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RESUMO

Relevancia: A capacidade de prever alteragcdes repetitivas do ambiente (como dia/noite e
estacOes do ano) e se adaptar as mudancas nestes ciclos é vantajosa, 0 que determinou a
permanéncia dos reldgios biolégicos ao longo da evolugdo. Dentre as espécies que usam as
transicOes dia-noite como referéncia para determinacdo de rotinas didrias e manutencdo de
ritmos enddgenos, o ser humano é o primeiro a fugir deste padrdo. Rejeitando o instinto
natural, o estilo de vida atual leva muitos individuos a permanecerem acordados durante a
noite, e a possibilidade de que a ruptura de ritmos esteja envolvida no desencadeamento de
varias patologias vem sendo considerada. Nesse contexto, modelos animais que mimetizem as
alteracdes de ritmo provocadas pelo estilo de vida atual sdo importantes para a pesquisa
translacional aplicada a condicfes psiquiatricas. Da mesma maneira, a avaliacdo de como
medicamentos interferem nos ritmos ou na ruptura destes € de interesse para 0
desenvolvimento de novas alternativas terapéuticas. Objetivos: O objetivo deste trabalho foi
modelar o efeito agudo da ruptura de ritmos em camundongos e verificar o efeito da
imipramina e da N-acetilcisteina (NAC) no modelo. Meétodos: Inicialmente, ritmos de
temperatura em BALB/c, C57BL/6N e CF1 foram caracterizados. Os animais foram mantidos
em ciclo 12:12 claro/escuro (CE) por 15 dias, seguidos de 10 dias em ciclo 10:10 CE. Num
segundo experimento, camundongos BALB/c foram submetidos a 10 dias em ciclos 12:12 CE
seguidos por 7 ou 13 ciclos de 10:10 CE. Quando em 10:10 CE, os animais foram tratados
diariamente com salina, imipramina (20 mg/kg) ou NAC (30 mg/kg e 60 mg/kg). Um grupo
controle foi mantido em 12:12 CE durante todo o experimento. Testes comportamentais
(placa perfurada e preferéncia social) foram realizados antes dos 10 ciclos 12:12 CE e no 8°
ciclo 10:10 LD. Niveis plasmaticos de corticosterona e interleucina-6 foram avaliados ao final
do experimento. Resultados: A linhagem BALB/c foi a que mostrou alteracdes de ritmo de
temperatura mais expressivas apos exposicao a ciclo 10:10 CE. Actogramas indicaram que a
alteracdo de fotoperiodo ndo permitiu encarrilhamento destes ritmos ao do ambiente.
Diminuicdo de amplitudes de temperatura e atividade foram observadas durante o periodo em
ciclo 10:10 CE, um efeito aumentado pela imipramina em determinados ciclos. A mudanca de
fotoperiodo aumentou niveis de ansiedade (reteste, placa perfurada). NAC nao teve efeito
sobre 0s ritmos e preveniu a alteracdo de ansiedade provocada pela mudanca de ritmo. N&o
foram encontradas diferencas significativas no comportamento de preferéncia social ou
dosagens plasmaticas de corticosterona e IL-6. Concluséo: A utilizacdo da linhagem BALB/c
de camundongos é vantajosa para estudar a associacdo entre ruptura de ritmos e alteracGes
comportamentais, ja que quando submetidos a fotoperiodo 10:10 CE os animais apresentam
alteracdes de ritmos e comportamento. A diminuicdo da amplitude e, portanto, da robustez
dos ritmos induzida pela imipramina pode ter relevancia clinica uma vez que se considera a
influéncia da ruptura de ritmos na recorréncia de episodios depressivos. A auséncia de efeito
da NAC na amplitude de ritmos e seu efeito protetor quanto a ansiedade induzida pela
alteracdo de fotoperiodo podem indicar mais uma vantagem deste modulador glutamatérgico
que vem sendo considerado no tratamento de varias condicBes psiquiatricas, incluindo
depressdo. A modulacdo da transmissdo glutamatérgica parece ser o mecanismo de acdo de
NAC mais importante para ritmos bioldgicos, considerando a relevancia dos receptores
glutamatérgicos no nucleo supraquiasmatico.



ABSTRACT

Relevance: The ability to predict repetitive environmental changes (such as day/night and
seasons) and adapt to changes in these cycles is advantageous, and determined the
permanence of biological clocks throughout evolution. Among the species that use the day-
night transitions as a reference for determination of daily routines and maintenance of
endogenous rhythms, humans are the first to break the pattern. The current lifestyle leads
many individuals to reject their natural instinct and stay awake at night, and the possibility
that rhythms disruption is involved in the onset of a number of diseases has been considered.
In this context, animal models that mimic rhythm changes caused by current lifestyles are
important for translational research applied to psychiatric conditions. Likewise, the evaluation
of how drugs interfere with rhythms or its disruption is of interest to develop new therapeutic
approaches. Purposes: The purpose of this study are to model the acute effect of rhythm
disruption in mice, as well as to verify the effect of imipramine and N-acetylcysteine (NAC)
in the model. Methods: Initially, temperature rhythms in BALB/c, C57BL/6N and CF1 mice
were characterized. The animals were kept in 12:12 h light/dark (LD) cycles for 15 days,
followed by 10 days in 10:10 h light/dark cycles. In a second experiment, BALB/c mice were
subjected to 10 days under 12:12 LD followed by 7 or 13 10:10 LD. When at 10:10 LD,
animals were treated daily with saline, imipramine (20 mg/kg) or NAC (30 and 60 mg/kg). A
control group was kept at 12:12 LD throughout the experiment. Behavioral tests (hole-board
and social preference) were performed before the 12:12 LD and at the 8th 10:10 LD cycle.
Plasma levels of corticosterone and interleukin-6 were assessed at the end of the experiment.
Results: BALB/c was the mice strain presenting the most expressive changes in temperature
rhythms. Actograms indicated that changes in photoperiod did not allow entrainment of
activity and temperature rhythms to the environment. Decreased activity and temperature
amplitudes were observed during the period under 10:10 LD, and this effect was increased by
imipramine in certain cycles. The photoperiod modification increased levels of anxiety (hole-
board retest). NAC had no effect on the rhythms and prevented the anxiety caused by
photoperiod change. No significant differences were found in social preference or plasma
levels of corticosterone and IL-6. Conclusions: BALB/c use is advantageous to study the
association between rhythm disturbances and behavioral changes, since when subjected to
10:10 LD animals show significant changes in rhythms and behavior. The decrease in
amplitude, and therefore rhythm robustness, induced by imipramine may have clinical
relevance since the influence of rhythms disruption on depressive episodes recurrence has
been considered. The lacking effects of NAC in rhythms and its protective effect in
photoperiod change-induced anxiety may be an additional advantage of this glutamatergic
modulator under evaluation for treating various psychiatric conditions, including depression.
Among NAC mechanisms of action, the modulation of glutamatergic transmission seems to
be the most relevant for biological rhythms, considering the role of glutamate receptors in the
suprachiasmatic nucleus.



LISTA DE ABREVIATURAS

AA-NAT: arilalquilamina N-acetiltransferase

AMPA: alfa-amino-3-hidroxi-5-metil-4-isoxazol propiénico

AMPc: adenosina monofosfato ciclico

BMAL: do inglés, Brain and Muscle ARNT like protein
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MGIuUR: receptors metabotropicos de glutamato
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NMDA: N-metil-D-aspartato

NSQ: nucleo supraquiasmatico

Per: do inglés, Period
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1. INTRODUCAO

1.1.0 Sistema Circadiano

Ritmos circadianos de comportamentos e processos fisiologicos séo filogeneticamente
antigos, podendo ser observados em praticamente todas as plantas e animais. No ser humano,
além do ritmo de sono/vigilia, processos metabdlicos, secrecdo hormonal, temperatura
corporal e funcdo cardiaca, entre outros, ocorrem de maneira ritmica. Tais ritmos sdo
sustentados gracas a um sistema circadiano que tem como objetivo manter a coordenacéo de
osciladores internos em diferentes 6rgdos de maneira a tornar seu funcionamento mais
adequado ao organismo como um todo. Este mecanismo € também responsavel pela
adaptacdo destes ritmos aos estimulos externos. (Bechtold et al., 2010). A sincronizacao das
atividades associadas a estes 0rgdos com o ambiente € uma vantagem adaptativa que
provavelmente teve papel importante na evolucdo da vida na Terra (Lall et al., 2012), o que
pode explicar a manutencdo de mecanismos geradores e controladores de ritmicidade ao
longo da escala evolutiva. llustrando a relevancia da ritmicidade das func¢Ges orgéanicas, entre
2 e 10% dos genes analisados em estudos de hibridizacdo apresentam oscilacfes circadianas
nos niveis de RNA estavel. Estes genes sdo tecido-especificos e muitos dos produtos
regulados circadianamente estdo envolvidos nas funcdes principais de varios érgaos e muitas
vezes sdo passos limitantes nas rotas bioquimicas em que estdo inseridos (Akhtar et al., 2002;
Panda et al., 2002; Reppert & Weaver, 2002).

Os ritmos sdo mantidos por um marcapasso, ou relégio central, mesmo na auséncia de
estimulos externos. Nos mamiferos esse rel6gio se encontra no nucleo supraquiasmatico
(NSQ). Este marcapasso ndo sO € responsavel pela geracdo de ritmos, mas também pela
regulacdo dos ritmos circadianos periféricos e pelo encarrilhamento dos ritmos com o
ambiente (Hastings et al., 2003; Ibuka & Kawamura, 1975; Moore & Eichler, 1972; Stephan

& Zucker, 1972). O NSQ esta localizado no hipotadlamo anterior abaixo do quiasma éptico



(Ralph & Lehman, 1991), recebe informagdo fética da retina através do trato retino-
hipotalamico e, indiretamente, através de projecao vinda do folheto intergeniculado. Ha ainda
uma projecao aferente originaria dos nucleos da rafe, que juntamente com o trato geniculo-
hipotalamico é responsavel pela transmissdo de sinais de outros estimulos sincronizadores
ndo-foticos (Figura 1). O NSQ é formado por duas subregifes que diferem em citoarquitetura,
histoquimica, topografia e conectividade, com diferentes padrdes de expressdo de ‘genes
relogio’ e de atividade elétrica. A porgdo ventrolateral € responsiva a luz, mas ndo apresenta
ritmo enddgeno, diferente da dorsomedial, que gera ritmo enddgeno, apesar de receber pouca
inervacdo das vias estimuladas pela luz ou estimulos ndo-féticos. (Abrahamson & Moore,

2001; Cassone et al., 1988; Golombek et al., 2013).

