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RESUMO

A puberdade é uma fase associada a diversas mudancas fisicas e comportamentais,
as quais sdo estabelecidas pela ativacdo do eixo hipotdlamo-hipéfise-gdbnadas (HPG).
O sistema circadiano € um programa temporal que atribui e organiza ritmos biolégicos,
além de permitir que eles estejam sincronizados com o ambiente. O ciclo reprodutivo
feminino é regulado pelo sistema circadiano, que é sensivel a diversos estimulos
externos, principalmente o ciclo claro-escuro. Disrupgdes no sistema circadiano,
causadas pela crescente exposicao a iluminacao artificial, podem causar alteracées
nos ritmos biolégicos, anormalidades nos ciclos reprodutivos e mudancas em
parametros metabdlicos. No presente trabalho, foi avaliado o efeito de quatro
diferentes padrdes de iluminacdo no desenvolvimento puberal de ratas Wistar. Além
disso, foram analisadas possiveis alteracdes metabdlicas influenciadas por estes
regimes de iluminacdo. A obtencdo das fémeas passou por um processo inicial de
acasalamentos dentro de uma estante de fotoperiodos, para que as fémeas fossem
expostas desde a gestacdo aos padrdes de iluminacdo. Assim, foram divididas em
quatro grupos: combinacdo de cores RGB (vermelho, red; verde, green; azul, blue)
gue variam sua composicao espectral ao longo do dia (RGB-v; N = 14), RGB durante
o fotoperiodo com uma temperatura de cor fixa (RGB-f; N = 13), escuro constante (DD;
N = 13) e claro constante (LL; N = 15). Os experimentos foram realizados em fémeas
desde o dia pos-natal (PND) 22 ao 50. Peso corporal, abertura vaginal, ciclicidade
estral e parametros metabdlicos séricos foram mensurados. Nao foram observadas
diferencas significativas na idade de abertura vaginal, no entanto, o grupo RGB-f
apresentou o primeiro ciclo estral completo significativamente mais cedo quando
comparado ao grupo RGB-v. Fémeas expostas ao claro constante apresentaram peso
corporal significativamente mais baixo do PND 33 ao 47 quando comparadas ao
restante dos grupos. Em relacdo aos parametros metabolicos, foram observados
niveis plasmaticos de triglicerideos significativamente maiores no grupo exposto ao
escuro constante, quando comparado aos grupos RGB-v e RGB-f. O colesterol total
foi significativamente mais baixo no grupo RGB-v em relagdo aos outros grupos. Por
fim, a gordura visceral foi significativamente maior no grupo RGB-f quando comparado
ao grupo LL. Considerando os dados apresentados, € possivel sugerir que tanto
mudancas no fotoperiodo quanto na qualidade de iluminacdo afetam o
desenvolvimento puberal e alteram o perfil lipidico e acimulo de gordura visceral de
ratas Wistar.

Palavras-chave: abertura vaginal, ciclo estral, puberdade, eixo HPG, maturacéo
sexual



ABSTRACT

Puberty is associated with several physical and behavioral changes, which are shaped
by the activation of the hypothalamic-pituitary-gonadal (HPG) axis. The circadian
system is a temporal program that assigns and organizes biological rhythms, in
addition to allowing them to be synchronized with the environment. The female
reproductive cycle is regulated by the circadian system, which is sensitive to several
external stimuli, especially the light-dark cycle. Disruptions in the circadian system,
caused by increased exposure to artificial lighting, can cause changes in biological
rhythms, abnormalities in reproductive cycles and changes in metabolic parameters.
In the present study, we evaluated the effect of four different lighting patterns on
pubertal development of Wistar rats. In addition, possible metabolic changes
influenced by these lighting regimes were analyzed. Females were obtained from a
process of mating within a photoperiod station, so that females were exposed to
different lighting patterns since gestation. Thus, they were divided into four groups:
RGB color combination (red, red, green, blue, blue) varying their spectral composition
throughout the day (RGB-v; N = 14), RGB during the photoperiod with a fixed light
color temperature (RGB-f; N = 13) during the whole photoperiod, constant dark (DD;
N = 13) and constant clear (LL; N = 15). The experiments were performed in females
from the postnatal day (PND) 22 to 50. Body weight, vaginal opening, estrous cyclicity
and serum metabolic parameters were measured. No significant differences were
observed in the age of vaginal openning, however, the RGB-f group exhibited the first
complete estrous cycle significantly earlier when compared to the RGB-v group.
Females exposed to constant light showed significantly lower body weight from PND
33 to 47 when compared to the rest of the groups. Regarding metabolic parameters,
significantly higher triglyceride plasma levels were observed in the group exposed to
constant dark when compared to the RGB-v and RGB-f groups. Total cholesterol was
significantly lower in the RGB-v group than in the other groups. Finally, visceral fat was
significantly higher in the RGB-f group when compared to the LL group. Considering
the data presented, it is possible to suggest that both changes in photoperiod and
lighting quality affect pubertal development and alter the lipid profile and accumulation
of visceral fat of Wistar rats.

