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1. RESUMO

Diante da grande influéncia do ciclo claro/escuro na fisiologia e comportamento
humanos, é importante considerar os efeitos da luz no sistema circadiano ao projetar
ambientes, sendo interessante fortalecer uma sinalizagdo ciclica para o sistema circadiano
através de uma iluminacdo que mimetize as mudancgas gradativas que sdo observadas
naturalmente no ambiente. Desta forma, o objetivo deste trabalho foi verificar o efeito de uma
iluminacdo com temperatura de cor que varia ao longo da fase clara sobre os ritmos de
atividade/repouso de ratos Wistar machos.

O experimento foi realizado com 14 ratos Wistar machos adultos mantidos em um
ciclo claro/escuro de 16:8h desde o dia do nascimento e divididos em dois grupos
experimentais de acordo com o tipo de iluminacdo utilizada durante a fase clara: luz
circadiana (CL) ou luz padrdo (SL). Apos o 21° dia de vida os animais foram alocados
individualmente em caixas moradia equipadas para registro de atividade com comida e agua
ad libitum.

A analise de Cosinor indicou que o0 grupo exposto a CL apresentou maiores
amplitudes de atividade (p <0,05) e mesor de atividade (p <0,01) quando comparado ao grupo
SL. Além disso, ndo houve diferencas nem de acrofase nem de inicio e fim do periodo de
atividade entre os grupos. Os resultados indicam que a iluminacdo teve influéncia na
guantidade de atividade, mas que a forma como ela se distribui durante o periodo escuro ndo
depende da variacdo de cor e temperatura da iluminacdo, mas do tamanho do fotoperiodo.

A variagdo na temperatura de cor da iluminagdo usada para mimetizar as variagdes da
luz natural pode ter preparado grupo CL para a chegada da fase escura e, desta forma,
conferido certa vantagem de antecipacdo levando a uma melhora do aproveitamento para a
realizacdo de tarefas neste periodo. Por enquanto, os dados obtidos nos fazem acreditar que a
iluminacdo utilizada nos biotérios pode ndo ser a ideal para a qualidade e confiabilidade dos
estudos experimentais com animais, ja que as condi¢des de iluminacao observadas atualmente

diferem significativamente das encontradas no ambiente.



2. INTRODUCAO GERAL

Cronobiologia e 0 Reldgio Biolégico

A Cronobiologia - do cronos (tempo), bios (vida) e logos (estudo de)- é a ciéncia que
estuda os ritmos biologicos e por sua multidisciplinaridade, inclui o estudo dos aspectos
biolégicos da ritmicidade, descricdo e quantificacdo dos ritmos (Wetterberg, 1994). As
primeiras investigacdes a cerca da presenca de ritmos circadianos datam de 1729 e tiveram
como foco a observacdo de plantas e apenas a partir do século XX, os estudos se
aprofundaram em animais e mamiferos. A presenca de ritmos circadianos nos organismos
comegou a chamar a aten¢do de cientistas ha pouco tempo, pois sua associagdo intrinseca com
sobrevivéncia e a adaptacdo dos seres ao ambiente € um fenémeno tdo cotidiano que quase
ndo destacava a sua importancia até entdo (Noguera et al., 2007).

Como consequéncia da tendéncia natural a oscilacdo na natureza, encontramos
fendbmenos ciclicos em todos os niveis: no molecular, celular, de o6rgéos, individual,
social/coletivo, geoldgico, planetério e no astrofisico. A necessidade evolutiva da ritmicidade
entre 0s organismos vivos se deu em funcdo da alternancia dia/noite, j& que 0s primeiros
organismos vivos ndo podiam estar diretamente expostos a luz solar devido a altissima
radiacdo UV capaz de desnaturar as moléculas de DNA, proteinas e outras estruturas. Desta
maneira, a primeira e mais importante adaptacdo que todos necessitaram fazer foi a de prever
as mudancas ambientais através de um relégio bioldgico, e a partir de entdo cada ser vivo
desenvolveu sua prépria estratégia fisiolégica e comportamental. (Noguera et al., 2007).

