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Introduction
In the wild, animals are exposed to an ever-chang-
ing array of sensory stimuli. Captive environments 
for laboratory rodents, by contrast, appear general-
ly more impoverished in terms of sensory stimu-
li. Lately, some attention has been directed towards 
exploring the impact of stimulation of one or more 
senses (e.g. auditory, vision, smell) as a method of 
environmental enrichment (Baumans 2005, Arakawa 
et al. 2011). Th e goals of environmental enrichment 
are non-specifi c and relatively open to debate, but it 
is generally agreed that enrichment strategies should 
encourage more species-typical patterns of behavior, 
increase the ability to cope with challenges, enhance 
behavioral repertoire, increase positive use of the 
environment and/or reduce or eliminate aberrant 
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Summary
Music is known to be able to elicit emotional changes, including anxiolytic eff ects on humans 
and animals. Photoperiod has also been reported to play an important role in the modulation of 
anxiety. In the present study, we examined whether the eff ect of music on anxiety is infl uenced 
by day length, comparing, short day (SD; 8:16 h light/dark) and long day (LD; 16:8 h light/
dark) with controls (CD; 12:12 h light/dark). Aft er 8 weeks of photoperiod treatment, rats were 
randomly assigned to 2 groups: silence and music. In the music group, rats were exposed to 
music 24 h before behavioral tests to quantify anxiety level. Exposure to Mozart music reduced 
anxiety in rats in the CD group. Th ese eff ects of music were abolished by LD. Independently of 
music, rats exposed to SD exhibited higher levels of anxiety-like behavior than rats exposed to 
CD, in elevated plus-maze and open-fi eld tests. Th e present fi ndings suggest that the anxiolytic 
eff ects of Mozart music are photoperiod-dependent.

patterns of behavior, e.g. stereotypies (Wells & Irwin 
2008, Wells 2009).

Th at music can have a soothing eff ect on human 
psychology and behaviors is well known (Koelsch & 
Siebel 2005, Koelsch 2010); whether it is soothing or 
stimulating or stressful depends on the type of music, 
and the circumstances (Cruz et al. 2010, Cruz et al. 
2011). Recognition of the benefi ts associated with 
 music for human well-being has prompted recent 
research into the value of auditory stimulation as a 
means of enriching the environment of captive ani-
mals. Classical music also appears to infl uence the 
behavior and/or physiology of some species of cap-
tive animals in a manner suggestive of enhanced 
well-being. In addition, other studies show that 
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music can lead to positive behaviors (Wells et al. 
2008) and physiological benefi ts (Núñez et al. 2002, 
Sutoo & Akiyama 2004, Nakamura et al. 2007). Th e 
value of auditory enrichment has been studied in a 
variety of species, including birds (Reed et al. 1993), 
cattle (Uetake et al. 1997), horses (Houpt et al. 2000), 
dogs (Wells et al. 2002), fi sh (Papoutsoglou et al. 
2007) and primates (Videan et al. 2007, Wells et al. 
2008). Many of these studies report changes in the 
behavior and/or physiology of animals exposed to 
music recordings, radio broadcasts or ecologically 
relevant sounds; but, to our knowledge, there is no 
literature about whether this eff ect is infl uenced by 
photoperiod.

Animal models of depression and anxiety may pro-
vide a means to elucidate the eff ect of photoperiod 
on anxiety and depressive-like behavior in humans.  
However, there has been little research on the eff ect 
of season on aff ective behavior in animals. Prolonged 
exposure to a long photoperiod (14/10 h light/dark 
cycle) in rats was found to have an antidepressant 
eff ect, as measured by reduced immobility in a forced 
swim test comparable to treatment with antidepres-
sants (Molina-Hernandez & Tellez-Alcantara 2000) . 
Another study in an animal exposed to varying pho-
toperiods in its natural environment, the Siberian 
hamster, showed that the males exposed to short days 
had behavior suggesting greater levels of anxiety and 
depression compared to those exposed to long days; 
this eff ect did not appear among the females (Pren-
dergast & Nelson 2005) . In contrast,  exposure to 
short days decreased neophobic reactions in C3H/He 
and BALB/c mice, while long days amplifi ed the neo-
phobia only in the C3H/He mice relative to controls 
(Kopp et al. 1997). 