Keywords: vaginal openning, estrous cycle, puberty, HPG axis, sexual maturation
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1. INTRODUCAO

1.1 Desenvolvimento Puberal

Puberdade e adolescéncia marcam a transicdo entre a infancia e a idade
adulta. Estes termos séo usados de forma intercambiavel, entretanto puberdade € o
periodo durante o qual um individuo se torna capaz de se reproduzir sexualmente.
Especialistas se referem a esta fase a partir de uma perspectiva enddcrina, pois 0s
sinais evidentes de maturacao reprodutiva sdo conduzidos por mudancas hormonais
gue ocorrem durante este periodo. Ja a adolescéncia é a etapa entre a infancia e
idade adulta que abrange ndo s6 a maturacdo sexual, mas também a maturacéo
cognitiva, emocional e social. Neste sentido, a maturagdo sexual (puberdade) e
comportamental (adolescéncia) sdo dois processos distintos, impulsionados pelo
cérebro, que estdo intimamente ligados por interacbes entre o sistema nervoso e

hormoénios esteroides gonadais (SISK et al., 2004).

A regulacdo hormonal do sistema reprodutivo é feita pelo eixo hipotalamo-
hipéfise-gbnadas (HPG). A puberdade tem inicio com a ativacdo de neurdnios
especializados do hipotalamo que liberam pulsos do Horménio Liberador de
Gonadotrofinas (GnRH). O controle da sua secrecao é fundamental para a maturacao
reprodutiva. Em seguida, o GnRH entra na hipdéfise, onde sinaliza para a sintese e
secrecdo das gonadotrofinas pituitarias: o hormonio luteinizante (LH) e o hormdnio
foliculo estimulante (FSH). Por fim, o FSH e LH sanguineos atuardo em células dos
ovarios e testiculos para direcionar a producdo de Ovulos, espermatozoides e
horménios esterdides, os quais sao vitais para a funcédo das génadas. No cérebro,
estes hormdnios também sdo requeridos para que ocorra a secrecdo de GnRH em
alcas de retroalimentacdo que irdo promover a organizacao e ativacédo de circuitos
neuronais que medeiam o comportamento reprodutivo. Neste sentido, 0 aumento da
secrecdo de hormodnios esterdides e a remodelacdo de circuitos cerebrais sao
importantes marcadores biolégicos da puberdade e adolescéncia, respectivamente
(JENNES; CONN, 1994; MOENTER et al., 2003; VIDAL et al., 2016).

Apesar de ainda nao ter sido totalmente elucidado qual o gatilho que induz a
ativacdo do eixo HPG e quais sinais permitem a ocorréncia da puberdade, seu inicio

€ um momento critico para os mamiferos. Os individuos devem perceber, através de



pistas metabdlicas, sociais e ambientais, que cresceram o suficiente, quais sao suas
relacbes com outros individuos e quais as condi¢cdes Gtimas determinam sucesso
reprodutivo (EBLING; CRONIN, 2000). Futuros estudos sao necessarios para
caracterizar completamente 0os mecanismos fisioldgicos responsaveis por iniciar a
maturacdo sexual, bem como fatores ambientais que podem interagir com 0s

biologicos para adiantar ou atrasar a puberdade.
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Figura 1: Representacdo do eixo hipotdlamo-hipéfise-gbnadas e a sequéncia de
acontecimentos que ocorrem com a sua ativagdo (de SISK et al., 2004).

1.2 Ciclo Estral e Sistema Reprodutivo de ratas Wistar

Antes da puberdade, o canal vaginal das ratas é obstruido por um septo epitelial
gue comeca a se degenerar entre, aproximadamente, 32 a 34 dias de idade (LEWIS
et al., 2002). A abertura vaginal € o marco do inicio da puberdade - coincidindo com o
aumento da secrecédo de LH em mulheres - e, com ela, se inicia o ciclo reprodutivo
das ratas, denominado ciclo estral (CASTELLANO et al., 2011). A duracdo média do



ciclo estral € de quatro a cinco dias, podendo apresentar algumas irregularidades
inicialmente. E um processo repetitivo, porém dinamico, onde diferentes tipos de
células surgem ao longo das quatro fases do ciclo, refletindo mudancas nos niveis de
estradiol e progesterona secretados pelos foliculos ovarianos (CORA et al., 2015).

Historicamente, o termo “estro” foi utilizado pela primeira vez pelo cientista
Walter Heape em 1900, como uma adaptacédo latina da palavra grega oistros, que
significa frenesi ou loucura, para definir um periodo de maior receptividade sexual. A
partir desta definicdo, foram nomeadas as outras etapas do ciclo estral: proestro,
metaestro e diestro (CORA et al., 2015). Estas etapas sao definidas baseadas em
mudancas no comportamento (maior receptividade para coOpula, por exemplo),
mudancas histolégicas no trato reprodutivo e pela predominancia, auséncia ou
proporcao de diferentes tipos de células em lavados vaginais (PACCOLA et al., 2013).
Esta classificacdo, no entanto, e o tempo de duracdo de cada fase ainda sédo
controversos. Alguns autores também consideram a existéncia de uma fase adicional
chamada anestro, marcada por uma inatividade ovariana, como € observado quando
a vida reprodutiva é quiescente (WESTWOOD et al., 2008).