C:-::J Input ndo-fético
Folheto

intergeniculado
S-HT\ ﬂ

Glu

Input fotico

-
<O>/( —’%
}'\
TRH

Olho

Encarrilhamento de ritmos

Figura 1: Estruturas anatdmicas envolvidas na sinalizacdo fotica e ndo-fética para o
NSQ TRH: trato retino-hipotalamico; TGH: trato geniculo-hipotalamico; Glu: glutamato; 5-
HT: 5-hidroxitriptamina (serotonina); PACAP: peptideo ativador de adenilato ciclase
pituitario; GABA: acido gama-aminobutirico; NPY': neuropeptideo Y.

Fonte: adaptado de Lall et al., 2012



Através de projecdes do NSQ para outros centros do hipotélamo, este é capaz de
controlar o ‘tempo’ das respostas homeostaticas e o ritmo da liberagdo de hormoénios, como
por exemplo, a melatonina pela glandula pineal. Através da projecdo para o nucleo
dorsomedial do hipotalamo e controle do sistema orexina/hipocretina, o NSQ participa da
regulacdo dos ciclos de sono/vigilia. Através de projecGes para o nucleo paraventricular, o
NSQ também pode sinalizar para vias simpaticas e parassimpaticas (Bartness et al., 2001;
Bechtold et al., 2010). O NSQ também parece regular os ritmos periféricos através de
alteracbes na temperatura corporal, que serviria como uma referéncia universal para
encarrilhar os diversos outros ritmos aos ciclos de claro/escuro do ambiente (Buhr et al.,
2010). Por ser um dos ritmos mais robustos do organismo, ritmos de temperatura Séo
frequentemente utilizados como referéncia na comparagdo com outros ritmos (por exemplo,
atividade/repouso) permitindo a avaliagdo da sincronicidade ou dessincronizagdo de ritmos
num determinado individuo no periodo especifico (Kelly, 2006).

Estudos genéticos e modelos de inativacdo de genes em moscas € camundongos
permitiram a identificagdo de ‘genes relogios’ cuja fungdo seria marcar o ritmo diario
(Grundschober et al., 2001; Reppert & Weaver, 2002; Sato et al., 2004; Zheng et al., 1999).
Diversos tecidos, neuronais ou ndo, possuem ritmos diarios de expressao regulados por estes
‘genes reldgio’, que se acredita que sejam controlados pelo NSQ. Estudos de biologia
molecular revelaram que o mecanismo molecular responsavel pelos ritmos circadianos e sua
manutencdo € baseado em circuitos interligados de retroalimentacao (feedback) transcricional
positivos e negativos (Figura 2). Em resumo, as proteinas Per (1,2 e 3) e Cry (1 e 2)
dimerizam fora do ndcleo e voltam para este, onde inibem sua prépria expressao por
reprimirem a ativacdo transcricional de CLOCK/BMALL através das sequéncias E-box nos
promotores Per e Cry (Buhr & Takahashi, 2013; Gekakis et al., 1998; Griffin et al., 1999).

Essa alca de retroalimentacdo negativa ocorre em ciclos de aproximadamente 24 horas. As



proteinas REV-ERB e ROR formam ainda uma segunda alca de retroalimentacdo, por serem
capazes de inibir ou estimular sua expressdo, respectivamente, através de ligacdo no sitio
RORE em BMALL (Guillaumond et al., 2005). Uma vez no nticleo, as ‘proteinas reldgio’ ndo
controlam apenas a sua transcricdo, mas também de outros genes, acarretando desta maneira

alteracOes ritmicas na expressdo génica que em Ultima instancia levam a alteracGes ritmicas

fisiolégicas e comportamentais (Liu & Chu, 2012).
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Figura 2: Rel6gio molecular composto por circuitos interligados de retroalimentacéo
Fonte: adaptado de McClung, 2013

A sincronizacdo do NSQ depende da comunicacdo entre a regido ventrolateral,
responsavel pelo recebimento dos sinais foticos, e a regido dorsomedial, ndo responsiva a luz:
qguando sincronizado, existe no NSQ uma relacdo de fase entre estas duas subregides.
Mudancas abruptas nos ciclos claro/escuro rapidamente alteram a atividade elétrica e
expressdo dos ‘genes relogio’ no NSQ ventrolateral. Por outro lado, o NSQ dorsomedial leva
uma quantidade de ciclos para alterar a fase apds a alteracdo ambiental (Gu et al., 2012;

Nagano et al., 2003; Nakamura et al., 2005). Esta dessincronizagédo transiente entre as duas



regibes provoca uma dessincronizagdo entre o ciclo claro/escuro e certos ‘outputs’
fisioldégicos, como, por exemplo, os ritmos de temperatura e de producdo de melatonina
(Cambras et al., 2007; Schwartz et al., 2009). Além disso, considerando que 0 NSQ é o
marcapasso, este sincroniza os osciladores periféricos (Figura 3) através de sinalizacdo
neuronal e humoral e, em uma situagdo de alteracdo dos ciclos claro/escuro, uma dessincronia
entre 0 NSQ e os demais osciladores também ocorre. Cada oscilador periférico tem um tempo
especifico para ressincronizar os genes reldgio, provavelmente em funcéo das diferentes vias
responsaveis pela comunicacdo entre estes e 0 NSQ. Foi observado que o NSQ, como

esperado, € o tecido mais rapido a ressincronizar a expressdo de Per (Yamazaki et al., 2000).
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Figura 3: Osciladores periféricos. Exemplo na fisiologia e doenca cardiaca
Fonte: Adaptado de Hastings et al, 2003



Considerando a plasticidade inerente a um sistema em constante adaptacdo, ndo é
surpreendente que uma série de estudos confirme a presenga de receptores glutamatérgicos no
NSQ. Juntamente com outros neurotransmissores, o glutamato esta envolvido no reinicio de
fase do NSQ, principalmente via ativacdo de receptores ionotrépicos (iGIuR): N-metil-D-
aspartato (NMDA), alfa-amino-3-hidroxi-5-metil-4-isoxazol propiénico (AMPA) e de cainato
(Chen & van den Pol, 1998; Ebling, 1996; Gannon & Rea, 1994; Michel et al., 2002;
Mikkelsen et al., 1995). O bloqueio destes receptores por antagonistas especificos previne as
alteracOes de fase de atividade e de atividade elétrica induzidas pela luz (Colwell & Menaker,
1992; Ding et al., 1994), enquanto a ativacdo in vivo de NMDA e AMPA no NSQ leva a
alteracdes de fase semelhantes as induzidas pela luz (Mintz et al., 1999; Mizoro et al., 2010).
Além dos iGIuR, os receptores metabotropicos de glutamato (MGIUR) também estdo
envolvidos. Existe uma interagdo complexa entre estes dois tipos de receptores e tem sido
sugerindo que os MGIuR tem papel modulador (Haak, 1999; Haak et al., 2006).

Outro neurotransmissor com papel relevante na manutencdo de ritmos é a
noradrenalina (NA). Nos pinealécitos, a NA se liga a receptores -adrenéergicos ativando a
adenilato-ciclase e aumentando AMPc, que por sua vez estimula a atividade da enzima
arilalquilamina N-acetiltransferase (AA-NAT), passo limitante da rota sintética de
melatonina. Na presenca da luz, através de projecdo polisinapticas, 0 NSQ inibe a atividade
das vias simpaticas que fornecem NA para a pineal e este circuito determina que a luz
suprima a producdo e liberacdo de melatonina (Markus et al., 2007; Pandi-Perumal et al.,
2006).

llustrando a complexidade da neurotransmissdo no NSQ, neuropeptideo Y (NPY),
serotonina e 4cido gama aminobutirico (GABA) sdo mediadores do trato geniculo-
hipotalamico e projec6es dos nucleos da rafe através das quais sinais ndo-foticos relevantes

para marcacao e alteracdo de ritmos séo retransmitidos ao NSQ (Figura 1).
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1.2. Sistema circadiano e estados patoldgicos

A habilidade de prever alteracdes repetitivas (ciclos) do ambiente para otimizar a
coleta, armazenamento e gasto de energia é essencial para a sobrevivéncia dos organismos.
Da mesma forma, a capacidade de responder e se adaptar a mudancas destes ciclos padroes
sdo igualmente importantes para a sobrevivéncia (Karatsoreos, 2012). O sistema circadiano
confere ritmos ao organismo e permite que estes sejam alterados conforme as alteracGes no
ambiente (Figura 3). Porém, estimulos externos (como a exposi¢do a luz durante a noite)
podem desencadear o processo de ressincronizacdo de forma constante e continua, 0 que nao
deveria ocorrer nas circunstancias naturais para as quais o organismo esta preparado.

Seres humanos tendem a ser ativos durante o dia e a descansar a noite. Entretanto, as
preferéncias de horario variam de pessoa para pessoa e, mesmo em diferentes estagios da
vida, no mesmo individuo (Eisenstein, 2013; de Souza & Hidalgo, 2013). Alem disso, em
mamiferos, outros estimulos (temperatura, atividades sociais) alem da luz podem servir como
zeitgebers, ou seja, podem encarrilhar ou sincronizar o ritmo interno ao do meio ambiente
(Lall et al., 2012). Com as possibilidades proporcionadas pela luz artificial, o aumento da
atividade comercial e social noturna e a necessidade de trabalhadores em todos os turnos, 0s
seres humanos se tornaram a primeira espécie a ndo moldar suas rotinas conforme as
transicdes dia-noite, ndo permitindo que seus processos fisiologicos e comportamentais
sincronizem com a fase (dia ou noite) preferencial. Por exemplo, como visto acima, a
auséncia de luz é necessaria para a producdo de melatonina, por sua vez um importante
marcador de ritmo.

Acumulam-se evidéncias que apontam para o fato de que alteragdes no sistema
circadiano contribuem na etiologia de uma série de estados patolégicos, incluindo doencas
metabolicas e cancer (Bittencourt et al., 2010; Haus & Smolensky, 2006; Roenneberg et al.,

2012), o que ndo é surpreendente considerando o papel regulatorio e a ubiquidade do sistema
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circadiano. Estudos indicam que o trabalho de turno estd associado com transtornos
gastrointestinais (Knutsson & Bgggild, 2010). A prevaléncia de doencas gastrointestinais
(Koller, 1983) e de alteracdo funcional da bexiga (Zhen Lu et al., 2006) aparentemente sao
mais comuns em trabalhadores submetidos a escalas de trabalho varidvel do que nos demais
trabalhadores. Trabalhadores submetidos a turnos varidveis infectados por Helicobacter pylori
também tém maior prevaléncia de Ulcera péptica do que trabalhadores comuns (turnos
constantes) também infectados (Pietroiusti et al., 2006).

