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RESUMO

O isolamento social (IS) esta relacionado a efeitos neurocomportamentais adversos
e alteragcbes neuroquimicas, particularmente quando ocorrem em estagios iniciais do
desenvolvimento. Por outro lado, o enriquecimento ambiental (EA) parece reduzir os
comportamentos semelhantes a ansiedade e depressdo, bem como aumentar os
niveis de serotonina no coértex pré-frontal e hipocampo em roedores. O objetivo
deste estudo foi revisar sistematicamente os efeitos do IS e EA sobre
comportamentos emocionais e alguns componentes do sistema serotoninérgico em
ratos apos o desmame. Dois autores realizaram busca independente nas bases de
dados eletrénicas Medline/PubMed, LILACS, Scopus, Web of Science, EMBASE e
Sigle via Open Gray. A primeira etapa do processo de sele¢cdo dos artigos consistiu
da leitura dos artigos pelo titulo e resumo. Posteriormente foi realizada a leitura dos
artigos na integra. Foram incluidos nesta revisdo, estudos experimentais primarios
que submeteram ratos ao IS, EA e condicio social normal apds o desmame. O risco
de viés dos estudos selecionados foi avaliado considerando as recomendacdes do
SYRCLE's Risk of Bias. O indice Kappa foi calculado para medir o grau de
concordancia entre os revisores durante a etapa de selegao dos artigos, bem como
na etapa de avaliagdo do risco de viés. Foram incluidos 11 artigos na presente
revisdo sistematica. Os resultados apontaram que os animais expostos ao IS
apresentaram menor indice comportamental de habituacdo e menor resposta de
enfrentamento a situagdes de estresse incontrolavel. Por outro lado, o EA promoveu
reducdo do comportamento semelhante a depressdo e aumento na quantidade de
serotonina no hipocampo e cértex pré-frontal dos roedores. Desta forma, os
estimulos ambientais durante o periodo critico do desenvolvimento foram
associados a melhor resposta emocional bem como a maiores niveis de serotonina

em regides encefalicas a longo prazo.

Palavras-chave: enriquecimento ambiental; sistema serotoninérgico; isolamento

social; ansiedade; depressao.



ABSTRACT

Social isolation (SI) is related to adverse neurobehavioral effects and neurochemical
changes, particularly when they occur in early stages of development. On the other
hand, environmental enrichment (EE) appears to reduce anxiety and depression-like
behaviors and increase serotonin levels in the prefrontal cortex and hippocampus in
rodents. The objective of this study was to systematically review the effects of Sl and
EE on emotional behaviors and some components of the serotonergic system in rats
after weaning. Two authors independently searched the electronic databases
Medline/PubMed, LILACS, Scopus, Web of Science, EMBASE, and Sigle via Open
Gray. The first stage of the article selection process consisted of reading the articles
by title and abstract. Subsequently, the full-text articles were read. Primary
experimental studies that subjected rats to Sl, EE, and normal social condition after
weaning were included in this review. The risk of bias of the selected studies was
evaluated considering the recommendations of SYRCLE's Risk of Bias. The Kappa
index was calculated to measure the degree of agreement between reviewers during
the article selection stage, as well as during the bias risk assessment stage. Eleven
articles were included in this systematic review. The results showed that animals
exposed to Sl presented a lower behavioral index of habituation and a lower coping
response to uncontrollable stress situations. On the other hand, EE promoted a
reduction in depression-like behavior and an increase in serotonin levels in the
hippocampus and prefrontal cortex of rodents. Thus, environmental stimuli during the
critical period of development were associated with better emotional response as well

as higher long-term levels of serotonin in brain regions.

Keywords: environmental enrichment; serotonergic system; social isolation; anxiety;

depression.
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1 INTRODUGAO

O isolamento social (IS) é uma condigdo ambiental adversa que repercute
sobre os comportamentos sociais, especialmente quando ocorre nos periodos
iniciais do desenvolvimento (BEGNI et al., 2020). No entanto, deve-se considerar
que o IS a longo prazo também pode causar impactos negativos na plasticidade
encefalica, bem como em diferentes contextos do desenvolvimento cognitivo e
emocional (FONES; PORKESS, 2008).

O periodo de crescimento e desenvolvimento do sistema nervoso € caracterizado
por uma série de eventos bioldgicos como proliferagéo e diferenciacao celular, migragao
de neurdnios, proliferacdo de axénios, glicogénese, mielinizacdo e sinaptogénese
(MORGANE; MOKLER; GALLER, 2002). Em roedores, o periodo de
desenvolvimento do sistema nervoso ocorre desde a gestagao até as trés primeiras
semanas pos-natais (RICE e BARONE, 2000). Durante os periodos criticos, os
organismos ficam vulneraveis a exposicdo de estimulos ambientais adversos
(CAMERON; DEMERATH, 2002). Assim, o modelo de criagcdo em IS no inicio da
vida e adolescéncia € considerado uma exposigdo ambiental ao estresse
(YORGASON et al., 2016) que pode resultar em alteragdes neurocomportamentais
(FONES; PORKESS, 2008; BRENES; FORNAGUERA; SEQUEIRA, 2020),
moleculares, estruturais e funcionais em diferentes areas do encéfalo (BIGGIO et
al., 2019).

Do ponto de vista neuroquimico, a serotonina (5-HT) € uma monoamina que
participa de muitos processos fisioldgicos (ZMUDZKA et al., 2018), incluindo a
regulacdo das emogdes e comportamentos (ZMUDZKA et al., 2018;
MUCHIMAPURA; MARSDEN, 2004). Além disso, os fatores ambientais repercutem
diretamente na disponibilidade de 5-HT (BONNIN e LEVITT, 2012). Como a 5-HT é
um importante sinalizador no encéfalo fetal durante os periodos criticos do
desenvolvimento (VOLPICELLI et al., 2014), mudangas em sua disponibilidade
podem levar a disturbios na sinalizagdo dos receptores serotoninérgicos (BONNIN;
LEVITT, 2012; BRUMMLETE et al., 2017) e alteragdes neurocomportamentais
(VELASQUEZ; GOEDEN; BONNIN, 2013).

Em termos neurocomportamentais, o IS foi associado a comportamentos
semelhantes a ansiedade e depressdao (IERACI; MALLEI; POPOLI, 2016), bem
como a alteragbes no metabolismo da serotonina (BRENES; FORNAGUERA,;
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SEQUEIRA, 2020). Assim, o IS parece alterar o turnover de 5-HT (BRENES et al,
2008a; BRENES et al., 2009) e influenciar na responsividade dos receptores
serotoninérgicos (MARSDEN, KING e FONE, 2011). Adicionalmente, estudos ainda
demonstraram que roedores submetidos ao IS apresentaram reducdo na
transcricdo génica dos receptores 5-HT1a, 5-HT1B, 5-HT2a, 5-HT2c, 5-HTsa, 5-HTe €
5-HT7 no cortex pré-frontal; redugao na expressao dos receptores 5-HT1s, 5-HT2a €
5-HT2c no hipotalamo e mesencéfalo; aumento na expressao do receptor 5-HTes no
hipocampo (BIBANCOS et al., 2007; GRIGORYAN, PAVLOVA e ZAICENKO, 2022)
e reducao nos niveis de 5-HT na amigdala (KANEDA et al., 2020). Desta forma, as
diferengcas nos niveis de serotonina podem ocorrer em fungdo de mudangas na
sensibilidade dos seus receptores no encéfalo (WALKER et al., 2019).

O enriquecimento ambiental (EA) € uma estratégia de modificagdo ambiental
que expde animais de laboratorio a novidades e potencializa estimulos sensoriais,
fisicos e cognitivos (GIRBOVAN; PLAMONDON, 2013). Esses estimulos ambientais
sdo potentes indutores de neurogénese e neuroplasticidade (DAVIM; SILVA;
VIEIRA, 2021). Assim, o EA parece reduzir comportamentos semelhantes a
ansiedade e depressao (PENA et al., 2006; BRENES et al., 2009), bem como
aumentar os niveis de 5-HT no cortex pré-frontal e hipocampo (BRENES et al,
2008b; BRENES et al., 2009) em roedores. Esses dados sugerem que o EA pode
ser uma intervengao nao farmacoldgica (REDOLAT et al., 2021) capaz de atenuar
os efeitos causados pelo IS. Assim, este trabalho utilizara uma busca sistematica da
literatura como ferramenta para investigar os efeitos do IS e EA apdés o desmame
sobre os comportamentos semelhantes a ansiedade e depressao e componentes

do sistema serotoninérgico em ratos.
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2 REVISAO DE LITERATURA

2.1 Fatores Ambientais e Plasticidade Fenotipica

O periodo de crescimento e desenvolvimento do sistema nervoso € caracterizado
por uma série de eventos biologicos (MORGANE; MOKLER; GALLER, 2002) que
devem estabelecer sistemas corticais eficientes e especializados (TOOLEY;
BASSETT; MACKEY, 2021). Em roedores, o periodo critico para o
desenvolvimento do sistema nervoso ocorre desde a gestacao e se estende até as
trés primeiras semanas poés-natais. Em humanos, a maturagdo neural ocorre,
principalmente, na fase pré-natal (RICE; BARONE, 2000). Na fase de
desenvolvimento, ocorre o aumento da proliferagdo das células neuroepiteliais,
gliais e basais para que ocorra uma adequada formagdo de o6rgaos e tecidos
(HARDWICK et al., 2015). Simultaneamente, ocorre a migracao das células para
seus destinos finais e diferenciagdo celular para originar os neurénios funcionais
(HARDWICK et al., 2015). Essas etapas sédo altamente reguladas e envolvidas na
neurogénese (SHOHAYEB et al., 2018).

A formacado de conexdes neuronais também é importante durante a fase de
desenvolvimento (BUDDAY; STEINMANN; KUHL, 2015). Durante a sinaptogénese,
ocorrem processos bioquimicos e modificagbes morfoldégicas nos elementos pré e
pos-sinapticos (RICE; BARONE, 2000). Os primeiros dendritos aparecem como
pequenas protuberancias neuronais e, quando maduros, aumentam a possibilidade
de conexdes sinapticas com axdnios vizinhos (TIERNEY; NELSON, 2009). Assim,
com a expansao da conectividade, os axdnios organizam e multiplicam seus ramos
(BUDDAY; STEINMANN; KUHL, 2015) para conectar neurbnios em diferentes
regides encefalicas (FORBES; GALLO, 2017).

A mielinizacdo é o processo final envolvido no desenvolvimento do encéfalo
(TIERNEY; NELSON, 2009). Entretanto, em humanos e roedores, a mielinizacéo
progride até a adolescéncia (RICE; BARONE, 2000). Nesse processo, células gliais
denominadas oligodendrécitos, envolvem os axénios dos neurdnios para formar
bainhas de mielina no sistema nervoso central (RICE; BARONE, 2000;
WILLIAMSON; LYONS, 2018). Por outro lado, as células de Schwann mielinizam as
células no sistema nervoso periférico (RICE; BARONE, 2000). Com isso, os axénios

mielinizados transmitem informagdes rapidas e sincronizadas (TAU; PETERSON,
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2010; WILLIAMSON; LYONS, 2018) que sao essenciais para desenvolver
habilidades motoras, sensoriais e cognitivas (GOLDSTEIN et al., 2021).

Durante os periodos criticos de desenvolvimento do sistema nervoso, os
organismos ficam vulneraveis aos estimulos ambientais (CAMERON; DEMERATH,
2002; VOSS et al., 2017). Assim, os fatores ambientais adversos podem interferir na
cascata dos processos de desenvolvimento (RICE; BARONE, 2000). Tais
repercussdes, por vezes, nao podem ser revertidas em periodo posterior
(MORGANE; MOKLER; GALLER, 2002).

O IS constitui um estimulo ambiental de estresse que pode provocar alteragbes
neurocomportamentais (FONES; PORKESS, 2008; MATSUMOTO et al, 2019;
BRENES; FORNAGUERA; SEQUEIRA, 2020). O inicio da vida e a pré-
adolescéncia em roedores sédo considerados periodos criticos para os efeitos do IS
(LUKKES et al., 2012) por serem fases do desenvolvimento onde ocorrem
maturacao encefalica e organizacado dos circuitos neuroquimicos (GOGTAY et al.,
2004). Curiosamente, o IS parece reduzir a atividade do receptor serotoninérgico pré-
sinaptico (5-HT1B) no hipocampo de roedores avaliados apds o desmame
(MUSHIMAPURA; MASON; MARSDEN, 2003). Neste sentido, modificacbes na
sinalizagao de 5-HT parecem determinar uma suscetibilidade as alteragdes sociais
e comportamentais (BRUMMELTE et al., 2017). Portanto, alteragbes na
disponibilidade de 5-HT durante os periodos criticos parecem repercutir no
desenvolvimento encefalico (BRUMMELTE et al.,, 2017, SODHI; SANDERS-BUSH,
2004) e oferecem uma melhor compreensdo dos mecanismos envolvidos no
desenvolvimento humano (BRUMMELTE et al., 2017).

2.2 Serotonina e Desenvolvimento

A 5-HT é uma monoamina sintetizada a partir da enzima triptofano hidroxilase
(TPH), responsavel em converter o aminoacido triptofano em 5-hidroxitriptofano (5-
HTP) (PAWLUSKI, LI e LONSTEIN, 2019). Este produto é descarboxilado pela L-
aminoacido descarboxilase aromatico e convertido em 5-HT (LAM et al., 2008) nos
neurbnios serotoninérgicos presentes nos nucleos da rafe do tronco encefalico
(HANSWIJK et al., 2020). Apds ser armazenada nas vesiculas sinapticas, a 5-HT é
liberada no espacgo extracelular e, posteriormente, ligada aos seus receptores pos-
sinapticos (Figura 1) (HANSWIJK et al., 2020). A sinalizagdo de 5-HT é encerrada



19

pela sua recaptagcédo através do transportador de serotonina (SERT) (LAM et al.,
2008). De volta a célula pré-sinaptica, a 5-HT €& metabolizada pela enzima
monoamina oxidase (MAO-A) (AZMITIA, 2012; PAWLUSKI, LI e LONSTEIN 2019;
LAM et al., 2008) e, posteriormente, oxidada em acido 5-hidroxiindolacético (5-HIAA)
(LAM et al., 2008). No entanto, quando a recaptacdo é bloqueada, a 5-HT pode

permanecer biodisponivel no espacgo extracelular (AZMITIA, 2012).

Figura 1 - Sintese de serotonina.

Neuronio serotoninérgico
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Abreviaturas: 5-HT = serotonina; VMAT = transportador de monoamina vesicular.
Fonte: adaptado de Golan (2009).

A 5-HT interage com 7 classes (5-HT1 a 5-HT7) de receptores que incluem 15
subtipos (PUNDA et al., 2021) em varias regides do encéfalo e, assim, participa de
muitos processos fisiolégicos (ZMUDZKA et al., 2018), incluindo a regulagdo das
emocdes e comportamentos (ZMUDZKA et al., 2018; MUCHIMAPURA; MARSDEN,
2004). Além disso, durante o desenvolvimento, essa monoamina participa de
processos como proliferagao, migragao, diferenciagéo e sinaptogénese (BONNIN e

LEVITT, 2012), bem como atua na autorregulacdo de neurbnios no sistema
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serotoninérgico e em outros circuitos neuronais encefalicos (BORUE; CHEN;
CONDRON, 2007).

Nos mamiferos, a 5-HT também desempenha papel no desenvolvimento
encefalico devido ao aparecimento precoce dos neurbnios serotoninérgicos e sua
ampla distribuicdo nas regides terminais (WHITAKER-AZMITIA, 2001). Em
humanos, os neurdnios serotoninérgicos sao evidentes a partir da quinta semana
gestacional (SUNDSTROM et al., 1993). Os niveis de 5-HT aumentam até os 2 anos
de idade e reduzem para atingir os niveis encontrados em adultos durante o quinto
ano de vida (SODHI; SANDERS-BUSH, 2004). Por outro lado, em roedores, os
neurénios serotoninérgicos surgem a partir do décimo dia de gestagao (LEVITT;
RAKIC, 1982).

A plasticidade durante o periodo de gestagao e lactacéo é importante para que
o encéfalo em desenvolvimento se adapte as mudangas ambientais (SHAH et al.,
2018). No entanto, estas fases abrem uma lacuna para que fatores externos
eventualmente comprometam os circuitos neuronais (SHAH et al., 2018). Como a 5-
HT é um importante sinalizador no encéfalo fetal durante os periodos criticos do
desenvolvimento (VOLPICELLI et al., 2014), sua disponibilidade alterada pode levar
a interrupcdo na sinalizacdo de seus receptores (BONNIN; LEVITT 2012,
BRUMMLETE et al., 2017), bem como influenciar a expressédo ou fungdo de SERT
com repercussdes a longo prazo (DAWS; GOUKD, 2011). Assim, a disponibilidade
de 5-HT pode ser afetada por disturbios genéticos ou fatores ambientais (BONNIN;
LEVITT, 2012) que resultam em uma série de disturbios neuropsiquiatricos de
origens no desenvolvimento (VELASQUEZ; GOEDEN; BONNIN, 2013).