O proestro é uma fase de curta duracdo (média de 12 horas), onde predominam
células epiteliais nucleadas e arredondadas. Frequentemente elas sao vistas em
clusters, como cachos de uva, principalmente se a amostra apresentar alta
celularidade. O proestro € seguido pelo estro, identificado pela presenca de um grande
namero de células queratinizadas anucleadas e tem uma duracdo de 24 a 48 horas.
Além disso, esta fase corresponde ao periodo em que a fémea € receptiva ao macho.
O metaestro é caracterizado pela proporcdo equivalente de células queratinizadas,
epiteliais e leucocitos. Por fim, no diestro econtram-se principalmente leucécitos, com
algumas células epiteliais e uma quantidade consideravel de muco, tornando a
secrecdo vaginal viscosa. O ciclo estral também pode ser classificado como regular,
apresentando uma duracdo de 4-5 dias (com dois dias de estro ou trés dias
consecutivos de diestro, podendo estar ausente o proestro ou metaestro) e irregular,
definido como um ciclo de 6-7 dias com estro ou diestro persistente (CORA et al.,
2015; GOLDMAN et al., 2007).
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Figura 2: Representacdo de lavados vaginais obtidos em diferentes dias do ciclo estral de ratas e
classifica¢des do ciclo estral. Adaptado de Goldman et al., 2007.
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=%
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Muitas caracteristicas do ciclo estral também podem ser observadas
histologicamente e se correlacionam com mudanc¢as no perfil neuroendécrino dos
animais enquanto ocorre a maturacdo do eixo HPG. A puberdade ocorre com a
ovulacgdo de foliculos ovarianos - unidades funcionais dos ovarios -, fato constatado
histologicamente pela presenca de corpos luteos “atuais”, resultantes da ovulagao
recente. Aproximadamente dois a cinco corpos liteos estdo presentes no ovario
durante o primeiro ciclo. Depois disso, um nimero crescente de corpos luteos aparece
e € possivel observar estas estruturas em diferentes estagios de regressao (PICUT et
al., 2015). Durante as 4 fases do ciclo estral também sdo vistas caracteristicas
morfolégicas marcantes nos ovarios, Utero e vagina das ratas. No proestro é esperada
a presenca de foliculos antrais prontos para ovular e € comum observar o Utero
distendido com fluidos. Ap6s a ovulacdo, multiplos corpos IUteos sdo vistos nos
ovarios, assim como uma queratinizacdo na parede vaginal, consistindo com o estro.
No metaestro predominam os foliculos ovarianos primarios, os quais séo cercados por
uma Uunica camada de células granulosas cuboides, enquanto que no diestro
predominam os foliculos secundarios, envolvidos por mais de uma camada de células.
(WESTWOOD et al., 2008; VIDAL et al., 2017; PICUT et al., 2014).
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Figura 3: A esquerda, observa-se a representacdo de um ovario de rata na puberdade (DPN 42 — dia
pos-natal) com corpos lateos (CL) indicando que houve ovulagdo. A direita observa-se a representacio
de foliculos primordiais (seta fina), primarios (seta grossa) e secundarios (ponta de flecha) (de PICUT
et al., 2015).

E importante reconhecer que definir histologicamente o inicio da puberdade e
a obtencdo da maturidade sexual é desafiador. Clinicamente, o inicio da ciclicidade
menstrual pode ser determinada pela observacdo de eventos de sangramento
menstrual. Os padrées histolégicos que definem um roedor na puberdade, entretanto,
Sa0 escassos e controversos, pois devem incluir: evidéncia de ovulagdo e/ou
evidéncia de inicio de ciclicidade, ambas apresentando alta variabilidade para esta
faixa etaria, ndo sendo, portanto, diagnésticos morfolégicos adequados para achados
histoldgicos (DIXON et al., 2014).

1.3 Regulagédo Hormonal do Ciclo Estral

O inicio da puberdade e o papel dos ovarios em produzir 6vulos para fertilizagédo
envolve complexas cascatas de regulagdo hormonal. O FSH, estimulado pela
secrec¢dao pulsatil do GnRH, esta envolvido no crescimento e maturacéo de foliculos e
induz a producdo de estrogénios por esses foliculos. O LH desempenha um papel
principal na ruptura folicular e ovulagdo. E o principal hormonio responséavel por
manter o corpo lateo. Ja foi demonstrado em diversos estudos experimentais que 0
FSH e LH atuam de forma sinérgica e séo requeridos para a maioria dos eventos
(DOWNEY et al., 1980).

O ciclo estral das ratas inicia na fase folicular, que coincide com as fases
metaestro e diestro, onde ocorre uma regulacéo enddcrina dos ovarios envolvendo os

hormdnios FSH e estradiol, que sao relativamente baixos nesta fase, mas orientam o
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inicio da atividade folicular. O nivel sérico de estradiol aumenta, até atingir um pico no
proestro, o que induz a secrecdo de LH pela hipofise. No estro ocorre a ovulagéo,
decorrente dos picos de estradiol e LH. O foliculo ja desenvolvido é rompido e
remodelado em corpo luteo (CL), que produz uma grande quantidade de progesterona
para preparar o endomeétrio uterino para uma possivel prenhez. Concluindo a fase
litea, o corpo lateo acaba se degenerando via apoptose granulosa, seja durante a
gestacdo, quando o volume de producdo hormonal materna se desloca para a
placenta, ou, mais rapidamente, quando o ciclo estral recomeca porque nao houve
fecundacéo do 6vulo (MARRAUDINO et al., 2018; TOMS et al., 2018; STOCCO et al.,

2007).

