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ABSTRACT

Environmental enrichment is widely used to improve welfare and behavioral
performance of animal species. It ensures housing of laboratory animals in
environments with space and complexity that enable the expression of their normal
behavioral repertoire. Auditory enrichment by exposure to classical music decreases
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adult zebrafish to 2 h of Vivaldi’s music (6575 dB) twice daily, for 15 days. Overall,
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INTRODUCTION

Numerous studies consistently show benefits of music, especially classical music,

to humans (Binns-Turner et al., 2011; Smolen, Topp & Singer, 2002; Villarreal et al., 2012;
Cervellin ¢ Lippi, 2011). For example, classical music increases human wellbeing,
reduces stress, and anxiety, as well as normalizes blood pressure, immune function,

and cognitive performance (Rickard, Toukhsati ¢ Field, 2005). Musical “auditory”
environmental enrichment can be also used to improve welfare of laboratory animals,
with clear positive behavioral effects and overall stress relief reported in multiple species,
including dogs, primates, pigs, horses, and rodents (Alworth ¢ Buerkle, 2013). In contrast,
uncontrollable chronic noise exposure in the laboratories may impair welfare of the
experimental animals (Patterson-Kane ¢ Farnworth, 2006), and therefore represents

a detrimental factor in neurobehavioral studies (also see Kettelkamp-Ladd, 1993).

Like mammals, fish have a well-developed auditory system (Fay ¢ Popper, 2000).
Fish perceive various sounds within aquatic environment, demonstrating selectivity for
music tempo (Catli, Yildirim ¢ Turker, 2015) and discriminating sound intensity,
frequency, and the source location (Fay ¢ Popper, 2000). Fish hearing involves otolith
organs (saccule, lagena, and utricle), and their “auditory filters” operate in the range
<40 Hz to >1 KHz, depending of the species (Fay & Popper, 2000).

Despite the negative effects of noise on many fish species (Vazzana et al., 2017;

Celi et al., 2016; Buscaino et al., 2010; Filiciotto et al., 2014), classical music exposure
accelerates reproduction in several fish species (Papoutsoglou et al., 2007; Papoutsoglou
et al., 2010; Imanpoor, Enayat Gholampour & Zolfaghari, 2011; Catli, Yildirim & Turker,
2015) by positively modulating their physiological and metabolic states (Papoutsoglou
et al., 2010). The reaction of fish to music has also been examined in some earlier
studies. For example, exposed to classical music in culture ponds, carps (Papoutsoglou
et al., 2007), and turbots (Catli, Yildirim & Turker, 2015) grew larger and fed more
efficiently. In addition, fish are capable of hearing sounds from the aquatic

ambient (Popper ¢ Fay, 2011). However, there are scarce in-depth systematic studies
of potential effects of environmental music exposure on behavioral and physiological
biomarkers in fishes and of the impact of aquatic research and housing laboratory
environments on such fish phenotypes.

The zebrafish (Danio rerio) is a widely used animal model organism in neuroscience
research (Papoutsoglou et al., 2007; Sicca et al., 2016; Levitas-Djerbi & Appelbaum, 2017;
Uchiyama et al., 2012; Kalueff et al., 2013). They are genetically and physiologically
similar to others vertebrates, such as rodents and humans (Howe et al., 2013), and possess
a well-described behavioral repertoire (Kalueff et al., 2013) and stress neuroendocrine
axis (Stewart et al., 2014; Kalueff, Stewart & Gerlai, 2014; Alsop & Vijayan, 2009).

In zebrafish, environmental enrichment research is only beginning to emerge.
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For example, enrichment using other sensory modalities is known to blunt zebrafish stress
responses and improve welfare (Schroeder et al., 2014; Collymore, Tolwani ¢ Rasmussen,
2015; Manuel et al., 2015; Giacomini et al., 2016). However, little is known about the
impact of sound exposure, and its potential as an auditory enrichment, on zebrafish
behavior and physiology. In addition to raising a scientific interest, this question also
becomes important practically since zebrafish research facilities routinely utilize aquatic
systems with circulating water and/or stationary tanks with aerators and water filters,
each generating significant background noise. Although critical from an animal welfare
and data reproducibility standpoints, these aspects have not been systematically assessed
in zebrafish laboratories. Likewise, despite the well-known positive effects of musical
environmental enrichment in rodents and other species, there are no studies assessing
the effects of music on zebrafish behavior and physiology. To address this knowledge gap,
here we examine the effects of auditory environmental enrichment via chronic classical
music exposure on zebrafish behavioral and physiological responses. Specifically,

we wanted to assess how repeated exposure to such auditory enrichment can modulate
zebrafish stress/anxiety-related behavior in two different behavioral models, fish
endocrine (cortisol) and physiological (immune) responses as well as the expression of
selected CNS genes, compared to the control group of fish unexposed to auditory
enrichment.

MATERIALS AND METHODS

Animals

A total of 36 mixed-sex (1:1 female:male ratio) adult one-year old wild-type short-fin
outbred zebrafish were used in this study. Fish were bought from a local commercial
supplier (Recanto dos Peixes, Marau, Brazil) and were acclimated to the University of
Passo Fundo animal facility for six months prior to testing. The animals were housed for
20 days in the UPF aquatic laboratory facility (including a five-day acclimation and a
15-day testing). The fish were kept, in groups of three, in 12 3-L glass tanks (20 height x
15 depth x 14 width cm), under constant aeration and a 14 h L: 10 h D cycle. Water
temperature was maintained at 27.5 + 1.3 °C, with pH 7.7 + 0.08, dissolved oxygen at
5.6 £ 0.5 mg/L and ionized ammonia <0.022 ppm. Water was partially (30%) changed
every two days throughout the entire experimentation period. Relevant to the goals of this
study, the baseline noise levels in the laboratory were 50-55 dB (with frequency varying
from 240 to 420 Hz), and mostly consisted of sounds produced by fish husbandry
equipment, such as aerators and water pumps. Control fish were kept away from the room
used for music exposure of the experimental (“enriched”) cohort. No other sounds
were presented to the control group, and their only difference from the experimental
group was the lack of music exposure during the experiments.