Inicialmente, postulava-se que a 5-HT se originava do sangue materno
(DAYER, 2014). Entretanto, ja é conhecido que o precursor de triptofano, originado
da méae gestante, € convertido em 5-HT na placenta e, posteriormente, entregue a
circulagdao fetal (BONNIN; LEVITT, 2012). Como o triptofano ndo pode ser
sintetizado de forma enddgena, dietas com baixo teor de triptofano podem diminuir a
sintese de 5-HT durante a gestacéo e lactagdo, bem como induzir comportamentos
desadaptativos, incluindo sintomas semelhantes a ansiedade e depressao (SHAH et
al., 2018). Estudo realizado com camundongos CD1 identificou que a prole de méaes
expostas a uma dieta deficiente de triptofano associada a ingestao de corticosterona
apresentou aumento significativo de comportamentos relacionados a ansiedade,

reducao de serotonina no cortex pré-frontal e reducao de seu turnover no hipocampo
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(ZORATTO et al., 2013). Assim, a deplegao de triptofano na dieta promove lesbes
nos circuitos serotoninérgicos, altera a transmissdo e producdo de
neurotransmissores, bem como promove alteragdes plasticas a longo prazo nos
neurénios piramidais do cortex pré-frontal durante o desenvolvimento (SODHI,
SANDERS-BUSH, 2004).

Adicionalmente, o eixo de serotonina fetal é altamente influenciado pela dieta
materna (YE et al., 2021), por exposigdbes ambientais (MIGLIARINI et al., 2013) e
pela administracdo de farmacos que inibem seletivamente a recaptacdo da
serotonina (DAYER, 2014). Com isso, fatores que interfiram na disponibilidade pré-
natal de serotonina, podem retardar a neurogénese (SODHI; SANDERS-BUSH,
2004) e levar a mudangas duradouras que podem acarretar disturbios
neurocomportamentais (MIGLIARINI et al., 2013).

2.3 Isolamento Social, Serotonina e Comportamentos Emocionais

O IS é uma condicéo estressante que promove efeitos neurocomportamentais
antagbnicos em humanos, primatas ndo-humanos e roedores (HARLOW et al.,
1965; PERSKY et al.,, 1966; FONE; PORKESS, 2008). O processo de criacdo de
roedores isolados em laboratérios envolve o alojamento em gaiolas individuais com
contato visual, auditivo e olfativo com outros animais na mesma condicédo (FONE;
PORKESS, 2008). No entanto, esses roedores nao possuem a interagao social com
animais da mesma ou de outra ninhada e sdo manuseados apenas na troca de
material de cama (FONE; PORKESS, 2008). Assim, o IS age como um estressor
ambiental e pode afetar negativamente o sistema serotoninérgico (BOOIJ et al.,
2015). Com isso, é provavel que o desenvolvimento de sistemas envolvidos na
regulacdo de humor e ansiedade seja suscetivel a perturbagdes na vida adulta em
decorréncia de experiéncias adversas no inicio da vida (LUKKES et al., 2009).

A associagado entre o IS durante o periodo inicial de desenvolvimento e os
comportamentos emocionais tem sido descrita. Por exemplo, ratos machos
(Sprague-Dawley) isolados apds o desmame e mantidos nessa condigao por 84 dias
apresentaram comportamentos semelhantes a ansiedade observados pelo aumento
do consumo de sacarose (BRENES, 2008b). Outro estudo evidenciou que ratos
machos Sprague-Dawley isolados do DPN22 ao DPN32 também apresentaram

comportamentos relacionados a ansiedade com menor entrada nos bragos abertos
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do labirinto em cruz (PASCUAL et al., 2013). De fato, roedores imediatamente apos
o desmame requerem informagdes sensoriais, como o0 contato social e estimulos
ambientais (MUCHIMAPURA; MARSDEN, 2004). No entanto, quando estas
informacdes séo insuficientes para o adequado desenvolvimento do hipocampo
podem ocorrer alteragbes permanentes na fungdo dos neurotransmissores, como a
serotonina, o que resulta em alteragdes estruturais e comportamentais a longo prazo
(MUCHIMAPURA; MARSDEN, 2004). Estudo em roedores Sprague-Dawley machos
evidenciou que os animais isolados por 30 dias apresentaram uma desregulagao
emocional e comportamental evidenciada pelo aumento da locomogao no teste de
campo aberto, aumento da mobilidade no teste de nado forgcado e aumento do
consumo de sacarose (BRENES; FORNAGUERA; SEQUEIRA-CARDOSO, 2020).
Além disso, esses animais apresentaram uma reducdo na concentragcao de 5-HT,
aumento dos niveis de acido 5-hidroxiindolacético (5-HIAA), bem como aumento no
turnover de 5-HT no hipocampo (BRENES; FORNAGUERA; SEQUEIRA-
CARDOSO, 2020).

Adicionalmente, estudo com camundongos C57BL/6J isolados socialmente
apds o desmame evidenciou redugao na transcricdo dos receptores 5-HT7 no cértex
pré-frontal e 5-HTs no hipocampo (BIBANCOS et al., 2006). Houve ainda, redugéo
na transcricao dos receptores 5-HT1s, 5-HT2a € 5-HT2c no hipotalamo e mesencéfalo
(BIBANCOS et al., 2006). Esses resultados indicam uma importante interagéo entre
0 ambiente social e desinibicdo comportamental (BIBANCOS et al., 2006). Assim, o
IS pode interferir diretamente na disponibilidade de serotonina, na transmissao
serotoninérgica que poderia modificar a plasticidade do organismo, além de
promover alteragées morfoldgicas, fisioldgicas e funcionais duradouras (GALINDO et
al., 2015; DAUBERT; CONDRON, 2010).

2.4 Enriquecimento Ambiental e Comportamentos Emocionais

O EA é uma estratégia de modificagcdo ambiental que expde animais de
laboratérios a novidades que potencializam o estimulo sensorial (GIRBOVAN;
PLAMONDON, 2013; BROWNE; FLETCHER; ZEEB, 2016; SPARLING et al., 2010),
fisico e cognitivo (GIRBOVAN; PLAMONDON, 2013; SPARLING et al., 2010). No
geral, os animais sdo mantidos em gaiolas maiores e coletivas com objetos coloridos

de diferentes formas e texturas, bem como sao expostos a atividades fisicas através
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das rodas de corrida, tuneis e plataformas (VAN PRAAG; KEMPERMANN; GAGE,
2000; SPARLING et al., 2010). Assim, a substituicdo rotineira dos objetos presentes
nas gaiolas € um componente essencial da condi¢do enriquecida (DIAMOND, 2001).
Por outro lado, a idade, o tempo em que os animais sao expostos ao enriquecimento
e os testes utilizados podem influenciar as respostas comportamentais a curto e
longo prazo (GIRBOVAN; PLAMONDON, 2013).

O EA promove modificagbes anatdbmicas e moleculares no encéfalo de
roedores (ALWIS; RAJAN, 2013). Do ponto de vista anatémico, o EA aumenta a
espessura do cortex cerebral (DIAMOND, 2001) pelo aumento das células nervosas
e aumento no numero e comprimento dos dendritos e espinhas dendriticas
(DIAMOND et al., 1964). Adicionalmente, as alteracbes moleculares incluem o
aumento nos niveis dos fatores de crescimento nervoso e endotelial, bem como do
fator neurotrofico derivado do cérebro (BNDF) (ICKES et al. 2000; BALL,;
MERCADO; ORDUNA, 2019). Estudo mostrou que os efeitos positivos na cognicéo,
memoria e plasticidade neuronal de ratos expostos ao EA podem estar associados
ao aumento dos niveis centrais de mBNDF (GIACOBBO et al., 2019). Desta forma,
sugere-se que o BNDF é um mediador molecular da plasticidade sinaptica (CAO et
al., 2014) que assume papel importante na maturagdo dos neurénios (ICKES et al.,
2000; BALL; MERCADO; ORDUNA, 2019), na neurogénese (LIU; NUSSLOCK,
2018) e esta associado com as interagdes comportamentais entre o organismo e
ambiente (TYLER et al., 2002; LIU; NUSSLOCK, 2018).

A neurogénese do hipocampo que ocorre no giro denteado € um processo
plastico regulado por inUmeros sinais quimicos e fatores ambientais (BENARROCH,
2013). Embora a neurogénese do hipocampo esteja comprometida com o
envelhecimento, a exposi¢cdo ao EA parece intensificar esse processo independente
da idade (SPEISMAN et al., 2013). Estudo evidenciou que uma exposi¢cao de no
minimo 3 semanas ao EA pode induzir modificagbes na neurogénese em
camundongos adultos (LEGER et al., 2015). Adicionalmente, foi relatado que uma
rapida exposicao diaria ao EA em ratos adultos, resultou em aumento das células
recém-geradas no giro denteado, bem como melhora da memodria de
reconhecimento a longo prazo (BRUEL-JUNGERMAN et al., 2005). Esses resultados
podem ser explicados pela variagdo de objetos e brinquedos ofertados no EA,
proporcionando maior exploracao do animal e melhora na capacidade de memorizar
(BRUEL-JUNGERMAN et al., 2005). Neste sentido, embora ndo existam evidéncias
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concretas sobre as vias moleculares envolvidas nos precursores neurogénicos
iniciais, sugere-se que o EA possa atuar na via de sinalizagdo do fator de
crescimento de fibroblastos (FGF) para aumentar a neurogénese do hipocampo
adulto (GRONSKA-PESKI; GONCALVES; HEBERT, 2021).

Do ponto de vista neuroquimico, existe uma associagao entre o EA e o sistema
serotoninérgico. Ratos machos Sprague-Dawley submetidos ao EA apds o
desmame apresentaram aumento dos niveis de 5-HT no cértex pré-frontal (DPN114)
(BRENES et al., 2008b) e no hipocampo (DPN70) (BRENES et al., 2009). Vale
salientar que os efeitos nas concentracées de monoaminas podem variar de acordo
com a duracéo do EA (LEGER et al., 2015), bem como pela variagao no tamanho da
gaiola, idade e espécie do animal (SIMPSON; KELLY, 2011). Além disso, os
mecanismos compensatorios de normalizagdo dos niveis serotoninérgicos no cértex
aparecem apos periodos prolongados de EA (LEGER et al., 2015). Isso poderia
explicar a auséncia de alteragdes no sistema serotoninérgico observadas em
camundongos expostos ao EA durante 5 semanas (LEGER et al, 2015). Os
mecanismos regulatérios envolvidos no aumento da 5-HT em roedores expostos ao
EA ainda ndo sao elucidados (BRENES et al., 2008b). De fato, parece haver um
aumento de serotonina pelos terminais axénicos, bem como um aumento das fibras
que inervam o cortex dos animais (BRENES et al., 2008b). Outra suposigao, seria a
relagdo entre aumento de 5-HT e uma maior expressdao do BNDF, demonstrando
que o BNDF é capaz de manter a sobrevivéncia dos neurbnios serotoninérgicos
(BRENES et al., 2008b).

Alteracdes decorrentes do IS podem ser atenuadas ou revertidas apos
modificagdes no ambiente de roedores (BRENES; FORNAGUERA; SEQUEIRA,
2020). Estudos demonstraram que o EA reduziu comportamentos semelhantes a
ansiedade e depressdo (PENA et al., 2006; BRENES et al., 2009), bem como
promoveu melhorias na estrutura neural (PENA et al., 2006). Animais idosos que
foram expostos ao EA logo apos o desmame apresentaram uma diminuigdo de
comportamentos relacionados a ansiedade e depressido, observados pelo maior
tempo no brago aberto do labirinto em cruz (MORA-GALLEGOS et al.,, 2018) e
movimentos vigorosos com as patas dianteiras no teste de nado forgado (SAENZ et
al., 2006; BRENES et al., 2008b; MOSAFERI et al., 2015). Dessa forma, animais
inseridos em ambientes com poucos estimulos sensoriais parecem apresentar

comprometimento no desenvolvimento cognitivo e emocional (DAVIM; SILVA;
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VIEIRA, 2021). Sendo assim, o EA pode ser uma estratégia utilizada para reduzir a
expressao fenotipica de comportamentos semelhantes a ansiedade e depresséao,

bem como aumentar os niveis encefalicos de 5-HT em ratos apds o desmame.



26

3 HIPOTESE

O isolamento social aumenta a expressdo fenotipica de comportamentos
semelhantes a ansiedade e depressao, bem como reduz a disponibilidade sinaptica
encefalica de serotonina em ratos. Por outro lado, o enriquecimento ambiental
parece ser uma estratégia de intervengao ambiental que promove redugao nos
comportamentos emocionais e aumenta a disponibilidade de serotonina em varias

regides encefalicas.
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4 OBJETIVOS

4.1 Objetivo Geral

Identificar os efeitos do isolamento social e do enriquecimento ambiental
sobre comportamentos emocionais e componentes do sistema serotoninérgico em

ratos apdés o desmame.

4.2 Objetivos Especificos

Em prole de ratos submetida ao isolamento social e ao enriquecimento
ambiental:

- Verificar a expressao fenotipica de comportamentos semelhantes a ansiedade
e depressao;
- Identificar efeitos sobre componentes do sistema serotoninérgico encefalico
(conteudo de serotonina, transportador de serotonina, receptores do sistema
serotoninérgico);
- Avaliar o risco de viés dos estudos;

- Reunir os protocolos de enriquecimento ambiental utilizados nos estudos.
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5 MATERIAIS E METODOS

5.1 Tipo de Estudo

Trata-se de uma revisdo sistematica de estudos primarios submetida e
protocolada na plataforma International Prospective Register of Systematic Reviews
— PROSPERO sob o numero CRD42020200881 (ANEXO 1) e descrita segundo as
recomendagdes Preferred Reporting Iltems for Systematic Reviews and Meta-
Analyses - PRISMA (PAGE et al., 2021).

5.2 Critérios de Elegibilidade

Foram considerados elegiveis os estudos experimentais primarios que
avaliaram grupos de ratos submetidos ao IS, EA e condigdo social normal apés o
desmame. Por outro lado, foram inelegiveis os estudos que utilizaram roedores
transgénicos, estudos ex-vivo, estudos in vitro ou em estudos in silico. Além disso,
foram desconsiderados os trabalhos que n&o utilizaram ambiente controle. Os
artigos selecionados com base em leitura integral foram incluidos de acordo com as
caracteristicas determinadas para o PICO (populagéo, intervengédo, comparacao e
desfechos) (Quadro 1).

Quadro 1 - Critérios de elegibilidade dos estudos

Critérios de inclusao Critérios de exclusao

Populacao (P) Ratos Estudos com roedores

transgénicos e camundongos.

Intervencéo (1) Animais expostos ao | Estudos que utilizaram estresse,
isolamento social (1 animal por | restricado alimentar, interferéncia
gaiola) ou enriquecimento | de agentes externos no
ambiental (mais de 2 animais | ambiente enriquecido e estudos
por gaiola + objetos | que nao realizaram o]
estimulantes) apos 0 | experimento apds o desmame.

desmame.
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Comparacéao (C) | Ambiente controle (gaiola de Estudos que néao utilizaram
tamanho normal contendo de ambiente controle.

2-5 animais por gaiola)

Desfechos (O) Desfechos primarios: | Nenhum.
comportamentos semelhantes

a ansiedade e depressao.

Desfechos secundarios:
avaliacdo dos componentes do
sistema serotoninérgico no
cérebro (conteudo,
transportador e receptores de

serotonina).

Parametros de Nao houve restricdo de data e | Nenhum.

publicagao idioma dos artigos.

Fonte: A autora (2023).

5.3 Estratégias de Busca

As buscas bibliograficas foram realizadas em abril de 2021 e atualizadas em
julho de 2022 nas seguintes bases de dados eletrénicas, sem restricbes de idioma e
ano de publicacdo: MEDLINE/PubMed, LILACS, Scopus, Web of Science, EMBASE
e Sigle via open gray. Para cada uma das bases de dados utilizadas, foram criadas
estratégias de buscas especificas. Os termos “social isolation”, “behavior’ e “rat’
foram utilizados de acordo com a descricdo do Health Sciences Descriptors (DeCS) e
Medical Subject Headings (MESH). Os termos “environmental enrichment’, “enriched
environment’, “anxiety” e “depression” foram utilizados de acordo com os descitores
e Emitree para a plataforma EMBASE e como termos independentes, conforme

descrito no Quadro 2.
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Quadro 2 - Estratégias de buscas utilizadas no DeCS, MESH e Emtree

Base de dados

Estratégias de buscas

MEDLINE/PubMed

(("environmental enrichment") OR ("enriched

environment")) AND (behavior)

LILACS

("environmental enrichment") OR  ("enriched

environment") AND (behavior)

Web of Science

(((TS=(environmental enrichment)) OR
TS=(enriched environment)) AND TS=(social
isolation)) AND TS=(rat)

EMBASE ((‘environmental enrichment'/exp OR 'environmental
enrichment' OR 'enriched environment') AND
behavior OR anxiety OR depression) AND 'social
isolation' NOT human

SCOPUS ( TITLE-ABS-KEY ( "environmental

enrichment") OR TITLE-ABS-KEY ( "enriched
environment") AND TITLE-ABS-

KEY (behavior) AND TITLE-ABS-KEY ( "social
isolation" ) AND NOT TITLE-ABS-KEY (human))

SIGLE via open gray

"environmental enrichment" OR "enriched

environment" AND "social isolation"

Fonte: A autora (2023).