A facilidade de viagens transmeridionais faz com que pessoas tenham de se adaptar a
fusos horarios diferentes numa velocidade nunca antes experimentada; provavelmente, a
consequéncia disso - o ‘jet lag’-, seja a manifestacdo da ruptura ou dessincronizacéo
circadiana mais conhecida. Os sintomas que seguem incluem: fadiga, insénia, perda de
apetite, prejuizo da coordenacdo motora e humor deprimido (Srinivasan et al., 2010).
Constatou-se que funcionarios de empresas aereas, com cinco anos de servico e com menos
tempo de recuperacdo ap0s viagens transmeridionais, apresentam reducéo de volume do lobo
temporal e déficits de memoria e aprendizado correlacionadas as prolongadas elevacdes de
cortisol associadas a exposi¢do cronica ao ‘jet lag” (Cho, 2001; Cho et al., 2000). Derivado
desta diferenca de fusos, Roenneberg cunhou outro fenémeno denominado ‘social jet lag’,
conceito que define a discrepancia que frequentemente surge entre os reldgios enddgenos e
sociais, quantificado através da diferenca do ponto médio de sono entre dias livres e dias de
trabalho (Roenneberg et al., 2007).

Estudos epidemiologicos também associam a curta duracdo de sono e ruptura
circadiana com risco aumentado para sindrome metabdlica e diabetes. Em ambiente
controlado, individuos submetidos a privacdo de sono e ruptura circadiana concomitante,
apresentaram taxa metabolica reduzida e concentracdo plasmatica de glicose aumentada ap6s

refeicdo, indicando que tais condi¢bes aumentariam o risco para diabetes (Buxton et al.,
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2012). Segundo recente estudo, o tempo de duragdo do sono esta correlacionado com o indice
de massa corporal, sendo que um sono mais longo diminui a probabilidade de sobrepeso
(Roenneberg et al.,, 2012). Mais do que a privacdo de sono, Ronneberg et al (2012)
demonstraram que o ‘jet lag social’ também aumenta significativamente a probabilidade de
sobrepeso. O ‘jet lag social’ também esta associado a maior prevaléncia de sintomas
depressivos (Levandovski et al., 2011).

Outro exemplo bem conhecido da influéncia dos ritmos no humor é a depressao
sazonal. Muitos individuos passam por alteracdes sazonais fisioldégicas, como de humor e de
habitos diarios, que nio se caracterizam como anormalidades. E preciso, portanto, avaliar se
essas variacOes sdo suficientes para preencher os critérios de episddio de depressdo maior
(Monteleone & Maj, 2008). No entanto, 0 padrdo sazonal é atualmente considerado um
especificador da depressdo recorrente, que apresenta recuperacdo entre os episodios (DSM-
V). Em geral, os individuos com depressdo sazonal sofrem com os dias mais curtos no outono
e no inverno. Pacientes de depressdo sazonal apresentam alteracdes nos padrdes de secrecao
de cortisol e melatonina e no ritmo de temperatura (Avery et al., 1997; Lewy et al., 2009;
Schwartz et al., 1997).

As associagdes entre problemas de salde, padrGes de comportamento e alteracGes de
ritmo justificam a necessidade de uma melhor compreensdo do papel dos ritmos na
manutencdo da normalidade fisiolégica e em estados patoldgicos. Considera-se a
possibilidade de que as consequéncias agudas da dessincronizacdo possam funcionar como

gatilho no desencadeamento de doencgas em individuos susceptiveis.

1.2.1. Sistema circadiano e transtornos do SNC
A oscilacdo ritmica da expressdo dos genes rel6gio descrita na se¢do 1.1 também

ocorre em diferentes estruturas do encéfalo e acredita-se que a atividade sincronizada destes
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osciladores seja crucial para a saude mental (Kondratova & Kondratov, 2012). A ruptura
circadiana e a perda de qualidade de sono sdo caracteristicas comuns em transtornos
psiquiatricos. Apesar desta associagdo ser conhecida hd muito tempo, ndo existem conclusdes
definitivas quanto a relacdo causa-efeito entre rupturas de ritmo e alteragdes da fungédo
cerebral. A identificacdo de polimorfismos em genes responsaveis pela geracdo de ritmos e
envolvidos em doencas neuroldgicas e o fato de neurotransmissores apresentarem modulacao
circadiana sdo argumentos para que se atribua um papel mais central a ruptura circadiana nas
doencas neuropsiquiatricas (Frank et al., 2013).

Cognigao

O desempenho cognitivo também é uma funcdo dependente da sincronizacdo interna
dos relogios presentes no sistema nervoso central. Karatsoreos et al (2011), utilizando um
protocolo de exposicdo a ciclo de luz alterado, demonstraram que a ruptura de ritmos
circadianos provoca alteracfes no remodelamento dos neurdnios do cortex pré-frontal medial
e diminuicdo da flexibilidade cognitiva em camundongos. Individuos que ndo apresentam
sincronia entre seu tempo interno e o ritmo de sono e vigilia apresentam prejuizo no
aprendizado (Wright et al., 2006). Além disso, sugere-se que a dessincronizacdo entre 0s
relégios do cérebro pode contribuir para os desajustes cognitivos e emocionais no Alzheimer
(Cermakian et al., 2011).

Esquizofrenia

Pacientes com esquizofrenia apresentam ritmo de monoaminas, de prolactina, de
melatonina e de sono/vigilia irregulares (Martin et al., 2001; Rao et al., 1994; Wirz-Justice et
al., 1997). Alguns estudos associam polimorfismos e alteracdes na expressao génica de genes
reldgios a esquizofrenia (Aston et al., 2004; Mansour et al., 2009; Monti et al., 2013). Wulff
et al. (2012), comparando pacientes com esquizofrenia a controles, relatou que a principal

diferenca do primeiro grupo em relacdo ao segundo é que metade dos individuos deste
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apresentavam ritmos de sono/vigilia e melatonina atrasados ou em livre curso, ou seja,
desalinhados em relacéo aos ciclos externos de claro/escuro.

Ansiedade

Apesar da associagdo entre distdrbios do sono e ansiedade ser bem conhecida, a
relagdo causa-efeito entre ambas é ignorada. Sabe-se que a ins6nia predispde os individuos a
ansiedade e a perturbacdo do sono aumenta a probabilidade de pénico. Por outro lado,
pacientes de estresse pos-traumatico e transtorno obsessivo-compulsivo apresentam
frequentemente dificuldade em iniciar o sono (Wulff et al., 2010). Por esta razdo, no
momento do diagndstico se torna complicado diferenciar transtornos de ansiedade e sindrome
do atraso de fase do sono.

De Bundel et al. (2013) observaram em um modelo de ruptura circadiana genética que
camundongos com 0s genes Cry 1 e 2 silenciados apresentaram comportamentos tipo-
ansiedade elevados nos testes de campo aberto e labirinto em cruz elevada em relacdo aos
seus controles selvagens.

Transtorno bipolar

No transtorno bipolar, alteracdes de amplitude e fase foram descritas. Pacientes
eutimicos apresentam instabilidade de ritmos e amplitudes diminuidas (Jones et al., 2005;
McCarthy & Welsh, 2012; Yang et al., 2009). Anormalidades em ritmos de sono/vigilia e
ritmos sociais sdo caracteristicas dos episodios de depressdo e mania, sendo que problemas de
sono frequentemente precedem relapsos (Boivin, 2000; McClung, 2007). Camundongos
mutantes de CLOCK apresentam fen6tipo de mania caracterizado por hiperatividade,
diminuicdo do sono, comportamento tipo-depressivo e ansiedade reduzida. Muitos destes
comportamentos sdo revertidos pelo tratamento com litio (Jagannath et al., 2013; Roybal et

al., 2007).
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Depressao

A teoria do zeitgeber social que contribui no desencadeamento da depresséo, proposta
por Ehlers et al (1988), sugere que eventos da vida, especialmente os estressantes, provocam
ruptura dos ciclos circadianos, desencarrilhando o relégio interno e levando a episddios
depressivos em individuos suscetiveis (McClung, 2011). Anormalidades em fase e amplitude
dos ritmos circadianos sdo descritas em pacientes deprimidos (Tsujimoto et al., 1990).
Também sdo relatadas alteracdes nos padrdes de secrecdo de melatonina, cortisol,
norepinefrina e prolactina (Koenigsberg et al., 2004). Achados indicam que polimorfismos
nos genes relégio RORA e Cry-1 estdo associados a depressdo (Lavebratt et al., 2010;
Partonen, 2012; Soria et al., 2010). Em camundongos submetidos a estresse cronico social,
apenas aqueles que desenvolveram fendtipo tipo-depressivo apresentaram alteragdo nos
ritmos de temperatura, sugerindo que a mesma estad envolvida no desenvolvimento deste
comportamento (Krishnan et al., 2007).

Uma vez que pelo menos um subgrupo de pacientes deprimidos apresenta ruptura de
ritmicidade, é possivel especular que tratamentos que restaurem 0s ritmos internos
amenizariam estados depressivos (Monteleone & Maj, 2008). Na realidade, ja ha evidéncias
da associacdo entre efeitos antidepressivos e ritmos circadianos. A melatonina, um neuro-
horménio sintetizado durante a noite e que apresenta papel regulatério de ritmos circadianos,
mostra acdo antidepressiva em modelos animais (Mantovani et al, 2003; Ergin et al, 2006;
Detanico et al, 2009). Ha ainda sugestdo de que metabdlitos de melatonina (e.g.6-
sulfatoximelatonina) possam servir de marcadores para subgrupos de pacientes que
responderdo a determinados antidepressivos (Hidalgo et al., 2011). Principalmente em funcéo
dos necessarios cuidados com principios éticos em estudos em humanos e da dificuldade de se
modelar estados depressivos em animais, os efeitos de antidepressivos, especialmente nos

ritmos circadianos, ndo estdo claramente determinados. Considerando o papel fundamental da
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manutenc¢do dos ritmos para um organismo saudavel, a compreensdo de altera¢fes provocadas
pelos medicamentos nesse sentido se torna importante.