Os seres vivos apresentam diversos processos fisiologicos que apresentam padrdo
ritmico que contribuem para sua homeostase, ja que durante a evolucdo, desenvolveram uma
preparacdo para explorar uma determinada situacdo ambiental e evitar grandes perdas
energéticas. Para tanto, a existéncia de um relogio bioldgico se fez necessaria, sendo 0s ritmos
regulados por um marcapasso situado no hipotalamo. Esse relégio interno, mais conhecido
como nucleo supraquiasmatico (NSQ) teve seu papel na génese dos ritmos descoberto no ano
de 1972, e possui aferéncias originadas no trato optico por onde recebe as informacGes
relativas & iluminagdo ou escuriddo do ambiente, sendo responsével por transmitir esse sinal
temporal para o resto do corpo (Noguera et al., 2007; Reppert e Weaver, 2002).

Também existem osciladores periféricos que sustentam a organizacdo circadiana e séo

capazes de controlar os ciclos de expressdo génica especificos de cada tecido. Esses reldgios



locais estdo sincronizados entre si e com o horério solar, através de sinais neuroendécrinos e
metabdlicos que dependem do NSQ (Hastings MH et al., 2003). Com isso, alguns autores
comparam esse reldgio central ao uma espécie de maestro regendo uma orquestra. Os ritmos
precisam estar sincronizados para que o som dos instrumentos juntos seja audivel e agradavel
aos ouvidos. Assim precisam ser 0S NOSsOS ritmos internos, organizados para que 0 NOSSO
organismo possa reagir as necessidades diérias da melhor forma possivel (Welsh, Takahashi
& Kay, 2010; Webb & Oates, 2015).

Ritmos Bioldgicos

A maioria dos ritmos descritos nos organismos vivos costuma ter alguma correlagédo
com algum tipo de periodicidade caracteristica do ambiente onde vivem. De acordo com sua
frequéncia, esses ritmos podem ser classificados em circadianos, ultradianos e infradianos.
Entre os diferentes ritmos bioldgicos, os mais estudados e mais frequentes nos organismos
vivos sdo os ritmos circadianos (circa = cerca de; diem = dia) qgue mesmo na auséncia de
estimulos ambientais periddicos, se ajustam as variagdes ciclicas do dia e da noite (Gruart et
al., 2002). A variacdo de temperatura corporal, os niveis de cortisol e melatonina e o
rendimento mental sdo fendmenos ritmos que apresentam frequéncia circadiana, sendo o ciclo
sono-vigilia o mais evidente dentre os ritmos circadianos. (LeGates, Fernandez & Hattar,
2014).

A fim de melhor compreender os estudos envolvendo ritmos, é necessario dominar
determinadas técnicas analiticas, incluindo técnicas matematicas e estatisticas. Uma das mais
utilizadas é o método de cosinor, que consiste no ajuste dos dados a uma funcgéo sinusoidal e
posterior representacdo grafica dos resultados. Esta analise permite determinar os valores de
alguns parametros: mesor (valor médio da funcdo), acrofase (fase mais alta) e amplitude
(diferenca entre o valor maximo da funcdo ajustada e o mesor). Essas variaveis tém grande
importancia quando se procura avaliar alteragdes dos ritmos biolégicos. Muitos estudos dos
ritmos utilizam mesor, acrofase e amplitude para caracterizar o estado fisiologico do
individuo e o quanto as interferéncias exdgenas ou endogenas sdo capazes de modificar essas
variaveis. (Noguera et al., 2007; O'Dell et al., 2007).



1
O
(4]
Y
=

30
Acrophase

25

Units

1 1 L L J

12 15 18 21 24
Hour

o
w
(o2}
ol

(Extraido de O'Dell et al., 2007)

Luz: principal zeitgeber

Existem alguns elementos ambientais que funcionam como pistas que sincronizam o
nosso relogio bioldgico de acordo com o ambiente que ocupamos. O efeito da luz sobre o
nosso ciclo circadiano ou o dos ferorménios sobre o ciclo mestrual, que é circamensal, sdo
exemplos classicos destas pistas, cientificamente denominadas zeitgebers (do
alemao zeit "tempo" e geber "doador") (Grandin, Alloy & Abramson, 2006). Alguns dos
zeitgebers que comprovadamente tém influéncia sobre o relégio bioldgico sdo o ciclo
claro/escuro, alimentagdo/jejum, interacdo social, reldgios, exercicios, certos remédios, entre
outros (Mistlberger & Skene, 2004).