Dois revisores (RPBS e ILP) realizaram as buscas independentemente. Na

primeira fase, os estudos foram selecionados por meio de seus titulos e resumos de

acordo com os critérios de inclusdo e exclusdo. Na segunda fase, os estudos

selecionados foram lidos na integra para inclusdo ou exclusao definitiva, conforme

resultado da revisdo sistematica. Apds a selegao dos artigos, os dois revisores se

reuniram para comparar os achados. O terceiro revisor (LCMG) foi consultado em

casos de divergéncias que nao foram resolvidas em reunido de consenso.
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5.4 Extracao de dados

Foram obtidas informagdes referentes a titulo, autoria, revista e ano de
publicagdo dos artigos selecionados por pesquisadores independentes através de
formulario padronizado. Posteriormente, foram extraidos dados referentes a
metodologia: espécie utilizada; numero de grupos experimentais; tamanho das
gaiolas utilizadas para compor os grupos; duragdo do isolamento social e da
exposicdo ao ambiente enriquecido; elementos utilizados para enriquecer o
ambiente e condicbes padrdo de biotério. Os dados primarios referentes ao
comportamento semelhante a ansiedade e depressao foram avaliados por estudos
que utilizaram testes como labirinto elevado em cruz, campo aberto, teste do nado
forcado ou qualquer outro teste usado para avaliar esses comportamentos. O
sistema serotoninérgico foi avaliado pelos estudos que utilizaram imunorreatividade
ou expressao génica de componentes do sistema serotoninérgico (expressao génica
em uma certa quantidade de proteina cerebral em relacdo a um conteudo conhecido
de proteina - geralmente -actina) ou expressao proteica (dada pelo tamanho das
bandas reativas em uma membrana de nitrocelulose) ou o conteudo total de
serotonina no orificio ou parte do encéfalo (quantificado em nanogramas/conteudo
total de proteina encefalica).

Os dados foram extraidos dos textos, graficos e tabelas e progressivamente
arquivados em tabelas destinadas a descrever as caracteristicas, variaveis
analisadas/resultados e avaliacdo do risco de viés. Em todas as tabelas estédo
descritos os nomes dos autores e ano de publicagdo dos artigos. Para
esquematizagao dos resultados foram usadas 3 tabelas: a primeira tabela descreve
informacdes referentes ao inicio e duragao das condi¢cdes de alojamento; a segunda
tabela mostra os dados dos testes comportamentais e dos achados emocionais; a

terceira tabela apresenta os dados referentes a concentracao de serotonina.

5.5 Risco de viés

O risco de viés dos estudos incluidos para revisdao foi avaliado conforme
ferramenta SYRCLE’s Risk of Bias (HOOIJMANS et al., 2014) que classifica o risco

de viés como “alto”, “baixo” ou “incerto”. Dois revisores (RPBS e RKBS) avaliaram de

forma independente os seguintes dominios: randomizagéo, caracteristicas basais
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similares entre os grupos, sigilo de alocagao, alojamento aleatorio, cegamento de
participantes e pessoal, avaliagdo de resultados aleatorios, cegamento de avaliagao
de resultados, dados de resultados incompletos, descricdo seletiva do desfecho e
outras fontes de viés. As divergéncias foram resolvidas em uma reunido de

consenso.

5.6 Tratamento de dados

Os resultados foram apresentados na forma de sintese descritiva, utilizando
valores absolutos e relativos (porcentagens) para o risco de viés. Para avaliar o grau
de concordancia entre os revisores, foi aplicado o indice Kappa durante a selecao
dos artigos, bem como na etapa de avaliagcéo do risco de viés. O quadro resumo da
avaliacao do risco de viés foi realizado no software Review Manager® versao 5.3.
Os autores dos trabalhos incluidos foram consultados para esclarecimento sobre
dados quantitativos ou para detalhes adicionais. No entanto, devido a auséncia de
retorno por parte dos mesmos, tornou-se inviavel a possibilidade de aplicar

metanalise na presente revisao.
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6 RESULTADOS

A pesquisa realizada nas bases de dados eletronicas identificou 4613 estudos
no MEDLINE/PubMed, LILACS, Web of Science, EMBASE, SCOPUS e Sigle via
Open Gray. Destes, 829 artigos foram removidos por duplicata nas bases. Apos a
analise do titulo e resumo, 3755 artigos foram excluidos por ndo estarem em
concordancia com os critérios de elegibilidade. Posteriormente, apos a leitura
completa dos 29 artigos selecionados, 11 foram incluidos como resultados desta
revisdo por atenderem aos critérios de inclusdao (Figura 2) (Kappa = 0,71; indica

concordancia substancial).



Figura 2 - Fluxograma do processo de
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selecao de estudos baseado no PRISMA 2020.

Identificagdo de estudos por meio de bancos de dados e registros ]

Registros identificados por meio de
pesquisa no banco de dados
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Fonte: A autora (2023).
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6.1 Principais Caracteristicas dos Estudos

Os dados gerais referentes as condigbes de ambiente estdo descritos na
Quadro 3. Dos onze artigos selecionados, a maioria utilizou ratos Sprague-Dawley
machos (SAENZ et al, 2006; BRENES et al, 2008a; BRENES et al, 2008b;
BRENES et al, 2009; PASCUAL et al., 2013; ARNDT et al., 2015; MORA-
GALLEGOS et al., 2018), um artigo avaliou ratos machos Long-Evans (HELLEMANS
et al., 2004), dois estudos utilizaram ratos machos Wistar (MOSAFERI et al., 2015 e
TANAS et al., 2015) e um avaliou ratos Wistar de ambos os sexos (YILDIRIM et al.,
2012). Os animais foram distribuidos em diferentes condi¢des de alojamento
(controle, isolamento e enriquecimento) entre a idade do desmame e o periodo de

adaptacao que correspondeu ao 21° e o 30° dia pds-natal.

Quadro 3 - Caracteristicas gerais dos estudos incluidos na reviséo sistematica

Condicdes gerais de IS e

Autor (ano) Populagao
EA
Inicio das Duracao
condigoes
sociais

Hellemans et al. (2004) Long-Evans (Machos) DPN21 12 semanas
Saenz et al. (2006) Sprague-Dawley (Machos) DPN22-24 11 semanas
Brenes et al. (2008)a Sprague-Dawley (Machos) DPN30 84 dias
Brenes et al. (2008)b Sprague-Dawley (Machos) DPN30 84 dias
Brenes et al. (2009) Sprague-Dawley (Machos) DPN28 42 dias
Yildirim et al. (2012) Wistar (Machos e fémeas) DPN21 6 semanas
Pascual et al. (2013) Sprague-Dawley (Machos) DPN22 10 dias
Mosaferi et al. (2015) Wistar (Machos) DPN21 73 dias
Arndt et al. (2015) Sprague-Dawley (Machos) DPN21 30 dias
Tanas et al. (2015) Wistar (Machos) DPN24 73 dias
Mora-Gallegos et al. (2018) | Sprague-Dawley (Machos) DPN30 72 dias

DPN= dia pds-natal; EA= enriquecimento ambiental; IS= isolamento social.

Fonte: A autora (2023).
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A duracéo das condigbes de alojamento variou entre 10 a 42 dias (BRENES et
al., 2009; YILDIRIM et al., 2012; PASCUAL et al., 2013; ARNDT et al., 2015) e 72 a
84 dias (HELLEMANS et al., 2004; SAENZ et al., 2006; BRENES et al., 2008a;
BRENES et al., 2008b; MOSAFERI et al., 2015; TANAS et al., 2015; MORA-
GALLEGOS et al., 2018). O periodo em que os animais foram expostos aos testes
experimentais variou entre 1 a 6 dias (BRENES et al., 2009; YILDIRIM et al., 2012;
PASCUAL et al., 2013; TANAS et al., 2015; MOSAFERI et al., 2015; ARNDT et al.,
2015) e de 42 a 69 dias (BRENES et al., 2008a; BRENES et al., 2008b; SAENZ et
al., 2006; MORA-GALLEGOS et al., 2018). Apenas um dos artigos ndo mencionou a
idade que iniciou os testes comportamentais (HELLEMANS et al., 2004).

6.2 Avaliagao do Risco de Viés dos Estudos

Os dados referentes a avaliagdo do risco de viés dos artigos selecionados
estdo apresentados na Figura 3 (Kappa = 0,98; indica concordancia quase perfeita).
A maioria dos estudos randomizaram os animais dos grupos experimentais
(HELLEMANS et al., 2004; SAENZ et al. 2006; BRENES et al., 2008a; BRENES et
al., 2008b; BRENES et al., 2009; PASCUAL et al, 2013; ARNDT et al., 2015;
MORA-GALLEGOS et al., 2018), relataram informagdes das caracteristicas basais
similares entre os grupos (HELLEMANS et al., 2004; SAENZ et al., 2006; BRENES
et al., 2008a; ARNDT et al., 2015; MOSAFERI et al., 2015; TANAS et al., 2015;
MORA-GALLEGOS et al., 2018) e alojamento aleatério (HELLEMANS et al., 2004;
SAENZ et al., 2006; BRENES et al., 2008a; BRENES et al., 2008b; BRENES et al.,
2009; PASCUAL et al., 2013; ARNDT et al., 2015 e MORA-GALLEGOS et al., 2018).
Nenhum dos estudos mencionou sobre o sigilo de alocagdo dos animais. Apenas
Arndt et al. (2015) e Mosaferi et al. (2015) relataram cegamento do investigador
durante as interveng¢des. Por outro lado, somente Mosaferi et al. (2015) relatou
cegamento do investigador na avaliagdo dos resultados. Por fim, a maioria dos
estudos (81,8%) foram classificados com risco de viés incerto na descricdo dos
desfechos encontrados (BRENES et al. 2008a; BRENES et al. 2008b; BRENES et
al. 2009; YILDIRIM et al. 2012; PASCUAL et al. 2013; ARNDT et al. 2015;
MOSAFERI et al. 2015; TANAS et al. 2015; MORA-GALLEGOS et al. 2018).
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Figura 3 - Avaliacao do risco de viés, seguindo as recomendacdes da ferramenta
SYRCLE. A) Risco de viés dos estudos com seus respectivos resultados. B) Risco
de viés dos estudos e suas respectivas porcentagens em cada item da avaliagéo.
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6.3 Comportamentos emocionais

Para compreender o impacto das condicbes ambientais sobre os aspectos
emocionais, os artigos realizaram alguns testes comportamentais que estéo
descritos na Quadro 4. Para identificar comportamentos semelhantes a ansiedade,
foram utilizados o teste de labirinto em cruz elevado (HELLEMANS et al., 2004;
PASCUAL et al., 2013; YILDIRIM et al., 2012; MOSAFERI et al., 2015; TANAS et al.,
2015; MORA-GALLEGOS et al., 2018; BRENES et al., 2009), teste do campo aberto
(BRENES et al., 2008b; TANAS et al, 2015; MOSAFERI et al., 2015; MORA-
GALLEGOS et al., 2018; BRENES et al., 2009), condicionamento do medo (MORA-
GALLEGOS et al., 2018), caixa preta-branca (HELLEMANS et al., 2004) e teste de
interacéo social (TANAS et al., 2015). Para avaliar comportamentos semelhantes
depressao, foram realizados testes de nado forcado (SAENZ et al., 2006; BRENES
et al., 2008°; BRENES et al., 2009; YILDIRIM et al., 2012; MOSAFERI et al., 2015;
ARNDT et al., 2015) e teste de preferéncia a sacarose (SAENZ et al., 2006;
BRENES et al., 2008a; YILDIRIM et al., 2012).

Os Testes de Labirinto em Cruz foram realizados entre o DPN33 e DPN103.
Houve aumento do comportamento semelhante a ansiedade no grupo IS no estudo
de Pascual et al. (2013). Por outro lado, Brenes et al. (2009), encontrou aumento do
comportamento semelhante a ansiedade no grupo EA no DPN60 (maior numero de
entradas nos bracos fechados e de cruzamentos nos bracgos). Ao contrario, dois
estudos evidenciaram parametros para o efeito ansiolitico nos animais submetidos
ao EA (HELLEMANS et al., 2004; MORA-GALLEGOS et al., 2018). Dois artigos nao
encontraram diferengas entre os grupos estudados (TANAS et al., 2015; YILDIRIM
et al., 2012). Quando avaliado o Stretch-Attend Posture (SAP), Mora-Gallegos et al.
(2018) nao encontrou diferenga entre os animais em IS ou EA. Um estudo associou
os resultados do labirinto em cruz apenas com o comportamento exploratério sem
especificar comportamento semelhante a ansiedade (MOSAFERI et al., 2015).

Em relacdo ao Teste do Campo Aberto, estudos observaram uma melhor
habituacdo ao ambiente dos testes nos animais submetidos ao EA, através da
reducado de frequéncia do cruzamento do campo (crossing) e do comportamento
exploratorio (rearing), bem como pelo aumento da duragdo de autolimpeza
(gromming) (BRENES et al, 2008b; MORA-GALLEGOS et al, 2018).
Adicionalmente, Brenes et al. (2009), também identificou uma melhor habituagao ao
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ambiente nos animais do grupo EA através do aumento no tempo de gromming no
DPNG62.

Dois artigos ndo encontraram diferengas entre as condigdes de ambiente e
comportamentos semelhantes a ansiedade através do Teste da Caixa Preta e
Branca (HELLEMANS et al., 2004), Teste de Campo Aberto e Teste de Interagao
Social (TANAS et al, 2015). Por outro lado, foi observado comportamento
semelhante a ansiedade e menor adaptagao a situagdes de perigo em animais IS no
DPN90 através do teste de condicionamento do medo (MORA-GALLEGOS et al.,,
2018).

Dos estudos que utilizaram o Teste de Preferéncia a Sacarose, um identificou
comportamentos semelhantes a depressao pelo aumento da ingestdo de solugéo de
sacarose (ml) (BRENES et al., 2008a) e agua (ml) (BRENES et al., 2008a; YILDIRIM
et al., 2012) em animais expostos ao IS. Por outro lado, comportamento depressivo
através do aumento da ingestdo de sacarose foi observado tanto no grupo IS quanto
no EA (YILDIRIM et al, 2012). Em contrapartida, um efeito antidepressivo foi
encontrado no DPN94 em animais expostos ao EA, através da reducdo no
percentual de preferéncia a sacarose (BRENES et al., 2008a).

O Teste de Nado Forcado demonstrou resultados homogéneos. Estudos
identificaram comportamentos depressivos em animais IS, através do aumento da
imobilidade (BRENES et al., 2008a; MOSAFERI et al., 2015) e pela redugdo do
mergulho (diving) e esforgo (struggling) (YILDIRIM et al., 2012). Além disso, Yildirim
et al. (2012) também encontrou comportamento semelhante a depressdo no grupo
AE e IS pelo aumento da imobilidade. Por outro lado, efeitos antidepressivos foram
percebidos nos animais submetidos ao EA através dos comportamentos analisados
no Teste de Nado Forgado, sendo eles: aumento do nado (swimming), (BRENES et
al.,, 2008b; BRENES et al., 2009) aumento do mergulho (diving) (BRENES et al.,
2008b; SAENZ et al., 2006) e aumento da escalada (climbing) (BRENES et al,
2008b; SAENZ et al., 2006; ARNDT et al., 2015).



Quadro 4 - Efeito do isolamento social e enriquecimento ambiental sobre os comportamentos emocionais de ratos
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TESTE DE CAMPO ABERTO

Autor (ano)

Parametros avaliados

Idade dos

experimentos

Resultados analisados

Interpretagao dos resultados

Brenes et al. (2008)b Grooming DPN37 1 duragao no grupo EA Melhor habituacao
DPN65 1 duragéo no grupo EA Melhor habituagao
DPN93 1 duragdo no grupo EA Melhor habituagao
DPN107 ND -
Crossing DPN37 | frequéncia no grupo EA Melhor habituagao
DPNG65 | frequéncia no grupo EA Melhor habituagao
DPN93 | frequéncia no grupo EA Melhor habituagao
DPN107 | frequéncia no grupo EA Melhor habituagao
Rearing DPN37 | frequéncia no grupo EA Melhor habituagao
DPN65 ND -
DPN93 ND -
DPN107 1 frequéncia no grupo IS Efeito do estresse na natacdo (PND106)
Brenes et al. 2009 Crossing DPN62 1 frequéncia no grupo IS Menor habituagao
Rearing DPNG62 ND -
Grooming DPN62 1 tempo no grupo EA Melhor habituacao
Tanas et al. (2015) Locomocgao DPN104 ND -
Rearing DPN104 ND -
Mora-Gallegos et al. Locomogao DPN28 ND -
(2018) DPN58 | distancia ao longo do campo | Melhor habituagao
aberto no grupo EA
DPN88 | distancia ao longo do campo | Melhor habituagao
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aberto no grupo EA

Rearing DPN28 ND -
DPN58 | frequéncia e tempo de Melhor habituagao
rearing no grupo EA
DPN88 ND -
Grooming DPN28 ND -
DPN58 1 no grupo EA Melhor habituagao
DPN88 1 no grupo EA Melhor habituagao
LABIRINTO EM CRUZ
ELEVADO
Autor, ano Parametros avaliados Idade dos Resultados analisados Interpretagado dos resultados

experimentos

Hellemans et al. (2004)

Tempo em bragos abertos
(%)

NI

1 nos grupos EA e IS+EA

| comportamento semelhante a ansiedade

Numero de entradas em NI 1 nos grupos IS+EA e EA | comportamento semelhante a ansiedade
bragos abertos
Brenes et al. 2009 Tempo gasto nos bragos DPNG60 ND -
abertos (%)
Tempo gasto nos bragos DPNG60 ND -
fechados (%)
Tempo gasto na area central | DPN60 ND -
(%)
Numero de entrada nos DPN60 ND -
bragos abertos (frequéncia)
Numero de entrada nos DPNG60 1 no grupo EA 1 comportamento semelhante a ansiedade
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bracgos fechados (frequéncia)

