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The Effects of Sounds and Music on Cells and
Organisms: A Promising and Developing Area of
Research
By Claire Brun & Jean-Marie Exbrayat±
This review is based on recent publications about the effects of sound, and more
particularly of music, on several aspects of physiology. It has been known for a
long time that music has effects on the brain and on the functioning of different
organs. In recent years, several publications also described specific effects of
music on the physicochemical mechanisms in the other organisms, bacteria,
plants and animals. These researches being rather disparate in the
methodologies used and the results obtained, they need to be classified. In this
review, we summarize the studies and attempt to explain the cellular mechanisms
involved, by considering the properties of the plasma membrane and its links
with the extracellular and intracellular medium. This field of research is
currently in full expansion, but still requires further studies to understand and
go further in the possible applications, the precise molecular mechanisms of
effects of music still remain to be clarified.
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Introduction
Music is a complex acoustic and temporal structure, whose effects on biology
are a hot topic. It has long been known that music influences mood and arouses
strong emotions. Today, we are discovering the numerous effects it has on the brain
and on organic functions. It is used in a care approach (music therapy)
(Behzadmehr et al. 2020, Billar et al. 2020, Buglione et al. 2020, Bulut et al. 2020,
Martin et al. 2020, Çelebi et al. 2020, Chai et al. 2020a, b, Cimen et al. 2020, Chan
et al. 2020, Dai et al. 2020, Ernberg et al. 2020, Gamboa et al. 2020, Garcia Guerra
et al. 2020, Giordano et al. 2020, Gogoularadja and Bakshi 2020, Guo et al. 2020,
Howlin and Rooney 2020, Johnson and Elkins 2020, Köhler et al. 2020, PérezEizaguirre and Vergara-Moragues 2020, Polascik et al. 2021, Saraogi et al. 2020,
Usui et al. 2020, Wang et al. 2020, Zhang et al. 2020, Dunbar et al. 2021, Yang et
al. 2021), but its influence on well-being goes beyond the human being (Sambraus
and Hecker 1985, Hurnik and Johnson 1997, Kenison 2016, Bowman et al. 2017,
González-Grajales et al. 2019, Kemp 2020). In fact, many studies have described
the various effects of music on different organisms (Lemarquis 2009, 2021,
Dhungana et al. 2018, Exbrayat and Brun 2019, Mayoud and Lemarquis 2019,
Pulcrano and di Porzio 2021).
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Music is a fundamental mean of communication, which developed and
diversified over the millennia as human beings migrated around the planet (Wallin
et al. 2000, Mehr et al. 2020, Savage et al. 2020). It allows people to share
intentions and emotions. Power of music pass through the capture of musical
sounds by auditory cells which record sounds, transform them into electrical
signals which in turn reach the brain where they are translated into emotions. The
neurophysiological mechanisms are better known thanks to the development of
innovated methods (Zimmermann and Fermin 1996, Fettiplace and Hackney 2006,
Ashmore 2008, Müller 2008, Rabbitt et al. 2010). Scientific evidences thus
confirmed the long-praised medicinal virtues of music, such as neurostimulation
and neuroprotection (Lemarquis 2009, 2021, Jones et al. 2020). But for a few
years now, more and more publications have addressed the direct effects on nonauditory cells, a less obvious aspect of the effects of music (Lestard et al. 2013,
Lestard and Capella 2016). The experiences performed by researchers present very
disparate results. Whatever this great disparity, the study of the effects of sound
and music on cells reveals the available possibilities to modulate cell physiology.

Evolution and Adaptation of Communication in the Animal Kingdom
So that on organism could live, it is necessary that it communicates with other
organisms and, in a broader sense, with the elements of the environment.
Throughout its life, every organism is subject to many stimuli. In unicellular
organisms, the single cell is equipped with receptors that register different types of
stimuli acting directly on it. Some unicellular, prokaryotes or eukaryotes, are
sensitive to molecules emitted by other individuals and react by synthesizing
substances. They may also be sensitive to vibrations produced by sound and
respond by producing molecules. For example, among unicellular organisms,
volvox algae live in colonies of thousands of flagellated cells, able to move toward
the same direction. All the cells contain a light-sensitive pigment that directs each
cell towards it, and the perception of light allows a set of juxtaposed cells to move
towards the same goal (Hallmann 2003, Ikushima and Maruyama 2007).
In sponges, jellyfish and polyps, a reduced number of cell types is observed
and the nervous system is limited to a few neurons, or it is almost absent (Arai
1997, Moore 2006, Barnes et al. 2009). The perception of external signals exists
however and allows oriented movements and responses adapted to the
environment. As organisms become more complex, various sensory organs appear,
in connection with the development of an increasingly efficient nervous system.
The latter will allow a better adaptation of the organisms in their environment.
Stimuli are then received by receptors of sense organs, and the nerve impulses are
transmitted and interpreted by the nervous system.
For Humans, the five specific senses commonly known and already listed by
Aristotle (384-322 BC), are touch, sight, hearing, smell and taste. In addition, there
is a general sensitivity including mecanoreception, thermoception, nociception and
proprioception.
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There are also other types of senses in the animal kingdom directly related to
the evolutionary level and the way of life of organisms. For example, fish and
certain amphibian larvae have a lateral line which allows perception of water
movements and hydrostatic pressure (Bleckmann and Zelick 2009). They also
have an ampullary organ (consisting of the ampullae described by Lorenzini in
1678) which is sensitive to low frequency electric fields and allows electrolocation
(Roth and Tscharntke 1976, Gibbs and Northcutt 2004, King et al. 2018). In lizards,
snakes and caecilian amphibians, particularly well-developed vomeronasal organs
are added to the classic olfactory organ (Badenhorst 1978, Billo 1986, Billo and
Wake 1987, Døving and Trotier 1998). Finally, in some migratory birds,
magnetoreceptors make the individual sensitive to the earth's magnetic field
(Wiltschko and Wiltschko 2012).

Sounds and Music as a Communication Signal
In the course of evolution, different mechanisms have been selected to allow
animals to emit sounds and communicate.
Aristotle already indicated that fish could emit “vocalizations”. A significant
number of studies confirm that some fish emit sounds and that their repertoire is
surprisingly vast. So, sound is involved in a large number of behaviors related to
reproduction, feeding or defense of the territory. The means of producing sounds
are variable; they range from the air bubble released by the posterior part of
digestive tube (in herrings) to chirping produced by the friction of two hard parts
of the body: striated joint of the pectoral fins in catfish, pharyngeal teeth located at
the level of the gills which squeak in Haemulon plumierii; some species can also
use the swim bladder to emit sounds (Parmentier et al. 2016, Raick et al. 2018, Di
Iorio et al. 2019, Huby et al. 2019, Bolgan et al. 2020). About 100 families of bony
fish have been shown to be able to communicate acoustically. The same species
can even produce several different sounds. Currently, the "vocalizations" of more
than 200 species of fish were described in the Northwest Atlantic (Fish and
Mowbray 1970).
Aquatic mammals such as Cetaceans also emit all kinds of sounds, vocally or
not, allowing communication between animals of the same species (Payne 1984).
Sonar is used by dolphins (Whitlow 1993). These animals emit sounds of varying
frequencies to communicate or find their way in space. They use air sacs
(Helmholtz cavities) to emit sounds at various resonant frequencies. When diving,
dolphins store air in the lungs. They use their larynx to produce ultrasounds
(Whitlow 1993).
Bats use echolocation to navigate and locate prey. They modulate calls of
different frequencies according to the species, which allow them to perceive the
distance of the prey or the obstacle by measuring the delay between emission of
the call and echo. The perception of sound is carried out by a classical hearing
system (Suga and O'Neill 1979, Moss and Sinha 2003).
In many species of birds, at the time of reproduction, the male utters a
characteristic song using the syrinx, an organ made up of cartilaginous parts
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located below the trachea, unlike the vocal cords which are located above the
trachea (Warner 2009).
These few examples show that the senses of organisms represent adaptations
to living environment. Any response to the environment implies that stimuli such
as molecules, vibrations, low frequencies, electric fields or light waves, are
captured at a membrane receptor, before a cascade of intracellular reactions leads
to a response (Lim et al. 2015, Syrovatkina et al. 2016). The complexity of the
sense organs observed in multicellular organisms is closely related to the
development of the nervous system: from a simple network of nerve fibers in the
mesoglea (mesohyle) of porifers and cnidarians, this system becomes more
complex and centralized, allowing more elaborate behavioral responses. Table 1
summarizes the diversity of sound production mechanisms in animals.
Table 1. Examples Illustrating the Diversity of Sound Production Mechanisms in
Animals
Structures used in
sound production
Use of resonant
external substrate