Studies in rodents have indicated that there are 
gender diff erences in emotional behavior caused by 
environmental conditions. Rats exposed to short 
days exhibited higher levels of anxious-like behavior 
than rats exposed to long days, in an elevated plus-
maze and open-fi eld test (Benabid et al. 2008). Based 
on these fi ndings, we hypothesized that enriching the 
auditory environment with music might infl uence 
the eff ects of photoperiod on anxiety. 

Most of the procedures used to assess anxiety in 
rodents can also be used to assess the anxiolytic 
eff ects of various agents. Typically in these studies, 
animals are exposed to anxiogenic conditions, e.g. a 
novel environment (elevated plus-maze and open-
fi eld tests), in order to study the anxiolytic properties 

of compounds, such as benzodiazepine (Boufl eur et 
al. 2012). Th e aim of our experiments was to test the 
hypothesis that exposure to Mozart’s music through-
out short or long daylight periods would infl uence 
anxiety state. A battery of two diff erent anxiety tests 
was used. Th ese consisted of the elevated plus-maze 
and open-fi eld tests.

Materials and methods 
Subjects
A total of 60 male genetically heterogeneous albino 
Wistar rats (Rattus norvegicus), aged 3 to 5 months 
and weighing 220 to 310 g, were obtained from the 
animal house of the Regional University of Blu-
menau. Aft er arrival in the vivarium of the labo-
ratory, these animals were housed in groups of fi ve 
per opaque plastic cage (50 x 30 x 15 cm) with wood 
shaving bedding and wire mesh tops. Th ey were 
housed under a standard (12/12 h light/dark; cycle 
lights on at 7:00 AM), in a temperature-controlled 
environment (23 ± 1ºC), with a 50 dB background 
sound level, and 55±10% relative humidity. During 
the light and dark phases, the rats were exposed to 
light intensities of approximately 325 and 0,025 lux, 
respectively. During the entire experimental period, 
the animals received commercial chow for rodents 
(Nuvital, Paraná, Brazil) and fi ltered tap water ad 
libitum. Th e animals were acclimated to the animal 
housing facilities for at least 1 week before the exper-
iments began. Th e experiments were performed in 
compliance with the recommendations of the Brazil-
ian Society of Neuroscience and Behavior (SBNeC), 
which are based on the United States National Insti-
tutes of Health Guide for Care and Use of Laboratory 
Animals. 

Experimental protocols
Th e rats were divided into three groups: group con-
trol (CD – 12:12 h light/dark, lights on from 07:00 
to 19:00 h), short day (SD – 8:16 h light/dark, lights 
on from 07:00 to 15:00 h) and long day (LD – 16:8 h 
light/dark, lights on from 07:00 to 23:00 h). During 
the light and dark phases, the rats were exposed to 
a light intensity of approximately 325 and 0.025 lux, 
respectively. Th ese lux values were chosen because 
they were the closest values (in our laboratory) pos-
sible to natural daytime and nighttime light. All rats 
were exposed to their respective photoperiod con-
ditions for 8 weeks before testing. In the behavioral 
tests, rats were randomly assigned to two groups: 
silence and music, with n = 10 per group for each 
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spent grooming (i.e. repetitive movements of the 
front paws or mouth on the fur).

Statistical analysis
All of the data are expressed as ± S.E.M. 
Each value refl ects the mean of 10 animals 
per group. The means were compared using 
analysis of variance (ANOVA), followed by 
the Newman-Keuls multiple comparison test. 
A probability level of 0.05 was used as the 
criterion for statistical signifi cance. 