Total de cruzamento os DPNG60 1 no grupo EA 1 comportamento semelhante a ansiedade
bracgos (frequéncia)
Yildirim et al. (2012) Tempo gasto nos bragos DPN70 ND -
abertos
Frequéncia de entrada nos DPN70 ND -
bracos
Pascual et al. (2013) Entrada nos bragos abertos DPN33-34 | no grupo IS 1 comportamento semelhante a ansiedade
(%)
Tanas et al. (2015) Tempo total gasto nos DPN103 ND -
bragos abertos e fechados
Numero de entradas nos DPN103 ND -
bragos abertos e fechados
Mosaferi et al. (2015) Tempo nos bragos abertos DPN93 1 no grupo IS em relagdo ao Comportamento exploratério
grupo controle
% Entrada nos bracos DPN93 1 nos grupos IS e EA Comportamento exploratério
abertos
Total de entrada nos bragcos | DPN93 1 no grupo controle Maior atividade locomotora
Mora-Gallegos et al. Stretch -Attend Posture DPN29 ND -
(2018) (SAP) DPN89 1 no grupo controle 1 comportamento semelhante a ansiedade
Head-Dipping (HD) DPN29 ND -
DPN89 1 no grupo EA | comportamento semelhante a ansiedade
Tempo nos bragos abertos DPN29 ND -
DPN89 ND -
Tempo nos bragos fechados | DPN29 ND -
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DPN89 ND -
CONDICIONAMENTO DO
MEDO
Autor, ano Parametros avaliados Idade dos Resultados analisados Interpretagao dos resultados

experimentos

Mora-Gallegos et al. Rearing DPN90 1 no grupo IS 1 Resposta ansiosa e reativa
(2018)
Grooming DPN90 ND -
Freezing DPN90 | no grupo IS | Adaptacao a situagdes perigosas
CAIXA PRETA/BRANCA
Autor, ano Parametros avaliados Idade dos Resultados analisados Interpretagao dos resultados

experimentos

Hellemans et al. (2004)

Tempo gasto em cada

compartimento

NI

ND

Numero de entradas no

compartimento branco

NI

ND

TESTE DE PREFERENCIA
A SACAROSE

Autor, ano

Parametros avaliados

Idade dos

experimentos

Resultados analisados

Interpretacao dos resultados

Saenz et al. (2006)

Ingestao de agua (ml)

Semanas (6 e
10)

1 no grupo EA

1 comportamento semelhante a depresséao

Brenes et al. (2008)a

Consumo de sacarose (ml)

DPNG66 1 no grupo IS em relagédo ao 1 comportamento semelhante a depressao
grupo EA
DPN94 1 no grupo IS em relagdo ao 1 comportamento semelhante a depressao
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grupo controle

DPN109 ND -
Ingestao de agua (ml) DPN66 ND -
DPN94 ND -
DPN109 1 no grupo IS em relagdo ao 1 comportamento semelhante a depressao
grupo EA
Preferéncia a sacarose (%) DPNG66 ND -
DPN94 |l no grupo EA | comportamento semelhante a depressao
DPN109 ND -
Yildirim et al. (2012) Consumo de sacarose (ml) DPN70 1 no grupo IS e EA Resposta de enfrentamento alterada em
situagao de estresse
Ingestao de agua (ml) DPN70 1 no grupo IS e | no grupo EA | Resposta de enfrentamento alterada em
situagao de estresse
Preferéncia a sacarose (%) DPN70 ND -
TESTE DE NADO
FORCADO
Autor, ano Parametros avaliados Idade dos Resultados analisados Interpretacao dos resultados

experimentos

Saenz et al. (2006) Climbing Semana (11) 1 no grupo EA | comportamento semelhante a depresséao
Diving Semana (11) 1 no grupo EA | comportamento semelhante a depressao
Brenes et al. (2008)b Imobilidade DPN106 1 tempo no grupo IS 1 comportamento semelhante a depressao
Swimming and climbing DPN106 1 tempo no grupo EA | comportamento semelhante a depresséao
Diving DPN106 1 tempo no grupo EA | comportamento semelhante a depresséao
Brenes et al. 2009 Imobilidade DPN64-65 | tempo no grupo EA (PND65) | Resposta de enfrentamento diante de uma

situacao de estresse incontrolave
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Swimming DPN64-65 1 tempo no grupo EA (DPN64- | | comportamento semelhante a depressao
65)

Climbing DPN64-65 1 tempo em todos os grupos | comportamento semelhante a depressao
Yildirim et al. (2012) Diving DPN70 | no grupo IS 1 comportamento semelhante a depressao

Struggling DPN70 | no grupo IS 1 comportamento semelhante a depressao

Imobilidade DPN70 1 nos grupos EA e IS 1 comportamento semelhante a depressao
Arndt et al. (2015) Imobilidade — pré teste (Exp. | DPN56-61 ND -

I

Swimming — pré teste (Exp. DPN56-61 1 no grupo controle em 1 comportamento de fuga

) relagdo ao grupo IS

Climbing — pré teste (Exp. Il) | DPN56-61 1 no grupo EA | comportamento semelhante & depressao

Swimming — pré teste (Exp. DPN56-61 ND -

I

Imobilidade — pré teste (Exp. | DPN56-61 ND -

)

Swimming — pré teste (Exp. DPN56-61 ND -

)

Climbing — pré teste (Exp. Ill) | DPN56-61 1 no grupo EA em relacédo ao | comportamento semelhante a depressao

grupo controle

NI = nenhuma informagéo; ND = sem diferenga; DPN = dia pds-natal; EA = enriquecimento ambiental; IS = isolamento social

Fonte: A autora (2023).
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6.4 Resultados Relacionados a Serotonina

Apenas dois artigos avaliaram os niveis de serotonina nos experimentos
(BRENES et al., 2008b; BRENES et al, 2009). Os estudos avaliaram as
concentragdes de serotonina (5-HT), acido 5-hidroxiindolacético (5-HIAA) e turnover
de serotonina (5-HTt) no cortex pré-frontal (CPF) e estriado ventral (EV) (BRENES et
al., 2008b), bem como no hipocampo (BRENES et al, 2009) (Quadro 5). As
concentragbes de 5-HT estiveram aumentadas no coértex e hipocampo em animais
expostos ao EA (BRENES et al., 2008b e BRENES et al., 2009). Ratos submetidos
ao IS apresentaram aumento nas concentragdes de 5-HTt no cortex (BRENES et al.,
2008b) e hipocampo (BRENES et al., 2009). Além disso, houve reducdo na
concentragédo de 5-HT no EV em animais nas mesmas condi¢des de IS (BRENES et
al., 2008b).

Quadro 5 - Avaliagdo de componentes serotoninérgicos identificados nos estudos

Autor, ano Técnica Parametros Regido avaliada | Resultados
utilizada avaliados
Brenes et al. HPLC-EC 5-HT Coértex pré-frontal | 1 no grupo EA
(2008)b
Estriado ventral ND
5-HIAA Cortex pré-frontal | ND
Estriado ventral ND

5-HIAA/5-HT Cortex pré-frontal | 1 no grupo IS

Estriado ventral | no grupo EA
Brenes et al. HPLC-EC 5-HT Hipocampo 1 no grupo EA
(2009) 5-HIAA Hipocampo ND
5-HTt Hipocampo 1 no grupo IS

HPLC-EC = cromatografia liquida acoplada com detec¢ao eletroquimica; 5-HT = serotonina; 5-HIAA =
acido 5-hidroxiindolacético; 5-HTt = turnorver de 5-HT; EA = enriquecimento ambiental; IS =
isolamento social; ND = nenhuma diferenca.

Fonte: A autora (2023).




Quadro 6 - Caracteristicas gerais do ambiente enriquecido nos estudos incluidos
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Ator (ano) Tamanho da gaiola Numero de Caracteristicas Frequéncia de trocas
animais por de objetos
gaiola

Hellemans et al. 75x75x180 cm altura 12 Trés niveis ligados por rampas com Quinzenal

(2004) varias rodas e brinquedos.

Saenz et al. (2006) 120x70x70 cm altura 15 Piso retangular de aco inox com niveis A cada 2 dias
de arvores, paredes e teto cobertos
com tela metdlica (furos de 2,54 cm).
Objetos de plastico ndo mastigaveis,
dois tubos de PVC e roda de corrida.

Brenes et al. (2008)a 120x70x100 cm altura 15 Objetos de plastico ndo mastigaveis e 1 ou 2 dias
dois tubos de PVC, cinco comedouros
e duas garrafas de agua.

Brenes et al. (2008)b 120x70x100 cm altura 15 Objetos de plastico ndo mastigaveis e 1 ou 2 dias
dois tubos de PVC, cinco comedouros
e duas garrafas de agua.

Brenes et al. (2009) 120x70x100 cm altura 15 Objetos de plastico ndo mastigaveis e 1 ou 2 dias

dois tubos de PVC, cinco comedouros

e duas garrafas de agua.
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Yildirim et al. (2012)

Trés grandes caixas de
acrilico (30%x30x50 cm)

Trés grandes caixas de acrilico foram
conectadas entre si por meio de tuneis
rearranjados. As caixas continham
diferentes comedouros, garrafas de
agua, duas rodas de corrida, escadas
para subir e uma variedade de objetos

estimulantes.

3 vezes por semana

Pascual et al. (2013)

100x100x100 cm altura

14

Rampas, tuneis, rodas e cordas para

escalar.

Mosaferi et al. (2015)

63x88x82 cm altura

Duas rodas de corrida, dois
comedouros, duas garrafas de agua e
com varios brinquedos, varios tipos de
escadas e tubos de PVC, objetos
(bolas, argolas e um bloco de prato

com furos) de plastico ndo mastigavel.

Semanalmente

Arndt et al. (2015)

60x120%x45 cm altura

10

Equipado com 14 objetos n&o toxicos
(brinquedos infantis, canos de PVC,

etc.)

Sete dos objetos eram
trocados diariamente e
os brinquedos eram
trocados

semanalmente.
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Tanas et al. (2015)

61x41%x21 cm altura

Criado em

pares

Varios objetos (pequena escada de
metal, bola de pingue-pongue padrao
de 40 mm, tijolo de madeira, ratos de

pelucia em tamanho natural).

Quando necessario

Mora-Gallegos et al.
(2018)

120x70x100 cm altura

15

Objetos de plastico ndo mastigaveis,
tubos de PVC, dispensadores de

alimentos e garrafinhas de agua.

Pelo menos duas

vezes por semana

Fonte: A autora (2023).
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7 DISCUSSAO

Os principais resultados encontrados nesta revisdo sistematica apontam os
efeitos de diferentes condi¢gbes de alojamento (ambiente controle, isolamento social
e enriquecimento ambiental) apés o0 desmame sobre os comportamentos emocionais
€ a expressao de componentes do sistema serotoninérgico.

Em relacdo aos testes comportamentais, os resultados relacionados ao
comportamento exploratorio e de ansiedade mostraram que os animais expostos ao
EA apresentaram melhor indice comportamental de habituagdo em comparacdo com
os animais controle e IS. O EA apds o desmame reduziu a atividade locomotora,
diminuiu os comportamentos de rearing e crossing, bem como aumentou o
comportamento de grooming no campo aberto. A rapida habituagdo observada em
animais submetidos ao EA também foi observada em outros estudos (SCHRIJVER
et al., 2002; ROJAS-CARVAJAL et al, 2018). Adicionalmente, os efeitos
comportamentais sdo evidentes quando a habituagdo acontece nos estagios iniciais
do desenvolvimento (MORA-GALLEGOS et al., 2018), devido maior interagdo ao
novo ambiente nos animais submetidos ao EA (VARTY et al., 2000). Embora
animais submetidos ao IS expressem hiperatividade em novos ambientes e
demorem mais tempo para se habituar (FONES; PORKESS, 2008), Tanas et al.
(2015) ndo encontraram diferencas na habituacdo e no comportamento de
ansiedade em roedores, independentemente das condi¢des de criagdo. Os autores
alegaram que os seus experimentos ndo produziram efeitos por duas situagdes,
sendo elas: devido a pequena amostra de animais (n=6 por grupo) ou devido ao fato
da gaiola enriquecida possuir pouca variedade de objetos e terem sido trocados com
menor frequéncia (TANAS et al., 2015) (Ver Tabela suplementar).

Existem discordancias sobre o efeito da condicdo de alojamento no
comportamento de ansiedade avaliado pelo labirinto em cruz elevado. Parker e
Morinan (1986) relataram que a manutencao de animais em diferentes condi¢des de
alojamento (IS ou EA), por periodos curtos de até 3 semanas, pode estar
diretamente relacionada ao aumento do comportamento semelhante a ansiedade.
No entanto, deve-se considerar que o comportamento semelhante a ansiedade
também pode aparecer em consequéncia de manter os roedores em condicoes
adversas durante a janela critica de desenvolvimento (LUKKES et al., 2009). Um

estudo demonstrou efeito ansiolitico pelo maior tempo gasto nos bragos abertos do
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labirinto em animais submetidos ao EA desde o desmame (HELLEMANS et al,,
2004). Por outro lado, Mosaferi et al. (2015) encontraram efeitos ansioliticos
demonstrados pelo aumento do tempo gasto nos bragos abertos em animais
expostos ao IS (DPN93). Um ponto que deve ser considerado € que o tempo gasto
nos bragos abertos do labirinto em cruz pode n&o ser um determinante do
comportamento ansiogénico, uma vez que animais isolados podem apresentar maior
tempo gasto na area aberta como uma tentativa de fuga das pequenas gaiolas onde
foram alojados (MOSAFERI et al., 2015).

Ao analisar outros parametros do labirinto em cruz, Brenes et al. (2009)
descreveram maior comportamento semelhante a ansiedade no grupo submetido ao
EA, devido a maior frequéncia de entrada dos animais nos bragos fechados e maior
numero de cruzamento entre os bragos (DPN60). No entanto, respostas de
ansiedade observadas em animais EA também podem ser indicativas de uma maior
capacidade em detectar perigos e ameagas no ambiente (MOSAFERI et al., 2015).
Questdes metodolégicas também podem ter influenciado nesses resultados. Por
exemplo, estudo demonstrou que a intensidade de luz ambiental interfere no
comportamento exploratério de ratos no labirinto em cruz elevado (BECERRA;
PARRA; MORATO, 2005). Os mesmos autores relataram que roedores testados sob
niveis baixos de iluminagao (0 e 1 lux), apresentaram maior exploragdo no ambiente
pelo aumento de entradas e tempo de permanéncia nos bragos abertos (BECERRA,;
PARRA; MORATO, 2005). Nesta revisao, apenas dois estudos informaram o tipo e
intensidade da luz utilizada (BRENES et al., 2009; TANAS et al., 2015). Brenes et al.
(2009) utilizaram duas lampadas vermelhas de 25W (aproximadamente 200 luxes),
enquanto Tanas et al. (2015) utilizaram uma luz vermelha (100 lux). Ambos os
estudos ndo encontraram diferencas nas condi¢cdes de criagdo e exploragcao pela
entrada dos bragos abertos. Os dados sugerem que a intensidade de luz pode ter
interferido na visdo do animal e, consequentemente, na possivel evitagcado dos bragos
abertos (BECERRA; PARRA; MORATO, 2005).

A duracdo do IS pode ser determinante para a expressao fenotipica do
comportamento semelhante a depressdo (BRENES et al.,, 2020). No entanto, em
todos os estudos revisados, o tempo de duracdo do IS foi suficiente para produzir
esses efeitos. No teste de nado forgcado o animal apresenta um intenso
comportamento de nado e escalada na tentativa de fuga e, posteriormente, reduz

consideravelmente os movimentos apenas para manter a cabega acima da agua
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(SLATERRY; CRYAN, 2012; BELOVICOVA et al., 2017). Desta forma, o aumento da
imobilidade no teste de nado forgcado € um forte indicador de sintomas semelhantes
a depressdo em roedores (YANKELEVITCH-YAHAV et al., 2015). Nos estudos
avaliados, as condi¢cdes de habituagdo afetaram os parametros de imobilidade,
natacao, escalada e mergulho. Observou-se maior imobilidade nos animais expostos
ao IS (BRENES et al., 2008b; MOSAFERI et al., 2015), sugerindo um desespero
comportamental e prejuizo na tentativa de fuga devido a sintomas semelhantes a
depressdo. Por outro lado, a escalada e o mergulho s&o considerados
comportamentos eficazes na tentativa de fuga (YANKELEVITCH-YAHAV et al,
2015). Assim, a maioria dos estudos incluidos identificaram aumento do
comportamento de escalada (SAENZ et al, 2006; BRENES et al., 2008b;
MOSAFERI et al. 2015; ARDNT et al., 2015) e mergulho em ratos expostos ao EA
(BRENES et al., 2008b). Os achados confirmam que o EA contribui para uma melhor
resposta de enfrentamento em situacao de estresse. Adicionalmente, o EA parece
estar envolvido com uma maior plasticidade neural e neurogénese em animais (KOH
et al., 2007), bem como com a reducao de estados semelhantes a depressao por
aumentar os niveis de serotonina no hipocampo (BRENES et al., 2009).

Animais submetidos ao IS apresentaram desregulagdo emocional no Teste de
preferéncia a Sacarose (BRENES et al., 2008a; YILDIRIM et al., 2012). A ingestao
de sacarose foi maior nos animais IS (BRENES et al., 2008a), o que indica uma
alteracdo no limiar de recompensa devido maior necessidade em experimentar
sensacgdes gratificantes (BRENES et al., 2020; ACERO-CASTILLO et al., 2021). Em
contrapartida, Yildirim et al. (2012) observaram maior consumo de sacarose em
animais IS e EA, indicando que o estresse causado por outros testes
comportamentais afetou diretamente o resultado nos animais submetidos ao EA.

