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Abstract

Objective: Alcohol consumption, because of damaging effects on various tissues including nerves system,
causes a major problem in human societies. Nowadays, Usages of the non-pharmacological and non-invasive
agents is common. Sound waves which are classified in non-invasive agent, beside on stimulation the auditory cells,
also impact on non- auditory cells. It has been reported that the frequency of 528 HZ is related to the note MI and it
shown some strange effects such as increasing the ability of DNA repair.

Materials and methods: In this paper, with MTT, LDH and ROS assays, it was evaluated the effect of ethanol on
astrocytes primary cell culture which exposed to this frequency.

Results: The current results show that in IC50 of ethanol, the frequency of 528 Hz increased cells viability about
20% and the level of ROS production has been reduced up to 100%.

Conclusion: Therefore, the use of these sound waves can be useful to reduce the toxic effects of ethanol on
astrocytes cells culture.

Keywords: Nerves system; 528 Hz Sound wave; Astrocyte; ROS
production; Ethanol

Introduction
Alcohol addiction is a chronic recurring disorder that it

characterized by repetitive patterns of alcohol consumption leading to
a loss of control due to alcohol intake [1,2]. Experimental studies have
shown the structural and functional changes in neurons and astrocytes
with chronic alcohol consumption [3,4]. Some changes, such as
cognitive function and fine gross-motor performance are also observed
in children by the fetal alcohol syndrome [5]. Ethanol alters the
physical structure of the cell membrane and particularly effects on
membranes with low cholesterol. On the other hand ethanol increases
saturated fatty acids and cholesterol in membrane, which would reduce
ethanol effect [6]. Alcohol abuse causes disorder in synaptic plasticity
and neuronal function related to synaptic plasticity [7]. The neural
changes induced by alcohol consumption may be related to the
disorder of signaling pathways such as protein expression and gene
transcription at the cellular level [8,9].

The central nervous system (CNS) consisting of neurons and glial
cells, is the main targets of ethanol toxicity. Most of glial cells are
astrocytes which are tenfold more than neuron’s population in CNS.
Astrocytes play an important role for normal growth and neural
function. Glia cells contiguously cover whole CNS and exert many
essential complex functions [10]. Several neurotoxins can be showing
various effects in astrocyte cells [11]. Many researches confirmed that
chronic ethanol consumption seriously impairs the astrocyte cells
growth [12,13]. Due to important role of astrocyte cells in normal CNS
function, the effect of external agents in astrocyte cells affects in brain

function. Mechanical factors including sound wave and
electromagnetic wave as important external agents with different
source can be effect on biological systems. The biological effects of
electromagnetic waves have been extensively studied. On the other
hand, we are frequently exposed with different sound waves with
various biological effects. Furthermore, evaluation of these effects plays
an essential role in better understanding of biological changes. Recent
studies indicated that beside of auditory cells, another cells also able to
respond to audible sound waves. On the other hand, the pressure
feeling and vibration associated with sound waves, cause by the impact
of the waves on the chest and throat cells [14,15]. One research in
human gingival fibroblasts culture showed that the frequency of 261
Hz could alter cell growth and also observed that sound wave
stimulation could cause dramatic changes in protein structure of
tobacco cells including increasing alpha-helix and decreasing β-turn.
Effects of Sound waves at 1 kHz and 100 dB for 1 h within a distance of
20 cm could dramatically increase the cell wall fluidity, division of
callus cells, and the power of endogenous hormones and also enhance
the protective enzymes activity. Sound waves stimulation could
enhance the activity of ATPase in plant plasma membrane, the amount
of soluble proteins, sugars and activity of amylase in callus. The sound
waves could also increase the amounts of RNA and transcription in
planet cells in which induced genes by different types of sound stress
could produce more effective productions [16]. 528 Hz which known
as the ‘Miracle’ tone, is a sound wave that it can cause significant and
extraordinary changes in biological functions. It has been documented
that frequency of 528 Hz activated DNA repair. At 528 Hz frequency
the water molecules surround around DNA and support its six-sided
hexagon DNA structure [17]. According to these important effects of
528 Hz frequency, we suggested that this sound wave will have a key
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role in function of CNS. In this research the complex effects of two
agents such as ethanol along with 528 Hz sound wave was studied and
results of human astrocyte cell culture exposed with ethanol and 528
Hz sound wave showed that the ethanol damages reduced by the sound
wave and therefore it can be useful for alcohol addicted peoples.

Materials and Methods

Primary cell cultures
Fetal human astrocytes obtained from BONYAKHTEH Lab in

Tehran. All cells were cultured in 160 mL sterile flask with DMEM
medium and 10% Fetal Bovine Serum (FBS). The medium was
changed every two days and stayed in culture for 11 days to reach
confocal shape. Then medium was removed and 1 ml trypsin-EDTA
solution was added to each flask for 5 min at 37°C and 5% CO flow. To
inactivating of trypsin used addition of 1 ml FBS/flask completed with
penicillin/streptomycin and 150 mM FBS. The cells were centrifuged at
300x g for 4 min. Then cells were counted by using a hemocytometer.
Next, the cells rinsed with sterile phosphate buffer to remove trypsin.