LH %&
— .-|'
g
F5H g
Progesterone E f_f:
—T § i # L
- §—= # &
Estradiol H % & %
"""" ST - |§ '%m".lml,l.uulmmmmmmw.'rr'.:u?? ',..m.;
Dy Dray 1 Metestrus Dray 2: Dhestrus Dy 3 Proestros Day 4: Estrus

Figura 4: Representacao das variagdes hormonais que ocorrem ao longo das fases do ciclo
estral (de EMANUELE et al., 2002).

1.4 Sistema Circadiano e Eixo Hipotadlamo-Hipo6fise-Gonadas

O sistema circadiano € um programa temporal, encontrado em animais de
todos os filos, que organiza e atribui ritmos ao organismo, além de permitir que eles
sejam sincronizados ao meio ambiente. Para que isto ocorra, este sistema é
organizado pelo nucleo supraquiasmatico (NSQ), um marca-passo biolégico que
recebe informacao fotica de células ganglionares especializadas da retina via trato
retino-hipotalamico, e que sincroniza o ritmo de diversas funcdes fisiologicas ao ciclo
claro-escuro. Através desse processo, o NSQ transpde o “dia interno” para uma rede
de relogios periféricos localizados em diversos 6rgaos (FISCHER et al., 2016). Esta
maquinaria funciona em diversos niveis do corpo, incluindo a expresséao molecular de
diversos genes-reldgio que sao transcritos em algcas de retroalimentacdo positivas e
negativas. Estes genes produzem proteinas que inibem e ativam sua prépria

transcricao, levando a oscilagdes celulares diarias (HAGENAUER; LEE, 2012).
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Sabe-se que o0 isolamento ou retirada do NSQ perturba a liberacdo de
horménios pré-ovulatorios em ratas fémeas, indicando que os ciclos reprodutivos sao
vulneraveis as disrupcdes circadianas (ARENDASH; GORSKI, 1983). Por isso, a
regulacdo circadiana intacta do eixo HPG é fundamental para que ocorram ciclos
reprodutivos regulares. Os reldgios circadianos ja foram descritos em todos os tecidos
do eixo HPG, embora seu papel na etiologia de desordens na puberdade ainda néo
esteja bem descrito (SEN; SELLIX, 2016).

O sistema circadiano € sensivel a certos estimulos externos, também capazes
de sincroniza-lo: os zeitgebers (BECHTOLD et al., 2010). Acredita-se que a luz seja o
principal sinalizador externo. Na auséncia de luz, o NSQ envia longas projecdes
descendentes que irdo transmitir estimulos a glandula pineal, utilizando a
noradrenalina como transmissor. A partir da auséncia deste sinal, a pineal produz
melatonina, horménio que possui uma secrecdo muito regular e fornece pistas
temporais, ajudando o organismo a sincronizar seus ritmos ao ciclo claro-escuro. Ja
na presenca de luz, a sintese e a liberagdo de melatonina sao inibidas (LUCAS et al.,
2014).

A melatonina também tem como um de seus efeitos a regulacdo da
pulsatilidade do GnRH, pois sua secrec¢ao inibe o GnRH, tendo, portanto, acao anti-
gonadotrofica em ratos. Dessa forma, quanto menor for a exposicéo a luz, maior sera
a secrecao de melatonina e, por consequéncia, a supressao do GnRH, podendo levar
a um atraso na maturagao sexual. A relacdo direta da melatonina com o ciclo estral
de ratas também ja foi demonstrada por Thomas et al (2002), que mostrou que a
resseccdo da glandula pineal e a queda dos niveis de melatonina, levam a abertura
vaginal prematura, hipertrofia ovariana e cornificacdo do epitélio vaginal. Ja4 o
tratamento com melatonina em ratas normais causou atraso em seu desenvolvimento
sexual (BELLASTELLA et al., 2014). Também ja foi demonstrado que ha expressao
de receptores de melatonina nos tecidos reprodutivos humanos e que este hormonio
causa alteracdes nas secrecdes de LH e FSH (WOO et al., 2001).

A forma como o ser humano se expde a luz pode levar a perturbacdes em seus
padrdes circadianos naturais, o que tem sido associado a patologias como depressao,
problemas de sono, inflamacdo, doengas metabdlicas e distdrbios reprodutivos
(LABYAK et al., 2002). Nos ultimos cem anos, a crescente exposi¢cao a luz artificial
possibilitou que os periodos de atividade se estendessem consideravelmente dentro
dos periodos de escuro natural (MORITA; TOKURA, 1998). As consequéncias deste
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estilo de vida moderno para a regulacdo dos ciclos reprodutivos e para o tempo de

maturacdo sexual estdo comecando a ser compreendidas.

Pineal Gland

Suprachiasmatic e
Nuclei B
Gonadotropm

. l Releasmg Hormone
Hypothalamus

Anterior
Pituitary

Estrogen
Feedback Estrogen
Negative Low Frequency

Feedback LH Pulses High Frequency
LH Pulses

® 1997 Oklahoma State University

Figura 5: Relac@o entre a sintese de melatonina e a supressao/inibicio do GnRH e suas
consequéncias para a organizagcao dos mecanismos enddcrinos que controlam o sistema reprodutivo
(Adaptado de KARSCH et al., 1984).