Mechanisms

Animals

Hitting a substrate

Clicking, snapping,
vibrating

Use of body
structures

Rubbing body parts
together

Vibrating a membrane in
an air flow

Beavers: slapping the tail on the surface of
water
Spiders: drumming during courtship
sequences
Some insects: wing vibrating
Cicadas: vibrating a drum-like membrane
(modified membrane localted on the
abdomen)
Fish (Sciaenidae): swimbladder snapping
Birds: beak clicking/grinding
Bats: tongue clicking
Orthopterans: stridulation by dragging the
body part equipped with a scraper across an
adjacent body part with a file-like structure
Fish (catfish): stridulation by using the
pectoral fins
Birds: tympaniform membranes vibrating
(presence of a syrinx)
Amphibians, reptiles and mammals:
presence of a larynx containing vocal cords

Effects of Vibrations, Sounds and Music on Cells and Organisms
In recent years, research has focused on the effects of music on various
organisms in an attempt to understand how sound vibrations act at the cell level.
Experiments have been carried out on cell cultures, in cancer cells,
microorganisms, and on complete organisms, by testing different biological
parameters (Lemarquis 2009, 2021, Dhungana, et al. 2018, Exbrayat and Brun
2019, Mayoud and Lemarquis 2019, Pulcrano and di Porzio 2021). Tables 2 and 3
summarize the state of the art about the positive effects of music in different
organisms and non-auditory cells.
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Table 2. State of the Art About Some Effects of Music on Non-auditory Animal
Cultured Cells
Cultured cells
ST2 stromal cells
C2C12 myoblasts

Effects of music
Suppression of mechanosensitive genes by audible sound
stimulation
No observation of suppression of mechanosensitive genes by
NIH3T3 fibroblasts
audible sound stimulation, showing a cell type-specific
NB2a neuroblastoma cells
response to sound
Human embryo
Improvement of fertilization rates
Alteration of cell cycle and decrease in viability, but
Cancer cell lines
differences in response depending on cell line
Buffalo granulosa cell speroids Up-regulation of steroidogenic gene expression
Note: The key references are mentioned in the text.

Table 3. State of the Art About Positive Effects of Music (Soft Rhythmic Music) in
Different Uni- and Pluricellular Organisms
Organisms
Domestic
animals
Farm
animals
Race horses

Positive effects of music
Increase in sleep duration
Increase in approach behaviour
Increase in milk production
Change in behaviour
Influence of emotional state
Increase in number of neurons and
Chickens
mean neuronal nuclear area
Birds
Animal species
Songbirds
Improvement in learning to sing
Improvement in spatial learning and
Rodents
reduction of anxiety-related behavior;
increase in the body weight of pups
Chimpanzees Reduction in aggression
Monkeys
Baboons
Decrease in heartrate
Elephants
Reduction of stereotyped behaviour
Increase in germination, growth and
Vegetal species
Herbaceous plants
development, disease resistance
Improvement in growth and antibiotic
Unicellular organisms Bacteria and yeast
sensitivity
Note: Choice of music, depending of the acoustic communication system of the species, is decisive
to observe behavorial effect. In general, loud and inharmonious music tends to have a negative
effect.
The key references are mentioned in the text.
Dogs
Cats
Cows
Buffaloes