Ethical note
All experimental procedures were performed in accordance with the guidelines of the
National Council of Animal Experimentations Control (CONCEA) of Brazil. This study
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Table 1 Summary of Vivaldi’s music classical collection utilized in the present study.

Concert Music

In C major Allegro molto 5.18
Larghetto 3.10
Allegro 1.35
N.1 “Spring” Allegro 3.29
Largo 2.54
Danza pastorale: Allegro 4.26
For mandolin, strings, and basso continuo no.1 Allegro 2.56
Largo 3.0
Allegro 3.03
For two violin, strings, and harpsichord Allegro 3.09
Andante 2.46
Allegro 2.43
For two oboes, bassoon, two horns, violin, strings, and organ Allegro 4.26
Largo 1.32
Allegro 4.05
N.10 Allegro 4.13
Largo, Larghetto 3.20
Allegro 3.29

was approved by the Ethics Committee for Animal Use of the University of Passo
Fundo, Brazil (UPF protocol 040/2017).

Experimental procedures

Our study aimed to assess zebrafish behavioral and endocrine (cortisol) responses and
the expression of selected immune and hypothalamus-pituitary-interrenal axis-related
genes in the brain. Behavioral testing utilized the novel tank (NTT) and the light-dark test
(LDT) tasks following a 15-day repeated exposure to music. For this, fish were

divided into two groups kept in six glass tanks (three fish per tank, n = 18 per group).
One group was subjected for 15 days to two sessions of 2-h selection of Vivaldi’s music
(Table 1), chosen here as the representative “Popular collection.” The intensity level of
the music was arbitrarily set at 6575 dB (with frequency varying from 330 to 506 Hz),
based on considerations of safety and overall pleasantness of sounds for human ears
(Brookhouser, 1994). Music and background noise intensities and frequencies in this study
were assessed outside the water using the Sound Level Meter Application (available
online from Google Play at https://play.google.com/store/apps/details?id=com.
bolshakovdenis.soundanalyzer) on a Samsung Galaxy S6 smartphone (Samsung Brazil,
Brasilia, Brazil, 2017). The morning daily session started at 8:30 am, followed by the
second (afternoon) daily exposures at 17:00 pm. All fish were fed twice a day, 30 min prior
to each the music exposure sessions, to mitigate the effect of hunger on their behavior.
On the final day, fish were fed at 8:00 am and submitted to behavioral assays (NTT or
LDB test, n = 10—12 per group each) at 10:30 am. After testing in either assay for 6 min,
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Table 2 The qPCR primers used in the present study.

Gene Primer (5'-3) Efficiency (%) Accession number
StAr F: CCTGTTTTCTGGCTGGGATG 101 NM_131663.1
R: GGGTCCATTCTCAGCCCTTAC
POMC F: CGCAGACCCATCAAGGTGTA AY125332.2
R: CGTTTCGGCGGATTCCT
CRF F: ACGCACAGATTCTCCTCGCC NM001007379.1
R: TCCGCGGCTGGCTGATT
cFOS F: CAGCTCCACCACAGTGAAGA 97 DQ003339.2
R: GCTCCAGGTCAGTGTTAGCC
BGR F: ACAGCTTCTTCCAGCCTCAG DQO017615.1
R: CCGGTGTTCTCCTGTTTGAT
BDNEF F: CGCCGTTACTCTTTCTCTTGG 102 NM_001308648.1
R: CCATTAGTCACGGGGACCTTC
B-2-microglobulin F: GCCTTCACCCCAGAGAAAGG NM_131163.2
R: CGGTTGGGATTTACATGTTG
TNF-o F: GACCACAGCACTTCTACCG NM_212859
R: ACATTTTCCTCACTTTCGTTCAC
IL-1B F: GCTGGAGATGTGGACTTC 100 NM_212844
R: ACTCTGTGGATTGGGGTTTG
INF-y F: TGCCTCAAAATGGTGCTACTC AB158361.1
R: AATCGGGTTCTCGCTCCTG
1L-4 F: TCTCTGCCAAGCAGGAATG AM403245.2
R: CAGTTTCCAGTCCCGGTATATG
IL-12 F: CTGTAGGATCCATCCAAACATCT AB183002.1
R: CACTGGCACTTCTACCCTATTT
IL-10 F: CTCTGCTCACGCTTCTTCTT BC163038.1
R: GCTCCCTCAGTCTTAAAGGAAA
B-Actin F: GCAAAGGGAGGTAGTTGTCTAA 99 AF057040.1
R: GAGGAGGGCAAAGTGGTAAA

the fish were individually removed by the net and immediately euthanized with ice-cold
water, decapitated and stored at liquid nitrogen for 30 s. The 6-min behavioral testing
used here in both assays is a standard, commonly used testing protocol in zebrafish
neurobehavioral analyses (Egan et al., 2009). Their trunks were then stored at —8 °C
for cortisol analyses, and their heads stored at —80 °C for RNA and DNA extraction
and analyses of the genes expression using the real-time PCR (Table 2). The control group
underwent the same housing, handling, and testing procedures, but was unexposed to
music throughout the study. The selection of “no-music” control (rather than exposing
controls to other types of music or noise) for our study was based on the specific
research question we aimed to address. The main focus of our study was to examine
the potential of music exposure as an environmental enrichment. Respectively, for the
stated experimental design, the selection of Vivaldi (vs. other composer) was not critical,
serving as an example of a mild relaxing music frequently used in auditory enrichment
studies in other species (Rickard, Toukhsati & Field, 2005; Papoutsoglou et al., 2007).
Because we wanted to assess whether repeated exposure to music in general can affect
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fish physiology and behavior, only direct comparison of music-exposed vs. unexposed
fish groups was appropriate. Albeit interesting and clearly meriting further scrutiny,
comparing Vivaldi’s music with other music or sounds was beyond the scope of the
present study.

The novel tank test

The novel tank test was a rectangular glass tank (24 width x 8 depth x 20 high cm),
as described previously (Mocelin et al., 2015). Fish were video-recorded for 6 min by a
Logitech Quickcam PRO 9000 camera located in front of the tank, and their videos were
then analyzed offline by automated ANY-maze® software, assessing time spent in top,
middle, and bottom zones (s), number of bottom entries, distance traveled in each
zone (m), absolute turn angle in each zone (°), total time spent in mobility (s), according
to the Zebrafish Neurobehavioral Catalog (Kalueff et al., 2013).