1.5 Cronodisrupcéo e Alterac6es Metabodlicas: Consequéncias para a

Maturacéo Sexual

A relacdo entre ritmos circadianos e metabolismo esta sendo cada vez mais
estudada. O reldgio circadiano regula o metabolismo e a homeostase de energia nos
tecidos periféricos mediando a atividade ou a expressdo de enzimas, hormonios e
transportadores envolvidos no metabolismo de proteinas, lipideos e carboidratos
(FROY et al., 2010; LEE et al., 2001). Estudos experimentais mostram que dietas ricas

em gordura podem contribuir para o desenvolvimento da obesidade via altera¢cdes no
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periodo de atividade locomotora do ritmo circadiano e mudancas nas oscilacdes dos
genes-reldgio do tecido adiposo e figado (PENDERGAST et al., 2013).

Muitas evidéncias também apontam para uma correlagéo entre desalinhamento
de ritmos circadianos e doencas metabdlicas. O conceito de cronodisrupgédo diz
respeito a alteracao significativa ou perda da sincronizacéo entre estimulos ambientais
externos e processos fisioldgicos internos. Sabe-se que a exposicao a luz artificial
durante a noite, situacao cotidiana para a sociedade industrializada, pode resultar em
uma disrupcao circadiana (TOUITOU et al., 2017). Um estudo recente mostrou que
mesmo um breve desalinhamento circadiano, de apenas uma noite por exemplo, pode
levar rapidamente a alteracGes funcionais na regulacao da glicose (SCHEER et al.,
2009). Este resultado é muito importante, pois demonstra que tanto um
desalinhamento agudo, quanto cronico pode perturbar a regulacdo metabdlica.

Além disso, alteracdes metabdlicas podem influenciar em diversos aspectos do
desenvolvimento puberal, como o inicio da puberdade e parametros hormonais do
sistema reprodutivo (GOLUB et al., 2008). Estudos reportam que um aumento no
ganho de peso durante o periodo que precede a puberdade esta associado a um
atraso na puberdade em ratas fémeas (CASTELLANO et al., 2011; SANCHEZ-
GARRIDO et al., 2013). No entanto, as relacdes entre estes fatores ainda sao
inconsistentes e poucos estudos avaliam a associacdo entre desenvolvimento puberal
e acumulo de gordura no contexto de uma cronodisrupcao. Assim, mudancas recentes
na forma como o ser humano se expde a luz pode ser um dos fatores envolvidos no

desenvolvimento de desordens metabdlicas e alteracdes reprodutivas.
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2. JUSTIFICATIVA

Estudos que avaliem os efeitos da exposicdo a luz na saude reprodutiva das
mulheres sdo escassos, porém sabe-se que a puberdade precoce é cada vez mais
frequente, fato que pode estar ligado a ado¢cdo de um modo de vida diferente do
observado no passado, incluindo os padrdes de exposicao a luz.

Diante da importancia da luz na regulacao fisiolégica dos organismos vivos e
considerando o crescente aumento no tempo de exposicao a iluminacao e a qualidade
desta, se faz necessério ampliar os estudos que busquem entender sua influéncia no

sistema reprodutivo e no metabolismo.



17

3. OBJETIVOS

3.1 Objetivos Gerais

Avaliar o efeito de quatro padrbes de iluminacdo, considerando diferentes
fotoperiodos e espectros de emissdo luminosa, desde a fase gestacional até o final
de 7 semanas de vida (que corresponde ao inicio da vida adulta) de ratas Wistar. Os
desfechos de interesse s&o: peso corporal, gordura visceral, maturagcao sexual e

variacfes hormonais.

3.2 Objetivos Especificos

1. Avaliar o efeito de diferentes padrbes de iluminacdo sobre desfechos
relacionados a maturacdo sexual: o tempo e abertura vaginal, primeiro ciclo
estral completo, quantidade de ciclos completos consecutivos, tempo para
a primeira fase de estro.

2. Avaliar o efeito de diferentes padrdes de iluminagéo sobre ganho de peso,
peso de gordura visceral, e niveis séricos de glicemia, triglicerideos, HDL e
colesterol total.

3. Avaliar a potencial associacdo entre os desfechos de maturacédo sexual e

alterac6es metabdlicas.
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ABSTRACT

Modern life style is characterized by constant exposure to artificial light, which
can lead to alterations in biological rhythms and abnormalities to reproductive cycles
as well as metabolic changes. In this study, we aimed to evaluate the effects of four
different lighting patterns on puberty timing of female Wistar rats. Additionally, we
aimed to study possible metabolic changes influenced by the lighting patterns used.
Adult Wistar rats mated during a week at a photoperiod station where they were
exposed to combined red-green-blue lights (RGB) during the photoperiod that varied
its spectral composition (i.e. variable color temperature) during the day (RGB-v; N =
14), RGB during the photoperiod with a fixed light color temperature (RGB-f; N = 13)
during the whole photoperiod; constant darkness (DD; N = 13) and constant fixed light
(LL; N = 15). Experiments were performed only on female litters from postnatal day
(PND) 22 to 50. Body weight, puberty onset, estrous cyclicity and serum metabolic
parameters were measured. No significant differences were found in the age of vaginal
opening, however the RGB-v group showed significant lower number of complete and
consecutives cycles. Also, RGB-f group showed first complete estrous cycle
significantly earlier than RGB-v group. Female rats housed in LL condition presented
significantly lower mean body weight from PND 33 to PDN 47 compared to the other
groups. Furthermore, higher levels of plasma triglycerides were found in DD group
compared to RGB-f and RGB-v. HDL levels were significantly lower in RGB-v
compared to RGB-f and LL groups. Total cholesterol was significantly lower in RGB-v
compared to all groups. Visceral fat was significantly higher in RGB-f compared to LL
group. These results suggest that both changes in photoperiod and lighting quality

affect pubertal development and alter lipid profiles and visceral fat accumulation.