Effects of Vibration, Sound and Music on the Animal Cells
The effects of electromagnetic waves on living beings have been studied for
much longer than those of sound waves (National Research Council (US)
Committee on Assessment of the Possible Health Effects of Ground Wave
Emergency Network (GWEN) 1993, Cardinale and Pope 2003). Nevertheless, a
number of studies suggest that emotions triggered by music can be particularly
useful in relieving stress. Recent experiments show that different non-hearing cells
respond to sound, the fluids contained in the cells being sensitive to pressure
variations induced by sound waves. The mechanisms of cell growth or cell death
affected by acoustic vibrations appear to be similar for all cell types, whether they
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are auditory or not. The basic mechanisms could thus be common and universal
(Zimmermann and Fermin 1996, Chan and Hudspeth 2005, Fettiplace and
Hackney 2006, Ashmore 2008, Müller 2008, Rabbitt and Boyle 2010, Lestard et
al. 2013, Lestard and Capella 2016). Thus, research has been carried out on the
effects of music on the biology of different cell types. Study of effects of music on
human chondrocytes has shown that use of music help to identify biomarkers and
provide a new approach to the treatment of osteoarthritis (Vannoni 2012, Corallo
et al. 2013, 2014, Dhungana et al, 2018, Exbrayat and Brun, 2019). On the other
hand, it has been observed that the size and the granularity of tumoral MCF7 cells
cultivated in vitro was altered by music (Lestard et al. 2013, Lestard and Capella
2016). In the lab Sprague-Dawley rats, music also decreased the enhancing effects
of stress on the development of lung metastases provoked by previously injected
carcinosarcoma cells (Nuñez et al. 2002).
Music has an effect on the deformability and aggregation of red blood cells
and can therefore have an influence on some pathologies. In particular, effects on
the surface properties of plasmic membrane have been observed. Membrane
molecules such as adenylate kinase, show sensibility to the exposure to low
frequency fields (Erken et al. 2008, Albanese et al. 2009). Acoustic vibrations
affect fibroblast migration and cell morphology with formation of filopodia and
lamellipodia (Mohammed et al. 2016).
Specific Effects on the Immune System
Several studies have shown the effects of music on the immune system of
people under stress, or suffering from Alzheimer's disease, Parkinson‟s disease, or
after a stroke (Hasegawa et al. 2001). The effects are visible on the activity of the
natural killers (NK) cells and on the hormone norepinephrine level. Other
researches have shown that rhythmic percussions can increase NKs cells and the
amount of the hormone dehydroepiandrosterone relative to cortisol, indicating
stress regulation (Lu et al. 2013). A variety of neuroendocrine ways also contribute
to immune system changes (Bittman et al 2001, Hirokawa and Ohira 2003, Wachi
et al, 2007).
Several experiments have also been carried out in rodents with pathologies
and have shown a role for music on the immune system. In young and adult rats
suffering from asthma, music modulates the number of leukocytes and the level of
IL-4 (Lu et al. 2010). In lab BALB/c mice subjected either to noise or to music,
thymus and spleen cell density, T cell population, splenocyte proliferation and
NKs activity were enhanced by music (Nuñez et al. 2002). The survival of
allografts in an experimental model of murine heart transplantation was
significantly prolonged in animals exposed to occidental opera and classical
music. Cell proliferation, IL-2 and interferon-γ were suppressed in mice exposed
to opera, while IL-4 and IL-10 were upregulated and CD4 +, CD25 +, Foxp3 +
increased after exposure to certain types of music (Uchiyama et al. 2012a, b).
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Other Effects on Animal Organisms
Several effects on animal behavior in different Vertebrates have been
reviewed (Dhungana et al. 2018). Studies in chicken have shown that music
reduces stress measured by various parameters (duration of tonic immobility,
white blood cells/lymphocyte ratio and fluctuating asymmetry of the organism)
(Bonzom 1999, Dávila et al. 2011). It is interesting to observe that the effects
described according to the type of music and the animal species can be positive,
negative or inexistent. In birds, it is known that the young learn the characteristic
melodies of their species by listening to the adults. Young birds deprived of sound,
either because they are deaf or because they are raised in isolation, away from the
song of adults, are unable to sing. The learning of birdsong in relation to the
intrinsic plasticity of neurons has been studied recently in zebra finch (Daou and
Margoliash 2021).
Several results were also been obtained in monkeys: music can have effects in
decreasing the heartrate of baboons, increasing the social behaviour in
chimpanzees, or inducing an abnormal behaviour in rhesus macaques (Dhungana
et al. 2018). In rats, music might improve spatial learning and memory ability
(Xiong et al. 2018).
Effects of music have also been observed in domestic animals. In dogs,
classical music can decrease vocalization and body shaking and increase sleep
duration. Cats are sensitive to music and suitable musical pieces have been created
(Dhungana et al. 2018). On the other hand, various effects have been observed in
cattle. It has been observed that dairy breeds are more sensitive to sound, and
especially music, than beef breeds (Dhungana et al. 2018). Increase or decrease in
milk production depends on the noise levels. Loud noise or excessive sounds cause
a stress of cattle and therefore a decrease in the amount of milk produced
(Hemsworth 2003). In contrast, slow music can increase milk production contrarily
to fast music (Algers et al. 1978, Algers and Jensen 1991). In buffalo, animal
behaviour and reproduction are affected by music (Abuzead and Khalil 2007).
On the other hand, music seems to have effects on embryonic development,
facilitating neurogenesis, and also regeneration and repair of neurons in Human
(Kim et al. 2006, Fukui and Toyoshima 2008), and modulating expression of
apoptosis in the development of auditory nuclei in chicks (Alladi et al. 2005). In a
study devoted to the effects of music on the development, pairs of Wistar rats were
exposed to classic music. Before parturition, the fetuses were extracted and brains
prepared for electron microscopy. The results showed that prenatal music had an
effect on neuroplasticity of fetal brain. As rat fetuses cannot hear until birth, these
neuroplasticity changes of fetal brain could be related to a reduction in the mothers'
blood corticosterone level (Sheikhi and Saboory 2015). In chicks, prenatal music
stimulation leads to morphological changes in hippocampus and brainstem auditory
nuclei. In contrast, unpatterned noise and loud music (110 dB) induce altered
volume and neuronal number in these regions, indicating that the characteristic of
the sound was mediating effects on brain development (Sanyal et al. 2013).
Furthermore, it has been shown that in ovo sound stimulation (music or noise: 110
dB) affects the regulation of brain-derived neurotrophic factor (BDNF) in the
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developing auditory system of chicks; it was regulated at the transcriptional and
post-translational level in the auditory cortex and at the post-translational level in
the hippocampus (Kathpalia et al. 2019).
According to some authors, music would also improve the success of
fertilization rates of in vitro cultured human embryos (Lopez-Teijón et al. 2015).
At last, some studies have shown the effects of sounds and music on stem
cells (Choi et al. 2016, Wei et al. 2016, Ventura et al. 2017).
Some Adverse Effects on Animal Cells
The effects of music cannot be equated with the effects of all types of sound.
Research shows that not all types of sound have beneficial effects on the cells.
There are sounds with harmful effects (Clark 1991). When the choroidal plexus of
rats is submitted to noise, the number of normal cells decreased and the number of
apoptotic cells increased (McCarthy et al. 1992, Aydin et al. 2011). In experiments
conducted to analyze the effects of anxiolytics in rats, both noise and music
suppressed the sexual behavior of females. In another experiment, noise suppressed
the sexual impulses of ovariectomized females treated with high dose of estradiol
and induced avoidance of the area where males were located (Le Moëne and
Ågmo 2018a, b, Le Moëne et al. 2019). These studies show that in some cases,
music can negatively affect animal behavior.
Effects on Unicellular Organisms
Like multicellular organisms, unicellular organisms, eukaryotes or
prokaryotes, seem to be sensitive to music. Several works have shown the effects
of single-frequency sound on the biology of various bacteria (Mortazavian 2012).
Experiments using indian music have shown that it has a positive effect on the
growth of bacteria and yeasts. Beneficial effects have thus been shown on cellular
growth, metabolism and antibiotic sensitivity (Norris and Hyland 1997, Matsuhashi
et al. 1998, Ayan et al. 2008, Shaobin et al. 2010, Sarvaiya and Kothari 2015, Shah
et al. 2016). Growth, pigment production and antibiotic sensibility are affected by
the intensity of sound in several bacteria (Kothari and Sarvaiya 2017, Khotari et al.
2018).
Effects on Plants
In plants, sound waves can influence germination, development and growth
(Qin et al. 2003, Mishra et al. 2016, Vicient 2017). It can also enhance the
immunity increasing tolerance to drought (Chivukula and Ramaswamy 2014, Choi
et al. 2017, Lopez-Ribera and Vicient 2017). A recent study looked at the response
of Oenothera drummondii plants to sound. The main result obtained is that the
flowers of this plant produce a sweeter nectar only three minutes after being
exposed to the rustling of the wings of butterflies and bees which are its pollinators
(De Luca and Vallejo-Marin 2013, Veits et al. 2019). Other examples are consistent
with the existence of an acoustic communication during interactions between
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plants and pollinators (Ayan et al. 2008, Mishra et al. 2016, Schöner et al. 2016).
More broadly, some animals and other plants can use the sounds emitted by a
plant to obtain information about its condition (Khait et al. 2019).
Some studies have shown that the roots of various plants orient themselves
towards the noise generated for example by flowing water (Gagliano et al. 2012,
Gagliano 2013) and that the corn roots tend to grow towards a sound source whose
frequency is close to 200 Hz (Gagliano 2013). Those different examples confirm
that plants can also use sound, but the ecological and evolutionary implications
that this represents in the life of a plant are not yet well known (Hongbo et al.
2008, Gagliano et al. 2012, Gagliano 2013). Further studies on plant bioacoustics
are still needed to understand the interactions of plants with their environment.
Effects on Genome
Studies have looked at the roles of various forms of genomic changes and
gene regulation related to music abilities. Some genes inherited with musical
aptitude have been identified. In particular, the alpha-synuclein gene, involved in
song perception in songbirds, has been shown to be also overexpressed in
individuals listening or performing music. Its mutation is associated to several
cognitive diseases in humans and perturbations of song production and perception
in songbirds. These observations are in accordance with an evolutionary
conservation in biological processes related to sound perception (Kanduri et al.
2015, Järvellä 2018). On the other hand, changes in the peripheral blood
microRNA transcriptome after 2 hours of concert performance are identified in
professional musicians, suggesting regulatory mechanisms underlying auditory
perception. Based on the current knowledge about the microRNA function in
blood and brain, the authors interpreted the regulation of these non-coding RNAs
as consequence of a regular musical activity. In brain, the putative targets of these
microRNAs were involved in neuronal activity, neuronal plasticity, myelination
and cognitive functions (Nair et al. 2019, Nair et al. 2021).
It has been shown that Indian Vedic music can upregulate the expression of
steroidogenic genes in 3D cultured buffalo granulosa cell spheroids (Pandey et al.
2021).
Proliferation of gastric cancer cells did not increase when cells were exposed
to classical music contrarily to those exposed to metal music. The expression of
several genes involved in proliferation seems to be modulated in different ways
according to the music type (Ramírez-Rivera and Bernal 2019).
In order to give a molecular basis to effects of music on organisms, a
metanalysis of 105 publications concerning humans and several animal models
identified several candidate genes related to musical traits. The authors have
shown that these genes are involved in biological functions underlying learning
and memory, which are essential properties for music abilities (Oikkonen et al.
2016). A study of properties of audible sound as mechanical stimulus by cells has
shown an effect of wave form and sound pressure level, more than frequency, on
gene expression, with a cell type-specific response to sound (Kumeta et al. 2018).
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Reception of Vibrations and Intracellular Repercussions
How vibrations can intervene on cellular physiology? The effects of vibrations
are well known in hearing cells. These cells also called “hair cells” are sensory
cells emitting cilia which are really cytoplasmic expansions, the stereocilia. These
cells are arranged along the basilar membrane of the cochlea (still called “organ of
Corti”). Depending on their position on the cochlea, cell membranes are sensitive
to vibrations at well-defined frequencies. The vibrations cause a deformation of
the membrane of these cells at the level of the cilia which amplifies the surface of
reception of the vibrations. The deviation of the stereocilia causes the opening of
ion channels creating an electrical receptor potential. Ca++ ions enter the cell,
releasing glutamate, a neurotransmitter at the level of the synapses in connection
with axons of neurons. The signal is transmitted to the auditory areas of the brain.
This type of interactions between cell membrane and vibrations can certainly be
generalized to all cells.
All cell membranes are made up of a bilayer of phospholipids in which
proteins are incorporated. This membrane is bound outside the cell and can carry
receptors; it is also linked directly to the cytoskeleton and to the enzyme systems
located inside the cell. Even if studies specifically related to the mechanism of the
effects of the sounds received by cell membranes are still lacking, the analysis of
works on membrane receptors, the nature of the signals and the elastic capacities
of the cell allow us to make assumptions as to these mechanisms.
At the cellular level, it is certainly in plants that work is the most advanced.
Sound vibrations can affect microfilament rearrangements, increase the levels of
polyamines and soluble sugars, alter the activity of various proteins, and regulate
the transcription of some genes (Qin et al. 2003, Hongbo et al. 2008, Mishra et al.
2016). The reception of chemical signals by animal cells is well known. Various
stimuli such as light, ions, pheromones, hormones or neurotransmitters, bind to G
protein-coupled receptors located on cell membranes. Then, they transduce these
extracellular signals inside the cells by engaging G proteins, that trigger a cascade
of signaling events leading to an appropriate cellular response (Lim et al. 2015,
Syrovatkina et al. 2016). Further studies on the modalities of acoustic signal
capture will provide a better understanding of the intracellular repercussions of
sound. Elasticity of biological tissues can be measured by elastography. This
imaging method makes it possible to understand the variations in the hardness of
tissues and their elasticity (Brum 2012, Grasland-Mongrain 2013) as a
consequence of the links that membrane receptors establish with the elements of
the cytoskeleton (Icard-Arcizet 2007).
Reading these works, we can assume that sound vibrations trigger the
plasmatic membrane‟s vibration, which could result in the activation of certain
proteins of the G protein type and the transmission of a chemical signal in the cell.
Several metabolic reactions governing the physiology of the cell could then be
affected.
A controversial theory, the “proteody theory”, emitted by the French particle
physicist Joël Sternheimer at the beginning of the 1990s, defended the idea of the
existence of waves emitted in the body molecules. Unfortunately, no scientific
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publications are available for now (Doux 2019). According to this theory, waves
whose frequencies can be transcribed into musical notes are associated with each
group of amino acids. In the same vein, King and Angus (1996) published a
computer program called PM (protein music) to analyze information about protein
sequences by audification, i.e. using the hearing to analyze data (Kramer 1994).
Petrovski et al. (2021) found a correlation between yeast vacuolar protonATPase activity (involved in many life processes) and the intensity of several
frequencies of an oscillating electric field generated by music. These observations
led these authors to conclude that such an electric field from the music interfered
with the periodic transmembrane movements of the enzyme. Based on the fact that
organisms are subject in nature to several rhythmic oscillations, Muehsam and
Ventura (2014) give a theoretical study in which they examine the effects of sound
vibrations on gene expression.