The light-dark test

The LDT was a rectangular apparatus (45 width x 10 depth x 15 high cm), with a five-cm
central area separated by two sliding doors (Magro et al., 2015). The apparatus was
filled with a five-cm deep water, and fish were individually introduced into the central
chamber for 30 s for acclimation. The partition was then raised one cm above the tank
floor, to allow zebrafish to swim freely between the sides of the apparatus. Fish were filmed
for 6 min and their videos were then analyzed offline using ANY-maze® software,
assessing the light zone rotations (complete 360° circling), distance traveled (m),

mean speed (m/s), and time spent in zone (s).

Cortisol extraction and measurement

The procedure was performed according to (Sink, Lochmann ¢ Fecteau, 2008) using body
trunk samples previously stored at —8 °C. Cortisol levels were determined by enzyme-
linked immune sorbent assay kit (EIAgen CORTISOL test; BioChem ImmunoSystems,
Rome, Italy) from tissue extracts re-suspended in PBS buffer (Oliveira et al., 2014). The
accuracy was tested by calculating the recoveries from samples spiked with known
amounts of cortisol (50, 25, and 12.5 ng/mL), the mean detection of spiked samples was
94.3%. All cortisol values were adjusted for recovery with the following equation.

Cortisol value = Measured value — 1.0604.

RNA extraction, cDNA synthesis, and gene expression analysis

The brains of three fish per sample were pooled (total n = 6 samples per an 18-fish group)
and used for RNA extraction. The protocol consisted of tissue lysis using the Tissuelyser
LT® (Qiagen, Hilden, Germany), RNA extraction using RNeasy® Mini Kit (Qiagen,
Hilden, Germany), and DNAse I amplification grade treatment (Invitrogen, Carlsbad, CA,
USA) to eliminate genomic DNA. The RNA quality and concentration was measured by
spectrophotometry (Nanophotometer Pearl®; IMPLEN, Munich, Germany). For cDNA
synthesis, one pg of total RNA was used for the reverse transcription assay, using
QuantiTect® III Reverse Transcription kit (Qiagen, Hilden, Germany). The real time PCR
(qPCR) was performed using Rotor-Gene Q equipment (Qiagen, Hilden, Germany) with
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initial denaturing at 95 °C for 10 min followed by 40 cycles of 95 °C for 30 s, 60 °C for 30 s,
and 72 °C for 30 s. At the end, a standard melting curve was included to confirm the
specificity of the amplified product. The amplification of the mRNA of the selected genes
(Table 2) was compared to B-actin, used as a housekeeping gene. For the calibration curve,
each gene was cloned and transformed into competent One Shot TOP10 E. coli and
cultured in LB supplemented with ampicillin. The cloning was confirmed by PCR and the
resulting plasmid was extracted. Then, the calibration curve consisted of decimal dilutions
(1:10) of each cloned gene. To compare the results from different groups, the same
threshold value (0.10) was used. The relative quantification of gene expression was
performed using the 2722 formula (Rao et al., 2013). The following genes were selected
here for analyses based on their established roles in neuroinflammation and/or
neuroendocrine functions: c-fos (a neuronal marker of activation/arousal, often
upregulated in stress), genes of pro-inflammatory cytokines interferon INF-y, tumor
necrosis factor TNF-o and interleukins (IL) IL-1P (often upregulated by stress), genes of
anti-inflammatory cytokines IL-10, IL-4, neurotrophin brain-derived neurotrophic factor
(BNDF), selected HPI axis-related genes encoding Steroidogenic acute regulatory protein
(StAr), Pro-opiomelanocortin (POMC), brain glucocorticoid receptor (BGR), and stress
hormone corticotropin-releasing factor (CRF). The primers used for these genes are
presented in Table 2.

Statistical analysis

Data were analyzed using the unpaired t-test or Mann—Whitney U-test, depending on data
normality, as assessed by the Kolmogorov—Smirnov test, and homogeneity of variance,
determined using the Hartley’s test. p was set at < 0.05 for all tests.

RESULTS

Overall, fish exposed to music clearly preferred the top NTT zone (p = 0.002) and spent
significantly less time at the tank bottom (p = 0.0116). In the top, they also travelled
longer distance (p = 0.0370), spent more time moving (mobile) (p =0.0019), they showed
higher absolute turn angle (p = 0.0011), compared to unexposed controls. In the
bottom zone of the NTT, the number of entries into this area (p = 0.0095) was
significantly lower than controls (Fig. 1), collectively suggesting an anxiolytic-like
behavioral profile evoked by music exposure in the experimental group.

In the LDT, there were no differences between the groups in time spent in light
(p = 0.1267), although fish exposed to music appeared calmer as they travelled shorter
distance in the light zone (p = 0.0299) and showed fewer rotations (p = 0.0004, Fig. 2).

The CNS gene expression results are presented in Fig. 3. Overall, affecting the group
of immune genes, auditory enrichment decreased the expression of pro-inflammatory
IL IL-1B (p = 0.0173) and INF-y (p = 0.0022), but did not affect other cytokines IL-4
(p=0.1797, NS), IL-10 (p = 0.3016, NS), and TNF-a (p = 0.4740, NS). Additionally,
music exposure elevated the expression of BNDF (p = 0.0260), but not c-fos (p = 0.2229,
NS) or selected HPI axis-related genes StAr (p = 0.6571, NS), POMC (p = 0.4961, NS),
BGR (p = 0.8983, NS), and CRF (p = 0.6063, NS).
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Figure 1 Behavioral performance of zebrafish in the novel tank test (NTT) following daily exposure to auditory enrichment (Vivaldi’s music)
for 15 days. Data from top zone ((A) time spent at the top zone; (B) distance travelled at the top zone; (C) time mobile at the top zone and (D)
absolute turn angle at the top zone) are expressed as mean * S.E.M. and analyzed by unpaired t-test. Data from the NTT bottom zone ((E) number
of the bottom entries) are expressed as median * interquartile range and analyzed by Mann—Whitney U-test. *p < 0.05; **p < 0.01 vs. unexposed
control (n = 10). Full-size K&l DOT: 10.7717/peerj.5162/fig-1

Finally, the trunk cortisol levels did not differ between the groups (p = 0.5371, n = 8),
with fish exposed to music yielding 11.88 + 1.41 vs. control 10.25 + 2.1 ng/g tissue.