Em nivel neuroquimico, o EA aumentou a concentragao de 5-HT no hipocampo
(BRENES et al., 2009) e no cortex pré-frontal (BRENES et al., 2008b). No entanto,
ainda nao esta bem esclarecido qual o mecanismo regulatorio envolvido no aumento
da quantidade de 5-HT nos animais expostos ao AE (BRENES et al., 2008b). Por
outro lado, o IS é considerado um agente estressor que consegue reduzir as
concentracdes de 5-HT e, ao mesmo tempo, aumentar sua taxa de renovagao no
hipocampo (BRENES et al., 2020; KRUPINA et al., 2020) e cortex pré-frontal
(BRENES et al., 2008b). Uma alteragéao no turnover de 5-HT e em seu metabdlito 5-
HIAA, pode sugerir que animais IS apresentam maior utilizacdo de 5-HT e,
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consequentemente, ndo pode ser compensada pelo aumento de sua biossintese
(BRENES et al., 2009). Isto acontece devido a disfungédo na atividade pré-sinaptica
de 5-HT ou redugéo nas fibras de 5-HT no hipocampo (BRENES et al., 2009). Por
outro lado, estudo de Krupina et al. (2020), ndo encontrou diferenca nos valores de
5H-T e no turnover de 5-HT no coértex pré-frontal e corpo estriado de animais
expostos ao IS. Assim, o desenvolvimento dos sistemas neuroquimicos envolvidos
na regulagdo do humor, estresse e ansiedade pode ser suscetivel a alteragbes
provenientes de eventos adversos no inicio da vida (FONE; PORKEES,
2008; LUKKES et al., 2009). Porém, sdo necessarios mais estudos que avaliem os
efeitos das diferentes condicdes ambientais sobre os mecanismos envolvidos nas
alteragdes neuroquimicas.

Em relacdo ao risco de viés, todos os estudos foram classificados como
“‘incertos” em 50% ou mais dos quesitos avaliados. Isso significa que os estudos néo
descreveram todas as informagdes suficientes. Fatores como horario, iluminacéo,
tempo e a ordem em que os testes sdo realizados podem influenciar na
interpretacado dos resultados comportamentais (GULINELLO et al., 2019). No estudo
de Yildirim et al. (2012) foi relatado mais de um teste realizado no DPN70, porém os
autores ndo descreveram se 0os mesmos animais foram utilizados em ambos os
testes. Adicionalmente, Hellemans et al. (2004), foi o unico estudo que n&o relatou o
dia em que os testes foram realizados. Com isso, sugere-se que exista uma
padronizagao e melhor detalhamento das metodologias de artigos que envolvam
comportamentos emocionais para minimizar os vieses e proporcionar uma melhor

reprodutibilidade.


https://www.frontiersin.org/articles/10.3389/neuro.08.018.2009/full#B39
https://www.frontiersin.org/articles/10.3389/neuro.08.018.2009/full#B39
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8 CONCLUSAO

O presente estudo demonstrou que o isolamento social induziu fendtipo
relacionado a ansiedade e depressao em ratos, o qual foi inferido através da
reducao do comportamento exploratério e menor resposta de enfrentamento as
situacbes adversas. Por outro lado, o ambiente enriquecido promoveu redugédo do
comportamento semelhante a depressédo e aumento da concentracédo de 5-HT no
hipocampo e cortex pré-frontal em roedores. Assim, os estimulos ambientais durante
o periodo critico de desenvolvimento parecem interferir nos comportamentos

emocionais e nas atividades de neurotransmissores na prole adulta.
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to see guidance on completing each section.

1. * Review title.

Give the working title of the review. This must be in English. The title should have the interventions or
exposures being reviewed and the associated health or social problems.

Effects of environmental enrichment as strategy for ameliorate behavioral effects of social isclation:

preclinical systematic review and meta-analysis

2. Original language title.

For reviews in languages other than English, this field should be used to enter the title in the language of the
review. This will be displayed together with the English language title.

Efeitos do enriquecimento ambiental como estratégia para amenizar os efeitos comportarmentais do

isolamento social: revisdo sistematica e metanalise pré-clinica

3. * Anticipated or actual start date.
Give the date when the systematic review commenced, or is expected to commence.

01/09/2020

4. * Anticipated completion date.
Give the date by which the review is expected to be completed.

01/03/2021

5. * Stage of review at time of this submission.

Indicate the stage of progress of the review by ticking the relevant Started and Completed boxes. Additional
information may be added in the free text box provided.

Please note: Reviews that have progressed beyond the point of completing data extraction at the time of
initial registration are not eligible for inclusion in PROSPERO. Should evidence of incorrect status and/or
completion date being supplied at the time of submission come to light, the content of the PROSPERO
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the stage of the review date had been identified.
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This field should be updated when any amendments are made to a published record and on completion and
publication of the review.

The review has not yet started: No

Review stage Started Completed
Preliminary searches Yes No
Piloting of the study selection process No No
Formmal screening of search results against eligibility criteria No No
Data extraction No No
Risk of bias (quality) assessment No No

No No

Data analysis

Provide any other relevant information about the stage of the review here.

6. * Named contact.
The named contact acts as the guarantor for the accuracy of the information presented in the register record.
LIGIA GALINDO

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:

Dr GALINDO

7. * Named contact email.

Enter the electronic mail address of the named contact.

ligia.mgalindo@ufpe.br

8. * Named contact address.

Enter the full postal address for the named contact.

Rua Sao Mateus, 852. Ap.503-D. Iputinga. Recife-PE. Brazil

Postal Code: 50680000

9. Named contact phone number
Enter the telephone number for the named contact, including international dialling code.

+55 819 9927-6517

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This field may be
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completed as ‘none’ if the review is not affiliated to any organisation.

FEDERAL UNIVERSITY OF PERNAMBUCO

Universidade Federal de Pernambuco, Departmento de Anatomia, Av. Professor Moraes Rego, 1235.
Cidade Universitaria. Recife-PE. Postal code: 50670-901

Organisation web address:

bitpeetvicadefbedsral de Pernambuco

Universidade Federal de Pernambuco- Centro Académico de Vitéria de Santo Antdo

https://www.ufpe.br/cav

Universidade Federal de Alagoas

https://ufal.br

11. * Review team members and their organisational affiliations.

Give the personal details and the organisational affiliations of each member of the review team. Affiliation
refers to groups or organisations to which review team members belong. NOTE: email and country are
now mandatory fields for each person.

Dr LIGIA GALINDO. FEDERAL UNIVERSITY OF PERNAMBUCO

Professor Olavo Barbosa de Oliveira Neto (Instituto de Ciéncias Biologicas e da Saude; Universidade
Federal de Alagoas, 57072-970, Maceié - AL, Brasil).. Instituto de Ciéncias Biolégicas e da Saude;
Universidade Federal de Alagoas, 57072-970, Maceid - AL, Brasil

Dr Isabeli Lins Pinheiro. Nucleo de Educacédo Fisica e Ciéncias do Esporte — Centro Académico de Vitdria
de Santo Antdo, 55608-680, Vitéria de Santo Antdo

Emanuelly Karine Campos Chaves. Federal University of Pernambuco

Larissa de Souza Correia. Federal University of Pernambuco

12. * Funding sources/sponsors.

Give details of the individuals, organisations, groups or other legal entities who take responsibility for
initiating, managing, sponsoring and/or financing the review. Any unique identification numbers assigned to
the review by the individuals or bodies listed should be included.

Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico, Brazil (CNPq)
Grant number(s)
Grant number 425743/2018-7

13. * Conflicts of interest.

List any conditions that could lead to actual or perceived undue influence on judgements concerning the
main topic investigated in the review.
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14. Collaborators.

Give the name, affiliation and role of any individuals or organisations who are working on the review but who
are not listed as review team members.

15. * Review question.

Give details of the question to be addressed by the review, clearly and precisely.

Does the environmental enrichment attenuate the effects of social isolation in rats and mice?
Context and rationale

Provide a brief description of the context and rationale of the review, including information on the relevance
of your review for human health (max 250 words).

The world is facing a global public health crisis since the coronavirus disease 2019 (COVID-19) emerged as
a pandemic (Debanjan, Mayank, 2020). Further the number of cases and fatalities with this pandemic there
has also been significant socio-economic, political and psychosocial impact (Debanjan, Mayank, 2020).
Billions of people have been quarantined in their own homes as nations have locked down to implement
social distancing as a measure to contain the spread of infection (Debanjan, Mayank, 2020). This social
isolation leads to chronic loneliness and boredom, which if long enough can have detrimental effects on
physical and mental well being (Debanjan, Mayank, 2020). Loneliness is described as the state of being
without any company or in isolation from the community or society (Wilson et al., 2007). It is considered a
risk factor for many mental disorders like depression, anxiety, adjustment disorder, chronic stress, insomnia
or even late-life dementia (Wilson et al., 2007). Emerging evidence shows that the pandemic has had
dramatic mental health impacts, bringing by increased anxiety and greater social isolation due to the physical
distancing policies introduced to control the disease (Smith, Limb, 2020). For instance, a survey of 1000
young people (aged 13—17 years) conducted by UNICEF Australia found that almost half of respondents said
COVID-19 had negatively affected their levels of stress and anxiety (47%) (Marlay, Attenborough, Kutcher,
20adies that analyzed long-lasting effects of challenging conditions like the Dutch Famine and the
Hertfordshire demonstrated that the early nutritional environment might be related to some long-lasting
metabolic disturbances (Ravelli, S. et al. 1976; Barker, Osmond et al. 1989). The responses of organisms to
different environmental conditions that generate a series of distinct phenotypes (morphological or
physiological states) potentially expressed by a genotype can be nominated phenotypic plasticity (West-
Eberhard 2005; Gluckman, Lillycrop et al. 2007; Low, Gluckman et al. 2011). Then the chronic effects of the
social isolation on probably will be known in medium/long term.

An example of environmental challenge is the chronic social isolation (SI) from conspectives witch is a highly
stressful condition with multiple adverse neurobehavioral effects in humans, non-human primates, and
rodents (Harlow et al., 1965; Persky et al., 1966; Fone and Porkess, 2008; Marlay, Attenborough, Kutcher,

2020). On the other hand, the development of an organism is influenced by environmental factors, including
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the amount and quality of contact with other animals (the social environment) and other external
environmental factors (Geoffrey et al., 2000). A recent study demonstrated that the Sl induced a depression
related phenotype characterized by a marginal body weight gain, anxiety, anhedonia, behavioral despair,

and alterations of serotonin metabolism in rats (Brenes et al., 2020).

On the other hand, the environmental enrichment (EE), in other words, the exposure to sensory, motor,
cognitive, and social stimulation higher than that received in standard housing (SH) conditions (Rosenzweig,
Bennett, 1996; Simpson and Kelly, 2011). The EE has shown to decrease anxiety- and depression-like
behaviors (Pena et al., 2008; Brenes et al., 2008; Brenes et al., 2009) and increase learning and memory
(Leggio et al., 2005; Mora-Gallegos et al., 2015) and as well 5-HT levels in the hippocampus and the
prefrontal cortex (Brenes et al., 2008; Brenes et al., 2009). Thus, this secondary systematic review will
gather the main findings of experimental studies and analyze them using statistical methods to obtain more
reliable answers about this very important subject once is related to a possible alternative for preventing
behavioral issues associated to the COVID-19 social isolation or any pandemic situation. Thus, the present
review proposal is relevant to answer the following research question: Does the environmental enrichment

atenuate the effects of social isolation on anxiety/depression-like behaviors in rats and mice?

16. * Searches.

Give details of the sources to be searched, and any restrictions (e.g. language or publication period). The full
search strategy is not required, but may be supplied as a link or attachment.

Searches will be conduct in following electronic databases with no restrictions of language and publication
period. The database bellow will be searched:

» LILACS (Latin American and Caribbean Health Sciences): https://LILACS.bvsalud.org/en/;

* MEDLINE/PubMed (National Library of Medicine/Medical Literature Analysis and Retrieve System Online):
https://PubMed.ncbi.nim.nih.gov;

* Scopus: https://www.Scopus.com/home.uri;

= Web of Science: https:/iwww.periodicos.capes.gov.br/?option=com_pcollection&mn=70&smn=79&cid=81;
* EMBASE (https://www.embase.com/login)

- Sigle via open gray (http://iwww.opengrey.eu).

* Reference lists of eligible studies

17. URL to search strategy.
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Give a link to the search strategy or an example of a search strategy for a specific database if available

(including the keywords that will be used in the search strategies).

The terms "social isolation”, “behavior”, “mice” and “rat” (entry term) will be used in MESH (Medical
Subject Headings) to create specific search strategies for each of the databases used. The terms

“environmental enrichment”, “enriched environment”, “anxiety” and “depression” will be used as

independent terms:

PubMed:

("environmental enrichment"[All Fields] OR "enriched environment'[All Fields]) AND "behavior"[All Fields]

LILACS:

(tw:("environmental enrichment")) OR (tw:("enriched environment")) AND (tw:("behavior"))

Web of Science (via periédicos CAPES ):
TS=(environmental enrichment) OR TS=(enriched environment) AND TS=(social isolation) AND TS=(mice)

OR TS=(rat)

EMBASE:
(('environmental enrichment'/exp OR 'environmental enrichment’) AND ('behavior/exp OR behavior) OR
‘anxiety'/exp OR anxiety OR 'depression’/exp OR depression) AND ('social isolation'/exp OR 'social

isolation’) NOT (‘human'/exp OR human)

Scopus:
"environmental enrichment” OR "enriched environment" AND "behavior"” AND "social isolation" AND NOT

"human"

Sigle via open gray:

"ENVIRONMENTAL ENRICHMENT" OR "ENRICHED ENVIRONMENT" AND "SOCIAL ISOLATION"

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.

Do not make this file publicly available until the review is complete

18. * Human disease modelled.

Give a short description of the disease, condition or healthcare domain being modelled.
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Anxiety and depression related to social isolation

19. * Animals/population.

Give summary criteria for the animals being studied by the review, e.g. species, sex, details of disease
model. Please include details of both inclusion and exclusion criteria.

Inclusion criteria:
Inclusion: Primary experimental studies using subgroups of mice and rats submitted to social isolation,

environmental enrichment and normal social condition after weaning

Exclusion criteria:

Exclusion: Studies with other rodents and transgenic rats/mice; ex vivo studies; in vitro studies; studies in

humans or in sillico studies

20. * Intervention(s), exposure(s).

Give full and clear descriptions of the nature of the interventions or the exposures to be reviewed (e.g.
dosage, timing, frequency). Please include details of both inclusion and exclusion criteria.

Inclusion criteria:
The social isolation is characterized by regular sized cage containing only 1 (one) animal per box. The
intervention by the environmental enrichment (EE) is giving by a larger cage, with a larger number of animals

and objects that encouraged physical activity and creativity, e.g., marbles, tunnels, racing wheels, slides.

Exclusion criteria:

The exposition to the environments should be performed right after the weaning

21. * Comparator(s)/control.

Where relevant, give details of the type(s) of control interventions against which the experimental
condition(s) will be compared (e.g. another intervention or a non-exposed control group). Please include
details of both inclusion and exclusion criteria.

Inclusion criteria:
Regular sized cage containing 2-3 animals

Exclusion criteria:

Studies without control environment

22. * Study designs to be included.

Give details of the study designs eligible for inclusion in the review. If there are no restrictions on the types of
study design eligible for inclusion, or certain study types are excluded, this should be stated. Please include
details of both inclusion and exclusion criteria.

Inclusion criteria:
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Inclusion criteria: controlled studies with separated treatment groups

Exclusion criteria:

Exclusion criteria: Clinical studies with humans, non-original studies, studies that do not performed, at least,

the three study groups cited above, studies with other animal species and reviews

23. Other selection criteria or limitations applied.

Give details of any other inclusion and exclusion criteria, e.g. publication types (reviews, conference
abstracts), publication date, or language restrictions.

Will be considered the references of the selected studies. No restrictions of language or publication date.

24 _* Outcome measure(s).

Give detail of the outcome measures to be considered for inclusion in the review. Please include details of
both inclusion and exclusion criteria.

Inclusion criteria:

Rrirmeiny-Betaoch&epression-like behaviors will be accessed by tests like elevated pluz-maze; open field; fear
conditioning; self exposure chambre or any other test used for evaluating those behaviors. In sum up will be
quantified the time that the animal spent in chalenging spaces (stressors spaces). Generally, as more
anxious or depressed the animal, less time it spends in the challenging spaces. The time will be measured in
seconds.

Secondary Outcomes:

Food intake and body weight will be measured in grams.

Serotonin system will be assessed by immunoreactivy (number of active neurons) or gene expression of
serotonin system compounds (gene expression in a certain amount of brain protein in relation to a know
content of protein -generally 7-actin) or protein expression (given by the size of reactive bands on a
nitrocellulose membrane) or the total contente of serotonin in the hole or part of the brain (quantified in

nanogram/total contente of brain protein).

Exclusion criteria:
The cage environment will be considered enriched when larger and populated with more than 4 animals with
free access to objects that promote social and physical stimulation (marbles, racing wheels, tunnels, slides

and other objects).
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25. N/A.