Apesar dos estudos sobre ruptura circadiana estarem em crescimento, o nimero de
estudos sobre o desalinhamento de ritmos ainda é pequeno quando comparado aos estudos de
privacdo de sono. A associacdo entre privacdo de sono/ruptura circadiana e estados
patoldgicos chama a atencdo para a importancia do estudo da Cronobiologia e de estratégias

que minimizem os efeitos das alteracfes do sistema circadiano na satde e bem-estar.

1.3. N-acetilcisteina em transtornos psiquiatricos

Em todas as condicOes psiquiatricas listadas acima ha evidéncias significativas do
papel dos disturbios de ritmos como fator contribuinte ou desencadeante em individuos
sensiveis. Curiosamente, ndo existe para nenhum desses transtornos tratamento farmacolégico
considerado adequado. Déficits cognitivos tem tratamento limitado, tanto em termos de
eficacia quanto de efeitos adversos, e € o sintoma para o qual os medicamentos usados em
esquizofrenia tem efeito mais limitado (Keefe et al., 2007). Distirbios de ansiedade e
transtorno bipolar tem curso recidivante e, mesmo possuindo uma variedade de drogas
disponiveis, estas também apresentam eficacia limitada e uma gama de efeitos adversos
importantes. O caso da depressdo é talvez 0 mais grave, considerando que, de acordo com a
organizacdo mundial da saide (OMS), sdo cerca de 121 milhdes de pessoas diagnosticadas
com depressdo em todo mundo, o que representa aproximadamente 17% da populacdo. Ela
ocupa o terceiro no lugar no ranking das doencas com maior perda de anos de vida devido a
qualidade menor de salde e/ou a mortalidade prematura (World Health Organization, 2008).

Na busca de inovacdo em termos de tratamento farmacoldgico para estas patologias, 0
papel do glutamato tem sido o foco da Gltima década, uma vez que alteracbes do sistema

glutamatérgico foram associadas a patofisiologia de uma série de transtornos de humor,
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incluindo depressdo (Sanacora et al., 2008, 2012). Dessa maneira, é intensificada a busca por
agentes moduladores da funcdo glutamatérgica que apresentam perfil diferente dos agentes
conhecidos, em muitos casos eficazes, mas com uso limitado pela indugéo de efeitos adversos
importantes. Um modulador glutamatérgico com surpreendentes efeitos psicofarmacolégicos
é a N-acetilcisteina (NAC) (Berk et al., 2013). A NAC é utilizada em casos de intoxicacdo por
paracetamol ha mais de 30 anos, com perfil de seguranca mais que estabelecido. Outra
aplicacdo tradicional € como agente mucolitico, principalmente em casos de doenca pulmonar
obstrutiva crénica, embora com eficicia questionavel.

NAC é um antioxidante eficaz, e alteracGes do estado redox tem sido correlacionadas
com varios transtornos psiquiatricos, incluindo depressdo e esquizofrenia. A NAC fornece
cisteina, substrato para a sintese de glutationa e ainda diminui o0s niveis de citocinas
inflamatdrias. Quanto ao sistema glutamatérgico, NAC provoca um aumento na atividade do
antiporter cistina-glutamato, presente principalmente em células gliais, o que resulta em maior
liberacdo de glutamato para 0 meio extracelular. Este aumento extracelular leva a maior
ativacdo de receptores metabotropicos extra sindpticos de glutamato que, por sua vez, inibem
a liberacdo sinaptica de glutamato e a consequente ativacdo de seus receptores pds sinapticos
(incluindo NMDA e AMPA). Foi demonstrado que NAC promove a nheurogénese
diretamente, através do aumento de proteinas neuroprotetoras e indiretamente, pelo aumento
de proteinas antiapoptoticas (Dean et al., 2011).

Provas clinicas sugerem que o tratamento com NAC traz beneficios em pacientes de
transtorno bipolar (Berk et al., 2008; Magalhaes et al., 2011), esquizofrenia (Bulut et al.,
2009; Lavoie et al., 2008), transtorno obsessivo-compulsivo (Lafleur et al., 2006) e
tricotilomania (Grant et al., 2009; Odlaug & Grant, 2007). Ha ainda um relato de caso de
jovem apresentando transtorno de ansiedade generalizada e fobia social, para o qual o

tratamento adjunto com NAC provocou melhoras significativas dos sintomas de ansiedade,
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incluindo da insbnia relacionada a mesma (Strawn & Saldafia, 2012). Este efeito universal de
NAC numa diversidade de transtornos sustenta a hipdtese de atuacdo em vias donwstream
comuns a estes transtornos. Assim como estresse oxidativo, inflamagéo e alteragcbes em
neurotransmissores (especialmente glutamato), alteracdes de ritmos também sdo descritas em
pacientes psiquiatricos. Considerando a modulacdo glutamatérgica exercida por NAC e o
papel dos receptores glutamatérgicos no NSQ, este estudo explora a hipotese de que NAC

atue sobre a dessincronizacao circadiana e/ou seus efeitos.
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2. OBJETIVOS

2.1. Objetivo geral
Verificar o efeito da imipramina e da N-acetilcisteina em um modelo de ruptura de

ritmo em camundongos.

2.2. Objetivos especificos

1) Verificar alteragdes de ritmo de temperatura provocadas por ciclos claro/escuro de
20 h (10:10 h claro/escuro) nas linhagens BALB/c, C57BL6/N e CF1;

2) Verificar alteragdes nas amplitudes de atividade e temperatura provocadas por
ciclos claro/escuro de 20 h em camundongos BALB/c;

3) Verificar o efeito de ciclos claro/escuro de 20 h no teste de Placa Perfurada (hole-
board) em camundongos BALBI/c;

4) Verificar o efeito de ciclos claro/escuro de 20 h no teste de Preferéncia Social em
camundongos BALB/c;

5) Verificar o efeito de ciclos claro/escuro de 20 h nos niveis plasmaticos de
corticosterona e interleucina-6 em camundongos BALBI/c;

6) Verificar o efeito da imipramina nas alterac6es induzidas por ciclos claro/escuro de
20 h em camundongos BALBI/c, conforme detalhado em 2-5;

7) Verificar o efeito da N-acetilcisteina nas alteracdes induzidas por ciclos

claro/escuro de 20 h em camundongos BALB/c, conforme detalhado em 2-5.
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3. CAPITULO |

Differential susceptibility of BALB/c, C57BL/6N and CF1 mouse
strains to changes in photoperiod

Artigo a ser submetido ao periddico Journal of Neuroscience Methods

Obs: As legendas acompanham as figuras para facilitar a visualizagéo.
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Abstract

The disruption of circadian rhythms has been associated with a variety of health issues,
including metabolic and mood disorders. The availability of methods to evaluate causal,
trigger or confounding roles for desynchronization is therefore relevant to experimental
psychopharmacology. Specifically, animal models that mimic the circadian disturbances of
modern lifestyles would be useful in translational research applied to depressive disorders.
The aim of this study was to verify the responsiveness of BALB/c, C57BL/6N, and CF1 mice
to changes in photoperiod. Daily temperature rhythms were characterized using Thermochron
iButtons implanted in the mouse abdomen. Mice were maintained under 12:12 h light/dark
(LD) cycles for 15 days, followed by 10:10 h LD cycles for 10 days. Cosinor and Rayleigh z
tests, periodograms, and Fourier analysis were used to analyze rhythm parameters. Student’s
paired t test was used to compare temperature amplitude, the period and power of the first
harmonic for each strain under normal and shortened cycles. The shortened LD cycle induced
significant changes in temperature acrophases and rhythm amplitude in all mouse strains,
although BALB/c was the only strain in which the period was significantly altered. A
circadian disruption of core temperature, a precise and robust measure, was successfully
documented in untethered mice, consisting in a useful parameter for evaluating
desynchronization from other established rhythm measurements. We suggest that BALB/c
mice are preferred for stress-induced models of depression, and the present data suggest that
this strain should also be favored for experiments designed to explore the links between

circadian rhythms and mood.

Keywords: circadian disruption, core body temperature rhythm, CF1, BALB/c and C57BL/6

mice.
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Highlights

Temperature rhythms can be characterized with iButtons implanted in the mouse
abdomen

BALB/c, C57BL/6N, and CF1 mice vary in responsiveness to photoperiod changes
Photoperiod modification induced changes in rhythm parameters in all mouse strains
studied

BALB/c is the only strain in which the period was significantly altered

BALB/c mice should be favored for modeling rhythm disruption as a risk factor in

mood disorders
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1. Introduction

A significant number of biological processes other than the sleep/wake cycle follow
circadian rhythms. Because central and peripheral oscillators (respectively found in the
suprachiasmatic nucleus in mammals and in organs including the spleen and lungs)
differentially adapt to environmental changes, there can be desynchronization between
rhythms (Reppert and Weaver, 2002; Nagano et al., 2003). Changes in rhythmicity, such as
those induced by jet lag or job schedules, have been shown to result in or contribute to
reduced metabolic efficiency, disorganization of metabolic and endocrine rhythms (Haus and
Smolensky, 2006), increased susceptibility to gastrointestinal disorders (Knutsson and
Baggild, 2010), obesity and diabetes (Buxton et al., 2012), decreased fertility and increased
risk for some forms of cancer (Stevens et al., 2011). The evidence that circadian
desynchronization is associated with a variety of health issues, along with the recently
identified changes in clock genes and their transcriptional regulators (Partonen, 2012; O’Neill
et al., 2013), underscore the importance of further understanding human biological rhythms
and the effects of desynchronization on specific disorders. Of particular interest to this study
are the connections between disturbances in circadian rhythms and sleep and neuropsychiatric
disorders, including schizophrenia, bipolar disorder and major depression (Hasler et al., 2010;
Jagannath et al., 2013).

Translational research calls for animal models that employ known etiological and risk
factors resulting in measurable behavioral and/or physiological alterations, preferably
homologous to the human disease of interest. Mice are extensively used for behavioral
research, both for predicting psychoactive properties of molecular entities in R&D drug
programs and for understanding the pathophysiology of CNS disorders (Geyer, 2008; Belzung

and Lemoine, 2011; Berton et al., 2012). Despite differences in endogenous periods among
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species, rodent models can also be used to assess the effects of rhythm disruption on behavior
and physiology (Nagano et al., 2003; Salgado-Delgado et al., 2010; Karatsoreos et al., 2011).
Body temperature can be influenced by external and internal signals. Because core
temperature rhythmicity is less susceptible to change than the sleep/wake cycle, it is often
used as a ‘marker rhythm’, providing a reference point against which other rhythms can be
tested for (de)synchronization (Kelly, 2006). To incorporate changes in circadian rhythms in
the experimental modeling of mental disorders, the present study was designed to compare the
susceptibility of commonly used mouse strains (CF1, BALB/c and C57BL/6N) to changes in

photoperiod as assessed by continuous body core temperature recordings.