Conclusions
During biological evolution, organisms have acquired senses that allow them
to interact with the environment. The sensory perception of living organisms is very
diversified and is directly related to the lifestyle of the organism. Several of those
senses will be put to good use by art in Human. Among the arts, music is directly
related to the sensory system of hearing. While the effects of sound vibrations on
auditory cells have long been known, the effects on other cell types are much less
well understood. Currently, an increasing number of works is investigating the
effects of music on the biochemistry of non-auditory cells and on various aspects of
metabolism. Nevertheless, these works remain still quite disparate.
Music elicits reactions in humans that promote positive emotions, stress relief
and immune function, by soliciting different cellular signaling molecules including
hormones, neurotransmitters, cytokines, and peptides (Gangrade 2012). Music can
restore some of the homeostasis and thus reduce pain (Nelson et al. 2008). It
probably reduces alterations in the hypothalamic-pituitary hormonal axes (Russo
et al. 2017). Music (432 Hz) can also influence growth, by increasing food intake
and body weight; a significant increase of ghrelin expression was found in
hypothalamic neurons in music-treated rat pups (Russo et al. 2021). A hypothesis
involves quantum mechanics. But beware of the enthusiasm aroused by these
exciting results. Studies are still necessary to understand and go further in the
possible applications, the precise molecular mechanisms of its effects indeed yet to
be clarified. But there is a field of research emerging here.

References
Abuzead SMM, Khalil AM (2007) Behavioral and physiological influences of listening
slow and fast music on milking buffaloes. Assiut Veterinary Medicine Journal
53(114): 1–13.
Albanese A, Battisti E, Vannoni D, Acetoi E, Galassi G, Giglioni S, et al. (2009)
Alterations in adenylate kinase activity in human PBMCs after in vitro exposure to

11

Vol. X, No. Y

Brun & Exbrayat: The Effects of Sounds and Music on Cells…

electromagnetic field: comparison between extremely low frequency electromagnetic
field (ELF) and therapeutic application of a musically modulated electromagnetic
field (TAMMEF). Journal of Biomedicine and Biotechnology 2009(Sep): 717941.
Algers B, Jensen P (1991) Teat stimulation and milk production during early lactation in
sows: effects of continuous noise. Canadian Journal of Animal Science 71(1): 51–60.
Algers B, Ekesbo I, Strömberg S (1978) The impact of continuous noise on animal health.
Acta Veterinaria Scandinavica. Supplementum 1978(68): 1–26.
Alladi PA, Roy T, Singh N, Wadhwa S (2005) Prenatal auditory enrichment with species
specific calls and sitar music modulates expression of Bcl-2 and Bax to alter
programmed cell death in developing chick auditory nuclei. International Journal of
Developmental Neurosciences 23(4): 363–373.
Arai MN (1997) A functional biology of Scyphozoa. London, UK: Chapman and Hall.
Ashmore J (2008) Cochlear outer hair cell motility. Physiological Revue 88(1): 173–210.
Ayan I, Aslan G, Cömelekoğlu U, Yilmaz N, Colak M (2008) The effect of low intensity
pulsed sound waves delivered by the exogen device on Staphylococcus aureus
morphology and genetics. (In Turkish). Acta Orthopaedica et Traumatologica Turcica
42(4): 272–277.
Aydin MU, Ungoren MK, Aydin N, Halici Z, Onder A, Gundogdu C, et al. (2011) The
effects of impulse noise on the epithelial cells of the choroid plexus. Turkish
Neurosurgery 21(2): 191–196.
Badenhorst A (1978) The development and the phylogeny of the organ of Jacobson and
the tentacular apparatus of Ichtyophis glutinosus (Linn.) Annals of the University of
Stellenbosch 1(1): 1–26.
Barnes RSK, Calow PC, Olive PJW, Golding DW, Spicer JI (2009) The invertebrates—A
synthesis. 3rd Edition. Oxford, UK: Wiley.
Behzadmehr R, Dastyar N, Moghadam MP, Abavisani M, Moradi M (2020) Effect of
complementary and alternative medicine interventions on cancer related pain among
breast cancer patients: a systematic review. Complementary Therapies in Medicine
49(Mar): 102318.
Billar RJ, Kühlmann AYR, Schnater JM, Vlot J, Tomas JJP, Zijp GW, et al. (2020)
Interventions with music in pectus excavatum treatment (IMPECT trial): a study
protocol for a randomised controlled trial investigating the clinical effects of
perioperative music interventions. BMJ Open 10(7): e036380.
Billo R (1986) The tentacle apparatus of Caecilians. Mémoires de la Société Zoologique
de France 43: 71–75.
Billo R, Wake MH (1987) Tentacle development of Dermophis mexicanus (Amphibian:
Gymnophiona) with an hypothesis on tentacle origin. Journal of Morphology 192(2):
101–111.
Bittman BB, Berk LS, Felten DL, Westengard J, Simonton OC Pappas J, et al. (2001)
Composite effects of group drumming music therapy on modulation of
neuroendocrine-immune parameters in normal subjects. Alternative Therapies in
Health and Medicine 7(1): 38–47.
Bleckmann H, Zelick R (2009) Lateral line system of fish. Integrative Zoology 4(1): 13–25.
Bolgan M, Gervaise C, di Iorio L, Lossent J, Lejeune P, Raick X, et al. (2020) Fish
biophony in a Mediterranean submarine canyon. The Journal of the Acoustical Society
of America 147(4): 2466.
Bonzom JM (1999) L'asymétrie fluctuante un biomarqueur morphométrique pour évaluer
la qualité de l'environnement. (Fluctuating asymmetry a morphometric biomarker to
assess environmental quality). PhD Thesis. Canada: University of Sherbrook.