Nos mamiferos, incluindo o homem, o zeitgeber com maior capacidade sincronizadora e
arrastadora dos ritmos biolégicos é a luz (LeGates et al., 2014). Ver a luz do sol no amanhecer
pode elevar a presséo arterial e a glicemia em preparacdo para a rotina, em animais diurnos.
N&o menos importante, 0 periodo do escuro tambeém é essencial para a fisiologia adequada do
organismo (Véasquez-Ruiz et al., 2014). A glandula pineal, que recebe inervacdo do NSQ,
produz e libera melatonina na auséncia do estimulo luminoso (Reiter RJ, 1991).

A sinalizacdo convencional produzida na retina através de bastonetes e cones pode ser
suficiente, mas ndo é necessaria para o arrastamento produzido pela luz. Este é o papel do
sistema fotorreceptor com base na melanopsina, fotopigmento expresso em uma sub-

populacdo de células ganglionares da retina (RGCs) que possuem projecGes diretas para o



NSQ e outros pontos, mediando a fotorecepc¢do nédo relacionada a formacgdo da imagem. Na
auséncia de melanopsina, os RGCs perdem sua fotosensibilidade, estabelecendo essas RGCs
como importantes sinalizadoras para o relégio e coloca a melanopsina na cascata de
fototransducao circadiana (Menaker, 2003; Hastings MH et al., 2003).

Luz e o processo saude-doenca

Diante da grande influéncia que a iluminagdo tem nos organismos vivos, inimeros
processos saude-doenga ja foram relacionados a perturbacéo da ritmicidade circadiana. Estes
processos podem ter origem tanto de mudancas naturais de iluminacdo do ambiente como das
provocadas pela acdo do homem (Brainard J et al., 2015).

A falta de exposicdo a luz natural durante o dia e o0 excesso de iluminagéo artificial
durante a noite predispde individuos a uma ampla gama de disturbios de humor, incluindo
impulsividade, mania e depressdo (Salgado-Delgado R et al., 2011; Bedrosian TA e Nelson
RJ, 2013) . As transices de estacGes tem importancia bastante estudada no metabolismo de
mamiferos. Em paises do hemisfério norte, o inverno vem acompanhado do aumento de casos
de depressdo sazonal, resultado da diminuicdo dos periodos de iluminacgdo do sol.

Com o advento da eletricidade e o crescimento dos espacos urbanos e das demandas
de trabalho, ser humano tornou-se capaz de controlar a duracdo do seu dia e da sua noite
independente das variacdes ambientais e como resultado, 0 que se percebe, atualmente, € um
aumento do “dia” e encurtamento da “noite” (Fonken & Nelson, 2014 ). Estudos sugerem a
associacdo desta condicdo de exposi¢do a luz durante a noite com alteracbes metabdlicas
significativas, como no caso de trabalhadores de turno, que apresentam maior risco de
desenvolver doenca cardiovascular e obesidade (Karatsoreos IN et al., 2011; Fonken LK et
al., 2013). A populacéo de mulheres também vem sendo alvo de diversos estudos em fungéo
dos indices elevados de cancer de mama entre trabalhadoras de turno. Resultados
convergentes de pesquisa com cultura celular, roedores e humanos sugerem que as
consequéncias da ruptura circadiana pode provocar danos substanciais. Um modelo
experimental inovador tem mostrado que a luz a noite aumenta marcadamente o crescimento
de xenoenxertos de cancer da mama humano em ratos (Stevens RG et al., 2014).

Desde que a Science publicou um trabalho que mostrou a supressédo da produgdo de
melatonina pela exposicdo a luz branca durante a noite, aléem da preocupacdo em relacdo a

presenca de iluminagdo durante a fase escura, comecou-se a pensar nas caracteristicas dessa



fonte luminosa e diversos estudos procuraram mostrar o impacto do comprimento de onda,
intensidade, duracdo e o periodo da noite da supressdo da melatonina pela luz. Um exemplo é
a existéncia de uma resposta mais intensa de supressdo hormonal pode ocorrer se essa luz for
caracterizada por um curto comprimento de onda e espectro entre 446 e 477 nm, que tem
aparéncia azul (Stevens et al., 2014; Brainard et al., 2011). Se a falta do escuro prejudica a
liberagdo de melatonina, a exposicdo a iluminacéo artificial durante o dia em detrimento da
luz natural pode influenciar a correta secrecdo de cortisol, podendo gerar alteracdes na
homeostasia do organismo, afetando sistema imune, bem como comportamento (Harb et al.,
2015).