2. Material and Methods

2.1. Animals: Experiments were performed with CF1, BALB/c and C57BL/6N male 2-month-
old mice obtained from Fundacgéo Estadual de Producédo e Pesquisa em Saude (FEPPS). Mice
were housed in our own animal facility under controlled environmental conditions (22 +1°C,
12 h-light/dark cycle, free access to food [Nuvilab CR1] and water) for two weeks before the
experiments. All procedures were carried out according to institutional policies on the
handling of experimental animals. The project was approved by the University Ethics

Committee (approval # 22308).

2.2. iButtons: Thermochron iButtons (Dallas Semiconductor, Dallas, TX) were used to record
and store time and temperature data. Each iButton weighs approximately 3.5 g and has a
diameter of 17.5 mm. For the purposes of this study, iButtons were programmed to record

core body temperature every 30 min for 29 consecutive days.

2.3. Surgery: An iButton was implanted into the abdominal cavity of each mouse. The

animals were anesthetized with i.p. ketamine/xylazine (Cetamin®/Xilazin® Syntec SP Brazil,
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100/10 mg/kg for CF1; 70/7 mg/kg for BALB/c and C57BL/6N strains). The fur of the
abdomen was shaved, and the region was cleaned with 70% alcohol. A longitudinal incision
of approximately 2 cm was made along the midline, and the iButton, previously cleaned with
70% alcohol, was inserted into the abdominal cavity. The suture was made with 4-0 nylon
threads. Animals were kept warm until they recovered from the anesthesia. Tramadol
(Tramal® Hipolabor MG Brazil, 1 mg/kg) was subcutaneously administered immediately
after surgery and the day after surgery. Animals were singly housed after the surgery until the
end of the experiment. Animals were euthanized by cervical dislocation, and the iButtons

were removed.

2.4. Photoperiod Manipulation: After surgery, animals were maintained under the usual 12:12
h light/dark (LD) cycle for 19 days (the first 4 days of recordings were considered as recovery

time and were discarded), followed by 10:10 h short LD for 10 days. n = 5/strain.

2.5. Locomotion: Locomotion was assessed between 14 h and 16 h before and 10 days after
surgery using activity cages (45 x 25 x 20 cm, Albarsch Electronic Equipments, Porto Alegre,
Brazil) equipped with four parallel photocells. The number of crossings was recorded for 15
min, with the first 5 min considered to be exploratory behavior and the final 10 min

considered to be locomotion (Linck et al., 2009).

2.6. Data treatment and Statistical analysis: To calculate the temperature rhythm parameters
(amplitude and acrophases) for each group of mice, data were assessed using the Cosinor test.
The acrophase of each group was analyzed using the Rayleigh z test in relation to individual
vectors to determine the average vector of each group. Periodograms were used to evaluate
the period of statistically significant oscillations. Fourier analysis was used to determine the
power of the first harmonic. ElI Temps software (©Antoni Diez Noguera, Barcelona, CA,

Spain) was used for the rhythmic analysis.
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The mean differences in temperature rhythm amplitude and period during exposure to 12:12
and 10:10 h LD cycles and locomotion before and after surgery were tested by paired
Student’s t tests. ANOVA, followed by SNK, was used for comparing group differences. Data
are expressed as the mean + standard error of the mean (SEM). Statistical significance was set
at p < 0.05, with a two-tailed hypothesis. Data were analyzed using GraphPad Prism 5.0 for

Windows and SPSS 19.0 (SPSS, Chicago, IL, USA).

3. Results

Figure 1 shows the raw temperature data obtained during the 12:12 h and 10:10 h LD
cycles for each strain group.

As seen in Figure 2, the shortened 10:10 h LD cycle induced a clear delay in
acrophases and significant decrease in temperature rhythm amplitudes in all three mouse
strains (t,=8.05, p<0.001, t,=15.64, p<0.001, t,=4.89, p<0.01, for BALB/c, C57BL/6N and
CF1, respectively). The results of the ANOVA followed by SNK indicate that BALB/c mice
showed significantly higher amplitudes in both normal and shortened cycles compared with
the other two strains (F2,1,=6.37, p<0.05; F21, =29.07, p<0.01, 12:12 h LD and 10:10 h LD,
respectively).

Individual periodograms (Figure 3A) show large peaks at 1440 min (or 24 h) when
animals were under 12:12 h LD cycles. Under 10:10 h LD cycles, the main peaks were
weakened, and other peaks eventually emerged. Fourier analysis (Figure 3B) confirms
significant changes in the power of first harmonics for each strain (t,=6.53, p<0.01, t,=13.88,
p<0.001, t,=4.0, p<0.05, for BALB/c, C57BL/6N and CF1, respectively). Comparison of
normal and shortened cycles with t tests show that BALB/c was the only strain presenting a

statistically significant (t,=12.37, p<0.001, t,=1.55, p>0.05, t,=0.47, p>0.05, for BALB/c,



28

C57BL/6N and CF1, respectively) change in period (Figure 3C). As expected, data from the

CF1 strain show the largest variability.

4. Discussion

This study shows that these mouse strains are susceptible to photoperiod changes. The
three strains presented a delayed rhythm of temperature acrophase; as expected, acrophases
obtained from the inbred BALB/c and C57BL/6N strains were more homogeneous than those
obtained from the outbred CF1 mice. Changes in the LD cycle decreased the robustness of
temperature rhythms, with every mouse strain showing reduced amplitude under the short
10:10 h cycle. Consistent with Conolly and Lynch (1981), the highest amplitude was found in
the BALB/c strain; our data show that the higher amplitude in BALB/c mice was maintained
after LD changes. This study is relevant to the use of mouse models in the study of rhythm
disruption because it shows that BALB/c mice are particularly sensitive to photoperiod
changes. These mice showed the most pronounced shift delay, being the only strain in which
the period of the temperature rhythm was significantly altered, while also showing
homogeneous temperature amplitude and acrophase before and after the photoperiod was
shortened.

BALB/c mice have been shown to be particularly sensitive to stress, and they present
enhanced depression- and anxiety-related behaviors (Cryan and Holmes, 2005). Suggesting
higher anxiety levels, the BALB/c strain showed higher plasma corticosterone in response to
stress (Lu et al., 1998; Roy et al., 2007) and less exploratory behavior of new environments
(Lepicard et al. 2000). It was reported that social aversion was prominently induced in
BALB/c mice after social defeat stress (Razzoli et al., 2011). BALB/c mice, but not C57BL/6
mice, present deficits in spatial working memory and shifts in attention following infant

maternal separation (Mehta and Schmauss, 2011). Unpredictable chronic mild stress induced
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coat deterioration and decreased grooming in BALB/c mice but not in Swiss mice (Yalcin et
al., 2008). It is therefore not surprising that BALB/c is the strain usually selected for studies in
which stress plays a central role, such as studies on depression and/or the effects of
antidepressants. Linking stress and rhythmicity, Takahashi et al. (2013) reported that after
repeated stress, BALB/c mice but not C57BL/6 mice presented changes in corticosterone and
insulin secretion rhythms, as well as changes in the circadian expression of liver clock genes.
Our study suggests that the BALB/c strain is significantly sensitive to changes of rhythms
even in the absence of stress; it would be interesting to see if changes of rhythm by itself lead
to stress-related behavior.

Bright light therapy is suggested as treatment or adjunctive treatment to
antidepressants for various forms of depression (Martiny et al., 2005; Hizli Sayar et al., 2013).
The relevance of circadian rhythms in mood disorders (McClung, 2011; Jagannath et al.,
2013), the intertwined effects of desynchronization and stress suggested by Wong &
Schumann (2012), and the antidepressive-like effects of melatonin (Detanico et al., 2009) and
agomelatin (Papp et al., 2003) in stress-induced rodent models of depression underscore the
relevance of modeling desynchronization as a risk factor in mouse models of depression. For
verifying desynchronization, temperature rhythm is a robust parameter to match with activity
rhythms under cycles of light/dark exposure. Thermochron iButtons, data loggers that record
time and temperature, were shown to successfully monitor core body temperature in rats
(Davidson, 2003), and here, they were shown to be applicable to mice. Relevant to the
accurate interpretation of data from behavioral models, no significant changes were seen in
locomotion before and after iButtons were implanted. In comparison to the “gold standard”
telemetry systems of continuous recording of temperature in free-moving laboratory rodents,

iButtons avoid the high initial cost for set-up (Newsom et al., 2004).
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Changes in body weight and cognitive deficits are among the symptoms commonly
observed in patients affected with major depression. Interestingly, Karatsoreos et al. (2011)
reported that C57BL/6 mice subjected to 10:10 h LD cycle showed altered body temperature
rhythms, changes in metabolic hormones, accelerated weight gain, decreases in cognitive
flexibility and remodeling of medial prefrontal cortex neurons. Adding to the proposition that
this pattern of shortened cycle can be adopted as a model for circadian disruption, our data
suggest that the use of this 10:10 h LD photoperiod pattern in models with BALB/c mice may
be particularly useful for examining the links between rhythm disruption, stress and
depression. In addition to the susceptibilities to both stress and photoperiod changes, the use
of BALB/c mice for modeling the associations between rhythm disturbances and depression is
facilitated by the large body of relevant available data, including responses to different
antidepressants in both behavioral and neurochemical correlates (Dulawa et al., 2004; Yalcin

et al., 2008; Surget et al., 2011).