This question does not apply to systematic reviews of animal studies for human health submissions.

26. * Study selection and data extraction.

Procedure for study selection

Give the procedure for selecting studies for the review, including the screening phases (title and/or title-
abstract and/or full-text), the number of researchers involved, and how discrepancies will be resolved.

Two reviewers (Galindo, LCM and Chaves, EKC), blinded from each other, will independently extract the
data as previously described above. A third reviewer (Pinheiro, IL) will be consulted in case of divergence to
resolve the discrepancy. Barbosa, O will provide technical consultancy. In addition, the kappa index will be
calculated to measure the degree of agreement between the first and second reviewers beyond what would
be expected by random chance.

In case of missing data, study investigators will be contacted for unreported data or additional details.

First phase: The studies will be select for inclusion through their title-abstracts according to the inclusion and
exclusion criteria.

Second phase: The papers selected by title-abstract will be full read for definitive inclusion or exclusion as
result of the systematic review.

Prioritise the exclusion criteria

Multiple exclusion criteria may apply to an abstract/paper, which can cause discrepancies between reviewers
in the reason for exclusion recorded. To avoid this, it is helpful to prioritize the exclusion criteria (e.g. 1) not
an animal study; 2) not a myocardial infarction model, etc.) and record the highest ranking applicable
criterion as the reason for exclusion. Please sort the exclusion criteria defined in questions 19 to 24. If
applicable, do so for each screening phase.

2) Not arpimmvary study. using rat.

3) Not a study with a separate control group.

4) Not a study with at least the three experimental groups established right after weaning

5) Not a study that used other experimental strategies (e.g drugs, stress, experimental diets, etc) that may
interfere in the proposal outcomes

8) Studies with other rodents and transgenic rats/mice; ex vivo studies; in vitro studies; studies in humans or
in sillico studies

7) Studies with the exposition to the environments not performed right after the weaning

Methods for data extraction

Describe methods for data extraction, including the number of reviewers performing data extraction,
extraction of data from text and/or graphs, whether and how authors of eligible studies will be contacted to
provide missing or additional data, etc.
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Data will be extracted from the texts, graphs and tables and progressively filed in four tables intended to
describe the characteristics, variables analyzed/results and risk of bias assessment.

Two reviewers (Chaves, EKC and Galindo, LCM), blinded from each other, will independently extract the
data as previously described above. A third reviewer (Pinheiro, IL or Barbosa, O) will be consulted in case of
divergence to resolve the discrepancy. In addition, the kappa index will be calculated to measure the degree
of agreement between the first and second reviewers beyond what would be expected by random chance.

In case of missing data, study investigators will be contacted for unreported data or additional details.

The selected papers based in full-reading will be included according to the PICO points and the eligibility

criteria defined in this protocol.

PICO:

Population: rats or mice;

Intervention: exposure to social isolation (1 animal per cage) or environmental enrichment (over 5 animals
per cage + stimulating objects) after weaning;

Comparation: control environment (cage with regular size containing 2-4 animals/cage)

Qutcomes (Primary): anxiety and depression like behaviors

Qutcomes (Secondary): food intake, body weight, serotonin system compounds evaluations in brain

(serotonin content; serotonin transporter; serotonin receptors)

Data to be extracted: study design

Specify the data to be extracted related to characteristics of the study design, e.g. controlled versus cross-
over, number of experimental groups, etc.

Number of experimental groups; Size of cages used for control, social isolation and enriched environment
groups; number of animals/cage in each group; duration of social isolation and enriched environment
exposition (this represents the dose of stimuli); elements used for enrich the cage environment (wheels,
ladders, marbles, tunnels, slides); standard conditions of vivarium (size of cages; number of animals per
cage); light/dark cicle

Data to be extracted: animal model

Specify the data to be extracted related to characteristics of the animal model, e.g. species, sex of the
animals, etc.

Specie and sexes of animals

Data to be extracted: intervention of interest
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Specify the data to be extracted related to characteristics of the intervention of interest, e.g. dose, timing, etc.
Duration of exposure to environments; number of animals in each cage; specie and sex of animal

Data to be extracted: primary outcome(s)

Define the primary outcome measure(s). For each outcome measure, specify in which format data will be
extracted, including the eligible units of measurement, and data type (continuous/dichotomous). A
description of any other manipulation or transformation of the extracted data that is planned may be
included.

Aheidbtdike head Depress b pimdghavioosnet] e aepessedibyl tBstolitie eiesatedplitste zariaplsfield; fear
conditioning; self-exposure chamber among others. In sum up will be quantified the time that the animal
spend in challenging spaces (stressors spaces). Generally, as more anxious or depressed the animal, less
time it spends in challenging spaces. The time is measured in seconds.

Data to be extracted: secondary outcome(s)

Define the secondary outcome measure(s). For each outcome measure, specify in which format data will be
extracted, including the eligible units of measurement, and data type (continuous/dichotomous). A
description of any other manipulation or transformation of the extracted data that is planned may be
included.

In terms of secondary outcomes will be considered all the studies that express the results as continuous
quantitative variables. The final results of each study will be expressed as standardized measure, called
effect size. Will be included all the studies performed with at least 3 subgroups (environmental enriched,
social isolation and control environment). In all the subgroups will be collected the following information using
the respective unities:

Food intake and body weight will be expressed in grams.

Serotonin system will be assessed by immunoreactivity (number of active neurons) or gene expression of
serotonin system compounds (gene expression in a certain amount of brain protein in relation to a know
content of protein - generally 7-actin given in nanogram) or protein expression (given by the size of reactive
bands on a nitrocellulose membrane given in millimeters) or the total content of serotonin in the hole or part

of the brain (quantified in nanograms/total content of brain protein).

Data to be extracted: other

Specify any other data or study characteristics to be extracted, e.g. bibliographical details, such as author,
year and language.

Author and year of publication
27. * Risk of bias and/or quality assessment.
State whether and how risk of bias and/or study quality will be assessed. Assessment tools specific for pre-

clinical animal studies include SYRCLE's risk of bias tool and the CAMARADES checklist for study quality

No risk of bias and/or quality assessment planned
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No

By use of SYRCLE's risk of bias tool

Yes

By use of SYRCLE's risk of bias tool adapted as follows:
No

By use of the CAMARADES checklist for study quality
No

By use of the CAMARADES checklist for study quality, adapted as follows:
No

Other criteria, namely
No

Method for risk of bias and/or quality assessment

Give the procedure for the risk of bias and/or quality assessment, including the number of reviewers
involved, their contribution, and how discrepancies will be resolved.

Two reviewers (Batista, JW do N and Galindo, LCM) will assess risk of bias according to the
recommendations of SYRCLE's Risk of Bias tool by Hooijmans and collaborators (2014). A third reviewer
(Pinheiro, IL) will be consulted in case of divergence to resolve the discrepancy. In addition, the kappa index
will be calculated to measure the degree of agreement between the first and second reviewers beyond what
Woelddie eattected foymethdostudiesioecluded will be organized on Microsoft Excel or Word tables. The quality
of selected studies for review will be evaluated considering individual components that may have interfered
with internal validity of animal experimental studies, according to the recommendations of SYRCLE's risk of
bias tool as “high”, “low” or “uncertain”.

The following items will be evaluated: random sequence generation, baseline characteristics, allocation
concealment, random housing, blinding of participants and personnel, random outcome assessment, blinding
of outcome assessment, incomplete outcome data, selective outcome reporting and other sources of bias.
Finally, to analyze the degree of agreement between the first and second reviewer, beyond what would be
expected by random chance, the Kappa measure will be used for risk of bias. The information in these steps

will be synthesized using Review Manager® software version 5.3.

28. * Strategy for data synthesis.

Planned approach

For each outcome measure, specify whether a quantitative or narrative synthesis is planned and how this
decision will be made.
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This review will compare the effects of environmental enrichment versus social isolation and control condition
on the primary (anxiety- and depression-like behaviors) and secondary (food intake; body weight,
compounds of serotonin system) outcomes.

A table will be prepared to describe data of outcomes measured and results. The description will be made in

three subdivisions:

1) Author and year of publication; experimental groups used in each study; period of exposure to the
environmental stimuli; experimental groups; size of cages used for each group; number of animals/cage in
each group; elements used for enrich the cage environment;

2) Regarding to the primary outcomes: age when the behavioral tests were performed; tests used for access
each behavior; results of behavioral tests

3) Regarding the secondary outcomes in each group: age of registration of food intake and body weight;

amount of body weight (g); amount of food intake (g); registration of any analysis related to serotonin system.

Will be considered for meta-analysis all the studies that express the results as continuous quantitative
variables. Will be considered at least 3(three) studies for the statistical analysis. The final results of each
study will be expressed as standardized measure, called effect size. The goal is to consider all the possible
comparisons to verify the effectiveness of the enriched environment to attenuate the effects of the social

isolation.

If a meta-analysis is planned, please specify the following:
Effect measure

For each outcome measure, specify the effect measure to be used (e.g. mean difference, odds ratio etc.).
Once will be analyzed continuous variables for all the primary and secondary outcomes, will be calculated
the mean difference (MD - for comparison between two groups when the measures have the same scale) or
standard mean difference (SMD — for measurements made in different scales, without the possibility of
conversion to the same unit). SMD is obtained by dividing the difference of the means of three groups by the
standard deviation common to them, generating a value that corresponds to the difference (in standard

deviation) among the two interventions and the control.

Effect models

For each outcome measure, specify the statistical model of analysis (e.g. random-effects or fixed-effect
model).
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The random effects model will be used and the evaluations will be performed by the Higgins Test ( I2) for all
the outcomes
Heterogeneity

Specify the statistical methods to assess heterogeneity (e.g. 12, Q). For further guidance please refer to the
introduction and practical guide to pre-clinical meta-analysis.

The heterogeneity between the studies will be assessed by the |2 test. The heterogeneity will be explored by
comparing studies of the same type, excluding the analysis of studies with low methodological quality and
reanalysis of the data through variation of values for the lost data. The statistical analysis will be conducted
i stBdyiehaldatagticsoftil &re exxasimed. as potential source of heterogeneity: Period of exposure to the
environments, number of animals/cage; experimental procedures and evaluations, methodology used for

measuring outcomes.

Other

Specify other details of the meta-analysis methodology (e.g. correction for multiple testing, correction for
multiple use of control group).

Once will be analyzed continuous variables, will be calculated the mean difference (MD - for comparison
between two groups when the measures have the same scale) or standard mean difference (SMD — for
measurements made in different scales, without the possibility of conversion to the same unit). SMD is
obtained by dividing the difference of the means of two groups by the standard deviation common to them,
generating a value that corresponds to the difference (in standard deviation) between the two evaluated
interventions.

The confidence interval will be 95%.

29. * Analysis of subgroups or subsets.

Subgroup analyses

Give any planned exploration of subgroups or subsets within the review. ‘None planned’ is a valid response
if no subgroup analyses are planned.

When possible, the three experimental subgroups will be compared

Sensitivity

For each outcome measure, specify any sensitivity analyses you propose to perform.

Sensitivity analysis will be performed only if identified during the review process individual peculiarities of the
studies under investigation. In this case, sensitivity analysis will be performed by repeating the primary
analysis or meta-analysis, substituting alternative decisions or ranges of values for decisions that were
arbitrary or unclear.

Publication bias

Specify whether an assessment of publication bias is planned. If applicable, specify the method for
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assessment of publication bias.

We will decide regarding of the use of one of the following assessment of publication bias:

Egger regression test (Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by
a simple, graphical test. BMJ. 1997;315(7109):629-634. doi:10.1136/bmj.315.7109.629)

Duval and Tweedie trim-and-fill method (Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analysis. Biometrics. 2000;56(2):455-463.
doi:10.1111/j.0006-341X.2000.00455.x)

Begg rank correlation test (Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for

publication bias. Biometrics. 1994;50(4):1088-1101. doi:10.2307/2533446).

30. * Review type.

Type of review

Animal model review
No

Experimental animal exposure review
No

Pre-clinical animal intervention review
Yes

31. Language.

Select each country individually to add it to the list below, use the bin icon to remove any added in error.
Portuguese-Brazil

There is not an English language summary

32. * Country.

Select the country in which the review is being carried out from the drop down list. For multi-national
collaborations select all the countries involved.

Brazil

33. Other registration details.

List other places where the systematic review protocol is registered. The name of the organisation and any
unique identification number assigned to the review by that organisation should be included.

none

34. Reference and/or URL for published protocol.

Give the citation and link for the published protocaol, if there is one.
The protocols is not published

Add web link to the published protocol.

Or, upload your published protocol here in pdf format. Note that the upload will be publicly accessible.
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No | do not make this file publicly available until the review is complete

Please note that the information required in the PROSPERO registration form must be completed in full even
if access to a protocol is given.

35. Dissemination plans.

Give brief details of plans for communicating essential messages from the review to the appropriate
audiences.

Yes

Give brief details of plans for communicating review findings.?

This review will be published in international magazine with importance to scientific comunity

36. * Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
ensicthachentatemmiehiment

social isolation

behavior

anxiety

depression

37. Details of any existing review of the same topic by the same authors.

Give details of earlier versions of the systematic review if an update of an existing review is being registered,
including full bibliographic reference if possible.

None

38. * Current review status.

Review status should be updated when the review is completed and when it is published.
Please provide anticipated publication date

Review_Ongoing

39. Any additional information.

Provide any further information the review team consider relevant to the registration of the review.

40. Details of final repert/publication(s) or preprints if available.

This field should be left empty until details of the completed review are available OR you have a link to a
preprint. Give the full citation for the preprint or final report or publication of the systematic review.

Give the link to the published review or preprint.
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Abstract

Social isolation (SI) is related to adverse neurobehavioral effects and neurochemical changes,
particularly when they occur in early stages of development. On the other hand,
environmental enrichment (EE) appears to reduce anxiety and depression-like behaviors and
increase serotonin levels in the prefrontal cortex and hippocampus in rodents. The objective
of this study was to systematically review the effects of SI and EE on emotional behaviors
and some components of the serotonergic system in rats after weaning. Two authors
independently searched the electronic databases Medline/PubMed, LILACS, Scopus, Web of
Science, EMBASE, and Sigle via Open Gray. The first stage of the article selection process
consisted of reading the articles by title and abstract. Subsequently, the full-text articles were
read. Primary experimental studies that subjected rats to SI, EE, and normal social condition
after weaning were included in this review. The risk of bias of the selected studies was
evaluated considering the recommendations of SYRCLE's Risk of Bias. The Kappa index was
calculated to measure the degree of agreement between reviewers during the article selection
stage, as well as during the bias risk assessment stage. Eleven articles were included in this
systematic review. The results showed that animals exposed to SI presented a lower
behavioral index of habituation and a lower coping response to uncontrollable stress
situations. On the other hand, EE promoted a reduction in depression-like behavior and an
increase in serotonin levels in the hippocampus and prefrontal cortex of rodents. Thus,
environmental stimuli during the critical period of development were associated with better

emotional response as well as higher long-term levels of serotonin in brain regions.

n.n n.n

Keywords: "environmental enrichment"; "serotonergic system"; "social isolation"; "anxiety";

"depression".
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1. Introduction

Recently, distancing and social isolation (SI) have been recommended to prevent the
propagation of infection caused by the pathogen called Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) (Debanjan and Mayank, 2020). However, it should be
considered that long-term IS can cause negative effects on brain plasticity, as well as in
different contexts of cognitive and emotional development (Mumtaz et al., 2018).

Series of biological events such as proliferation, cell differentiation, neurons migration, axonal
proliferation, glycogenesis, myelination and synaptogenesis characterize the critical period for the
growth and development of the nervous system (Morgane et al., 2002). In rodents, this period
occurs from gestation to the first three postnatal weeks (Rice and Barone, 2000). During
critical periods, organisms are more vulnerable to exposure to adverse environmental stimuli
(Cameron and Demerath, 2002). Thus, exposure to SI in early life and adolescence is
considered a stress inducer (Yorgason et al., 2016) that can result in neurobehavioral
changes (Fones and Porkess, 2008; Brenes et al., 2020), molecular, structural and functional
changes in different areas of the brain (Biggio et al., 2019).

Serotonin (5-HT) is a monoamine that participates in many physiological processes
(Zmudzka et al., 2018), including the regulation of emotions and behavior (Zmudzka et al.,
2018; Muchimapura and Marsden, 2004). Environmental factors can directly affect the
availability of 5-HT (Bonnin and Levitt, 2012). As 5-HT is an important neurotropic and
signaling factor that acts in the brain during critical periods of development (Volpicelli et al.,
2014), changes in the availability of this monoamine can lead to changes in the signaling of
its receptors (Bonnin and Levitt, 2012; Brummelte et al., 2017).

In neurobehavioral terms, SI has been associated with anxiety- and depression-like
behaviors (Ieraci et al., 2016), as well as changes in serotonin metabolism (Brenes et al.,

2020). Thus, SI appears to alter the 5-HT turnover (Brenes et al., 2008a; Brenes et al., 2009)
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and influence the responsiveness and binding receptors (Marsden et al., 2011). Additionally,
studies have also shown that rodents submitted to SI showed a reduction in gene transcription
of 5-HT1A, 5-HTIB, 5-HT2A, 5-HT2C, 5-HT3A, 5-HT6, and 5-HT7 receptors in the
prefrontal cortex; reduction in expression of 5-HT1B, 5-HT2A, and 5-HT2C receptors in the
hypothalamus and midbrain; increase in 5-HT6 receptor expression in the hippocampus
(Bibancos et al., 2007; Grigoryan et al., 2022) and reduction in 5-HT levels in the amygdala
(Kaneda et al., 2020). In this context, changes in the availability of 5-HT in specific regions
may be associated with differences in the responsiveness of brain serotonergic receptors
(Walker et al., 2019).