3. OBJETIVOS

Objetivo geral

Verificar o efeito de uma iluminacdo apresenta variacdo de temperatura de cor ao

longo da fase clara sobre o ritmo de atividade/repouso de ratos Wistar machos.

Objetivos especificos

e Verificar o padrdo de distribuicdo de atividade dos animais por meio de

actogramas.

e Verificar a existéncia de diferencas entre os parametros mesor, amplitude e

acrofase na caracterizacdo do ritmo de atividade/repouso dos roedores.
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4. ARTIGO CIENTIFICO

Os resultados preliminares obtidos experimentalmente neste trabalho foram
organizados na forma de artigo cientifico a ser submetido ao periddico “Lighting Research

and Technology ™.

EFFECT OF LIGHT WITH CIRCADIAN RHYTHMICITY IN ACTIVITY / REST
RHYTHM OF WISTAR MALE RATS

Melissa Alves Braga de Oliveira”, Caroline Luisa Quiles', Juliana Castilhos Beauvalet',
Maria Paz Loayza Hidalgo™ 2

! Laboratério de Cronobiologia. Hospital de Clinicas de Porto Alegre - HCPA/Universidade
Federal do Rio Grande do Sul — UFRGS. Rua Ramiro Barcelos, Porto Alegre, RS, Brazil.

2 Programa de Pés-Graduagdo em Medicina, Psiquiatria. Universidade Federal do Rio Grande
do Sul — UFRGS. Rua Ramiro Barcelos, Porto Alegre, RS, Brazil.

* Corresponding author: Melissa Alves Braga de Oliveira, Laborat6rio de Cronobiologia do
Hospital de Clinicas de Porto Alegre, Ramiro Barcelos, 2350 sala 12107, 90035-903, Porto
Alegre, RS, Brazil. Tel.: +55 51 33598849. E-mail address: meaboliveira@gmail.com
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Abstract

The light-dark cycle is the main external clue that synchronizes the circadian
system to the environment. However human beings are ceasing organizing their routines
according to the transitions between day and night spending most of the day in closed
spaces and most of the night exposed to artificial illumination. To oppose the substitution
of natural light/dark cycles for artificial illumination with constant characteristics arises
the interest in strengthening cyclic signaling to the circadian system through illumination
which could mimic the gradual light changes that occur in nature. Presented here is the
study developed with male Wistar rats (n=14) kept under light-dark cycle of 16:8 h since
birthday and divided in two groups according to the type of illumination they were
exposed during lights-on phase: circadian light and standard light. Activity/rest recordings
from around 20 days were analyzed for each animal. The cosinor analysis indicated that
the group exposed to circadian light presented higher activity amplitudes (p<0,05) and
activity mesor (p<0,01) if compared to standard light group. The variation in thr
illumination temperature of color used to mime natural daylight variations may have
prepared circadian light group for the arrival of the dark and can be related to certain
advantage to better accomplish their activities. Results obtained reinforce the importance
of light as an important clue to the regulation of physiology and behavior. Thus the
lighting currently used in the housing of experimental animals may not be the best way to
mimic natural environment according to the differences between groups. The use of a
circadian light could increase the reliability of studies conducted with experimental
animals and for future perspective could be used by hospitals and offices where often is

not possible to have contact with natural light.

Keywords: Circadian light, activity/rest rhythm, animal model
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1. Introduction

Besides sleep-wake cycles, various physiological and behavioral processes occur in a
rhythmic way. Human beings are sustained by a circadian system which coordinates the
internal oscillators in different organs and organizes bodily functions for the most adequate
response to external stimuli (Bechtold et al, 2010).

The light-dark cycle (LD) is the main external clue that synchronizes the circadian
system to the environment. As result, humans tend to be active during day (light) and to rest
during night (dark) (Eisenstein, 2013; de Souza & Hidalgo, 2014). However, with electrical
energy at our disposal and growing work demands, human beings are ceasing organizing their
routines according to the transitions between day and night ruled by Earth’s rotation, and this
is inducing body processes to happen at times of the day different from the preferential. Since
it became possible to choose when the day starts and when it ends despite natural transitions,
a considerable number of people spend most of the day in closed spaces, with little exposition
to natural light, and most of the night exposed to artificial illumination (Bedrosian and
Nelson, 2013).