Key words: Vaginal opening, estrous cycle, puberty, maturation.
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INTRODUCTION

Puberty marks the period between childhood and adulthood, which is
characterized by a variety of physiological and behavioral changes. One of the
biological markers of puberty is an increased level of gonadal steroid hormones, which
are shaped by the activation of the hypothalamic-pituitary-gonadal axis [1]. The onset
of puberty depends on the activation of specialized neurons that secrete pulses of
gonadotropin releasing hormone (GnRH) from the basal hypothalamus. The control of
its secretion is fundamental for reproductive maturation. GnRh enters the pituitary and
signals to the synthesis and secretion of luteinizing hormone (LH) and follicle
stimulating hormone (FSH). Finally, FSH and LH act on ovaries and testes cells to
direct the production of eggs, sperm and steroid hormones Within the brain, these
hormones are also required for GnRH secretion to occur via feedback loops that
promote the organization and activation of neural circuits that mediate reproductive

behavior [2].

In female rats, vaginal opening is an anatomic landmark in development of the
reproductive system and occurs between postnatal day (PND) 32 — 34, starting the
reproductive cycles, called estrous cycle. The estrous cycles in rats averages 4-5 days
and is generally divided in four stages: proestrus, estrus, metestrus and diestrus. On
vaginal cytology, these stages are characterized by the presence, absence or
proportion of 4 basic cell types. This cycle reflects changes in estradiol and
progesterone levels secreted by ovarian follicles [3]. Histologic features of the ovaries
also correlate with changes in the neuroendocrine profile of pubertal stages in the rat

and allow to differentiate normal tissues from delayed development, for example [4].

Circadian system is a temporal program, found in animals of all phyla that

organizes biological rhythms and allows them to be synchronized to the environment.
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This system is organized by the suprachiasmatic nucleus (NSQ), a biological
pacemaker that receives photic information from specialized retinal cells and, through
this process, synchronizes the rhythms of various physiological functions and
peripheral clocks, located in several organs of the body [5]. It's known that female
reproductive function is under strict control of circadian system, as well as every tissue
of hypothalamic-pituitary-gonadal axis [6]. Arendash and coworkers showed that the
withdrawal of NSQ disrupts the release of preovulatory hormones in rats, indicating

that reproductive cycles are vulnerable to circadian disruptions [7].

Light-dark cycles are the most important external signal, also called zeitgeber,
used by the circadian clock for synchronization of inner rhythms to the 24-h day. In the
absence of light, the NSQ transmits signals to the pineal gland through circuitous
neural pathways, resulting in the production of melatonin, a hormone that has a regular
secretion and provides temporal clues to the body. On the other hand, retinal exposure
to light leads to the suppression of melatonin secretion [8]. Melatonin also affects the
regulation of GnRH pulsatility by inhibiting its secretion and, therefore, has an anti-

gonadotrophic action in rats.

Modern lifestyle is characterized by living constantly under electrical light at day
and night time, which can lead to disruptions in natural circadian patterns and
abnormalities to reproductive cycles [5,9]. In the present study, we aimed to evaluate
the influence of four different lighting patterns on puberty timing of female Wistar rats.
Additionally, we aim to understand the intersections of variables related to puberty

timing with serum metabolic markers.
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MATERIALS AND METHODS
Animals

Adult Wistar obtained from the Animal Experimentation Unit (UEA) of the
Hospital de Clinicas de Porto Alegre (HCPA) mated during a week at a photoperiod
station. This station is equipped with different light patterns in four unique
environments. Animals were divided into four groups, according to the lighting:
combined red-green-blue lights (RGB) during the photoperiod that varied its spectral
composition during the day (RGB-v; N = 14), to simulate daily changes in color
temperature of the natural sunlight; RGB during the photoperiod with a fixed light color
temperature (RGB-f; N = 13) during the whole photoperiod; constant darkness (DD; N

= 13) and constant light (LL; N = 15).

RGB-v group was exposed to a light pattern whereby a gradual change in color
temperature occurs. Reddish wavelengths (2700 K) initiate the cycle from the moment
the lights are on, transitioning through a gradual warming of the color temperature until
reaching the maximum heating peak, 6 hours after the start (simulating noon of the
light in natural environment of blueish color, 400K). Subsequently, the light gradually
becomes colder until the end of the light period, 16 hours after the lights are on
(simulating the sunset in natural environment). At the end of 16 hours of light, the lights
were completely off during the 8 hours of darkness. RGB-f group maintained the color
temperature throughout the light phase. LL group was kept the entire protocol in

constant fixed light, while DD group was kept in constant darkness.

Animals were housed in groups with food and water ad libitum in transparent
acrylic home-cages (Panlab Harvard Apparatus; 25 x 15 x 25 cm) and controlled
temperature (20°C). Animals were maintained on the photoperiod station while males

were euthanized.
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Females were allowed to raise their litters until the pups completed 21 days
(PND 21) of life and, hereafter, were weaned. Experiments were performed only on
female litters (N = 55) from PND 22 to 50. Female genitors were euthanized after

weaning. Pups were weighed every three days, between 17 and 18 p.m.