DISCUSSION

Mounting evidence supports the role of various types of environmental enrichment in
zebrafish models (Schroeder et al., 2014; Collymore, Tolwani ¢ Rasmussen, 2015;
Manuel et al., 2015). To the best of our knowledge, the present study is the first report
examining the role of auditory enrichment, such as 15-day repeated classical (Vivaldi)
music exposure, on zebrafish behavior and physiology. In the NTT, fish chronically
exposed to this type of auditory enrichment were less anxious and most active, compared
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Figure 2 Behavioral performance of zebrafish in the light-dark test (LDT) following daily exposure to auditory enrichment (Vivaldi’s music)
for 15 days. Data from time spent (A) and distance travelled in light zone (B) were expressed as mean + S.E.M. and analyzed by unpaired ¢-test.
Number of rotations in the light zone (C) were expressed as median + interquartile range and analyzed by Mann—Whitney test. *p < 0.05; ***p <
0.001 vs. unexposed control (n = 12). Full-size K&) DOTI: 10.7717/peerj.5162/fig-2

to unexposed control group (Fig. 1). In addition, the exposed group showed no overt
stress responses (vs. control) in whole-body cortisol assay and unaltered expression of
CNS genes related to stress response (Fig. 3B). The baseline behavioral response of control
fish tested in the NTT (e.g., spending more time in the bottom, Fig. 1) resembled other
studies using this model (Egan et al., 2009) and was generally expected, since the test
novelty is a stressful factor for zebrafish (Kysil et al., 2017). In contrast, fish exposed to
specific auditory enrichment (Vivaldi’s music) used here were clearly less anxious even
facing the NTT novelty, strikingly paralleling “anxiolytic” effects of Mozart’s music in
humans (Rickard, Toukhsati ¢ Field, 2005) and rodents (Alworth ¢~ Buerkle, 2013).
While the two composers clearly differ in their styles, the overall high level of auditory
harmony of their music is widely recognized (Mammarella, Fairfield & Cornoldi, 2013)
and likely contributed to the similar behavioral effects observed here. However,
comparing present auditory enrichment with other types of music and/or non-music
sound stimulation in zebrafish was beyond the scope of this study.

Interestingly, although the LDT results somewhat differed from the NTT findings
(Fig. 2) described above, the fact that music-exposed fish were less active than controls
suggests that they were also generally calmer in the light zone. This response may also
reflect the fact that LDT has a limited ability to detect anxiolytic responses, compared to
zebrafish NTT (Kysil et al., 2017), and the LDT inherent limitation as a model since
substantial portion of fish behaviors in the dark section of the apparatus remained
unaccounted for in this test.

Furthermore, specific type of auditory enrichment used here also affected the immune
genes expression in zebrafish vs. unexposed controls (Fig. 3A), similar to music effects
reported earlier in rodents (Lu et al., 2010; Uchiyama et al., 2012). Here, fish exposed
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Figure 3 Relative mRNA expression of immune and HPI axis-related brain genes in zebrafish exposed daily to auditory enrichment (Vivaldi’s
music) for 15 days. (A) IL-1; (B) IL-4; (C) IL-10; (D) IFN); (E) TNF; (F) BDNF; (G) c-fos; (H) CRE; (I) POMC; (J)BGR and (K) StAR. Parametric
data for POMC and CRF expression are expressed as mean = S.E.M. and analyzed by unpaired -test. Data for other genes are non-parametric and
expressed as median + interquartile range, analyzed by Mann—Whitney test. *p < 0.05; **p < 0.01 vs. unexposed control (n = 6). Abbreviations of the
genes are as in Table 2. Full-size K&) DOT: 10.7717/peerj.5162/fig-3

to auditory enrichment showed lower expression of some pro-inflammatory genes (IL-1(3
and IFN-y), but without affecting anti-inflammatory genes IL-10 and IL-4 (Fig. 3A).
Notably, both Vivaldi’s and Mozart’s music seem to positively modulate neuronal
activation at hippocampal and enhance spatial cognition ability in rodents, based on their
up-regulation of BDNF (Xing et al., 2016), which can also contribute to anxiolytic-like
profile observed here in zebrafish (Fig. 2). In contrast, we did not observe the effect of
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music on c-fos expression in the brain. Although this early proto-oncogene is a well-
established marker of stress reactivity in the brain (Bouwknecht et al., 2007) and can be
upregulated by noise stress in rats (Babb et al., 2013), the baseline differences in stress
reactivity in music-exposed vs. control fish may not be robust here, especially since
zebrafish trunk cortisol levels also remained unaltered. Overall, the observed behavioral
phenotypes (Figs. 1 and 2) suggest that auditory stimulation may have an anxiolytic-like
effect in zebrafish, compared to unexposed controls. Furthermore, our method of
auditory stimulus presentation differs from that of other groups (Papoutsoglou et al., 2007;
Imanpoor, Enayat Gholampour & Zolfaghari, 2011) who introduced hydrophones
directly into the aquatic environments. While the latter method requires an expensive
experimental equipment, our easier and cheaper method (utilizing a simple MP3 player)
can be advantageous from the practical point of view.

One limitation of our study is that it did not measure the intensity level of the sound
signal coming into the fish tank water. However, this technical aspect does not negate
the overall relevance of our results, for the first time revealing the role of repeated musical
auditory environmental enrichment in zebrafish. As already mentioned, the 65-75 dB
sound range in the laboratory room was chosen as pleasing to humans (Brookhouser,
1994), but it remains unclear how zebrafish perceive it. Testing more loud sounds
(e.g., using the same music but at different loudness levels) may also be interesting,
and can be performed in subsequent follow-up studies. However, such studies are rather
problematic in the research facility, and are unlikely feasible or practical for other
laboratories as an auditory enrichment, since it would create a major discomfort to
researchers and technicians, and may also distress all species of laboratory animals.