Environmental enrichment (EE) is an environmental modification strategy that exposes
laboratory animals to novelties and enhances sensory, physical and cognitive stimuli
(Girbovan and Plamondon, 2013). These environmental stimuli are potent inducers of
neurogenesis and neuroplasticity (Schaeffer, 2010). Thus, EE appears to reduce anxiety- and
depression-like behavior (Pena et al., 2006; Brenes et al., 2009), as well as increase 5-HT
levels in the prefrontal cortex and hippocampus (Brenes et al., 2008b; Brenes et al., 2009) in
rodents. These data suggest that EE may be a non-pharmacological intervention (Schaeffer,
2010) capable of attenuating the effects caused by SI. Thus, this review performed a
systematic literature search as a tool to investigate the effects of SI and EE after weaning on

anxiety- and depression-like behavior and components of the serotonergic system in rats.

2. Methodology

2.1. Type of study

This is a systematic review of primary studies submitted and protocolad on the platform
International Prospective Register of Systematic Reviews (PROSPERO) under the number

CRD42020200881 (Annex 1) and described according to the recommendations of the
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Page et al.,

2021).

2.2. Eligibility Criteria

Primary experimental studies that used subgroups of rats submitted to SI, EE and normal

social condition after weaning were considered eligible. On the other hand, studies that used

transgenic rodents, ex vivo studies, in vitro studies or in silico studies were ineligible. In

addition, works that did not use a control environment were disregarded. Articles selected

based on full reading were included according to the characteristics determined for PICO

(population, intervention, comparison and outcomes) (Table 1).

Table 1. Eligibility criteria
Inclusion criteria Exclusion criteria
Population (P) Rats Studies with transgenic rodents and

Intervention (I)

Comparison (C)

Outcomes (O)

Publication

parameters

Animals exposed to social isolation
(1 animal  per  cage) or
environmental enrichment (more
than 2 animals per cage +

stimulating objects) after weaning.

Control environment (regular size
cage containing 2-5 animals/cage)
Primary outcomes: behaviors related
to anxiety and depression.

Secondary outcomes: evaluation of
components of the serotonin system
in the brain (serotonin content;
serotonin  transporter;  serotonin
receptors).

There was no restriction of articles

date and languages.

mice.

Studies that were use stress, feed
restriction, interference of external
agents in enriched conditions and
studies that were not use
experimental environments  after
weaning.

Studies that don’t used environment

control.

None.

None.
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2.2. Search Strategy

The bibliographic searches were carried out in April 2021 and updated in July 2022 in the
following electronic databases, no language and year of publication restrictions:
MEDLINE/PubMed, LILACS, Scopus, Web of Science, EMBASE and Sigle via open gray.
For each of the databases used, specific search strategies were created. The terms “social
isolation”, “behavior” and “rat” were used according to the description of the Health Sciences
Descriptors (DeCS) and Medical Subject Headings (MESH). The terms “environmental
enrichment”, “enriched environment”, “anxiety”” and “depression” were used according to the

Emtree descriptors for the EMBASE platform and as independent terms, as described in table

2.

Table 2. Terms used in DeCS, MESH and Emtree.

Data base Search strategies

MEDLINE/PubMed "environmental enrichment" OR "enriched environment"
AND behavior

LILACS "environmental enrichment" OR "enriched environment" AND
behavior

Web of Science TS=(environmental enrichment) OR TS=(enriched

environment) AND TS=(social isolation) AND TS=(rat)
EMBASE 'environmental enrichment'/exp OR 'environmental
enrichment' OR 'enriched environment’ AND behavior OR

anxiety OR depression AND 'social isolation' NOT human

SCOPUS TITLE-ABS-KEY ( "environmental
enrichment”) OR TITLE-ABS-KEY ( "enriched
environment") AND TITLE-ABS-
KEY ( behavior ) AND TITLE-ABS-KEY ( "social
isolation" ) AND NOT TITLE-ABS-KEY ( human )

SIGLE via open gray "environmental enrichment" OR "enriched environment" AND

"social isolation"
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Two reviewers (RPBS and ILP) performed the searches independently. In the first
phase, studies were selected for inclusion through their titles and abstracts according to the
inclusion and exclusion criteria. In the second phase, the selected studies were read in full for
definitive inclusion or exclusion, according to the results of the systematic review. After
selecting the articles, the two reviewers met to compare the findings. The third reviewer
(LCMG) was consulted in cases of disagreements that were not resolved in a consensus

meeting.

2.3. Data extraction
The information regarding the title, authorship, journal and year of publication of the
selected articles was obtained through a standardized form. Posteriorly, data regarding the
methodology were extracted: species used, number of experimental groups, size of cages used
to compose the groups, duration of social isolation and exposure to the enriched environment,
elements used to enrich the environment and standard bioterium conditions. The primary data
regarding anxiety and depression-like behavior were evaluated by studies that used tests such
as elevated plus maze, open field, forced swim test or any other test used to evaluate these
behaviors. The serotonergic system was evaluated by studies that used immunoreactivity or
gene expression of components of the serotonergic system (gene expression in a certain
amount of brain protein relative to a known protein content, usually actin) or protein
expression (given by the size of the reactive bands on a nitrocellulose membrane) or the total
serotonin content in the orifice or part of the brain (quantified in nanograms/total brain protein
content).
Data were extracted from texts, graphs and tables and progressively filed into tables
designed to describe the characteristics, analyzed variables/results and risk of bias assessment.

In all tables the names of the authors and year of publication of the articles are described. To
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schematize the results, 3 tables were used: the first table describes information regarding the
start and duration of the accommodation conditions; the second table shows behavioral test
data and results of emotional findings; the third table presents the data referring to the

concentration of serotonin.

2.4. Risk of bias

The risk of bias of the studies selected for review was evaluated according to the
recommendations of the SYRCLE’s Risk of Bias tool (Hooijmans et al., 2014) that classifies
the risk of bias as “high”, “low” or “unclear”. Two reviewers (RPBS and RKBS) rated the
following items: random sequence generation, baseline characteristics, allocation
concealment, random housing, blinding of participants and personnel, random outcome data,
blinding of outcomes assessment, incomplete outcome data, selective reporting, other bias.

The disagreements were resolved in a consensus meeting.

2.5. Data processing

The results were presented in the form of a descriptive synthesis, using absolute and
relative values (percentages) for the risk of bias. To assess the degree of agreement between
reviewers, the Kappa index was applied during the selection of articles, as well as in the risk
of bias assessment stage. The summary chart of the risk of bias assessment was performed
using the Review Manager® software, version 5.3. The authors of the articles included were
consulted for clarification on quantitative data or for additional details. However, due to the

absence of feedback from them, it became unfeasible to apply meta-analysis in this review.
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3. Results

The search performed in electronic databases identified 4,613 studies in
MEDLINE/PubMed, LILACS, Web of Science, EMBASE, SCOPUS and Sigle via Open
Gray. Of these, 829 articles were removed due to duplicates in the bases. After analyzing the
title and abstract, 3,755 articles were excluded for not meeting the eligibility criteria.
Posteriorly, after the complete reading of the 29 selected articles, 11 were included in this
review because they met the inclusion criteria (Figure 1) (Kappa = 0.71; indicates substantial

agreement).
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Identification of studies via databases and registers ]

Phase 1: Records identified through database
searching
(n=4613)
MEDLINE/PubMed = 2537; LILACS = 629;
Web of Science =221; EMBASE = 1058;
SCOPUS = 147; Sigle via Open Gray = 21

Duplicate records removed
(n=829)

Records screened
(n=3784)

Records excluded (n = 3755)
Reason #1 Not an original article
Reason #2 Not a study that used social isolation
and environmental enrichment
Reason #3 Not an animal study

Phase 2: Full-text articles
assessed for eligibility |———»
(n=29)

Studies included in review

Full-text articles excluded (n = 18)
Reason #4 Rodents genetically modified
Reason #5 Study that did not perform the
experiment after weaning
Reason #6 Transgenerational study
Reason #7 Did not include all experimental
groups
Reason #8 Other associated strategies (eg. stress,
food restriction, interference from external agents
under enriched conditions.

(n=11)

Figure 1. Flowchart of the selection process of studies included according to PRISMA 2020.
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3.1. Main characteristics of the studies

The general data related to environmental conditions are described in Table 3. Of the
eleven articles selected, most used male Sprague-Dawley rats (Saenz et al., 2006; Brenes et
al., 2008a; Brenes et al., 2008b; Brenes et al., 2009; Pascual et al., 2013; Arndt et al., 2015;
Mora-Gallegos et al., 2018), one article evaluated male Long-Evans rats (Hellemans et al.,
2004), two studies used male Wistar rats (Mosaferi et al., 2015; Tanas et al., 2015) and one
evaluated Wistar rats of both sexes (Yildirim et al., 2012). The animals were distributed in
different housing conditions (control, isolation and enrichment) between weaning age and the
adaptation period that corresponded to the 21st and 30th postnatal day.

The duration of housing conditions ranged from 10 to 42 days (Brenes et al., 2009;
Yildirim et al., 2012; Pascual et al., 2013; Arndt et al., 2015) and 72 to 84 days Hellemans et
al., 2004; Saenz et al., 2006; Brenes et al., 2008a; Brenes et al., 2008b; Mosaferi et al., 2015;
Tanés et al., 2015; Mora-Gallegos et al., 2018). The period that the animals were exposed to
the experimental tests ranged from 1 to 6 days (Brenes et al., 2009; Yildirim et al., 2012;
Pascual et al., 2013; Tanas et al., 2015; Mosaferi et al., 2015; Arndt et al., 2015) and from 42
to 69 days (Brenes et al., 2008a; Brenes et al., 2008b; Saenz et al., 2006; Mora-Gallegos et al.,
2018). Only one of the articles did not mention the age at which behavioral tests started

(Hellemans et al., 2004).

3.2. Assessment of the quality of studies

The data referring to the assessment of the risk of bias of the selected articles are shown
in figure 2 (Kappa = 0.98; indicates almost perfect agreement). Most studies have randomized
animals from experimental groups (Hellemans et al., 2004; Saenz et al., 2006; Brenes et al.,
2008a; Brenes et al., 2008b; Brenes et al., 2009; Pascual et al., 2013; Arndt et al., 2015;

Mora-Gallegos et al., 2018), reported information on similar baseline characteristics between
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groups (Hellemans et al., 2004; Saenz et al., 2006; Brenes et al., 2008a; Arndt et al., 2015;
Mosaferi et al., 2015; Tanas et al., 2015; Mora-Gallegos et al., 2018) and random housing
(Hellemans et al., 2004; Saenz et al., 2006; Brenes et al., 2008a; Brenes et al., 2008b; Brenes
et al., 2009; Pascual et al., 2013; Arndt et al., 2015; Mora-Gallegos et al., 2018). None of the
studies mentioned about animal allocation concealment. Only Arndt et al. (2015) and
Mosaferi et al. (2015) reported blinding of participants and personnel during intervention
measures. On the other hand, only Mosaferi et al. (2015) reported blinding of outcomes
assessment. Finally, most studies (81.8%) were classified as having uncertain risk of bias in
the description of the outcomes found (Brenes et al., 2008a; Brenes et al., 2008b; Brenes et
al., 2009; Yildirim et al., 2012; Pascual et al., 2013; Arndt et al., 2015; Mosaferi et al., 2015;

Tanés et al., 2015; Mora-Gallegos et al., 2018).
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in each assessment item.
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3.3. Emotional behaviors

To understand the impact of environmental conditions on emotional aspects, the articles
performed some behavioral tests that are described in Table 4. To identify anxiety-like
behaviors, were used the elevated plus maze test (Hellemans et al., 2004; Pascual et al., 2013;
Yildirim et al., 2012; Mosaferi et al., 2015; Tanas et al., 2015; Mora-Gallegos et al., 2018;
Brenes et al., 2009), open field test (Brenes et al., 2008b; Tanés et al., 2015; Mosaferi et al.,
2015; Mora-Gallegos et al., 2018; Brenes et al., 2009), fear conditioning test (Mora-Gallegos
et al., 2018), black/white box (Hellemans et al., 2004) and social interaction test (Tands et al.,
2015). To assess depression-like behaviors, were used the forced swimming test (Saenz et al.,
2006; Brenes et al., 2008b; Brenes et al., 2009; Yildirim et al., 2012; Mosaferi et al., 2015;
Arndt et al., 2015) and a sucrose preference test (Saenz et al., 2006; Brenes et al., 2008?;
Yildirim et al., 2012).

The plus maze test was performed between PND33 and PND103. There was an increase
in anxiety-like behavior in the SI group (Pascual et al., 2013). On the other hand, Brenes et al.
(2009), found increased anxiety-like behavior in the EE group on PND60 (greater number of
entries in closed arms and crossings in arms). On the contrary, two studies showed parameters
for the anxiolytic effect in animals submitted to EE (Hellemans et al., 2004; Mora-Gallegos et
al., 2018). Two articles did not find differences between the groups studied (Tanas et al.,
2015; Yildirim et al., 2012). When evaluating the Stretch-Attend Posture (SAP), Mora-
Gallegos et al. (2018) found no difference between animals in SI or EE. One study associated
plus maze results only with exploratory behavior without specifying anxiety-like behavior
(Mosaferi et al., 2015).

Regarding the open field test, studies have observed a better habituation to the
environment in animals submitted to EE, by reducing the frequency of crossing and rearing,

as well as by increasing the duration of gromming (Brenes et al., 2008b; Mora-Gallegos et al.,
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2018). Additionally, Brenes et al. (2009) also identified a better habituation to the
environment in the animals of the EE group through the increase in the gromming time in the
PNDe62.

Two articles found no differences between environmental conditions and anxiety-like
behaviors using the black and white box test (Hellemans et al., 2004), open field test and
social interaction test (Tanas et al., 2015). On the other hand, anxiety-like behavior and less
adaptation to dangerous situations were observed in SI animals in the PND90 through the fear
conditioning test (Mora-Gallegos et al., 2018).

Of the studies that used the sucrose preference test, one identified anxiety-like behaviors
by increasing the intake of sucrose solution (ml) (Brenes et al., 2008a) and water (ml) (Brenes
et al.,, 2008a e Yildirim et al., 2012) in socially isolated animals. On the other hand,
depressive behavior through increased sucrose intake was observed in both SI and EE groups
(Yildirim et al., 2012). An antidepressant effect was found on PND94 in animals exposed to
EE, through the reduction in the percentage of preference to sucrose (Brenes et al., 2008a).

The forced swimming test showed homogeneous results. Studies have identified
depressive behaviors in SI animals, due to increased immobility (Brenes et al., 2008a;
Mosaferi et al., 2015) and reduced diving and struggling (Yildirim et al., 2012). Furthermore,
Yildirim et al. (2012) also found depressive behavior in the EE and SI groups due to increased
immobility. On the other hand, antidepressant effects were perceived in animals submitted to
EE through the behaviors analyzed in the forced swimming test, namely: increase in
swimming (Brenes et al., 2008b; Brenes et al., 2009), diving (Brenes et al., 2008b; Saenz et

al., 2006) and climbing (Brenes et al., 2008b; Saenz et al., 2006; Arndt et al., 2015).
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3.4. Results related to serotonin

Only two articles evaluated serotonin levels in the experiments (Brenes et al., 2008b;
Brenes et al., 2009). The studies evaluated the concentrations of serotonin (5-HT), 5-
hydroxyindoleacetic acid (5-HIAA) and serotonin turnover (5-HTt) in the prefrontal cortex
(PFC) and ventral striatum (VS) (Brenes et al., 2008b), as well as in the hippocampus (Brenes
et al., 2009) (Table 4). The 5-HT concentrations were increased in the cortex and
hippocampus in animals exposed to EE (Brenes et al., 2008b; Brenes et al., 2009). Rats
submitted to SI showed an increase in 5-HTt concentrations in the cortex (Brenes et al.,
2008b) and hippocampus (Brenes et al., 2009). In addition, there was a reduction in the
concentration of 5-HT in the EV in animals under the same isolation conditions (SI) (Brenes
et al., 2008b).

Table 2. General characteristics of the studies included in the systematic review

Author (year) Population General conditions of SI and EE
Start of social Duration of social
condition condition
Hellemans et al. (2004) Long-Evans (Males) PND21 12 weeks
Saenz et al. (2006) Sprague-Dawley (Males) PND 22-24 11 weeks
Brenes et al. (2008)* Sprague-Dawley (Males) PND30 84 days
Brenes et al. (2008)° Sprague-Dawley (Males) PND30 84 days
Brenes et al. (2009) Sprague-Dawley (Males) PND28 42 days
Yildirim et al. (2012) Wistar (Males and females) PND21 6 weeks
Pascual et al. (2013) Sprague-Dawley (Males) PND22 10 days
Mosaferi et al. (2015) Wistar (Males) PND21 73 days
Arndt et al. (2015) Sprague-Dawley (Males) PND21 30 days
Tanas et al. (2015) Wistar (Males) PND24 73 days
Mora-Gallegos et al. (2018) Sprague-Dawley (Males) PND30 72 days

PND = post-natal day; C = control; EE = environmental enrichment; SI = social isolation.