Study of the Estrous Cycle

To investigate the timing of puberty, all litters were examined daily for vaginal
opening, starting from PND 28. Once vaginal opening occurred, vaginal smears were
taken daily for vaginal cytology until the end of the experiment. Vaginal smears were
prepared by introducing a drop of normal saline (NaCL 0.9%) into the vagina, collecting
back and placing it on a clean microscope slide. The stages of the estrous cycle were
determined, according to the predominant cell type present in the vaginal smears, as
seen under a light microscope at 40x [3] by two evaluators independently to ensure

consistency of stage interpretation. The experiment continued until PND 50.

The determination of estrous cyclicity was made according to previous reports
[3,10]. Complete cycles were counted considering the length of the four stages, which
can vary between 6 and 72h. Proestrus (average length of 14h in rats) could be absent
and should not be present for more than two vaginal cytologies. Estrus duration ranges
between 24 and 48h. Therefore, it should not be absent. Metestrus is a short stage of
6-8h and could also be missed. Diestrus is the longest stage with an average duration
of 48-72h, therefore it should not be absent and should be present for at least two
consecutive days. Cycles were also dichotomized as regular, defined as 4 or 5-day
cycle (with two days of estrus or 2 or 3 consecutive days of diestrus), and irregular,

defined as a 6 or 7-day cycles with those exhibiting a persistent estrus or diestrus.
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Blood Sampling

Blood samples were collected every 15 days, totalizing 3 collections. In the first
two collections, females were anesthetized with isoflurane 5% and 0.25 mL blood
samples were withdrawn from the tail vein. The last blood sample was collected at
euthanasia by cardiac puncture after anesthesia. Samples were centrifuged at 4000
rpm for 15 min and analyzed for the serum levels of glucose, triglycerides, HDL and

total cholesterol.

Statistical Analysis

Data are presented as mean + SD (Standard deviation) or median and
interquartile range (IQR), when appropriate. Statistical comparisons between groups
were evaluated by two-way ANOVA and repeated measures ANOVA, followed by post
hoc tests (Tukey). The Kruskall-Wallis test was used to compare non-parametric data.
Statistical significance was accepted as p<0.05. Analysis were performed using SPSS

software version 18.

RESULTS
Timing of puberty

As shown in Figure 1 there was no difference between groups in the age of
vaginal opening (DD: 35.23 + 2.65; LL: 34.13 + 2.38; RGB-f: 35.23 + 2.24; RGB-v:
34.71 £ 1.06; p=0.487). However, significant differences related to the the PND of first
complete estrous cycle were found between RGB-f and RGB-v (Figure 2a). The age
of first estrus was similar among groups (p=0.904). We did not observed differences in

ovarian and uterus weight (p=0.07).

Estrous cyclicity

We observed that 93.33% of the rats exposed to LL presented regular cycles,

which was significantly higher compared to RGB-v where 57.14% of the rats showed
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regular cycles (p<0.05). Also, we subtracted the estrus proportion by the diestrus
proportion of each group and observed that there was a trend (p>0.05; p<0.1) of the
RGB-f group to have more estrus, since the difference was positive. The RGB-v group
showed significant lower number of complete (p=0.028; Median (IQR) = 2 (1-2) (Figure
2b) and consecutives (p=0.035; Median (IQR) = 1 (1-2) (Figure 2c) cycles compared
to DD group. We did not find any difference among groups in the length of estrous
cycles (p=0.951; Median (IQR) =5 (4.3-5.5) (Figure 2d). No differences were detected
between the groups in the percentage of animals at each phase of the estrous cycle

(p=0.999) (Figure 3).

Body weight and metabolic changes

Body mass was differentially affected by light condition over the experimental
weeks. Significantly lower mean body weight was noted in LL group from PND 33 to
PDN 47 compared to the other groups (p<0.05). We also observed significant
differences in body weight between RGB-v and RGB-f from PND 30 to PND 39 and in

PND 24 and 47 (p<0.05) (Figure 4).

Serum levels of glucose, triglycerides, HDL, total cholesterol and visceral fat are
shown in Figure 5 as means * SD. No significant differences were found in levels of
glucose between groups (p=0.118). Higher levels of plasma triglycerides were found
in DD group compared to RGB-f (p=0.001) and RGB-v (p=0.003). HDL levels were
significantly lower in RGB-v compared to RGB-f (p=0.002) and LL (p=0.002) groups.
Total cholesterol was significantly lower in RGB-v compared to all groups (p<0.05).
Visceral fat was significantly higher in RGB-f compared to LL group (p=0.02) (Figure

5).
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DISCUSSION

The present study evaluated the effects of four different lighting patterns on
puberty timing assessed by vaginal opening and estrous cyclicity in female Wistar rats.
Additionally, we investigated how these patterns affect body weight, metabolic

parameters and visceral fat accumulation.

Many animal studies have been reported that exposure to constant light
accelerates sexual maturation, as indicated by the day of vaginal openning. However,
our results did not indicate differences in the age of vaginal opening. In this study,
estrous cyclicity was the main endpoint affected by light condition. Females under LL
condition showed a higher proportion of regular cycles, which may indicate a
precocious maturation. The RGB-v group showed significantly lower number of
complete and consecutives estrous cycles, suggesting that this group may not have
reached sexual maturation at euthanasia. Furthermore, the age of first complete
estrous cycle was later in RGB-v group compared to all other groups. On the other
hand, no differences in length of cycles were observed. These results indicate that
increased exposure to light may change the sensitivity of the HPG axis and changes
in color temperature throughout the day should have some contribution to the present
delay in sexual maturation. Further studies would highly contribute to the matter by
analyzing the mechanisms by which variable color temperature affect sexual

maturation outcomes.