Nevertheless, we note that fishes can discriminate sound intensity and frequency, as well
as localize the sound source and analyze auditory signal spectra (Fay ¢ Popper, 2000).
Several questions remain open for future studies in zebrafish models. For example,
would other composers and even music types evoke similar, or different, behavioral profiles,
in fish? Will these responses be similar with those of another species, like rats (Otsuka,
Yanagi ¢ Watanabe, 2009) or birds (Watanabe ¢ Nemoto, 1998)? And, if there were a
difference, to what extent the behavioral outcome recorded would depend on baseline
housing factors, such as background noise present in specific laboratory environments,
as well as whether inter-laboratory differences in such auditory backgrounds may affect the
observed behavioral outcomes? Indeed, the effect of other husbandry factors, such as
lighting, have been reported to affect stress responsivity in rodents ( Bouwknecht et al., 2007).
Thus, the possibility of similar effects of “sound background” in rodent or fish models
remains unclear, and merits further scrutiny in zebrafish tests.

Likewise, in addition to c-fos and cortisol assays, other hormonal and molecular
biomarkers, such as neurochemical alterations and/or stress-related peripheral or
central cytokines, may be examined in-depth in the follow-up studies. The patterns of
brain gene expression and epigenetic modifications may also be examined in such studies,
including recently developed methods such as differential gene expression analyses
(Gutha et al., 2018). Furthermore, music exposure for a longer period of time
(e.g., 5-10 weeks) and/or more frequently (e.g., 3—4 h twice a day) may be utilized in
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future studies, to more fully characterize long-term auditory enrichment effects in
zebrafish. Clearly, the latter protocols may be more relevant to prolonged sound exposure
in laboratory housing environments, providing important novel insights into zebrafish
husbandry and their phenomics. Again, using additional control groups, including
exposure to white noise as well as other musical and non-musical sounds, can be a useful
future line of research in this model. Finally, combining behavioral and physiological
analyses in such studies with additional neuromorphological assays relevant to brain
plasticity, such as examining synaptic density, neuronal arborization, and/or dendritic
spines, may also be warranted in zebrafish and other aquatic species.

CONCLUSION

In summary, zebrafish exposed to specific type of auditory enrichment (twice daily exposure
to Vivaldi’s music for two weeks) were less anxious and more active, compared to their
unexposed control counterparts. The exposed fish also showed upregulated pro-inflammatory
genes IL-1B and INFy, as well as the neurotrophin BNDF gene in the brain. Taken
together, these findings suggest that the used auditory enrichment in zebrafish may be a
potential factor modulating their behavioral and physiological responses. In essence, we
report that twice daily exposure to continuous 65-75 dB sounds may provide benefits over
the ongoing background noise of equipment in the laboratory setting. From the practical
standpoint, these results support using musical environmental enrichment in zebrafish,
similar to auditory enrichment currently used in rodents Moreover, it has still not been
established that the melodic content of the music is responsible for the effects reported
here, although some studies show that animals react differently to music and other sounds,
such as static (Kettelkamp-Ladd, 1993). For example, it has been repeatedly demonstrated that
non-musical sound alone may have a beneficial effect on animals (Robbins ¢ Margulis, 2014;
Robbins ¢ Margulis, 2016; Pysanenko et al., 2018), and therefore our conclusions are
limited to auditory enrichment in general, rather than to music more specifically.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This study was funded by the Secretaria de Desenvolvimento Economico, Ciéncia e
Tecnologia (SDECT) and by CNPq research fellowship (301992/2014-2) to Leonardo J. G.
Barcellos and to L. C. Kreutz (307900/2016-9). Allan V. Kalueff is the Chair of ZNRC, and
his research is supported by the Russian Foundation for Basic Research (RFBR) grant 16-04-
00851. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Secretaria de Desenvolvimento Econdmico, Ciéncia e Tecnologia (SDECT).
CNPq research fellowship: 301992/2014-2.

Barcellos et al. (2018), Peerd, DOI 10.7717/peerj.5162 12/17


http://dx.doi.org/10.7717/peerj.5162
https://peerj.com/

Peer/

Leonardo J. G. Barcellos and to L. C. Kreutz: (307900/2016-9).
Russian Foundation for Basic Research (RFBR): 16-04-00851.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Heloisa H. A. Barcellos conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the paper, approved the final draft.

e Gessi Koakoski conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, approved the final draft.

e Fabiele Chaulet performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.

e Karina S. Kirsten performed the experiments, analyzed the data, authored or reviewed
drafts of the paper, approved the final draft.

e Luiz C. Kreutz analyzed the data, contributed reagents/materials/analysis tools,
authored or reviewed drafts of the paper, approved the final draft.

e Allan V. Kalueff conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the paper, approved the final draft.

e Leonardo J. G. Barcellos conceived and designed the experiments, analyzed the data,
prepared figures and/or tables, authored or reviewed drafts of the paper, approved the
final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

All methods were carried out in accordance with the guidelines of National Council of
Animal Experimentations Control (CONCEA). This study was approved by the Ethics
Commission for Animal Use of University of Passo Fundo, Brazil (UPF protocol 040/2017).

Data Availability
The following information was supplied regarding data availability:
The raw data and statistics are included in the Supplemental Dataset Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.5162#supplemental-information.

REFERENCES

Alsop D, Vijayan MM. 2009. Molecular programming of the corticosteroid stress axis during
zebrafish development. Comparative Biochemistry and Physiology Part A: Molecular ¢
Integrative Physiology 153(1):49-54 DOI 10.1016/j.cbpa.2008.12.008.

Alworth LC, Buerkle SC. 2013. The effects of music on animal physiology, behavior and welfare.
Lab Animal 42(2):54-61 DOI 10.1038/laban.162.