Synchronization to the environment is done mainly by the master circadian pacemaker
in mammalian brain: the suprachiasmatic nucleus (SQN). Retinal ganglion cells are
photosensitive and transduce photic signals to the SQN which, through a neuroendocrine link
with the pineal gland, controls several physiological processes by synthesis of melatonin
hormone. The quantity of pineal gland activity and melatonin secretion varies cyclically,
being inhibited by light and markedly stimulated by dark, informing the organism that night
fell (Reiter, 1991).

Thus, ocular light exposure induces a range of circadian, neuroendocrine, and
neurobehavioral responses, including circadian phase resetting, melatonin suppression,and

enhancement of alertness and performance (Rahman et al., 2014). There is evidence of the
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role played by rhythm alterations originated from inadequate light exposition, also called light
pollution, in the etiology of many pathologies including inflammation, metabolic diseases and
cancer (Bittencourt et al., 2010; Haus & Smolensky, 2006; Roenneberg et al., 2012).

It has been shown that the way the organism reacts to illumination depends not only of
the presence or absence of the light, but of aspects like its wave length. For example, shorter
wave length and higher temperature (blue) lights activate strongly the SQN and block
melatonin synthesis, not being the best choice for illumination at night (Brainard et al., 2011;
West et al., 2011). Also been exposed to natural light in the place of artificial light have
important biological effects. A study developed with hospital employees showed subjects who
worked most of their time under electrical lighting presented higher levels of melatonin at
morning, lower levels of melatonin at night and higher cortisol levels at night than subjects
who work in a place with a window. The results obtained might reflect signs of
chronodisruption, as increased levels of cortisol and lower levels of melatonin are related to
several diseases (Harb et al., 2015).

Nowadays, the objectives of illumination in architecture are: optimize visual
performance; provide visual comfort; allow aesthetical appreciation of the ambient; and
preserve energy (Lucas et al, 2014). Since the influence of light in human physiology and
behavior is clear, it is important to consider the effects of light in the circadian system when
designing areas. To oppose the substitution of natural light/dark cycles for artificial
illumination with constant characteristics arises the interest in strengthening cyclic signaling
to the circadian system through illumination which could mimic the gradual light changes that
occur in nature. This way, the concept of circadian light arises as an electromagnetic stimulus
capable of stimulate the circadian system rather than produce visual responses (Rea et al.,
2010) and the aim of this study was investigate the effect of a light with a variable

wavelength along the light phase on activity / rest rhythms of rodents.
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2. Material and Methods

Experimental Animals

Experiments were performed with male Wistar rats (n=14) obtained from Unidade de
Experimentacdo Animal (UEA) do Hospital de Clinicas de Porto Alegre. Pregnant female rats
were kept under 12:12 LD cycle with lighting normally used in UEA during all pregnancy.
On each birthday, cages with mother and pups were allocated in photoperiod station under the
same controlled temperature (22 = 2 °C), humidity and noise exposure but with illumination
according to circadian light group (CL) or standard light group (SL). Animals were kept under
16:8 h LD cycle with lights off at 9 am. After 21 days young rats were individually housed
with food and water ad libitum in transparent acrylic home-cages (Panlab Harvard Apparatus;
25 x 15 x 25cm) couple to equipment for activity detection and remained at the same
conditions during more 20 days. All of the procedures were conducted in accordance with
institutional policies on experimental animal handling, and the project was approved by the

Institutional Research Ethics Committee (project number 15-0059 - GPPG/HCPA).

Intervention: Circadian Light

Pregnant female rats were randomly assigned to CL or SL group and after delivering
pups were placed in the correspondent lighted chamber of photoperiod station. The CL group
(n=6) was composed by 4 animals from the same litter and 2 from other, while all animals
from SL group (n=8) came from the same litter.

In order to try to reproduce human light exposition daily pattern and following
protocols already established, the two groups were exposed to a photoperiod of 16 hours light
and 8 hours dark throughout the study (Workman et al 2011; Otsuka T. et al 2014). The

photoperiod station has four separate independent chambers wherein two of them are attached
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to fluorescent light that have no variation during the period they are on (SL). On the other
hand other two chambers were equipped with specials LED luminaries that we called
“Circadian Light” as the intention was to mimic ambient daily light changes and were
designed and provided by Luxion lluminacéo (Fig. 1).

These lamps have 1500 lumens and are powered with 10W. The intensity of these
equipments scheduled to be linear and so have 1500 Im regardless of color. The temperature
ranges from 2700 K to 6500 K. The lamps are set to pass through 32 changes of 6.25% of its
current in each LED. The light from lamps will have changes will have changes in color
temperature from 2700 K to 6500 K that should last 8 hours and after that returns up to 2700

K during more 8 hours.