Ethical considerations
All experiments were approved by the local ethical 
committee of the Regional University of Blumenau. 

Results
Elevated plus-maze test
Th e ANOVA revealed signifi cant diff erences between 
groups in the time spent in open arms of the elevat-
ed plus-maze (F1,59 = 12.903; p< 0.001). In the control 
group (CD) music-exposed rats spent more time in 
the open arms than rats exposed to silence (Figure 
1A; p< 0.001). Th e photoperiod aff ected signifi cant-
ly the time in the enclosed arms (F1,59  = 5.669; p< 
0.001), and the number of open (F1,59  = 3.345; p< 
0.01) and enclosed (F1,59  = 8.106; p< 0.001) arms 
entries. SD rats exposed to music or silence spent 
more time in enclosed arms (Figure 1B; p< 0.01), and 
entered less oft en the open (Figure 1C; p< 0.05) and 
enclosed (Figure 1D; p< 0.01) arms compared with 
rats in group CD/silence.  

Open-fi eld test
Th ere were statistically signifi cant diff erences 
between groups in the total amount of time spent in 
locomotion (F1,59  = 38.228; p< 0.001) and immobility 
(F1,59  = 45.024; p< 0.001) in the open-fi eld.  SD rats 
spent less time in locomotion (Figure 2A; p< 0.001) 
and more time immobile compared with group 
CD/silence (Figure 2B; p< 0.001). Photoperiod and 
music aff ected signifi cantly the time spent grooming 
(F1,59  = 9.349; p< 0.001; Figure 2C). Th e time spent 
grooming in the presence of  music increased in CD 
(p< 0,001) and decreased in SD rats (p< 0.05) com-
pared with  group CD/silence. Comparing the results 
for each silence group, LD rats spent more time in 
the grooming (p< 0.001). Th e time spent rearing dif-
fered between photoperiods (F1,59  = 23.774; p< 0.001; 
Figure 2D). Music-exposed rats showed increased 

photoperiod condition. Th e rats in the auditory 
enriched conditions were exposed to music 24 h 
before behavioral tests, throughout both dark and 
light cycles, and also during the tests. Th e music 
(i.e., Mozart’s piano sonata, KV361, Largo, 8:35 min 
duration) was played repeatedly on a compact disc 
player (CRUZ et al., 2010; CRUZ et al., 2011). Th e 
speaker had a frequency range of 100-16000 Hz. 
Th e silent room was exactly the same as the room 
in which music was played but no sound was made, 
with the exception of ambient noises such as those 
produced by the air conditioner. Th e sound levels for 
the silence and music groups were 50 dB (ambient 
noise) and 65-75 dB, respectively, in the home cages 
and behavioral apparatus. 

Behavioral tests
Th e animals were individually subjected to the elevat-
ed plus-maze and open-fi eld tests. All of the behavio-
ral procedures were conducted during the light phase 
(between 7:30 and 11:30 AM), in a sound-isolated 
room, when the rodents were less active. To mini-
mize possible circadian infl uences, the experimen-
tal and control observations were alternated. The 
observer stayed in the same room, approximately 1 
m away from the apparatus.

Elevated plus-maze test
Th e apparatus consisted of two open arms (50 x 
10 cm) and two enclosed arms (50 x 10 x 40 cm) 
arranged such that the two arms of each type were 
opposite to each other, with a central platform (10 x 
10 cm). Th e height of the maze was 50 cm. Th e rats 
were individually placed on the central platform of 
the elevated plus-maze facing an open arm. During 
a 5 min test period the following parameters were 
recorded by an observer: time spent in the open 
arms, number of entries into the open arms, time 
spent in the enclosed arms, number of entries into 
the enclosed arms. 