12

Athens Journal of Sciences

XY

Bowman A, Scottish SPCA, Dowell FJ, Evans NP (2017) The effect of different genres of
music on the stress levels of kennelled dogs. Physiology & Behavior 15(171): 207–
215.
Brum J (2012) Elastographie et retournement temporel des ondes de cisaillement :
application à l'imagerie des solides mous. (Elastography and time reversal of shear
waves: application to the imaging of soft solids). PhD Thesis. France: Université de
Grenoble.
Buglione A, Saccone G, Mas M, Raffone A, di Meglio L, di Meglio L, et al. (2020) Effect
of music on labor and delivery in nulliparous singleton pregnancies: a randomized
clinical trial. Archives of Gynecology and Obstetrics 301(3): 693–698.
Bulut M, Alemdar DK, Bulut A, Şalcı G (2020) The effect of music therapy, hand
massage, and kaleidoscope usage on postoperative nausea and vomiting, pain, fear,
and stress in children: a randomized controlled trial. Journal of Perianesthesia
Nursing 35(6): 649–657.
Cardinale M, Pope MH (2003) The effects of whole body vibration on humans: dangerous
or advantageous? Acta Physiologica Hungarica 90(3): 195–206.
Çelebi D, Yılmaz E, Şahin ST, Baydur H (2020) The effect of music therapy during
colonoscopy on pain, anxiety and patient comfort: a randomized controlled trial.
Complementary Therapies in Clinical Practices 2020(38): 101084.
Chai PR, Gale JY, Patton ME, Schwartz E, Jambaulikar GD, Taylor SW, et al. (2020a)
The impact of music on nociceptive processing. Pain Medicine 21(11): 3047–3054.
Chai PR, Schwartz E, Hasdianda MA, Azizoddin DR, Kikut A Jambaulikar GD, et al.
(2020b) A brief music app to address pain in the emergency department: prospective
study. Journal of Medical Internet Research 22(5): e18537.
Chan DK, Hudspeth AJ (2005) Ca2+ current driven nonlinear amplification by the
mammalian cochlea in vitro. Nature Neuroscience 8(2): 149–155.
Chan JCH, Chan LP, Yeung CP, Tang TW, O YM, Lam, WC (2020) Effect of music on
patient experience during intravitreal injection. Journal of Ophthalmology 2020(13):
1–6.
Chivukula V, Ramaswamy S (2014) Effect of different types of music on Rosa chinensis
plants. International Journal of Environmental Science and Development 5(5): 431–
434.
Choi B, Ghosh R, Gururani MA, Shanmugam G, Jeon J, Kim J, et al. (2017) Positive
regulatory role of sound vibration treatment in Arabidopsis thaliana against Botrytis
cinerea infection. Science Reports 7: 2527.
Choi Y, Park JE, Jeong JS, Park JK, Kim J, Jeon S (2016) Sound waves induce neural
differentiation of human bone marrow-derived mesenchymal stem cells via
Ryanodine receptor-induced calcium release and Pyk2 activation. Applied
Biochemistry and Biotechnology 180(4): 682–694.
Cimen SG, Oğuz E, Gundogmus AG, Cimen S, Sandikci F, Ayli MD (2020) Listening to
music during arteriovenous fistula surgery alleviates anxiety: a randomized singleblind clinical trial. World Journal of Transplantation 10(4): 79–89.
Clark WW (1991) Noise exposure from leisure activities: a review. The Journal of the
Acoustical Society of America 90(1): 175–181.
Corallo C, Volpi N, Franci D, Vannoni D, Leoncini R, Landi G, et al. (2013) Human
osteoarthritic chondrocytes exposed to extremely low-frequency electromagnetic
fields (ELF) and therapeutic application of musically modulated electromagnetic
fields (TAMMEF) systems: a comparative study. Rheumatology International 33(6):
1567–1575.
Corallo C, Battisti E, Albanese A, Vannoni D, Leoncini R, Landi G, et al. (2014)
Proteomics of human primary osteoarthritic chondrocytes exposed to extremely low-

13

Vol. X, No. Y

Brun & Exbrayat: The Effects of Sounds and Music on Cells…

frequency electromagnetic fields (ELF EMFs) and to therapeutic application of
musically modulated electromagnetic fields (TAMMEF). Electromagnetic Biology
and Medicine 33(1): 3–10.
Dai WS, Huang ST, Xu N, Chen Q, Cao H (2020) The effect of music therapy on pain,
anxiety and depression in patients after coronary artery bypass grafting. Journal of
Cardiothoracic Surgery 15(1): 81.
Daou A, Margoliash D (2021) Intrinsic plasticity and birdsong learning. Neurobiology of
Learning and Memory 180(Apr): 107407.
Dávila SG, Campo JL, Gil MG, Prieto MT, Torres O (2011) Effects of auditory and
physical enrichment on 3 measurements of fear and stress (tonic immobility duration,
heterophil to lymphocyte ratio, and fluctuating asymmetry) in several breeds of layer
chicks. Poultry Science 90(11): 2459–2466.
De Luca PA, Vallejo-Marin M (2013) What‟s the „buzz‟ about? The ecology and
evolutionary significance of buzz pollination. Current Opinion in Plant Biology
16(4): 429–435.
Dhungana S, Khanal DR, Sharma M, Bhattarai N, Tamang DT, Wasti S, et al. (2018)
Effect of music on animal behavior: a review. Nepalese Veterinary Journal 35(Aug):
142–149.
Di Iorio L, Dailianis T, Catalan I, Lejeune P, Parmentier E (2019) An acoustic odyssey:
characterisation of the vocal fish community inhabiting Neptune seagrass meadows
across the Mediterranean Sea. In International Bioacoustics Congress. Brighton, UK.
Doux A (2019, April 11) Les protéodies, la musique du vivant. (Proteodies, the music of
life). Des musiques pour guérir. Retrieved from: https://desmusiquespourguerir.com/
les-proteodies-la-musique-du-vivant/. [Accessed 5 June 2021]
Døving KB, Trotier D (1998) Structure and function of the vomeronasal organ. Journal of
Experimental Biology 201(21): 2913–2925.
Dunbar RIM, Pearce E, Tarr B, Makdani A, Bamford J, Smith S, et al. (2021) Cochlear
SGN neurons elevate pain thresholds in response to music. Scientific Reports 11(1):
14547.
Erken G, Bor Kucukatay M, Erken HA, Kursunluoglu R, Genc O (2008) Influence of
classical and rock music on red blood cell rheological properties in rats. Medical
Science Monitor 14(1): 28–33.
Ernberg M, Al-Khdhairi D, Shkola K, Jounger SL, Christidis N (2020) Experimental
muscle pain and music, do they interact? Journal of Oral Pathology and Medicine
49(6): 522–528.
Exbrayat JM, Brun C (2019) Some effects of sound and music on organisms and cells: a
review. Annual Research and Review in Biology 32(2): 1–12.
Fettiplace R, Hackney CM (2006) The sensory and motor roles of auditory hair cells.
Nature Neuroscience 7(1): 19–29.
Fish MP, Mowbray WH (1970) Sounds of western North Atlantic fishes; a reference file of
biological underwater sounds. Baltimore, Maryland: Johns Hopkins Press.
Fukui H, Toyoshima AK (2008) Music facilitates the neurogenesis, regeneration and
repair of neurons. Medical Hypotheses 71(5): 765–769.
Gagliano M (2013) Green symphonies: a call for studies on acoustic communication in
plants. Behavioral Ecology 24(4): 789–796.
Gagliano M, Renton M, Duvdevani N Timmins M, Mancuso S (2012) Acoustic and
magnetic communication in plants: Is it possible? Plant Signaling and Behavior
7(10): 1346–1348.
Gamboa J, Cameron MC, Fathi R, Alkousakis T (2020) A review of non-pharmacologic
approaches to enhance the patient experience in dermatologic surgery. Dermatology
Online Journal 26(3): 13030/qt7mp372nd.