Barcellos et al. (2018), PeerdJ, DOI 10.7717/peerj.5162 13/17


http://dx.doi.org/10.7717/peerj.5162#supplemental-information
http://dx.doi.org/10.7717/peerj.5162#supplemental-information
http://dx.doi.org/10.7717/peerj.5162#supplemental-information
http://dx.doi.org/10.1016/j.cbpa.2008.12.008
http://dx.doi.org/10.1038/laban.162
http://dx.doi.org/10.7717/peerj.5162
https://peerj.com/

Peer/

Babb JA, Masini CV, Day HEW, Campeau S. 2013. Stressor-specific effects of sex on HPA axis
hormones and activation of stress-related neurocircuitry. International Journal on the Biology of
Stress 16(6):664—677 DOI 10.3109/10253890.2013.840282.

Binns-Turner PG, Wilson LL, Pryor ER, Boyd GL, Prickett CA. 2011. Perioperative music and its
effects on anxiety, hemodynamics, and pain in women undergoing mastectomy. AANA Journal
79(4 Suppl):S21-S27.

Bouwknecht JA, Spiga F, Staub DR, Hale MW, Lowry CA. 2007. Differential effects of exposure to
low-light or high-light open-field on anxiety-related behaviors: relationship to c-Fos expression
in serotonergic and non-serotonergic neurons in the dorsal raphe nucleus. Brain Research
Bulletin 72(1):32—43 DOI 10.1016/j.brainresbull.2006.12.009.

Brookhouser PE. 1994. Prevention of noise-induced hearing loss. Preventive Medicine
23(5):665-669 DOI 10.1006/pmed.1994.1111.

Buscaino G, Filiciotto F, Buffa G, Bellante A, Di Stefano V, Assenza A, Fazio F, Caola G, Mazzola
S. 2010. Impact of an acoustic stimulus on the motility and blood parameters of European sea
bass (Dicentrarchus labrax L.) and gilthead sea bream (Sparus aurata L.). Marine Environmental
Research 69(3):136—142 DOI 10.1016/j.marenvres.2009.09.004.

Catli T, Yildirim O, Turker A. 2015. The effect of different tempos of music during feeding, on
growth performance, chemical body composition, and feed utilization of turbot (Psetta
maeotica, Pallas 1814). Israeli Journal of Aquaculture 67:1221-1227.

Celi M, Filiciotto F, Maricchiolo G, Genovese L, Maria E, Vincenzo Q, Salvatore M, Vazzana M,
Buscaino G. 2016. Vessel noise pollution as a human threat to fish: assessment of the stress
response in gilthead sea bream (Sparus aurata, Linnaeus 1758). Fish Physiology and Biochemistry
42(2):631-641 DOI 10.1007/s10695-015-0165-3.

Cervellin G, Lippi G. 2011. From music-beat to heart-beat: a journey in the complex interactions
between music, brain and heart. European Journal of Internal Medicine 22(4):371-374
DOI 10.1016/j.¢jim.2011.02.019.

Collymore C, Tolwani RJ, Rasmussen S. 2015. The behavioral effects of single housing and
environmental enrichment on adult zebrafish (Danio rerio). Journal of the American Association
for Laboratory Animal Science 54(3):280-285.

Egan RJ, Bergner CL, Hart PC, Cachat JM, Canavello PR, Elegante MF, Elkhayat SI, Bartels BK,
Tien AK, Tien DH, Mohnot S, Beeson E, Glasgow E, Amri H, Zukowska Z, Kalueff AV. 2009.
Understanding behavioral and physiological phenotypes of stress and anxiety in zebrafish.
Behavioural Brain Research 205(1):38—44 DOI 10.1016/j.bbr.2009.06.022.

Fay RR, Popper AN. 2000. Evolution of hearing in vertebrates: the inner ears and processing.
Hearing Research 149(1-2):1-10 DOI 10.1016/S0378-5955(00)00168-4.

Filiciotto F, Vazzana M, Celi M, Maccarrone V, Ceraulo M, Buffa G, Di Stefano V, Mazzola S,
Buscaino G. 2014. Behavioural and biochemical stress responses of Palinurus elephas after
exposure to boat noise pollution in tank. Marine Pollution Bulletin 84(1-2):104—114
DOI 10.1016/j.marpolbul.2014.05.029.

Giacomini ACVV, Abreu MS, Zanandrea R, Saibt N, Friedrich MT, Koakoski G, Gusso D, Piato AL,
Barcellos LJG. 2016. Environmental and pharmacological manipulations blunt the stress response
of zebrafish in a similar manner. Scientific Reports 6(1):1-6 DOI 10.1038/srep28986.

Gutha R, Yarrappagaari S, Thopireddy L, Reddy KS, Saddala RR. 2018. Effect of abiotic and
biotic stress factors analysis using machine learning methods in zebrafish. Comparative
Biochemistry and Physiology Part D: Genomics and Proteomics 25:62—72
DOI 10.1016/j.cbd.2017.10.005.

Barcellos et al. (2018), PeerdJ, DOI 10.7717/peerj.5162 14/17


http://dx.doi.org/10.3109/10253890.2013.840282
http://dx.doi.org/10.1016/j.brainresbull.2006.12.009
http://dx.doi.org/10.1006/pmed.1994.1111
http://dx.doi.org/10.1016/j.marenvres.2009.09.004
http://dx.doi.org/10.1007/s10695-015-0165-3
http://dx.doi.org/10.1016/j.ejim.2011.02.019
http://dx.doi.org/10.1016/j.bbr.2009.06.022
http://dx.doi.org/10.1016/S0378-5955(00)00168-4
http://dx.doi.org/10.1016/j.marpolbul.2014.05.029
http://dx.doi.org/10.1038/srep28986
http://dx.doi.org/10.1016/j.cbd.2017.10.005
http://dx.doi.org/10.7717/peerj.5162
https://peerj.com/

Peer/

Howe K, Clark M, Torroja C, Torrance J, Berthelot C, Muffato M, Collins JE, Humphray S,
McLaren K, Matthews L, McLaren S, Sealy I, Caccamo M, Churcher C, Scott C, Barrett JC,
Koch R, Al E. 2013. The zebrafish reference genome sequence and its relationship to the human
genome. Nature 496(7446):498-503 DOI 10.1038/naturel2111.