Treatment of cell culture with ethanol and sound wave
Cell culture treatments with 25 mM, 50 mM, 85 mM, 110 mM, 150

mM, 250 mM and 500 mM Ethanol and cells were exposed to the 528
Hz sound wave produced by four speakers (Adam AX8), surrounding
cell culture in same distance, which were suspended by a little
platform, and not to contact with floor. As controls, the cells were
exposed to silence (any speakers in the incubator) and to the speakers
plugged to the computer without any sound production, to observe a
possible action of the background noise or the magnetic field produced
by the speakers. The sound wave frequency produced by Matlab
software (sound producer device is composed four speakers linked to
Matlab software of computer).

Cell viability
The number of viable cells was determined using standard trypan

blue exclusion.

Cells were washed twice with PBS and then re-suspended with
EDTA and then stained with 0.5% trypan blue, and the number of
viable cells was counted by hemacytometer. The results of counting
demonstrated as percentage viability (number of viable cells/number of
total cells per well × 100) for each concentration of ethanol and sound
wave density. Cell viability was also assessed using the MTT assay.
Metabolic activity of cells incubated in the presence of different
concentrations of ethanol and sound wave were evaluated by MTT
assay. To MTT stoke preparing; 5 mg of this compound was dissolved
in 1 mL of phosphate buffered saline. After incubation, 50 ml of the
supernatant medium is removed to measure lactate dehydrogenase
activity and then 5 mL of stock MTT was added to each well. After
four hours storage at 37°C, Reaction was stopped by adding 100 mL
DMSO or 0.04 normal HCl in isopropanol solution. This solution
makes the dissolved purple precipitate formazan chromophore in cells
and then was measured by ELISA plate reader at a wavelength of 570
nm. The results were defined and expressed as a percentage of the
control viability.

Determination of ROS
ROS Production in cell culture was detected using a

dichlorodihydrofluorescein diacetate (DCDHF) fluorescent probe
obtained from Sigma Aldrich. This compound is an uncharged cell
permeable molecule. In cells cytoplasm, this probe is cleaved by
nonspecific esterase and converted to forming
carboxydichlorofluoroscein, which is oxidized in the presence of ROS.
Cells cultures were loaded with 10 M in DCDHF serum free medium
for 30 min at 37°C. Next, cells were washed and incubated in medium
and were treated as indicated in the figure legends. Fluorescence
spectroscopy was monitored by microplate fluorimeter, respectively
using wavelengths of 485 nm to excitation and 538 nm for emission.

Lactate dehydrogenase enzyme (LDH) assay
This assay is conducted by the measurement of the cytoplasmic

lactate dehydrogenase enzyme (LDH), which is present in all cell
culture and when plasma membranes are damaged by apoptosis, the
enzyme is released to the cell culture mediums. By using LDH enzyme
activity, cell death is determined. Increasing the amount of LDH
activity in the supernatant of cell culture medium, correlates directly
with the amount of formazan formed in limited time period. The
intensity of red color in the assay is correlated to the number of lysed
cells. Formazan dye with red color indicated absorption at 500 nm,
whereas tetrazolium does not show absorption at this wavelength.

Evaluation of cell morphology by phase contrast microscopy
Appearance of control cells and under the influence of sound waves

and various concentration of ethanol were studied by phase contrast
microscopy.

Statistical analysis
The results are shown as mean ± standard error of mean (SEM) of

three independent determinations. A p-value of <0.05 was considered
statistically significant. The one-way analysis of variance (ANOVA) is
used to determine whether there are any statistically significant
differences between the means of three (unrelated) groups.

Results
The astrocyte cells were treated with different concentrations of

ethanol in 96-well plates. After 1, 2, 4 and 12 hours of treatment, the
survival rate of the cells was measured by trypan blue and MTT assay.
The IC50 for ethanol in astrocyte cells was 150 mM v/v of the medium
after one hour treated with ethanol.

The frequency of 528 Hz with 80, 100 and 120 dB intensity isn’t
showing any changes in the rate of cell death. But at the same time
effects of ethanol and sound waves in ethanol IC50 was observed that
the intensity of 80 dB reduced the amount of cell death in astrocyte cell
culture about 18%. In contrast with above result, the intensity of 100
and 120 dB sound waves along with ethanol are not shown any
significant effects in rate of cell death (Figure 1).
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Figure 1: A time course of astrocyte cell survival as a function of
various ethanol concentrations. High concentration of ethanol
cause toxicity to astrocyte cell culture: In one hour treatments of cell
culture with various concentrations of ethanol and IC50 is 150 mM
in 1 h. Error bars are the confidence intervals (α=0.05).