14

Athens Journal of Sciences

XY

Gangrade A (2012) The effect of music on the production of neurotransmitters, hormones,
cytokines, and peptides: a review. Music and Medicine 4(1): 40–43.
Garcia Guerra G, Joffe A, Sheppard C, Hewson K, Dinu IA, de Caen A, et al. (2020)
Canadian Critical Care Trials Group. Music use for sedation in critically ill children
(MUSiCC trial): study protocol for a pilot randomized controlled trial. Pilot and
Feasibility Studies 6: 31.
Gibbs MA, Northcutt RG (2004) Development of the lateral line system in the shovelnose
sturgeon. Brain, Behavior and Evolution 64(2): 70–84.
Giordano F, Scarlata E, Baroni M, Gentile E, Puntillo F, Brienza N, et al. (2020) Receptive
music therapy to reduce stress and improve wellbeing in Italian clinical staff involved
in COVID-19 pandemic: a preliminary study. The Arts in Psychotherapy 70(Jul):
101688.
Gogoularadja A, Bakshi SS (2020) A randomized study on the efficacy of music therapy on
pain and anxiety in nasal septal surgery. International Archives of
Otorhinolaryngology 24(2): e232–e236.
González-Grajales LA, Pieper L, Görner P, Görner S, Staufenbiel R (2019) Effects of
auditory and visual stimuli on glucose metabolism in Holstein dairy cattle. Acta
Veterinaraia Scandinavica 61(1): 2.
Grasland-Mongrain P (2013) Applications de la force de Lorentz en acoustique médicale.
(Applications of the Lorentz force in medical acoustics). PhD Thesis. France:
University Lyon 1.
Guo S, Lu J, Wang Y, Li Y, Huang B, Zhang Y, et al. (2020) Sad music modulates pain
perception: an EEG study. Journal of Pain Research 13(Aug): 2003–2012.
Hallmann A (2003) Extracellular matrix and sex-inducing pheromone in Volvox.
International Review of Cytology 227(Feb): 131–182.
Hasegawa Y, Kubota N, Inagaki T, Shinagawa N (2001) Music therapy induced
alternations in natural killer cell count and function. (In Japanese). Nihon Ronen
Igakkai Zasshi 38(2): 201–204.
Hemsworth PH (2003) Human–animal interactions in livestock production. Applied
Animal Behaviour Science 81(3): 185–198.
Hirokawa E, Ohira H (2003) The effects of music listening after a stressful task on immune
functions, neuroendocrine responses, and emotional states in college students. Journal
of Music Therapy 40(3): 189–211.
Hongbo S, Biao L, Bochu W, Kun T, Yilong L (2008) A study on differentially expressed
gene screening of Chrysanthemum plants under sound stress. Comptes Rendus
Biologies 331(5): 329–333.
Howlin C, Rooney B (2020) The cognitive mechanisms in music listening interventions
for pain: a scoping review. Journal of Music Therapy 57(2): 127–167.
Huby A, Lowie A, Herrel A, Vigouroux R, Frederic B, Raick X, et al. (2019) Functional
diversity in biters: the evolutionary morphology of the oral jaw system in pacus,
piranhas and relatives (Teleostei: Serrasalmidae). Biological Journal of the Linnean
Society 127(4): 722–741.
Hurnik JF, Johnson L (1997) Effect of music on voluntary approach of dairy cows to an
automatic milking system. Applied Animal Behaviour Science 53(3): 175–182.
Icard-Arcizet D (2007) Modifications mécaniques et biologiques induites dans des cellules
en culture par l’application locale d’une force contrôlée. (Mechanical and biological
changes induced in cells in culture by the local application of a controlled force). PhD
Thesis. France: Université Paris-Diderot.
Ikushima N, Maruyama S (2007) The protoplasmic connection in Volvox. Journal of
Eukariotic Microbiology 15(1): 136–140.

15

Vol. X, No. Y

Brun & Exbrayat: The Effects of Sounds and Music on Cells…

Järvelä I (2018) Genomics studies on musical aptitude, music perception, and practice.
Annals of the New York Academy of Sciences 1423(1): 82–91.
Johnson AJ, Elkins GR (2020) Effects of music and relaxation suggestions on experimental
pain. International Journal of Clinical and Experimental Hypnosis 68(2): 225–245.
Jones WD, Kalantari A, Otte A (2020) Neurostimulation durch Musik. (Neurostimulation
through music). MMW Fortschritte der Medizin 162(suppl 4): 3–8.
Kanduri C, Kuusi T, Ahvenainen M, Philips AK, Lähdesmäki H, Järvelä I (2015) The
effect of music performance on the transcriptome of professional musicians.
Scienctific Reports 25(5): 9506.
Kathpalia P, Nag TN, Chattopadhyay P, Sharma A, Bhat MA, Roy TS, et al. (2019) In ovo
sound stimulation mediated regulation of BDNF in the auditory cortex and
hippocampus of neonatal chicks. Neuroscience 408(Apr): 293–307.
Kemp A (2020) The effects of music on dairy production. PhD Thesis. Kentucky, USA:
Murray State University.
Kenison L (2016) The effects of classical music on dairy cattle. PhD Thesis. USA: Alfred
University.
Khait I, Lewin-Epstein O, Sharon R, Saban K, Perelman R, Boonman A, et al. (2019)
Plants emit informative airborne sounds under stress. Preprint BioRxiv 2019.
Kim H, Lee MH, Chang HK, Lee TH, Lee HH, Shin MC, et al. (2006) Influence of
prenatal noise and music on the spatial memory and neurogenesis in the hippocampus
of developing rats. Brain and Development 28(Mar): 109–114.
King RD, Angus CG (1996) PM - Protein music. Cabios Applications Note 12(3): 251–
252.
King B, Hu H, Long JA (2018) Electroreception in early vertebrates: survey, evidence and
new information. Palaeontology 61(3): 325–358.
Köhler F, Martin ZF, Hertrampf RS, Gäbel C, Kessler J, Ditzen B, et al. (2020) Music
therapy in the psychosocial treatment of adult cancer patients: a systematic review
and meta-analysis. Frontiers in Psychology 11(Apr): 651.
Kothari V, Sarvaiya N (2017) Audible sound in form of music can influence microbial
growth, metabolism and antibiotic susceptibility. Journal of Applied Biotechnology
and Bioengineering 2(19): 212–219.
Kothari V, Joshi C, Patel P, Mehta M, Dubey S, Mishra B, et al. (2018) Influence of a
Mono-Frequency Sound on Bacteria can be a Function of the Sound-Level. Indian
Journal of Science and Technology 11(4): 1–9.
Kramer G (1994) Auditory display: sonification, audification, and auditory interface.
Boca Raton, USA, London, UK, New York, USA: CRC Press.
Kumeta M, Takahashi D, Takeyasu K, Yoshimura SH (2018) Cell type-specific
suppression of mechanosensitive genes by audible sound stimulation. PLoS One
13(1): e0188764.
Le Moëne O, Ågmo A (2018a) Responses to positive and aversive stimuli in estrous
female rats housed in a seminatural environment: Effects of yohimbine and
chlordiazepoxide. Pharmacology, Biochemistry and Behavior 179(Apr): 43–54.
Le Moëne O, Ågmo A (2018b) Behavioral responses to emotional challenges in female
rats living in a seminatural environment: the role of estrogen receptors. Hormones
and Behavior 106(Nov): 162–177.
Le Moëne O, Stavarache M, Ogawa S, Musatov S, Ågmo A (2019) Estrogen receptors α
and β in the central amygdala and the ventromedial nucleus of the hypothalamus:
sociosexual behaviors, fear and arousal in female rats during emotionally challenging
events. Behavioural Brain Research 367(Jul): 128–142.
Lemarquis P (2009) Sérénade pour un cerveau musicien. (Serenade for a brain musician).
Paris, France: Odile Jacob.