5. Conclusion

The experimental modeling of desynchronization as a given disorder risk factor of mental
disorders requires the identification of suitable subjects that are both sensitive to rhythm
disruption and accessible for the assessment of relevant changes. This study shows that
BALB/c is the preferred strain for modeling the associations between rhythm disruptions and

depression.
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Fig. 1. Temperature rhythms. Raw temperature data collected from BALB/c (A),
C57BL/6N (B) and CF1 (C) mice under 12:12 h and 10:10 h light/dark (LD) cycles. n =5.
Dark bars at the bottom of each graph represent dark phases (lights off at 20h); numbers refers

to LD cycles.
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Fig. 2: Acrophase and amplitude. Temperature rhythm acrophase and amplitude from
BALB/c, C57BL/6N and CF1 mice under 12:12 h and 10:10 h light/dark (LD) cycles. n = 5.
Acrophases: Rayleigh test; hour O represents the moment when the lights were turned on.
Amplitude: mean + SEM. *p < .01, Paired t test; #p < .05 compared to BALB/c 12:12 h, and
&p < .05 compared to BALB/c 10:10 h, ANOVA/SNK.
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Fig. 3: Periodograms. Temperature rhythms in BALB/c, C57BL/6N and CF1 mice under
12:12 h and 10:10 h LD cycles: individual periodograms (A), potency of the first harmonic

(B), and period (C). n=5. Mean + SEM. *p < .05 compared to 12:12 h, Paired t test.
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Abstract

Rhythm disruption is thought to be a risk factor for a range of diseases, including psychiatric
conditions. Understanding the effects of acute rhythm disruption is relevant to explore its
contribution for health disturbances, but animal studies on the acute effects of rhythm changes
are lacking. The purpose of this study is to verify the effects of acute rhythm disruption in
mice, including behavior, corticosterone and interleukin-6 (IL-6) analysis. Additionally, we
investigated the effects of imipramine and N-acetylcysteine (NAC) in mice submitted to acute
rhythm disruption. BALB/c mice were exposed to 10 cycles of 12:12 h light/dark (LD)
followed by 7 or 13 cycles of 10:10 h LD. During the shorter LD period groups of mice were
treated (i.p.) daily with imipramine (20 mg/kg) or NAC (30 or 60 mg/kg); the control group
was maintained in 12:12 LD throughout the experiment. Circadian rhythms of rest/activity
and temperature were assessed with iButtons and home cage actigraph. Behavioral tests (hole-
board and social preference) were performed at the beginning of the experiment, and mice
were retested at the 8" 10:10 LD. Plasma levels of corticosterone and IL-6 were assessed at
8"10:10 LD. Actograms show that the 10:10 LD schedule prevents entrainment of
temperature and activity rhythms for at least 13 cycles. Amplitudes of activity and
temperature follow a similar pattern, with an initial decline after photoperiod change followed
by attempts of recovering peaks roughly 5 cycles apart. Activity and temperature amplitudes
are decreased during 10:10 LD (paired t tests), an effect exacerbated by imipramine at various
times (one-way ANOVA/SNK). No significant effects of photoperiod or treatment were noted
on test or retest performance in the hole-board; control mice showed significantly higher
number of head-dips and shorter latency for the first head-dip at retest (p < 0.05, paired t test).
The 10:10 LD schedule suppressed the decrease in anxiety observed at control retest, while
NAC 30 mg/kg prevented the effect of rhythm change in anxiety. No significant differences

were observed in social preference, corticosterone or IL-6 levels among groups. The reported
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positive association between sleep/circadian disturbances and recurrence of depressive
episodes underscores the clinical relevance of potential drug-induced maintenance of
disturbed rhythms. Since rhythm robustness is reliably assessed by changes in amplitude, this
study suggests that imipramine contributes to sustained disturbed rhythms after rhythm
disruption. In contrast, NAC is devoid of effects in activity or temperature amplitude, and
seem to prevent rhythm disruption-induced anxiety. The current experimental design allowed
the identification of mild but significant behavioral changes in specific timing after acute
photoperiod change. We suggest that subtle changes repeated over long enough periods may
be a contributing factor to trigger permanent behavior disturbances relevant to anxiety and

mood disorders, and that antidepressants should be carefully evaluated in this context.

Keywords: Circadian rhythm; glutamate, antidepressants, N-acetylcysteine, corticosterone,

intereleukin-6



41

1. Introduction

A growing body of data, ranging from molecular biology to epidemiology, illuminates the
role or circadian rhythms in health and its disturbances in disease (Reppert & Weaver, 2002;
Karatsoreos, 2012). Circadian rhythms are primarily determined by the suprachiasmatic
nucleus (SCN). The SCN is regulated by various neurotransmitters including glutamate, and
ultimately through noradrenergic neurons determines the rhythmic release of pineal melatonin
(Moore, 1997; Lall et al., 2012). Several genes and transcriptional factors have been identified
as the molecular basis for a well-adjusted synchronicity among various bodily functions
(Zheng et al., 1999; Grundschober et al., 2001; Reppert & Weaver, 2002; Sato et al., 2004),
whereas specific mutations have been associated with increased prevalence of diverse
maladies (Lavebratt et al., 2010; Sookoian et al., 2010; Dai et al., 2011; Partonen, 2012).
Experimental data based on free running, constant desynchronization or chronic jet lag
protocols provide relevant translational data on the physiological effects of rhythm disruption
(Filipski et al., 2004; Aguzzi et al., 2006; Cambras et al., 2007; Casiraghi et al., 2012).
Exploring the effects of acute rhythm desynchronization is relevant to understand how
rhythms disruption can trigger health hazards, but animal studies on the acute effects of
rhythm changes are lacking.

Among the most studied rhythms are the rest/activity rhythm and sleep. Mental conditions in
which altered sleep patterns are substantial include various forms of anxiety, schizophrenia,
bipolar and major depression (Wirz-Justice et al., 1997; Martin et al., 2001; McClung, 2007,
Calandra et al.,, 2013). Further linking depression and sleep, antidepressive effects of
melatonin and its analogs have been shown in animal models (Papp et al., 2003; Ergin et al.,
2006; Detanico et al., 2009) and humans (Srinivasan et al., 2014), changes in melatonin
metabolite (6-sulfathoxymelatonin) levels predict response outcome to nortryptiline (Hidalgo

et al., 2011), and successful antidepressant treatment with various drugs normalizes plasma
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melatonin levels (Carvalho et al., 2009). The prediction by the World Health Organization
that major depressive will be first in the rank of disease burden by the year 2030 (World
Health Organization, 2008), combined with the unacceptably poor outcome of antidepressive
treatments reported in the STAR*D study, boosted the search for newer antidepressive
therapies (Sanacora et al., 2008). Following the interest raised by reports of the unique
antidepressive pattern of sub anesthetic doses of ketamine, there is a great deal of research on
glutamate modulators. N-acetylcysteine, a glutamate modulator devoid of the adverse effects
common to most NMDA antagonists, have been reported to possess antidepressive-like
effects in mice (Ferreira et al., 2008; Linck et al., 2012; Smaga et al., 2012; Costa-Campos et
al., 2013) and in the depressive phase of bipolar patients (Berk et al., 2008). Anecdotal data
suggest that restoring sleep patterns is a marked and instantaneous result of NAC in
depressive patients.

The purpose of this study was to verify the effects of imipramine and NAC in acute rhythm
disruption in mice. Circadian rhythms were characterized by rest/activity and temperature
patterns. The effects of rhythm disruption and treatments were evaluated on behavior (hole-

board and social preference tests) and plasma levels of corticosterone and interleukin-6.

2. Materials and Methods

2.1 Animals: Adult (~50 days-old) male BALB/c mice were obtained from Universidade
Federal de Pelotas, and acclimatized in groups of 4-6 for a week under controlled
environmental conditions (22 £1°C, 12 h-light/dark cycle, free access to food [Nuvilab CR1]
and water) in our animal facility (Unidade de Experimentacdo Animal-HCPA). Mice were
transferred to the individual acrylic cages (20 x 23 x 23 cm) of the actigraph and kept under

inverted LD cycles with lights on at 20:00 h for at least one week before surgery.
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All procedures were carried out according to institutional policies on experimental animals
handling. The project was approved by the Institutional Ethics Committee (#12-0059
GPPG/HCPA).

2.2 Drugs: N-acetylcysteine (NAC) and imipramine were acquired from Sigma-Aldrich (St
Louis, Missouri, USA). All drugs were solubilized in saline (NaCl 0.9%).

2.3 Study design: Figure 1 illustrates the study design. Animals were given at least 7 days to
recover from surgery before the experiments (day 0). After the first set of behavioral tests,
animals were maintained at 12:12 h light-dark cycles (LD) schedule for 10 days (10 cycles,
lights on at 20h), followed by a 10:10 LD schedule for 6 or 11 days. Control groups were kept
under 12:12 LD cycles throughout the experiment (17 or 22 days). Starting at cycle 11 (first
10:10 LD) mice were treated daily (i.p., at 14 h) with saline (NaCl 0.9%), imipramine 20
mg/kg, NAC 30 mg/kg or NAC 60 mg/kg. Injection volume was kept at 0.1 ml/10 g body
weight.

2.4 Rhythm characterization:

Rest/Activity: Activity was recorded at home cages every 10 min all through the experiment
(Actigraph, ADNplin- ©Antoni Diez Noguera, Barcelona, CA, Spain), except for the brief
period when mice received the daily drug administrations.

Temperature: Thermochron iButtons (3.3 g, 17.5 mm diameter, Dallas Semiconductor,
Dallas, TX) implanted into mouse abdominal cavity were used to record and store time and
temperature data. Mice were anesthetized with i.p. ketamine/xylazine (100/10 mg/kg, i.p.
Cetamin®/Xilazin® Syntec SP Brazil). After shaving the abdomen fur and cleaning the
region with 70% alcohol, a longitudinal incision (~2 cm) was made along the midline; a
disinfected iButton was inserted into the abdominal cavity, sutures were made with 4-0 nylon
threads, animals kept warm until recovered from anesthesia, and returned to the individual

home cages. Tramadol (1 mg/kg, s.c. Tramal® Hipolabor, MG, Brazil) was administered
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immediately and 24 hours after surgery. iButtons were programmed to record data every 30
min and removed at the end of the experiment (17 or 22 days) after euthanasia (decapitation).

2.5 Behavior: Mice were submitted to the hole-board (HB) and social preference (SP) tests at
the beginning of the experiment (test, day 0) and at cycle 18 (retest). The retest timing was
chosen to coincide with acute changes observed in activity/temperature amplitude after
adoption of shortened LD cycles. Experiments were performed during the dark phase (3-9 h
after lights off).