Imanpoor MR, Enayat Gholampour T, Zolfaghari M. 2011. Effect of light and music on growth
performance and survival rate of goldfish (Carassius auratus). Iranian Journal of Fisheries
Sciences 10(4):641-653.

Kalueff AV, Gebhardt M, Stewart AM, Cachat JM, Brimmer M, Chawla JS, Craddock C,
Kyzar EJ, Roth A, Landsman S, Gaikwad S, Robinson K, Baatrup E, Tierney K, Shamchuk A,
Norton W, Miller N, Nicolson T, Braubach O, Gilman CP, Pittman ], Rosemberg DB,
Gerlai R, Echevarria D, Lamb E, Neuhauss SCF, Weng W, Bally-Cuif L, Schneider H, the
Zebrafish Neuroscience Research Consortium (ZNRC). Towards a Comprehensive Catalog of
Zebrafish Behavior 1.0 and Beyond. Zebrafish 10(1):70-86 DOI 10.1089/z¢b.2012.0861.

Kalueff AV, Stewart AM, Gerlai R. 2014. Zebrafish as an emerging model for studying complex
brain disorders. Trends in Pharmacological Sciences 35(2):63—75 DOI 10.1016/j.tips.2013.12.002.

Kettelkamp-Ladd JK. 1993. The Effect of Radio Music and Radio Static on the Behavior, Physiology
and Production of Laying Hens (Gallus gallus Domesticus) Housed Singly or in Colony Cages. West
Lafayette, Indiana: Purdue University.

Kysil EV, Meshalkina DA, Frick EE, Echevarria D], Rosemberg DB, Maximino C, Lima MG,
Abreu MS, Giacomini AC, Barcellos LJG, Song C, Kalueff AV. 2017. Comparative analyses of
zebrafish anxiety-like behavior using conflict-based novelty tests. Zebrafish 14(3):197-208
DOI 10.1089/z¢b.2016.1415.

Levitas-Djerbi T, Appelbaum L. 2017. Modeling sleep and neuropsychiatric disorders in zebrafish.
Current Opinion in Neurobiology 44:89-93 DOI 10.1016/j.conb.2017.02.017.

LuY, Liu M, Shi S, Jiang H, Yang L, Liu X, Zhang Q, Pan F. 2010. Effects of stress in early life on
immune functions in rats with asthma and the effects of music therapy. Journal of Asthma
47(5):526-531 DOI 10.3109/02770901003801964.

Magno LDP, Fontes A, Gong¢alves BMN, Gouveia A. 2015. Pharmacological study of the light/
dark preference test in zebrafish (Danio rerio): waterborne administration. Pharmacology
Biochemistry and Behavior 135:169—176 DOI 10.1016/j.pbb.2015.05.014.

Mammarella N, Fairfield B, Cornoldi C. 2013. Does music enhance cognitive performance in
healthy older adults? The Vivaldi effect. Aging Clinical and Experimental Research 19(5):394-399
DOI 10.1007/BF03324720.

Manuel R, Gorissen M, Stokkermans M, Zethof J, Ebbesson LOE, van de Vis H, Flik G,
van den Bos R. 2015. The effects of environmental enrichment and age-related differences
on inhibitory avoidance in zebrafish (Danio rerio Hamilton). Zebrafish 12(2):152-165
DOI 10.1089/zeb.2014.1045.

Mocelin R, Herrmann AP, Marcon M, Rambo CL, Rohden A, Bevilaqua F, De Abreu MS,
Zanatta L, Elisabetsky E, Barcellos LJG, Lara DR, Piato AL. 2015. N-acetylcysteine prevents
stress-induced anxiety behavior in zebrafish. Pharmacology Biochemistry and Behavior
139(Pt B):121-126 DOI 10.1016/j.pbb.2015.08.006.

Oliveira TA, Koakoski G, da Motta AC, Piato AL, Barreto RE, Volpato GL, Barcellos L]JG. 2014.
Death-associated odors induce stress in zebrafish. Hormones and Behavior 65(4):340-344
DOI 10.1016/j.yhbeh.2014.02.009.

Otsuka Y, Yanagi J, Watanabe S. 2009. Discriminative and reinforcing stimulus properties of
music for rats. Behavioural Processes 80(2):121-127 DOI 10.1016/j.beproc.2008.10.009.

Barcellos et al. (2018), PeerdJ, DOI 10.7717/peerj.5162 15117


http://dx.doi.org/10.1038/nature12111
http://dx.doi.org/10.1089/zeb.2012.0861
http://dx.doi.org/10.1016/j.tips.2013.12.002
http://dx.doi.org/10.1089/zeb.2016.1415
http://dx.doi.org/10.1016/j.conb.2017.02.017
http://dx.doi.org/10.3109/02770901003801964
http://dx.doi.org/10.1016/j.pbb.2015.05.014
http://dx.doi.org/10.1007/BF03324720
http://dx.doi.org/10.1089/zeb.2014.1045
http://dx.doi.org/10.1016/j.pbb.2015.08.006
http://dx.doi.org/10.1016/j.yhbeh.2014.02.009
http://dx.doi.org/10.1016/j.beproc.2008.10.009
http://dx.doi.org/10.7717/peerj.5162
https://peerj.com/

Peer/

Papoutsoglou SE, Karakatsouli N, Louizos E, Chadio S, Kalogiannis D, Dalla C, Polissidis A,
Papadopoulou-Daifoti Z. 2007. Effect of Mozart’s music (Romanze-Andante of “Eine Kleine
Nacht Musik,” sol major, K525) stimulus on common carp (Cyprinus carpio L.) physiology
under different light conditions. Aquacultural Engineering 36(1):61-72
DOI 10.1016/j.aquaeng.2006.07.001.

Papoutsoglou SE, Karakatsouli N, Papoutsoglou ES, Vasilikos G. 2010. Common carp ( Cyprinus
carpio) response to two pieces of music (“Eine Kleine Nachtmusik” and “Romanza”) combined
with light intensity, using recirculating water system. Fish Physiology and Biochemistry
36(3):539-554 DOI 10.1007/s10695-009-9324-8.