Rhythm Characterization

Rest-activity: The activity rhythm of each animal was monitored daily every 10
minutes by actigraphy (ADNplin- © Antoni Diez Noguera, Barcelona, AC, Spain). This
device emits two laser beams that cross the animal’s home-cage longitudinally and
transversely and are detected by receivers on the opposite face of the cage. When a beam is
interrupted by the interposition of the animal when it moves, one locomotion unit is
recorded. Each device is connected to a board responsible for converting its information to
digital format and sending them to a computer, where the data can be accessed at
DAS192USB program. The recordings of activity were converted into Excel files and
organized in order to prepare data for analysis using specific software to measure

rhythmicity parameters.

Statistical Analysis

The evaluation of rhythms was performed using the integrated program of

Chronobiology EI Temps (A. Diez-Noguera, Universitat de Barcelona, 1999) to calculate
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rhythmicity parameters - amplitude, acrophase, mesor and VE% of the activity recordings -
through cosinor analysis, as well as to run Rayleigh tests for acrophases and to generate
actograms and perform two flanks and partial sum analysis.

Comparison of mesor, amplitude and acrophase between groups was performed using
nonparametric test Kruskal Wallis. Comparison of activity sum in dark and light phases
among group was perfomed by Mann-Whitney nonparametric test. The results are presented
as the group median (x SEM) with the statistical significance level set at p < 0.05. Graphics
were generated in GraphPad Prism 5 software and analyses were performed using SPSS 18.0

software (SPSS Inc, Chicago, IL, USA).

3. Results

Data obtained from actigraphy enable the characterization of animal’s rest/activity
rhythms. Figure 2 shows the derived actogram generated from the overlap of all actograms
obtained. In addition to showing greater amount of activity in the CL group during the dark in
comparison to SL, derived actogram suggests that from the seventh day of activity log,
corresponding to the thirtieth day of animal’s life this difference is more obvious.

The cosinor analysis provided activity acrophases values of each group. Rayleigh test
plotted this data into and circular distribution and its possible to compare this variable
between groups (Fig. 3). As it shows, acrophases do not differ according to the lighting type.
The cosinor analysis also indicated that the group exposed to CL presented higher activity
amplitudes (p=0,02) and activity mesor (p=0,005) if compared to SL group (Fig. 4). When
plotting amplitude in a line is possible to see that during all days of the experiment the group
CL shows higher amplitudes in comparison to SL group (Fig. 5).

In order to further analyze the distribution and amount of activity we proceed with the
two flanks and partial sum analysis. The higher activity mesor observed in CL group agrees

with the partial sum analysis that shows the total sum of activity calculated from number of
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beam’s interruptions. Both in dark phase (CL 2341 + 135, 2; SL 1847+ 91, 72; P< 0,01) and
light phase (CL 1044 + 117; SL 892 * 20,85; P< 0,01) the CL group presented elevated
medians than SL group. (Fig. 6). Two flank analyses showed similar activity beginning and

end during the around the dark phase (Fig. 7).

4. Discussion

The results here presented reflect a work in progress toward the development of a
circadian light and evaluation of its effects on physiology e behavior of rodents. Despite short
period of activity data analyzed so far, significant differences in activity amplitude and mesor
were observed.

As seen in a previous study developed by our research group with Wistar male rats,
activity and temperature were modified according to the length of light and darkness showing
that light duration is capable to change both behavior and physiological patterns in rodents
(Quiles et al., 2014). The same adaptation can be seen in the results here presented, so that
activity follows very well the 8 hour dark phase. According to this previous study, there is a
high probability that body temperature also be elevated in these animals following activity
pattern (Scheer et al., 2005).

The amplitude of a rhythm is the variation of the same during the study period. What
is expected from the assessment of the activity amplitude of an organism with normal
physiology is that it indicates the robustness of this rhythm by means of high amplitude. The
activity rhythm is considered to be robust considering its pattern during the animal’s 24-hour-
day influenced by light/dark cycle: markedly active at night and with little movement during
the day. As activity of both groups followed light/dark cycle and exposition to circadian light
was the only difference between groups, activity amplitude was detected among them and was

higher in CL. Variations in the color temperature of illumination used to mime natural
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daylight transitions may have prepared CL group for the arrival of the dark phase. The
increase in the amplitude could be related to animals taking advantage of being able to predict
the beginning of the night and better accomplish their activities.