Open-fi eld test
Th e open-fi eld consisted of a black circular box (60 
cm diameter, 50 cm height). Each rat was placed in 
the central area and allowed to freely explore the 
apparatus for 5 min. In the open-fi eld test, we record-
ed total time spent in locomotion (i.e. movement 
from one location to another), the time spent immo-
bile (i.e. completely immobile), the time spent rear-
ing (i.e. the rat stood on its hind paws with its body 
at greater than a 45° angle to the fl oor) and the time 
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Figure 1.  Anxiety levels of rats in each sound condition (silence or music) under diff erent photoperiods in the 
elevated plus-maze test. Th e rats were exposed to music 24 h before behavioral test, and also during the test. 
CD = Controls (12:12 h light/dark), LD = Long Day (16:8 h light/dark), and SD = Short Day (8:16 h light/dark). 
(A) Time in open arms. (B) Time in enclosed arms. (C) Number of open arms entries. (D) Number of enclosed 
arms entries. Vertical lines expressed as means ± SEM. Bars represent the mean of groups of 10 rats. Signifi cant 
diff erences between intervention and CD/silence groups were observed:*p< 0.05; **p< 0.01; ***p< 0.001; ANOVA 
followed by Newman-Keuls test.
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Figure 2. Diff erences in behaviors that may be indicative of anxiety levels in rats in each sound condition (silence 
or music) under diff erent photoperiods in the open-fi eld test. Th e rats were exposed to music 24 h before behav-
ioral test, and also during the test. CD = Controls (12:12 h light/dark), LD = Long Day (16:8 h light/dark), and SD 
= Short Day (8:16 h light/dark). (A) Time spent in locomotion. (B) Time spent immobile. (C) Time spent groom-
ing. (D) Time spent rearing. Vertical lines expressed as means ± SEM. Bars represent the mean of groups of 10 
rats. Signifi cant diff erences between intervention and CD/silence groups were observed:*p< 0.05; ***p< 0.001; 
ANOVA followed by Newman-Keuls test.
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time spent rearing in the CD group (p< 0.001) and 
decreased time in the LD group (p< 0.05) compared 
with group CD/silence. However, Newman-Keuls test 
showed decreased time spent rearing byrats exposed 
to silence in LD (p< 0.05) and SD groups (p< 0.001) 
compared with the CD/silence rats.

Discussion
Th e results of the study suggest exposure to music 
reduced anxiety in rats under the control (CD) pho-
toperiod. Th e CD rats exposed to music spent more 
time in the open arms of the elevated plus-maze. Th e 
elevated plus-maze is a widely used animal model of 
anxiety that is based on two confl icting tendencies: 
the rodent’s drive to explore a novel environment and 
it’s aversion to open spaces. Th us anxious animals will 
spend most time in the closed arms while less anx-
ious animals will explore open areas longer (Pellow et 
al. 1985). Th ese eff ects of music were not seen in rats 
kept under short (SD) and long (LD) photoperiods. 
SD rats exhibited higher levels of anxious-like behav-
ior than those in the LD and CD groups. Th e SD rats 
spent more time in enclosed arms and showed fewer 
entries into the enclosed or open arms of the elevated 
plus-maze, compared with the CD group/silence.

A number of studies have been performed on labo-
ratory rodents to investigate the eff ects of light con-
ditions on behavior, and similar results have been 
obtained. Indeed, rats and hamsters exposed to SD 
expressed greater levels of behaviors thought to be 
indicative of anxiety compared to those exposed to 
CD (Prendergast & Nelson 2005, Benabid et al. 2008). 
Together, these results indicate that changes in pho-
toperiod length are associated with diff erent levels of 
anxious-like behaviors. In terms of the relationship 
between the state of anxiety and inhibition of the nat-
ural tendency to explore novel and aversive environ-
ments, the data suggest that  short photoperiod has 
a facilitator eff ect on anxious-like behaviors. In the 
open-fi eld test, music increased exploratory activi-
ty only in the CD rats compared with other groups. 
Music-exposed CD rats showed increased time spent 
rearing and grooming. However, LD rats showed less 
time rearing (under music or silence conditions) but 
more time grooming when in the presence of silence. 
Rearing is often used to evaluate exploratory activi-
ty (Maier et al. 1988) and a decrease in exploratory 
drive has been observed in rats subjected to stressful 
events (Guimarães et al. 1993). Many studies sug-
gest that grooming behavior is increased by a mild 
aversive stimulus; however, the response varies with 