We also suggest that photoperiod changes may affect the regulation of
reproductive system and change timing of puberty, considering that RGB-v and RGB-
f groups were in a cycle of 16 hours of light, and 8 hours of darkness (16:8), and there
are evidence highlighting the effects of changes in photoperiod in sexual maturation

(BOHLEN et al., 2018). Further investigation, including hormonal and histological
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measurement, is needed to clarify the pubertal development of rats under different

photoperiods.

Few studies have investigated the influence of different light patterns on
metabolic responses. Daily interactions between suprachiasmatic nucleus (NSQ) and
peripheral clocks regulate physiology and metabolism to adjust temporal variations in
homeostatic regulation [12]. Many studies demonstrate that when the circadian system
is misaligned, the desynchrony between the central and peripheral clocks leads to an
increased metabolic risk [13,14]. Constant light (LL) is a condition that generates
absence of rhythmicity with loss of feeding/fasting rhythm. This internal
desynchronization due to LL is associated with several metabolic alterations: high
levels of body mass, alterations in levels of cholesterol and glucose [15,16]. However,
in our study the LL group presented significantly lower body weight in almost all PNDs.
This can be due to a reduced food intake, which has already been described as a
consequence of exposure to constant light. The DD group showed higher levels of
triglycerides. These results show that these aberrant photoperiod changes induce
alterations in metabolic measures. The RGB-f group presented significantly higher
levels of total cholesterol compared to RGB-v, although these differences seem to be
of no biological relevance. The next necessary step for this area of study is to further
explore the mechanisms that lead the distinct light regimens to alter serum parameters
linked to metabolism. Also, it is highly necessary to elucidate the healthy
characteristics of a rodent under development to identify which conditions are harmful

or not to its growth.

The most interesting and challenging characteristic of sexual maturation is the
heterogeneity of patterns, so it's necessary to find points of convergence to better

understand how to characterize this period. A limitation of this study is that the protocol
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duration was not long enough to determine when all female rats had regularized cycles
and reached sexual maturation. Another limitation of our study is that we analyzed
vaginal cytology once a day, missing some short phases of estrous cycle. This misstep
was corrected by considering the duration of each phase and standardizing a rule for
complete cycles based on literature [3,10].

In summary, our results demonstrate that exposure to a light pattern whereby a
gradual change in color temperature occurs, appears to promote a change in puberty
timing, whereas lighting with fixed color temperature appears to accelerate
reproductive development. Also, we suggest that both changes in photoperiod and
lighting quality alter the lipid profile and the pattern of visceral fat accumulation.
However, it is difficult to state, from the metabolic and reproductive point of view, which
is the ideal lighting condition, since there are biological variations among animals. Our
results highlight the significance of light to puberty. Therefore, we believe it is crucial
to expand studies in order to clarify the mechanisms underlying the relationship of light

exposure with sexual maturation and metabolism.
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Figure 1: Average day of vaginal opening of female pups. DD, n=15; LL, n=13; RGB-
f, n=13; RGB-v, n=14.
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Figure 2: Mean of PND of first complete estrous cycle (A). Average number of
complete (B) and consecutive (C) cycles. Length of cycles in days of female pups. DD,
n=15; LL, n=13; RGB-f, n= 13; RGB-v, n=14 (*p<0,05).
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Figure 3: Percentage for phases of the estrous cycle for females Wistar exposed to
four different patterns of illumination. No difference was detected between the groups
(p=0,999).
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Figure 4: Body weight changes during the experimental protocol. DD, n=15; LL, n=
13; RGB-f, n=13; RGB-v, n=14. (* Statistical difference between RGB-f and RGB-v; #
Statistical difference between LL and all groups) (p<0,05).
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5. CONCLUSOES E PERSPECTIVAS

O presente trabalho demonstrou um importante efeito dos diferentes padroes
de iluminagédo utilizados no tempo de maturacdo sexual de ratas Wistar. Mais
especificamente, a qualidade de iluminagéo parece influenciar mais os desfechos de
maturacdo sexual comparada a mudancas de fotoperiodo, uma vez que uma
iluminagdo com variagcbes na sua temperatura de cor parece atrasar o
desenvolvimento reprodutivo. Além disso, tanto mudancas de fotoperiodo, quanto de
qualidade de iluminacéo alteraram o perfil lipidico e o padréo de acumulo de gordura
visceral nas ratas Wistar. Assim, avaliacbes morfoldégicas dos ovarios, a partir de
laminas histologicas de HE, e dosagens dos niveis séricos de hormonios sexuais
permitirdo uma consolidagéo das conclusdes deste trabalho. Além disso, € necessario
realizar a dosagem de melatonina a fim de correlacionar os possiveis dados obtidos
sobre maturacdo sexual com os achados na literatura acerca da influéncia da
secrecao deste hormdnio sobre o eixo HPG. No contexto de alteracdes metabdlicas,
analisar as caracteristicas moleculares da gordura visceral contribui para o
entendimento dos diferentes padrdes de acumulo de gordura vistos nos animais

expostos aos diferentes regimes de iluminacao.
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