mg/dl) 71.5+19.7 779+ 175 64.9+8.2 85.4 + 18.3"
TRIG (mg/dl) 110.2 +41.5 124.0 + 30.8 109.7 + 36.5 151.1+£51.1
Cr (mg/dl) 0.5+0.09 0.6+0.12 0.5+0.07 0.6 +0.11
UREA (mg/dl) 52.7 + 8.8 55.5 + 11.8 485+9.3 51.4 +11.36
TP (g/dl) 6.4+1.1 75+1.1* 6.7+0.7 75+0.6

C, control; E, exercise; S, stress; ES, exercise and stress. CK, Creatine kinase; AST, Aspartate
aminotransferase; ALT, Alanine aminotransferase; CHOL, Cholesterol; TRIG, Triglycerides; Cr,
Creatinine; TP, Total protein. Analysis performed through the ANOVA test followed by the
Bonferroni post hoc. Data presented as mean + sd. *, Different from group C; #, Different from

group S; P <0.05.
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Figure 2. Variation in the serum levels of glucose and lactate during the incremental load
test. 0, before starting the test; 5, after five minutes of PE without load; 10, after five minutes of
PE with 4% of body weight attached to the body; 15, after five minutes of PE with 8% of body
weight attached to the body. Analysis performed through the ANOVA test followed by the
Bonferroni post hoc. Data presented as mean + sd. *, different from 0, in the same treatment; &,
different from 5, in the same treatment. P < 0.05.
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Figure 3. Weight of the body, peritoneal fat and heart. C, control; E, exercise; S, stress; ES,
exercise and stress. Analysis performed through the ANOVA test followed by the Bonferroni
post hoc. Data presented as mean % sd. *, different from C in the same sex; #, different from S
in the same sex. P < 0.05.
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Table 2. Behavioral evaluation through the open field test.

Females

C (n=12) E (n=12) S (n=12) ES (n=11)
TSP (s) 868 (829 - 878) 863 (857 -886) 878 (860 -887) 879 (861 - 888)
TSC (s) 41.4+31.3 35.9+ 237 26.2+20.2 24.8+14.6
SC 186.5 + 53.6 195.7 £ 52.5 231.3+67.7 171.3+£57.3
UPPF 43 (37 - 53) 44 (28 — 60) 53 (34 — 89) 56 (34 — 66)
UPCF 2.0(1.0-3.0) 2.0(1.0-5.0) 2.0(1.2-5.5) 2.0 (1.0 -4.0)
RG (s) 37.2+234 449 +29.1 55.8+43.9 63.2+32.3
BG (s) 11.0 (3.9 -15.7) 7.5 (4.3 - 46.6) 11.3 (3.3 -44.8) 25.5(10.5 - 63.5)
RBG (s) 48.5 + 27.6 66.8 +47.1 76.8 + 56.6 100.3 £54.0

Males

C (n=12) E (n=12) S (n=12) ES (n=9)
TSP (s) 877 (855 - 887) 873 (825 - 881) 891 (862 - 897) 877 (826 - 887)
TSC (s) 29.7+19.4 49.5 +46.1 18.3+18.7 441 +51.6
SC 102.8 £+ 36.1 124.8 +42.5 135.6 +51.1 149.7 + 64.8
UPPF 39 (25 - 46) 49 (38 - 57) 41 (29 - 55) 35 (26 — 58)
UPCF 1.5(0.0-4.2) 2.0(1.0-3.7) 0.0 (0.0-3.7) 1.0 (0.0-5.5)
RG (s) 58.2+24.8 85.4 +33.8 57.8+42.0 58.5+29.9
BG (s) 10.7 (5.2 - 27.3) 20.8 (8.6 — 29.3) 4.8 (1.5-37.5) 20.0 (12.8 -59.1)
RBG (s) 73.7 + 36.7 109.9 + 49.9 75.1+61.1 87.3+53.5

C, control; E, exercise; E, stress; ES, exercise and stress. TSP, time spent in the periphery;
TSC, time spent in the center, SC, squares crossed; UPPF, upright posture periphery
frequency; UPCF, upright posture center frequency; RG, rostral grooming; BG, body grooming;
RBG, rostral+body grooming. (s), seconds. Parametric data were analyzed using ANOVA
presented as mean * sd; nonparametric data were analyzed using Kruskal-Wallis and
presented as median and inter quartile range (25-75%). P > 0.05.
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Figure 4. Effect of PE on sucrose preference in control rats and those submitted to CVS.
C, control; E, exercise; E, stress; ES, exercise and stress. #, different from the S males.