Hole-board: The method was adapted from Takeda et al. (1998). The hole-board apparatus
(Ugo Basile, Italy) consists in a gray Perspex panel (40 x 40 cm, 2.2 cm thick) with 16
equidistant holes (3 cm diameter) in the floor. The board was positioned 15 cm above the
table and divided (black water-resistant marker) into nine 10 x 10 cm squares to assess
locomotion (number of squares crossed with all 4 paws). Mice were habituated to the dimly lit
room for 2 h before testing. Each animal was individually placed in the center of the board
and the latency to the first head-dip, number of rearings and crossings were noted for 5 min.
The number of head-dips was automatically recorded by photocells located below the surface.
Social Preference: A simplified version of the social novelty preference protocol (Naert et al.,
2011) was adopted. The setup consists of a 40 x 40 x 40 cm melamine arena (black floor and
gray walls), containing two inverted wire cages (inverted cups, diameter, 12 cm; height, 15.5
cm) placed diagonally in opposite corners of the arena. One camera was located 90 cm above
the setup to record mouse movements. During the 10 min session one stranger mouse (slightly
younger than test mouse and grouped housed) was placed in one of the cages while the other
was left empty; within less than two minutes the test animal was placed in the center of the
arena and the recording was started. By using the software Noldus The Observer® XT5.0
(Noldus Information Technology, Wageningen, Holanda) the time spent exploring/sniffing

the full (defined as social interaction) or empty cages were manually scored. Animals returned
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to their home cage immediately after the session. The setup was thoroughly cleaned with
ethanol 70% and paper towel between animals and at the end testing days. The social
preference index was calculated as the time spent in social interaction (SI) minus the time
spent exploring the empty cage (EC) divided by the total time (T) spent exploring the cages (
(SI-EC)/T).

2.6 Corticosterone and Interleukin-6 assessment:

Plasma samples: one hour after the last social preference test (8-9 hours after lights off), mice
were euthanized by decapitation, the trunk blood collected in heparinized 2.0 mL
polypropylene microtubes and centrifuged at 2,000 x g at room temperature. Plasma aliquots
were stored in 2.0 mL polypropylene microtubes at — 20 °C until further use.

Corticosterone: Plasma corticosterone was extracted with ethyl acetate (3x), diluted to 1:100
and measured (duplicates) with a corticosterone enzyme immunoassay kit (Enzo Life
Sciences Int’l Inc, Plymouth Meeting, PA, USA). A microplate reader at 405 nm was used,
according to the manufacturer’s instructions. Results are reported in ng/mL £ SEM.
Interleukin-6 (1L-6): IL-6 was measured in duplicate by an enzyme immunoassay Kit
(Quantikine® Kits, R&D Systems, USA) according to the manufacturer’s instructions.
Results are reported in pg/mL + SEM.

2.7 Statistics: Double Plot Actograms were used to demonstrate the rhythm of LD
temperature and rest/activity in 12:12 and 10:10 LD. Activity and temperature rhythm
amplitude were assessed using the Cosinor test analyzed by the EI Temps software (© Antoni
Diez Noguera, Barcelona, CA, Spain). One-way ANOVA followed by SNK or t test were
used to compare temperature and activity amplitudes as appropriate; three-way ANOVA was
precluded for excess residual data. One-way ANOVA was used to compare social interaction
and hole-board data; Paired t test was used to compare test and retest sessions of hole-board

and social preference. Corticosterone and interleukin-6 data were compared by one-way
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ANOVA. Statistical significance was set at p < 0.05, with a two-tailed hypothesis. Data were

analyzed using GraphPad Prism 6.0 for Windows and SPSS 19.0 (SPSS, Chicago, IL, USA).

3. Results

Figure 2 shows double plot actogram from saline group representing activity and temperature
rhythms in 12:12 and 10:10 LD.

Decreased activity and temperature amplitudes during 10:10 LD are apparent (Fig. 3 A and B)
and confirmed by Paired t tests (tio: 5.87; tis: 7.98, p < 0.001, respectively). Changes in
activity and temperature follow a similar pattern: the initial decline is followed by peaks
roughly 5 cycles apart. Regarding the effect of treatments, one-way ANOVA/SNK shows that
the imipramine induced significant lower activity amplitude in comparison to other groups at
cycles 16 (F37s: 7.21, p < 0.05), 17 (F37s: 4.78, p < 0.05), 22 (F335: 6.46, p < 0.05) and 23
(Fs3s: 9.39, p < 0.01). Imipramine also induced decreased temperature amplitude in
comparison to all other treatment groups at cycles 11 (Fz67: 6.76, p < 0.05), 18 (F328: 5.81, p <
0.05) and 23 (Fs2s: 8.14, p < 0.05).

Hole-board (HB) data is shown at Figure 4. No significant effects of photoperiod (12:12 X
10:10 saline, ty,: -0,191. p > 0.05, Paired t test) were noted, whereas none of the treatments
significantly altered HB test or retest (Fs37: 0.028 and F337: 0.278 for head-dips in test and
retest respectively; Fs37: 0.236 and F337: 0.966 for latency for the first head-dip in test and
retest respectively. p > 0.05, one-way ANOVA). Comparing HB retest and test, Paired t test
indicates that control mice (12:12 LD) show significantly higher number of head-dips (p <
0.05) and shorter latency for the first head-dip (p < 0.05). The test/retest differences observed
with controls were suppressed by the 10:10 LD schedule, except for the group treated with

NAC 30 mg/kg in which increased number of head-dips is observed. No differences were
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seen in the number of crossings and rearings across photoperiods, cycles or treatments groups
(data not shown).
No significant differences among groups (p > 0.05) were seen in the social preference test
(data not shown).
Figure 5 shows corticosterone (A) and interleukin-6 (B) plasma levels. No significant effects
of photoperiod or treatments were observed for corticosterone or interleukin-6 (Fs41: 1.46, p >

0.05; F433: 0.91, p > 0.05 respectively).

4. Discussion

This study shows that changes in photoperiod results in rhythm disruption accompanied by
significant changes in activity, core temperature and behavior in BALB/c mice. In comparison
with days under normal 12:12 LD cycles, the activity amplitude is decreased throughout the
period under shorter cycles, remaining slightly lower for most of the 10 days (13 cycles) of
the experiment. A steady decrease is seen after 4 cycles, followed by a wave-like pattern; at
the end of the experiment activity amplitude is close to normal (12:12 LD) except for the
group treated with imipramine. Decreases in temperature amplitude are noticeable after 4
shortened cycles, with rounds of recovery attempts with peaks at the 18" and 23" cycles.
Temperature amplitude is comparable to 12:12 LD by the end of the 10 days under shortened
cycles, with the exception of mice treated with imipramine. The modified pattern of amplitude
is remarkably similar in activity and temperature, though as expected temperature changes are
seen after changes in activity. Karatsoreos et al (2011) reported that a 10:10 LD cycle
schedule does not allow stable temperature circadian entrainment in C57BL/6 mice over 16
weeks. We here show that in BALB/c mice significant changes can be seen as early as after
three 10:10 LD cycles, with unstable rhythms entrainment in both activity and temperature

observed for at least 11 days.
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The key findings of this study are the imipramine-induced decrease in rhythm robustness, and
the protective effect of NAC on rhythm disruption-induced anxiety. Ethical reasons of
randomized clinical trial designs determine that important gaps in the understanding of the
effects of depression and/or antidepressant treatments in circadian rhythms persist (Refinetti
& Menaker, 1993). Nevertheless, effects of antidepressants on circadian rhythms have been
reported. Regarding imipramine, for decades the most widely used antidepressant (Menaker,
1993), effects are controversial. While Refinetti and Menaker (1993) did not observe
significant effects of imipramine on activity and temperature phase in hamsters, Wirz-Justice
and Campbell (1982) suggested that imipramine could slow or dissociate circadian activity
rhythms in the same species. The detailed data analysis used in the present study allowed the
identification of significant intermittent effects of imipramine in both activity and temperature
amplitudes in mice. Because changes in amplitude are established measures of rhythm
robustness, data suggests that imipramine may induce constantly disturbed rhythms. The
possibility of a drug-induced maintenance of disturbed rhythms is clinically relevant since a
positive association between sleep and circadian disturbances and rates of episode recurrences
has been reported for depressed patients (Ford & Kamerow, 1989).

Decreased anxiety, restlessness and anxiety-related insomnia were reported as results from
NAC adjunctive therapy in a case of generalized anxiety disorder (Strawn & Saldafia, 2012).
NAC was shown to be beneficial to OCD (Lafleur et al., 2006) and trichotillomania (Odlaug
& Grant, 2007; Grant et al., 2009) patients, as well as to inhibit marble-burying behavior in
mice (Egashira et al., 2012). Although OCD is no longer classified as anxiety disorder, it is
well known that compulsive behaviors are aggravated by anxiety. The hole-board test is
suitable for identifying changes in anxiety levels, as well as anxiolytic and anxiogenic
properties of drugs (Takeda et al., 1998); it has the advantage of measuring locomotion

(number of crossings) to rule out false positives. The increased number of head-dips and
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decreased latency for the first head-dip observed when control mice were retested indicate
decreased anxiety, as expected with repeated exposure to the apparatus. The decreased
anxiety at retest sessions was suppressed by the rhythm disruption induced with shortened
cycles, except in the group treated with NAC 30 mg/kg. In contrast with imipramine, NAC
did not induce changes in activity or temperature amplitudes.

Implicated in modulating the nucleus responses to external stimuli, multiple metabotropic
glutamate receptors are co-expressed in SCN axon terminals (Chen & van den Pol, 1998).
Both glutamate and rhythm changes have been shown to be relevant for depression and
anxiety, and the relevance of glutamate modulation by NAC is highlighted by the key role of
AMPA receptors in the antidepressive-like effects of NAC (Linck et al., 2012). Because our
pilot experiments showed that forced swimming or tail suspension tests were precluded by the
use of iButton (weighting circa 10% of mice body weight), a limitation of this study is the
lack of established depression-like behavioral model. Reduced social interaction induced by
chronic social defeat has been accepted as a depression model in mice (Wu et al., 2013),
while repeated restraint stress-induced decreased social preference and social investigation
has been used as a model of generalized anxiety (Morales et al., 2013). Though the presence
of iButtons present no barrier to the social preference test, changes in photoperiod and/or
treatments used in this study did not induce significant differences in social preference.
Nevertheless, the data may have been influenced by the lack of adaptation to the social
preference apparatus, given that social suppression may be harder to detect in unfamiliar
anxiogenic circumstances where social behavior is already attenuated (Doremus-Fitzwater et
al., 2009).