Table 3. Effects of social isolation and environmental enrichment on the behavior patterns of rats.
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OPEN FIELD TEST
Author (year) Parameters evaluated Age of experiments  Results analyzed Interpretation of results
Brenes et al. (2008)° Grooming PND37 1 duration in EE group Faster habituation in EE group
PND65 1 duration in EE group Faster habituation in EE group
PND93 1 duration in EE group Faster habituation in EE group
PND107 ND -
Crossing PND37 | frequency in EE group Faster habituation in EE group
PND65 | frequency in EE group Faster habituation in EE group
PND93 | frequency in EE group Faster habituation in EE group
PND107 | frequency in EE group Faster habituation in EE group
Rearing PND37 | frequency in EE group Faster habituation in EE group
PND65 ND -
PND93 ND -
PND107 1 frequency in SI group Effect of swimming stress (PND106)
Brenes et al. 2009 Crossing PND62 1 frequency in SI group Less habituation
Rearing PND62 ND -
Grooming PND62 1 time in EE group Better habituation
Tanas et al. (2015) Locomotion PND104 ND -
Rearing PND104 ND -
Mora-Gallegos et al. (2018) Locomotion PND28 ND -
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PND58 | locomotion along OFT in group Faster habituation in EE group
EE
PNDS88 | locomotion along OFT in group Faster habituation in EE group
EE
Rearing PND28 ND -
PND58 | frequency and time of rearing in ~ Faster habituation in EE group
group EE
PND8S8 ND -
Grooming PND28 ND -
PND58 1 in EE group Faster habituation in EE group
PND8S8 1 in EE group Faster habituation in EE group
ELEVATED PLUS MAZE
Author (year) Parameters evaluated Age of experiments  Results analyzed Interpretation of results
Hellemans et al. (2004) Time in open arms (%) NI 1 in EE group | anxiety-like behavior
Number of open-arm entries NI 1 in EE group | anxiety-like behavior
Brenes et al. 2009 Time spent in open arms (%) PND60 ND -
Time spent in closed arms (%) PND60 ND -
Time spent in central area (%) PND60 ND -
Number of entries in open arms ~ PND60 ND -
(frequency)
Number of entries in closed PND60 1 in EE group 1 anxiety-like behavior in EE group
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arms (frequency)

Total arms crossings (frequency) PND60 1 in EE group 1 anxiety-like behavior in EE group
Yildirim et al. (2012) Time spent in the open arms PND70 ND -
Frequency of the arm entries PND70 ND -
Pascual et al. (2013) Open arm entries (%) PND33-34 | in IS group 1 anxiety-like behavior
Tanas et al. (2015) Total time spent in the open PND103 ND -
arms and closed arms
Number of entries to the open PND103 ND -
arms and closed arms
Mosaferi et al. (2015) Time in open arms PND93 1 in SI group IS than control group  Exploratory behavior
% Open Arms entries PND93 1 in SI and EE groups Exploratory behavior
Total Arms entries PND93 1 in control group Higher locomotor activity
Mora-Gallegos et al. (2018)  Stretch -Attend Posture (SAP) PND29 ND -
PND89 1 in control group 1 anxiety-like behavior
Head-Dipping (HD) PND29 ND -
PND89 1 in EE group | anxiety-like behavior
Time in open arms PND29 ND -
PND89 ND -
Time in closed arms PND29 ND -
PND89 ND -
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SOCIAL INTERACTION
TEST

Author (year)

Parameters evaluated

Age of experiments

Results analyzed

Interpretation of results

Tanas et al. (2015)

Social play mean

PND40

ND

PND61

ND

FEAR CONDITIONING
TEST
Author (year) Parameters evaluated Age of experiments  Results analyzed Interpretation of results
Mora-Gallegos et al. (2018) Rearing PND90 1 in SI group 1 anxious and reactive response in SI
rats
Grooming PND90 ND -
Freezing PND90 | in SI group | adaptation to dangerous situations
BLACK/WHITE BOX

Author (year)

Parameters evaluated

Age of experiments

Results analyzed

Interpretation of results

Hellemans et al. (2004)

Time spent in each compartment

NI

ND

Number of re-entries into the

white

NI

ND
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SUCROSE PREFERENCE
TEST

Author (year)

Parameters evaluated

Age of experiments

Results analyzed

Interpretation of results

Saenz et al. (2006)

Water intake (ml)

Weeks (6 and 10)

1 in EE group

1 anxiety-like behavior in EE group

Brenes et al. (2008)?

Sucrose consumption (ml)

PND66

1 in SI group than EE group

1 depressive-like behavior

PND9%4 1 in SI group than control group 1 depressive-like behavior
PND109 ND -
Water consumption (ml) PND66 ND -
PND%4 ND -
PND109 1 in SI group than EE group 1 depressive-like behavior
Preferéncia a sacarose (%) PND66 ND
PND9%4 | in EE group | depressive-like behavior
PND109 ND -
Yildirim ef al. (2012) Sucrose consumption (ml) PND70 1 in SI and EE groups Altered coping response to stress
situation
Water consumption (ml) PND70 1 in SI group and | in EE group Altered coping response to stress
situation
Sucrose preference (%) PND70 ND -

FORCED SWIMMING TEST

Author, year

Parameters evaluated

Age of experiments

Results analyzed

Interpretation of results

Saenz et al. (2006)

Climbing

Week (11)

1 in EE group

| depression-like behaviors
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Diving Week (11) 1 in EE group | depression-like behaviors
Brenes et al. (2008)° Immobility PND106 1 time in SI group 1 depressive-like behavior
Swimming and climbing PND106 1 time in EE group | depressive-like behavior
Diving PND106 1 time in EE group | depressive-like behavior
Brenes et al. 2009 Immobility PND64-65 | time of immobility in EE group Coping-stress response in front of an
(PND65) uncontrollable stress situation
Swimming PND64-65 1 time of swimming in EE group | depression-like behaviors
(DPN64-65)
Climbing PND64-65 1 time of climbing in all groups | depression-like behaviors
from days 1 to 2
Yildirim ef al. (2012) Diving PND70 | in SI group 1 depression-like behaviors
Struggling PND70 | in SI group 1 depression-like behaviors
Immobility PND70 1 in EE and SI groups 1 depression-like behaviors
Arndt et al. (2015) Imobilidade — pretest (Exp. 1) PND56-61 ND -
Swimming — pretest (Exp. II) PND56-61 1 in control group than SI group 1 escape-directed behavior
Climbing — pretest (Exp. 1I) PND56-61 1 in EE group | depression-like behaviors
Swimming — pretest (Exp. 1I) PND56-61 ND -
Immobility — pretest (Exp. I1I) PND56-61 ND -
Swimming — pretest (Exp. III) PND56-61 ND -
Climbing — pretest (Exp. III) PND56-61 1 in EE group than control | depression-like behaviors

NI = no information; ND = no diference; PND = post-natal day; EE = environmental enrichment; SI = social isolation



Table 4. Evaluation of serotonergic components.
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Author, year Technique used Parameter evaluated Region assessed Result
Brenes et al. (2008)° HPLC-EC 5-HT PFC 1 in group EE
VS ND
5-HIAA PFC ND
VS ND
5-HIAA/5-HT PFC 1 in group SI
VS | in group EE
Brenes et al. (2009) HPLC-EC 5-HT Hippocampus 1 in group EE
5-HIAA Hippocampus ND
5-HTt Hippocampus 1 in group SI

HPLC-EC = liquid chromatography coupled with electrochemical detection; 5-HT = serotonin; 5-HIAA = 5-hydroxyindoleacetic acid; 5-HTt =

5-HT turnover; PFC = prefrontal cortex; VS = ventral striatum; C = control; EE = environmental enrichment; SI = social isolation; ND = no

difference
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4. Discussion

The main results found in this systematic review point to the effects of different housing
conditions (control environment, social isolation and environmental enrichment) after
weaning on emotional behavior and the expression of serotonergic system components.

Regarding behavioral tests, the results related to exploratory and anxiety behavior
showed that the animals exposed to the EE had a better behavioral index of habituation
compared to the control and SI animals. The EE after weaning reduced locomotor activity and
rearing and crossing behavior, as well as increased grooming behavior in the open field. The
rapid habituation observed in animals submitted to EE was also observed in other studies
(Schrijver et al., 2002; Rojas-Carvajal et al., 2018). Additionally, behavioral effects are
evident when habituation occurs in the early stages of development (Mora-Gallegos et al.,
2018), due to the greater interaction with the new environment in animals submitted to EE
(Varty et al., 2000). Although animals submitted to SI express hyperactivity in new
environments and take longer to habituate (Fones and Porkess, 2008). Tanas et al. (2015)
found no differences in habituation and anxiety behavior in rodents, regardless of rearing
conditions. The authors claimed that their experiments did not produce effects for two
reasons: 1) due to a small sample of animals (n=6 per group) or 2) because the enriched cage
had little variety of objects and they were changed less frequently (Tanés et al., 2015) (See
Supplementary Material).

The studies showed disagreements on the effect of housing conditions on anxiety-like
behavior assessed by the elevated plus maze. Parker and Morinan (1986) reported that
keeping animals in different housing conditions (SI or EE) for short periods of up to 3 weeks,
may be directly related to increased anxiety-like behavior. However, it should be considered
that anxiety-like behavior may also appear due to keeping rodents in adverse conditions

during the critical developmental window (Lukkes et al., 2009). One study demonstrated an
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anxiolytic effect due to the longer time spent in the open arms of the plus maze in animals
submitted to EE since weaning (Hellemans et al., 2004). However, Mosaferi et al. (2015)
found anxiolytic effects by increasing the time spent in open arms in animals exposed to SI
(PND93). A point that should be considered is that the time spent in the open arms of the plus
maze may not be a determinant of anxiogenic behavior, since isolated animals may spend
more time in the open area as an attempt to escape from the small cages where they were
housed (Mosaferi et al., 2015).

When analyzing other parameters of the plus maze, Brenes et al. (2009) described higher
anxiety-like behavior in the group submitted to EE, due to the higher frequency of entry of
animals into closed arms and the higher number of crossings between the arms (PND 60).
However, the anxiety responses observed in the EE animals may also be indicative of a
greater capacity to detect dangers and threats in the environment (Mosaferi et al., 2015).
Methodological issues may also have influenced these results. A study demonstrated that the
intensity of ambient light interferes with the exploratory behavior of rats in the elevated plus
maze (Garcia et al., 2005). The same authors reported that rodents tested under low lighting
levels (0 and 1 1x), showed greater exploration in the environment by the increase entries and
time spent in open arms (Garcia et al., 2005). In this review, only two studies reported the
type and intensity of light used (Brenes et al., 2009; Tanas et al., 2015). Brenes et al. (2009)
used two 25 wats red lamps (approximately 200 1x), while Tanas et al. (2015) used a red light
(100 lux). Both studies found no differences in the conditions of creation and exploration by
the entrance of open arms. Both studies found no differences in the conditions of creation and
exploration by the entrance of open arms. The data suggest that the light intensity has
interfered with the animal's vision and, consequently, in the possible avoidance of open arms

(Garcia et al., 2005).
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The duration of social isolation may be a determinant for the phenotypic expression of
depression-like behavior (Brenes et al., 2020). However, in all reviewed studies, the duration
of SI was sufficient to produce these effects. The increased immobility in the forced swim test
is a strong predictor of depression-like symptoms in rodents (Yankelevitch-Yahav et al.,
2015). Thus, in the evaluated studies, habituation conditions affected immobility, swimming,
climbing, and diving parameters. Higher immobility was observed in animals exposed to SI
(Brenes et al., 2008b; Mosaferi et al., 2015), suggesting behavioral despair and impaired
escape attempts due to depression-like symptoms. Alternatively, climbing and diving are
considered effective behaviorin the escape attempt to depression-like symptoms
(Yankelevitch-Yahav et al., 2015). Thus, most of the included studies identified increased
climbing behavior (Saenz et al., 2006; Brenes et al., 2008b; Mosaferi et al. 2015 e Ardnt et al.,
2015) and diving in rats exposed to EE (Brenes et al., 2008b). The findings confirm that AE
contributes to a better coping response in a stressful situation. Further, EE seems to be
involved in higher neural plasticity and neurogenesis in animals (Koh et al., 2007), as well as
with the reduction in depression-like states by increasing serotonin levels in the hippocampus
(Brenes et al., 2009).

The animals submitted to SI showed emotional dysregulation in the Sucrose Preference
Test (Brenes et al., 2008a; Yildirim et al., 2012). Sucrose intake was higher in SI animals,
which indicates a change in the reward threshold due to the greater need to experience
rewarding sensations (Brenes et al., 2020; Acero-Castillo et al., 2021). Alternatively, Yildirim
et al. (2012) observed higher sucrose consumption in SI and EE animals, indicating that the
stress caused by other behavioral tests directly affected the result in animals submitted to EE.

At a neurochemical level, the EE increased the concentration of 5-HT in the hippocampus
(Brenes et al., 2009) and prefrontal cortex (Brenes et al., 2008b). However, the regulatory

mechanism involved in the increase in the amount of 5-HT in animals exposed to AE is still
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unclear (Brenes et al., 2008b). However, the SI is considered a stressor agent that manages to
reduce 5-HT concentrations and, simultaneously, increase its turnover rate in the
hippocampus (Brenes et al., 2020; Krupina et al., 2020) and the prefrontal cortex (Brenes et
al., 2008b). An alteration in the turnover of 5-HT and in its 5-HIAA metabolite may suggest
that ST animals have a greater use of 5-HT and, consequently, cannot be compensated by the
increase in its biosynthesis (Brenes et al., 2009). This happens due to dysfunction in
presynaptic 5-HT activity or reduction in 5-HT fibers in the hippocampus (Brenes et al.,
2009). Even so, the study by Krupina et al. (2020), found no difference in SH-T values and 5-
HT turnover in the prefrontal cortex and striatum of animals exposed to SI. Thus, the
development of neurochemical systems involved in mood, stress and, anxiety regulation may
be susceptible to changes arising from adverse events in early life (Fone and Porkess,
2008; Lukkes et al., 2009). However, further studies are needed to assess the effects of
different environmental conditions on the procedures involved in neurochemical changes.

In terms of the risk of bias, all studies were classified as “uncertain” in 50% or more of
the considered questions. This means that the studies did not describe enough information.
Factors such as lighting, time, and the order in which the tests are performed can influence the
interpretation of behavioral results (Gulinello et al., 2018). In the study by Yildirim et al.
(2012) was reported more than one test performed on the PDN70, but the authors did not
describe whether the same animals were used in both tests. Moreover, the study by Hellemans
et al. (2004) was the only one that did not report the day the tests were performed. With this,
there be a standardization and better detailing of the methods of articles that involve

emotional behavior to minimize biases and provide better reproducibility.


https://www.frontiersin.org/articles/10.3389/neuro.08.018.2009/full#B39
https://www.frontiersin.org/articles/10.3389/neuro.08.018.2009/full#B39
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5. Conclusion

This systematic review demonstrated that social isolation reduced exploratory behavior and
coping response to adverse situations associated with the induction of phenotype related to
anxiety and depression in rats. Alternatively, the enriched environment promoted an
antidepressant effect and increased 5-HT concentration in the hippocampus and prefrontal
cortex in rodents. Thus, environmental stimuli during the critical period of development
appear to interfere with emotional behavior and neurotransmitter activity in adult rat

offspring.
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Author, year Box size Number of Characteristics Frequency of object
animals per exchanges
cage
Hellemans et al. (2004) 75x75x180 cm height 12 Three levels were connected by ramps with Bi-weekly
several wheels and toys.
Saenz et al. (2006) 120x70x70 cm height 15 The rectangular stainless-steel floor with tree Each 2 days
levels, walls and roof covered with metal wire
netting (2.54 cm holes). Non-chewable plastic
objects (three fast track and four crawl balls),
two PVC tubes, and a small running wheel.
Brenes et al. (2008)? 120x70x100 cm 15 Non-chewable plastic objects and two PVC 1 or 2 days
height tubes, five food dispensers and two water
bottles.
Brenes et al. (2008)° 120x70x100 cm 15 Non-chewable plastic objects and two PVC 1 or 2 days
height tubes, five food dispensers and two water
bottles.
Brenes et al. (2009) 120x70x100 cm 15 Non-chewable plastic objects and two PVC 1 or 2 days
height tubes, five food dispensers and two water

bottles.

Yildirim et al. (2012)

Three large acrylic 6

Three large acrylic boxes were connected to

3 times per week
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boxes (30%x30%x50 cm)

each other via re-arrangeable tunnels. The
boxes contained different food dispensers,
water bottles, two running wheels, climbing

ladders, shelter and a variety of stimulating

objects.
Pascual et al. (2013) 100x100x100 cm 14 Ramps, tunnels, wheels, and ropes to climb. -
height
Mosaferi et al. (2015) 63x88x82 cm height 5 Two running wheels, two food dispensers, two Weekly
water bottles and with a variety of toys, several
types of stairs and PVC tubes, objects (balls,
rings and a block of plate with predrilled holes)
made of non-chewable plastic.
Arndt et al. (2015) 60x120%45 cm height 10 Equipped with fourteen non-toxic objects Seven of the objects

(children’s toys, PVC pipe, etc.)

were changed daily
and all of the toys

were changed weekly.

Tanés et al. (2015)

61x41x21 cm height

Pair-reared

Several objects (small metal ladder, standard
40 mm Ping-Pong ball, wooden brick, natural

size plush mouse).

When needed

Mora-Gallegos et al.
(2018)

120x70x100 cm
height

15

Non-chewable plastic objects, PVC tubes, food

dispensers and water bottles.

At least twice a week
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