Analyzes performed through the Kruskal-Wallis followed by the Dunn's post hoc test. Data
presented as median and inter quartile range (25-75%). P < .05.
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Figure 5. Total adrenal weight. C, control; E, exercise; S, stress; ES, exercise and stress. *,

different from the C males. Analysis performed through ANOVA followed by Bonferroni post
hoc. Data presented as mean + sd. P < 0.05.
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Females

C (n=12) E (n=12) S (n=12) ES (n=11)
Red blood cells (x10°mm?®) 6.5+0.3 6.5+0.4 6.4+0.7 6.8+0.8
Hemoglobin (g/dl) 12.1+1.3 11.8+1.2 11.7+1.4 122+2.1
Hematocrit (%) 423 +3.4 434 +5.7 40.9+5.3 46.2+7.3
Leukocytes (mm?®) 8558 + 4558 7971 + 3549 8396 + 4733 9200 + 4952
Neutrophils (mm?®) 2796 + 1501 2392 + 1816 2361 + 1236 2717 + 2400
Eosinophils (mm?®) 25 (0 — 98) 29 (0 — 244) 73 (0 —221) 96 (0 — 153)
Platelets (x10°mm?®) 6.9(49-7.2) 58(4.9-6.9) 58(5.0-6.6) 6.9(6.0-7.1)
Lymphocytes (mm®) 5678 + 3185 5480 + 2310 5870 + 4082 6479 + 2629

Males

C (n=12) E (n=12) S (n=12) ES (n=12)
Red blood cells (x10°mm?®) 7.1+0.6 7.3+0.9 7.2+0.5 7.3+0.3
Hemoglobin (g/dl) 12.7+1.8 13.0+1.6 13.1+0.9 135+1.2
Hematocrit (%) 445+ 44 46.7+7.8 46.3+2.9 46.5+ 3.0
Leukocytes (mm?®) 9129 + 4632 9317 + 6447 9455 + 3985 9383 + 2594
Neutrophils (mm?®) 3464 + 4211 3492 + 2238 2477 + 1560 2522 + 1536
Eosinophils (mm?®) 0(0-62) 0(0-81) 107 (73-180) 0 (102 — 265)
Platelets (x10°mm?®) 6.2(5.7-8.0) 6.3(5.1-7.9) 6.0 (5.2 - 8.0) 7.2(6.1-7.9)
Lymphocytes (mm®) 5619 + 2048 5722 + 5369 5870 + 4082 6651 + 1817

C, control; E, exercise; S, stress; ES, exercise and stress. Parametric data were analyzed by
ANOVA and expressed as mean + sd; nonparametric data were analyzed using Kruskal-Wallis
and presented as median and inter quartile range. P > 0.05.

Table 4. Spleen and thymus weight.

Females
C (n=12) E (n=12) S (n=12) ES (n=11)
Spleen (% body weight)  0.14 +0.01 0.17 + 0.02*" 0.14+0.02 0.16+ 0.02

Thymus (% body weight) 0.05+ 0.00 0.04 + 0.01 0.05+0.01 0.04+0.00
Males

C (n=12) E (n=12) S (n=12) ES (n=9)

Spleen (% body weight) 0.12+0.01 0.12 +0.02 0.13+0.02 0.14+0.02

Thymus (% body weight) 0.04 +0.01  0.03 + 0.00 0.03+0.01 0.04+0.01

C, control; E, exercise; S, stress; ES, exercise and stress. Analysis performed through ANOVA
followed by Bonferroni post hoc. Data presented as mean * sd. *, Different from the C group; #,
Different from the S group. P < 0.05.
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Figure 6. The influence of PE and CVS on the production of anti-IgY antibodies. 24, day
twenty-four of the experiment; 31, day thirty-one; 45, day forty-five. *, different from day 24 in
the same treatment; °, different from day 31 in the same treatment; &, different from the control
on day 45. ANOVA test followed by the Bonferroni post hoc. Data presented as mean £ sd. P <

0.05.
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4. CONCLUSOES

O presente estudo mostra que o estresse cronico variavel altera o
comportamento e a massa das glandulas adrenais nos ratos machos, condicéo
essa revertida pelo exercicio fisico de intensidade moderada. Além de prevenir
os efeitos do estresse cronico, o exercicio fisico de intensidade moderada
melhora o limiar de lactato, previne o aumento da massa corporal, reduz a
gordura peritoneal e aumenta a massa cardiaca nos animais de ambos os

SeXos.

Nas analises hematoldgicas e no peso do baco, ndo ha efeito do
exercicio fisico de intensidade moderada e do estresse crbénico variavel. A
massa do timo aumenta nas fémeas exercitadas e a producdo de anticorpos
IgG1 anti-IgY aumenta apds a segunda imunizacdo apenas nos ratos machos
submetidos ao exercicio fisico de intensidade moderada ou ao estresse crénico
variavel, condicao essa que é revertida quando os animais sao submetidos ao

exercicio fisico de intensidade moderada e ao estresse cronico variavel.

Os resultados sugerem que o exercicio fisico utilizado no presente
estudo, além de promover melhorias fisiol6gicas, também preveniu os efeitos
do estresse crbnico. Dessa forma, a pratica regular de exercicios fisicos de
intensidade moderada pode ser considerada uma estratégica nao
medicamentosa para manter a homeostasia comportamental e promover
melhorias fisiolégicas nos individuos. Estudos futuros sdo necessarios para a

investigacdo dessa hipotese.