The diminished activation of glutamate post synaptic receptors, antioxidant and anti-
inflammatory properties are thought to be relevant to the psychopharmacological effects of

NAC (Dean et al., 2011). Changes in corticosterone and IL-6 levels have been correlated with
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anxiety, depression and bipolar disorders (Cavanagh & Mathias, 2008; Piato et al., 2008;
Detanico et al., 2009; Stertz et al., 2013; Vogelzangs et al., 2013). Moreover, IL-6 is highly
sensitive to changes in light-dark cycles (Levandovski et al., 2013). Changes in photoperiod
or drug treatments did not induce significant differences in corticosterone or IL-6 levels.
Nevertheless, potential changes correlated with anxiety behavior cannot be ruled out without
assessing marker levels in different time points (test and retest). Additional experiments
allowing parallel measures of activity, temperature, corticosterone and IL-6 rhythms are
therefore warranted.

A significant contribution of this study is the analysis timing after photoperiod change, which
allowed the identification of mild but significant behavioral change. It is arguable that such
changes in behavior repeated over long enough periods of time, as expected in subjects
submitted to shift work or social jet lag, could trigger permanent behavior disturbances

relevant to anxiety and mood disorders.
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Fig. 1: Experimental design. 12:12 LD = 12:12 h light-dark cycles (lights on at 20h); 10:10
LD = 10:10 h light-dark cycles. SAL= saline; IMI = Imipramine; NAC = N-acetylcysteine;
number corresponds to dose in mg/kg. HB = hole-board test. SP = social preference test.
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Fig. 2: Circadian disruption induced by 10:10 LD cycles. Double plot actogram illustrates
exemplary daily changes in rest/activity (black) and core body temperature (red) in BALB/c
mice during 12:12 and 10:10 LD cycles. Periods with lights on are shown in yellow. The

pattern shows unsuccessful repeated attempts to synchronize to the shortened cycle.
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Fig. 3: Activity and temperature amplitude during 12:12 and 10:10 LD cycles. Activity
and temperature amplitude data derived from cosinor test. n = 17-20 for cycle 1 to 17. n = 7-

10 for cycle 18 to 23. Data expressed as means £ SEM. * p < 0.05 in comparison with all

other groups, ANOVA/SNK.
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Fig. 4: Effects of photoperiod and antidepressants in the hole-board test. Number of
head-dips (A) and latency for the first head-dip (B). Lighter columns show test and darker
columns show retest, mean + SEM. SAL= saline; IMI 20 = Imipramine 20 mg/kg; NAC 30
and 60 = N-acetylcysteine 30 and 60 mg/kg, respectively. n = 10-14. * p < 0.05, test x retest,
Paired t test. p > 0.05 for photoperiod effect on test or retest sessions (12:12 x 10:10 saline),

p > 0.05, for treatments effects on test or retest session.
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Fig. 5: Plasma corticosterone (A) and interleukin-6 (B) levels. SAL= saline; IMI 20 =
Imipramine 20 mg/kg; NAC 30 and 60 = N-acetylcysteine 30 and 60 mg/kg, respectively. n =
5-10. Data expressed as mean £ SEM. p > 0.05, ANOVA.
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5. DISCUSSAO

A maneira como a humanidade percebe e se relaciona com o tempo se transforma ao
longo da histéria (os fusos-horarios, por exemplo, s6 foram adotados em 1884), assim como
se diferencia geografica e culturalmente (ndo é por acaso que falamos em ‘pontualidade
britanica’). De maneira geral, o que se constata atualmente é que boa parte das pessoas ainda
vive pressionada pelo relégio ou, como se diz, correndo atras do tempo. O tempo métrico
ainda controla o que o trabalhador deve estar fazendo a cada hora, assim como o0 seu
pagamento é definido por horas de trabalho. No modus vivendi atual da maior parte das
sociedades (com excecdo do continente africano), grande quantidade de atividades, prazos
curtos, fluxo informacional e ritmos sociais cada vez mais dindmicos e intensos sdo
caracteristicas de uma sociedade que néo para.

Nesse contexto, destaca-se a importancia do estudo de outro reldgio — ndo o mecanico,
mas o bioldgico - cuja existéncia vem sendo negligenciada. Para seres vivos expostos a um
ambiente com alteracOes ciclicas constantes, como dia/noite e estacfes do ano, torna-se
vantajosa a capacidade de prever mudancas ambientais e assim explorar a situacdo da melhor
maneira possivel. E essa vantagem adaptativa que determinou a permanéncia dos reldgios
biolégicos ao longo da evolucdo; praticamente todas as plantas e animais apresentam ritmos
enddgenos e as transicdes dia/noite sdo utilizadas como referéncia para determinacdo de
rotinas diarias pela maioria das espécies. O ser humano é o primeiro a fugir deste padrao:
possibilidades trazidas pela luz elétrica, servicos 24 h e atividades sociais e comerciais
noturnas determinam a rejeicdo do instinto natural do homem de dormir a noite. Negligenciar
esta preferéncia de fase dos nossos processos fisioldgicos e comportamentais ndo vem sem
custo, uma vez que na tentativa constante de adaptacdo e sincronizacdo com o ambiente,
nossos reldgios internos perdem a sincronia entre si possibilitando a ocorréncia da ruptura de

ritmos. Numa orquestra, se 0s musicos ndo conseguem se adaptar as rapidas e constantes
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indicacdes de alteracdo de tempo do maestro, a musica ndo é bem executada. Da mesma
forma, em nosso organismo, se os osciladores periféricos precisam se adaptar constantemente
a alteracdes temporais sinalizadas pelo marcapasso (0 nlcleo supraquiasmatico, no caso dos
mamiferos), a salde é prejudicada.

Mesmo reconhecendo e considerando a complexidade do comportamento humano,
para a Cronobiologia, modelos animais que mimetizem os efeitos das condi¢cbes a que
submetemos nosso organismo sdo importantes na compreensdo de como as alteragdes dos
ritmos bioldgicos interferem em nossa salde. Neste contexto, este trabalho buscou avaliar os
efeitos agudos da ruptura de ritmos circadianos, relevante para o entendimento de sua
contribuicdo na etiologia de problemas de saude em individuos suscetiveis. No trabalho aqui
apresentado foram observadas alteracbes que podem ser consideradas sutis, mas que
possivelmente contribuem de maneira significativa para que individuos submetidos a estes
efeitos de maneira constante e intermitente (como plantonistas, por exemplo) desenvolvam
alteracdes permanentes e prejuizos acentuados para saude.

A teoria proposta por Ehlers et al (1988) de que o zeitgeber social contribui para o
desencadeamento da depresséo, sugere que eventos estressantes da vida provocam ruptura dos
ciclos circadianos, desencarrilhando o relégio interno e levando a episodios depressivos em
individuos suscetiveis (Ehlers et al. 1988; McClung 2011). A maioria dos medicamentos
antidepressivos utilizados na clinica apresenta eficacia terapéutica de valor discutivel e seus
mecanismos de acdo sdo baseados na hipotese monoaminérgica. Cerca de 20 antidepressivos
foram introduzidos no mercado desde a imipramina na década de 50 e, ainda assim, apenas
50-60% dos pacientes responde ao primeiro tratamento com antidepressivo (Sanacora et al.,
2012) sendo altos os riscos de recidiva (Richards, 2011). Considerando a possibilidade de que
a ruptura de ritmos esteja relacionada a transtornos psiquiatricos como a depressdo,

tratamentos que restaurassem a sincronicidade dos ritmos internos poderiam ndo apenas
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aliviar os sintomas, como contribuir para menor ocorréncia de recidivas. Por outro lado, pode-
se argumentar que tratamentos que, apesar de amenizarem sintomas, provoquem alteracdes
negativas nos ritmos poderiam melhorar o estado do paciente em determinados aspectos,
porém dificultar a recuperacdo a longo prazo. Os dados aqui apresentados indicam que a
imipramina, antidepressivo triciclico ha muito entre os mais utilizados no tratamento da
depresséo, induz diminuicdo da robustez de ritmos. Uma vez que associacdo positiva entre
alteracOes de sono e de ritmos e taxas de recorréncia de episddios depressivos ja foi relatada, a
possibilidade de que ritmos possam estar sendo constantemente alterados negativamente por
drogas antidepressivas tem implicacGes clinicas e de satde publica bastante relevantes.

O outro achado relevante do nosso estudo indica que a N-acetilcisteina (NAC) néo
modifica a robustez dos ritmos e que ainda parece prevenir a condicdo de ansiedade
aumentada induzida pela alteracdo de fotoperiodo. A modulacdo de glutamato pela NAC
parece ser 0 mecanismo de acdo mais relevante para 0s ritmos biolégicos, uma vez que o
glutamato esta envolvido em importantes vias no nucleo supraquiasmatico. Ainda €
interessante mencionar que a modulacdo glutamatérgica por NAC ¢é principalmente relevante
quando hé& alteracdo do sistema, ja que € nestas situacfes que ha ativacdo dos receptores
metabotrépicos extra sindpticos. Assim, seria exatamente nos momentos em que 0S ritmos
estdo alterados, como apds uma alteracdo aguda e antes que o sistema se reorganize, que a
NAC preveniria o inicio de uma cascata a jusante de alteracdes que podem determinar 0s

efeitos do desencarrilhamento dos ritmos nos sistemas do organismo.
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6. CONCLUSAO

Em uma sociedade que exige que as necessidades fisioldgicas do individuo sejam
esquecidas em detrimento da conquista de um espago no competitivo mercado de trabalho, os
prejuizos a salde sdo inerentes ou vistos como mal necessério. O estudo aqui apresentado
avalia o efeito de tratamentos que, apesar de serem necessarios no contexto contemporaneo,
ilustram mais uma vez a importancia de uma visdo critica a cultura condicionada por ritmos
agenciados pela légica materialista, que busca resultados a qualquer custo ignorando a
importancia dos ritmos bioldgicos. Nesse sentido, é importante alertar para certa contradi¢do a
que podemos chegar com a oposicao entre o reldgio ‘artificial’ e nosso relogio ‘vivo’ e as
consequéncias que esta pode determinar.

O compromisso cientifico nos impulsiona a tentar contribuir trazendo dados mais
conclusivos em relacdo ao envolvimento de alteracdes de ritmos na depressao, bem como em
relacio ao NAC como um tratamento que apresente vantagens nesse sentido por meio de
novos experimentos com desenhos experimentais que permitam a avaliagdo concomitante de
ritmos e comportamento tipo-depressivo (por exemplo, com modelos de estresse, testes de
preferéncia de comida palatavel ou interacdo social com protocolo melhor adaptado).
Também seria fundamental avaliar o efeito de mudancas de ciclo intermitentes sustentadas
por um periodo de tempo razoavel num modelo que melhor mimetize a condi¢do enfrentada

por trabalhadores de turno variavel.
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