Patterson-Kane EG, Farnworth MJ. 2006. Noise exposure, music, and animals in the laboratory: a
commentary based on laboratory animal refinement and enrichment forum (LAREF)
discussions. Journal of Applied Animal Welfare Science 9(4):327-332
DOI 10.1207/s15327604jaws0904_7.

Popper AN, Fay RR. 2011. Rethinking sound detection by fishes. Hearing Research 273(1-2):25-36
DOI 10.1016/j.heares.2009.12.023.

Pysanenko K, Bures Z, Lindovsky J, Syka J. 2018. The effect of complex acoustic environment
during early development on the responses of auditory cortex neurons in rats. Neuroscience
371:221-228 DOI 10.1016/j.neuroscience.2017.11.049.

Rao X, Huang X, Zhou Z, Lin X. 2013. An improvement of the 27" method for quantitative
real-time polymerase chain reaction data analysis. Biostatistics, Bioinformatics and
Biomathematics 3(3):71-85.

Rickard NS, Toukhsati SR, Field SE. 2005. The effect of music on cognitive performance: insight
from neurobiological and animal studies. Behavioral and Cognitive Neuroscience Reviews
4(4):235-261 DOI 10.1177/1534582305285869.

Robbins L, Margulis SW. 2014. The effects of auditory enrichment on gorillas. Zoo Biology
33(3):197-203 DOI 10.1002/200.21127.

Robbins L, Margulis SW. 2016. Music for the birds: effects of auditory enrichment on captive bird
species. Zoo Biology 35(1):29-34 DOI 10.1002/200.21260.

Schroeder P, Jones S, Young IS, Sneddon LU. 2014. What do zebrafish want? Impact of social
grouping dominance and gender on preference for enrichment. Laboratory Animals
48(4):328-337 DOI 10.1177/0023677214538239.

Sicca F, Ambrosini E, Marchese M, Sforna L, Servettini I, Valvo G, Brignone MS, Lanciotti A,
Moro F, Grottesi A, Catacuzzeno L, Baldini S, Hasan S, D’adamo MC, Franciolini F,
Molinari P, Santorelli FM, Pessia M. 2016. Gain-of-function defects of astrocytic Kir4.1
channels in children with autism spectrum disorders and epilepsy. Scientific Reports 6(1):1-15
DOI 10.1038/srep34325.

Sink TD, Lochmann RT, Fecteau KA. 2008. Validation, use, and disadvantages of enzyme-linked
immunosorbent assay kits for detection of cortisol in channel catfish, largemouth bass, red pacu, and
golden shiners. Fish Physiology and Biochemistry 34(1):95-101 DOI 10.1007/s10695-007-9150-9.

Smolen D, Topp R, Singer L. 2002. The effect of self-selected music during colonoscopy on
anxiety, heart rate, and blood pressure. Applied Nursing Research 15(3):126—136
DOI 10.1053/apnr.2002.34140.

Stewart AM, Braubach O, Spitsbergen J, Gerlai R, Kalueff AV. 2014. Zebrafish models for
translational neuroscience research: from tank to bedside. Trends in Neurosciences
37(5):264-278 DOI 10.1016/j.tins.2014.02.011.

Uchiyama M, Jin X, Zhang Q, Hirai T, Amano A, Bashuda H, Niimi M. 2012. Auditory
stimulation of opera music induced prolongation of murine cardiac allograft survival and

Barcellos et al. (2018), Peerd, DOI 10.7717/peerj.5162 16/17


http://dx.doi.org/10.1016/j.aquaeng.2006.07.001
http://dx.doi.org/10.1007/s10695-009-9324-8
http://dx.doi.org/10.1207/s15327604jaws0904_7
http://dx.doi.org/10.1016/j.heares.2009.12.023
http://dx.doi.org/10.1016/j.neuroscience.2017.11.049
http://dx.doi.org/10.1177/1534582305285869
http://dx.doi.org/10.1002/zoo.21127
http://dx.doi.org/10.1002/zoo.21260
http://dx.doi.org/10.1177/0023677214538239
http://dx.doi.org/10.1038/srep34325
http://dx.doi.org/10.1007/s10695-007-9150-9
http://dx.doi.org/10.1053/apnr.2002.34140
http://dx.doi.org/10.1016/j.tins.2014.02.011
http://dx.doi.org/10.7717/peerj.5162
https://peerj.com/

Peer/

maintained generation of regulatory CD4 +CD25 + cells. Journal of Cardiothoracic Surgery
7(1):26 DOI 10.1186/1749-8090-7-26.

Vazzana M, Celi M, Arizza V, Calandra G. 2017. Noise elicits hematological stress parameters in
Mediterranean damselfish (Chromis chromis, perciformes): a mesocosm study. Fish ¢ Shellfish
Immunology 62:147-152 DOI 10.1016/j.fs1.2017.01.022.

Villarreal EAG, Brattico E, Vase L, @stergaard L, Vuust P. 2012. Superior analgesic effect of an
active distraction versus pleasant unfamiliar sounds and music: the influence of emotion and
cognitive style. PLOS ONE 7(1):€29397 DOI 10.1371/journal.pone.0029397.

Watanabe S, Nemoto M. 1998. Reinforcing property of music in Java sparrows (Padda oryzivora).
Behavioural Processes 43(2):211-218 DOI 10.1016/S0376-6357(98)00014-X.

Xing Y, Chen W, Wang Y, Jing W, Gao S, Guo D, Xia Y, Yao D. 2016. Music exposure improves
spatial cognition by enhancing the BDNF level of dorsal hippocampal subregions in the
developing rats. Brain Research Bulletin 121:131-137 DOI 10.1016/j.brainresbull.2016.01.009.

Barcellos et al. (2018), PeerdJ, DOI 10.7717/peerj.5162 1717


http://dx.doi.org/10.1186/1749-8090-7-26
http://dx.doi.org/10.1016/j.fsi.2017.01.022
http://dx.doi.org/10.1371/journal.pone.0029397
http://dx.doi.org/10.1016/S0376-6357(98)00014-X
http://dx.doi.org/10.1016/j.brainresbull.2016.01.009
http://dx.doi.org/10.7717/peerj.5162
https://peerj.com/

	The effects of auditory enrichment on zebrafish behavior and physiology
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