16

Athens Journal of Sciences

XY

Lemarquis P (2021) Les pouvoirs de la musique sur le cerveau des enfants et des adultes.
(The powers of music on the brain of children and adults). Paris, France: Odile Jacob.
Lestard NR, Capella MA (2016) Exposure to music alters cell viability and cell motility of
human non-auditory cells in culture. Evidence-Based Complementary and Alternative
Medicine 2016(23): 1–7.
Lestard NR, Valente RC, Lopes AG, Capella MA (2013) Direct effects of music in nonauditory cells in culture. Noise Health 15(66): 307–314.
Lim W, Mayer B, Pawson T (2015) Cell signaling: principles and mechanisms. New
York, US: Garland Science.
Lopez-Ribera I, Vicient CM (2017) Drought tolerance induced by sound in Arabidopsis
plants. Plant Signaling and Behavior 12(10): e1368938.
Lopez-Teijón M, Castelló C, Asencio M, Fernández P, Farreras A, Rovira S, et al. (2015)
Improvement of fertilization rates of in vitro cultured human embryos by exposure to
sound vibrations. Journal of Fertilization: In Vitro-IVF-Worldwide, Reproductive
Medicine, Genetics and Stem Cell Biology 3(4): 1000160.
Lu Y, Liu M, Shi S, Jiang H, Yang L, Liu X, et al. (2010) Effects of stress in early life on
immune functions in rats with asthma and the effects of music therapy. Journal of
Asthma 47(4): 526–531.
Lu SY, Peng GY, Gu LG, Li ZM, Yin SJ (2013) Effect and mechanisms of gong-tone
music on the immunological function in rats with Liver (Gan)-qi depression and
Spleen (Pi)-qi deficiency syndrome in rats. Chinese Journal of Integrative Medicine
19(3): 212–216.
Martin J, Le Faucheur L, Pondarré C, Carlier-Gonod A, Baeza-Velasco C (2020) Effets
d‟une intervention musicale standardisée sur la gestion de la douleur et de l‟anxiétéétat des adolescents drépanocytaires. (Effects of a standardized music intervention on
the management of pain and state-anxiety in adolescents with sickle cell disease).
Soins Pediatrie/Puericulture 41(314): 35–41.
Matsuhashi M, Pankrushina AN, Takeuchi S, Ohshima H, Miyoi H, Endoh K, et al. (1998)
Production of sound waves by bacterial cells and the response of bacterial cells to
sound. The Journal of General and Applied Microbiology 44(1): 49–55.
Mayoud L, Lemarquis P (2019) L’invitation à la beauté: L’ouverture au monde par
l’empathie esthétique. (The invitation to beauty: openness to the world through
aesthetic empathy). Paris et Lyon, France: Vrin et IIEE.
McCarthy DO, Ouimet ME, Daun JM (1992) The effects of noise stress on leukocyte
function in rats. Research in Nursing and Health 15(2): 131–137.
Mehr SA, Krasnow MM, Bryant GA, Hagen EH (2020) Origins of music in credible
signaling. Behavioral and Brain Sciences 44(Aug): e60.
Mishra RC, Ghosh R, Bae H (2016) Plant acoustics: in the search of a sound mechanism
for sound signaling in plants. Journal of Experimental Botany 67(15): 4483–4494.
Mohammed T, Murphy MF, Lilley F, Burton DR, Bezombes F (2016) The effects of
acoustic vibration on fibroblast cell migration. Materials Science and Engineering C:
Materials for Biological Applications 69(Dec): 1256–1262.
Moore J (2006) An introduction to the invertebrates. Cambridge, UK: Cambridge
University Press.
Mortazavian AM (2012) Music affects survival and activity of microorganisms. Archives
of Advances in Biosciences 3(4): 1.
Moss CF, Sinha SR (2003) Neurobiology of echolocation in bats. Current Opinion in
Neurobiology 13(6): 751–758.
Muehsam D, Ventura C (2014) Life rhythm as a symphony of oscillatory patterns:
electromagnetic energy and sound vibration modulates gene expression for biological
signaling and healing. Global Advances in Health and Medicine 3(2): 40–55.

17

Vol. X, No. Y

Brun & Exbrayat: The Effects of Sounds and Music on Cells…

Müller U (2008) Cadherins and mechanotransduction by hair cells. Current Opinion in
Cell Biology 20(5): 557–566.
Nair PS, Kuusi T, Ahvenainen M, Philips AK, Järvelä I (2019) Music-performance
regulates microRNAs in professional musicians. PeerJ 7(1): e6660.
Nair PS, Raijas P, Ahvenainen M, Philips AK, Ukkola-Vuoti L, Irma Järvelä I (2021)
Music-listening regulates human microRNA expression. Epigenetics 16(5): 554–566.
National Research Council (US) Committee on Assessment of the Possible Health Effects
of Ground Wave Emergency Network (1993) Assessment of the possible health effects
of ground wave emergency network. Washington DC, US: National Academies Press.
Nelson A, Hartl W, Jauch KW, Fricchione GL, Benson H, Warshaw AL, et al. (2008) The
impact of music on hypermetabolism in critical illness. Current Opinion in Clinical
Nutrition and Metabolic Care 11(6): 790–794.
Norris V, Hyland GJ (1997) Do bacteria sing? Sonic intercellular communication between
bacteria may reflect electromagnetic intracellular communication involving coherent
collective vibrational modes that could integrate enzyme activities and gene
expression. Molecular Microbiology 24(4): 879–880.
Nuñez MJ, Maña P, Liñares D, Riveiro MP, Balboa J, Suarez-Quintanilla J, et al. (2002)
Music, immunity and cancer. Life Sciences 71(9): 1047–1057.
Oikkonen J, Onkamo P, Järvelä I, Kanduri C (2016) Convergent evidence for the molecular
basis of musical traits. Scientific Reports 6(1): 39707.
Pandey M, Singh C, Goud ESK, Vedamurthy VG, Singh D, Onteru SK (2021) Effect of
Vedic music on steroidogenic gene expression in 3D-cultured buffalo granulosa cell
spheroids model system, a pilot study. Reproduction in Domestic Animals 56(2): 231238.
Parmentier E, Lecchini D, Mann D (2016) Sound production in damselfishes. In E
Parmentier, B Frédérich (eds.), Biology of Damselfishes, 204–228. New York, US:
CRC Press.
Payne R (1984) Communication and behavior of whales. Boulder, Col, US: Westview
Press.
Pérez-Eizaguirre, M, Vergara-Moragues E (2020) Music therapy interventions in palliative
care: A systematic review. Journal of Palliative Care 36(3): 194–205.
Petrovszki P, Sebők-Nagy K, Páli T (2021) The activity of native vacuolar proton-ATPase
in an oscillating electric field - Demystifying an apparent effect of music on a
biomolecule. Frontiers in Molecular Biosciences 8(Nov): 772167.
Polascik BA, Tan DJA, Raghunathan K, Kee HM, Lee A, Sng BL, et al. (2021)
Acceptability and feasibility of perioperative music listening: a rapid qualitative
inquiry approach. Journal of Music Therapy 58(1): 43–69.
Pulcrano S, di Porzio U (2021) The alchemy of music and the brain. Academia Letters, Art
4185.
Qin YC, Lee WC, Choi YC, Kim TW (2003) Biochemical and physiological changes in
plants as a result of different sonic exposures. Ultrasonics 41(5): 407–411.
Rabbitt RD, Boyle R, Highstein SM (2010) Mechanical amplification by hair cells in the
semicircular canals. PNAS 107(8): 3864–3869.
Raick X, Leccini D, Kever L, Colleye O, Bertucci F, Parmentier E (2018) Sound
production mechanism in triggerfish (Balistidae): a synapomorphy. Journal of
Experimental Biology 221(1): jeb168948.
Ramírez-Rivera S, Bernal G (2019) Music is capable of inducing changes in gene
expression in gastric cancer cells. Journal of Gastrointestinal Cancer 50(1): 175–180.
Roth A, Tscharntke H (1976) Ultrastructure of the ampullary electroreceptors in lungfish
and Brachiopterygii. Cell and Tissue Research 173(1): 95–108.