Beyond amplitudes, higher activity mesor and activity sum in CL group underlie what
was seen in actograms. It is important to consider that results here discussed belong to
nocturnal animals. Therefore activity behavior seen in CL group during the dark might be
even more evident during the light phase in diurnal animals.

The fact activity acrophases occur at the same time among group showed there was no
phase shift and so activity distribution across dark phase depends on the length of light phase
and not on variations of illumination. This result is also supported by two flanks analysis that
did not showed difference in the activity period allocation.

Besides the fact some researchers are focusing in devices for measurement of
circadian light exposure in order to better quantify light effects on sleep and behavior
(Figueiro et al., 2011), studies developing special lighting technologies are still poor.
Analyzing the circadian light concept, the results presented here cannot describe all the effects
of this light equipment on the circadian system. As a perspective, hormone levels, weight gain
data, inflammatory interleukins dosages and behavioral tests will be included as analyzes to
be held.

Results obtained reinforce the importance of light as an important clue to the
regulation of physiology and behavior. Thus the lighting currently used in the housing of
experimental animals may not be the best way to mimic natural environment according to the
differences between groups. The use of a circadian light could increase the reliability of

studies conducted with experimental animals.
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Finally, we expect that this light technology designed for this study could be improved
and in the future used by hospitals and offices where often is not possible to have contact with

natural light.
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Figure 1. Study Groups and Lighting Characteristics.
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Figure 2: Effect of the exposition to circadian illumination in rest-activity rhythm.

Derived obtained from the overlap of all double-plot actograms in each group showed daily

variance of activity (black) throughout the experiment days. Lights-on periods are shown in

yellow. The rest-activity patterns are similar between groups and no phase advance is

observed. However is possible to see the greater amount of activity during the dark phase in

the group exposed to circadian light in comparison to the group exposed to standard

illumination. CL= circadian light; SL= standard light.
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Figure 3: Acrophases of activity rhythm. Rayleigh tests of activity acrophases (black
triangles) demonstrating they remained in the middle of the dark phase (9:00 am - 17:00 pm)

in both groups. CL= circadian light; SL= standard light.
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Figure 4. Activity amplitude and mesor. (A) Activity amplitude: the CL group showed
significantly higher activity amplitude compared to the SL group. Data presented in median
(x SEM) *p = 0.02, Kruskal Wallis test. (B) Activity mesor: the CL group showed
significantly higher activity mesor compared to the SL group. Data presented in median (x

SEM) *p = 0.005, Kruskal Wallis test. CL= circadian light; SL= standard light.



26

35

Amplitude

0 T T T T
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18
Days

Figure 5. Activity amplitude variation during experiment days. Data presented in mean (+

SEM). CL= circadian light; SL= standard light.
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Figure 6. Partial activity sum. Partial sum analysis indicating higher activity levels on CL

group both in dark and light phases. CL= circadian light; SL= standard light.
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Figure 7. Beginning and end of activity period among CL and SL groups. Two flancks

and Rayleigh analysis showing the beginning and end of activity period do not vary among

groups. CL= circadian light; SL= standard light.
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5. CONCLUSOES E PERSPECTIVAS

Os resultados obtidos sugerem que a exposi¢do a uma fonte luminosa que mimetize as
variagOes gradativas de luz que sdo observadas no ambiente pode influenciar os niveis de
atividade durante a fase escura de roedores. O aumento da variacdo e da quantidade de
atividade observada no grupo LC pode ser um reflexo de uma preparacgéo para o periodo ativo
provocado pela iluminagéo, que pode representar uma vantagem para o animal que consegue
prevé mais facilmente a chegada da noite.

Os dados preliminares aqui apresentados fazem parte de um projeto em parceria com a
empresa Luxion lluminacdo. Varios outros parametros ainda serdo avaliados ao final do
estudo, como ganho de peso, consumo de alimento, comportamento e quantificacdo de
horménios e interleucinas. A ideia central é avaliar em modelo animal os efeitos desse sistema
de iluminacéo.

Como perspectiva futura, esperamos que essa tecnologia de iluminacdo possa ser
melhorada e adaptada para utilizagdo em leitos hospitalares e ambientes de trabalho,
reduzindo os efeitos indesejados ocasionados pela iluminacdo artificial constante em locais

fechados sem janela.
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