the degree of fear and the habituation to the stressful 
situation (File et al. 1988). Th ere was no signifi cant 
diff erence between the two acoustic conditions in the 
CD group in time spent in locomotion in the open-
fi eld and in the number of open and closed arms 
entries in the elevated plus-maze. Th ese results sug-
gested that the observed eff ect of music was not due 
to changes in arousal level and basic locomotion.

Adaptation to SD also resulted in decreased locomo-
tion and increased immobility in the open-fi eld test. 
Th ese results indicate that diff erences in photoperiod 
length were associated with diff erent levels of anx-
ious-like behaviors. Moreover, the transfer of rats to 
SD induces an expansion in the duration of noctur-
nal melatonin secretion and exposure to light in the 
dark phase suppresses melatonin secretion (Illnerova 
et al. 1978, 1983) . A light pulse encountered at the 
midpoint of subjective night shortens the duration 
of melatonin production in Djungarian hamsters 
maintained in SD to the value observed in animals 
maintained in LD; the light pulse at midnight serves 
apparently as “dawn” (Hoff mann et al. 1981). Th e 
rhythmicity of the central nervous system which con-
trols the rhythmic melatonin signal is also aff ected by 
photoperiod (Sumova et al. 1995), and disruption of 
biological rhythms by phase changes in central nerv-
ous system functioning can induce stress (Stewart et 
al. 1990)  . Sound is thought to be one of the environ-
mental factors that aff ects stress, and music can also 
be a signifi cant element for an enriched environment 
in comparison to silence. However, in the present 
study, music did not block anxious-like behaviors 
in SD rats. Independently of treatment (silence or 
music), rats exposed to SD exhibited higher levels 
of anxious-like behavior than rats adapted to CD, in 
the elevated plus-maze  and in open-fi eld tests. Total 
activity levels were also aff ected by exposure to SD. 

Anxiety is a complex behavioral phenomenon result-
ing from dynamic interactions between an organism 
and its surrounding environment. An important and 
diffi  cult question still pertains to the neural mech-
anisms that can account for the benefi cial eff ect of 
Mozart music combined with CD on anxiety in rats. 
A variety of evidence suggests that the eff ects of light 
on the mammalian circadian system of rodents are 
mediated by glutamatergic mechanisms and that 
the N-methyl-D-aspartate (NMDA) receptor plays 
an important role in this regulation (Colwell 2001). 
A possible mechanism mediating these anxiolytic 
eff ects of Mozart music could involve modulation 
of the NMDA receptor (Cruz et al. 2011). Recently, 
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much attention has been devoted to the glutama-
tergic system and to NMDA receptor antagonists 
in particular (Riazabermudo-Soriano et al. 2012). 
To our knowledge the current study is the fi rst to 
demonstrate Mozart music eff ects under diff erent 
day lengths and could suggest an additional mecha-
nism of action underlying observations of music-in-
duced anxiolytic actions. Th is may suggest that our 
eff orts should be shift ed to the pursuit of new alter-
native avenues, important for continuing to defi ne 
distinguishable preclinical and clinical behavioral 
eff ects, for diff erent types of anxiolytic therapy.

In summary, exposure to music reduced behav-
iors thought to be indicative of anxiety levels in rats 
in the CD group.  Th is suggests that some types of 
music may enrich some environments in comparison 
to silence. However, music did not block behaviors 
thought to be indicative of anxiety in rats in the SD 
group. Further investigations are needed to explore 
how photoperiod aff ects response to music.
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