18

Athens Journal of Sciences

XY

Russo C, Patanè M, Pellitteri R, Stanzani S, Russo A (2021) Prenatal music exposure
influences weight, ghrelin expression, and morphology of rat hypothalamic neuron
cultures. International Journal of Developmental Neuroscience 81(2): 151–158.
Russo C, Russo A, Gulino R, Pellitteri R, Stanzani S (2017) Effects of different musical
frequencies on NPY and Ghrelin secretion in the rat hypothalamus. Brain Research
Bulletin 132(Jun): 204–212.
Sambraus HH, Hecker PA (1985) Zum Einfluss von Geräuschen auf die Milchleistung
von Kühen. (On the influence of noise on the milk yield of cows). Berliner und
Münchener Tierärztliche Wochenschrift 98: 298–302.
Sanyal T, Palanisamy P, Nag TC, Roy TS, Wadhwa S (2013) Effect of prenatal loud music
and noise on total number of neurons and glia, neuronal nuclear area and volume of
chick brainstem auditory nuclei, field L and hippocampus: a stereological
investigation. International Journal of Developmental Neuroscience 31(4): 234–244.
Saraogi M, Geraghty RM, Hameed B, Rob S, Pietropaolo A, Sarica K, et al. (2020) Role of
complementary medicine (music, acupuncture, acupressure, TENS and audio-visual
distraction) in shockwave lithotripsy (SWL): a systematic review from EAU sections
of urolithiasis (EULIS) and uro-technology (ESUT). Urology 145(Nov): 38–51.
Sarvaiya N, Kothari V (2015) Effect of audible sound in form of music on microbial
growth and production of certain important metabolites. Microbiology 84(2): 227–
235.
Savage PE, Loui P, Tarr B, Schachner A, Glowacki L, Mithen S, et al. (2020) Music as a
coevolved system for social bonding. Behavioral and Brain Sciences 44(Aug): e59.
Sheikhi S, Saboory E (2015) Neuroplasticity changes of rat brain by musical stimuli during
fetal period. Cell Journal 16(4): 448–455.
Schöner MG, Simon R, Schöner CR (2016) Acoustic communication in plant-animal
interactions. Current Opinion in Plant Biology 32(Aug): 88–95.
Shah A, Raval A, Kothari V (2016) Sound stimulation can influence microbial growth and
production of certain key metabolites. Journal of Microbiology, Biotechnology and
Food Sciences 9(5): 330–334.
Shaobin G, Wu Y, Li K, Ma S, Wang Q, Wang R (2010) A Pilot study of the effect of
audible sound on the growth of Escherichia coli. Colloids and Surfaces B:
Biointerfaces 78(2): 367–371.
Suga N, O'Neill WE (1979) Neural axis representing target range in the auditory cortex of
the mustache bat. Science 206(4416): 351–353.
Syrovatkina V, Alegre KO, Dey R, Huang XY (2016) Regulation, signaling, and
physiological functions of G-proteins. Journal of Molecular Biology 428(19): 3850–
3868.
Uchiyama M, Jin X, Zhang Q, Amano A, Bashuda H, Niimi N (2012a) Auditory
stimulation of opera music induced prolongation of murine cardiac allograft survival
and maintained generation of regulatory CD4+CD25+ cells. Journal of
Cardiothoracic Surgery 7(Mar): 26.
Uchiyama M, Jin X, Zhang Q, Amano A, Watanabe T, Niimi, M (2012b) Music exposure
induced prolongation of cardiac allograft survival and generated regulatory CD4⁺
cells in mice. Transplantation Proceedings 44(4): 1076–1079.
Usui C, Kirino E, Tanaka S, Inami R, Nishioka K, Hatta K, et al. (2020) Music
intervention reduces persistent fibromyalgia pain and alters functional connectivity
between the insula and default mode network. Pain Medicine 21(8): 1546–1552.
Vannoni D, Albanese A, Battisti E, Aceto E, Giglioni S, Corallo C, et al. (2012) In vitro
exposure of human osteoarthritic chondrocytes to ELF fields and new therapeutic
application of musically modulated electromagnetic fields: biological evidence.
Journal of Biological Regulators and Homeostatic Agents 26(1): 39–49.

19

Vol. X, No. Y

Brun & Exbrayat: The Effects of Sounds and Music on Cells…

Veits M, Khait I, Obolski U, Zinger E, Boonman A, Goldsthein A, et al. (2019) Flowers
respond to pollinator sound within minutes by increasing nectar sugar concentration.
Ecology Letters 22(9): 1483–1492.
Ventura C, Gullà D, Graves M, Bergonzoni A, Tassinari R, von Stietencron J (2017) Cell
melodies: when sound speaks to stem cells. CellR4 5(2): e2331.
Vicient CM (2017) The effect of frequency-specific sound signals on the germination of
maize seeds. BMC Research Notes 10(1): 323–327.
Wachi M, Koyama M, Utsuyama M, Bittman BB, Kitagawa M, Hirokawa K (2007)
Recreational music-making modulates natural killer cell activity, cytokines, and
mood states in corporate employees. Medical Science Monitor 13(2): CR57–70.
Wallin NL, Merker B, Brown S (2000) The origins of music. Cambridge, MS, US: MIT
Press.
Wang M, Yi G, Gao H, Wu B, Zhou Y (2020) Music-based interventions to improve
fibromyalgia syndrome: a meta-analysis. Explore 16(6): 357–362.
Warner RW (2009) The anatomy of the syrinx in passerine birds. Journal of Zoology
168(3): 381–393.
Wei JK, Wang WC, Zhai RW, Zhang YH, Yang SC, Rizak J, et al. (2016) Neurons
differentiated from transplanted stem cells respond functionally to acoustic stimuli in
the Awake Monkey brain. Cell Reports 16(4): 1016–1025.
Wiltschko FR, Wiltschko W (2012) Magnetoreception. Advances in Experimental
Medicine and Biology 739: 126–141.
Whitlow WLA (1993) The sonar of dolphins. New-York: Springer-Verlag.
Xiong X, Han L, Liu S, Miao J, Luo M, Xue M, et al. (2018) Music intervention improves
spatial learning and memory and alters serum proteomics profiling in rats. Journal of
Neuroscience Research 96(10): 1727–1736.
Yang H, Luo Y, Hu Q, Tian X, Wen H (2021) Affiliations benefits in Alzheimer‟s disease
of sensory and multisensory stimulation. Journal of Alzheimer’s Disease 82(2): 463–
484.
Zhang QL, Xu N, Huang ST, Lin ZW, Chen LW, Cao H, et al. (2020) Music therapy for
early postoperative pain, anxiety, and sleep in patients after mitral valve replacement.
Thoracic and Cardiovascular Surgery 68(6): 498–502.
Zimmermann U, Fermin C (1996) Shape deformation of the organ of Corti associated with
length changes of outer hair cell. Acta Oto-Laryngologica 116(3): 395–400.

20