The results of LDH assay indicated that this sound wave (528 Hz
with 80 intensity) can be reduce lactate dehydrogenase activity in
astrocyte cell culture. Cytoplasmic lactate dehydrogenase enzyme
releases into the culture medium as a marker for diagnosing the
integrity of cell membranes and thus detecting this enzyme in culture
medium is reasons to cell apoptosis. In astrocyte cell culture treated
with varying concentration of ethanol and then treated with 528 Hz
sound wave, it observed that the releasing of LDH reduced about 20%
when the intensity of 80 dB sound wave was used. In another time was
showed that the cell culture treated with 150 mM ethanol (IC50 of
ethanol) in one hour and then treated with 100 dB intensity, the
releasing of LDH was not any significant alter compared with control
and in intensity of 120 dB, the releasing LDH increased in compare
with 150 mM ethanol in one hour (Figure 2).

Figure 2: Effects of sound wave to astrocyte cell culture in IC50 of
ethanol by MTT assay: in IC50 of ethanol sound wave improved cell
viability in 80dB of 528Hz up to 20%. Also in 100dB cell viability
improved but in 120dB cell viability not changes with ethanol IC50.
Error bars are the confidence intervals (α=0.05).

To evaluate the effects of ethanol and sound wave in ROS
production in cell culture, astrocyte primary cell culture treated with
ethanol and sound wave in ethanol IC50 (150 mM and 1 h). In cell
culture treated with 150 mM ethanol the ROS production significantly
increased (Figure 3).

Figure 3: Effects of the sound wave to astrocyte cell culture in IC50
of ethanol by LDH assay: LDH release demonstrated apoptosis in
cell culture. Astrocyte cell culture with ethanol IC50 and sound
wave in 80 db and 528 Hz can be prevented cell death. Also, in 100
dB small change is waived but in 120 dB cell death increased in
ethanol IC50. Error bars are the confidence intervals (α=0.05).

For detecting the ROS production in cell culture DCHF was used.
ROS productions in cell culture treated with 528 Hz sound wave with
all frequency reduced and by using only ethanol for treating, the cell
medium ROS production significantly increased. Contrary to the
perception, the treating cells with sound wave in 528 Hz after ethanol
treating showed interesting results based on reduction of the ROS
production. Also used sound wave in ethanol IC50 (150 mM in one
hour) demonstrated that reduction of ROS production in cell culture
can be enhancing cell viability (Figure 4).

Figure 4: Effects of the sound wave to astrocyte cell culture in IC50
of ethanol by ROS assay: the 80 dB and 528 Hz sound wave reduced
ROS production in astrocyte cell culture. Also, when use ethanol
and sound wave Simultaneously ROS production is reduced like
sound wave treatment.

Morphological change in astrocyte cell culture treated with ethanol
and sound wave demonstrated that using 528 Hz sound wave with
80dB intensity in astrocyte cells treated by IC50 ethanol relatively
reduced cell death rate (Figure 5).
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Figure 5: Astrocyte Morphological change by treatment with
ethanol and sound wave. A: astrocyte primary culture. B: astrocyte
with 150 mM ethanol in one hour (ethanol IC50). C: Astrocyte cell
treated with ethanol and 528 Hz frequency and intensity of the 80
dB sound wave.

Discussion
Chronic alcohol consumption as a key factor in the destruction of

brain tissue, highly regarded by researchers. The main effect of alcohol
in brain cells is the production of ROS in astrocyte [18]. In the present
study, we investigated the early effects of acute ethanol in human
hippocampal astrocytes primary cell culture exposed with ethanol.
Results showed that ethanol can be produced ROS in cells that this
produced ROS in physiological concentrations can trigger many
signaling pathways while it is also impotent in regulating some
pathway. On the other hand, the excessive concentration of ROS can be
potentially toxic [19]. Astrocyte cells are the first barrier against
ethanol-induced oxidative stress and with metabolization of ethanol
have protective role for neurons [20]. Metabolization of ethanol is
induced by catalase, cytochrome P450 and alcohol dehydrogenase [21].

The purpose of this study is to determine of frequencies which could
have beneficial properties such as improved viability or reduction in
production of ROS at cellular level. Also it appears that the sound wave
at 528 Hz frequency which is sometimes referred to as miracle tone,
could provide tranquility and a source for relieve of stress. It is
interesting to note that this frequency has capability to alter physical
interaction of water molecules with each and might initiate formation
of a cluster that could effectively enhance DNA repair. The frequency
of 528 Hz is known as the non-invasive agent that can activate DNA
repair by clustering H2O molecule [17]. Here we show that pre-
incubation of astrocyte primary cells culture with ethanol can be
produced ROS leading to oxidative stress in which condition cell death
occur that MTT and trypan blue assay prove this fact. IC50 for ethanol
is 15 mM ethanol in one hour. Released LDH into cell culture medium
in 150mM ethanol shows that in this concentration 50% of the cells are
viable.

Furthermore, our results show that ROS production in response to
ethanol can be reduced in the presence of 528 Hz sound wave. Between
the various intensity of 528 Hz sound wave, the 80 dB is the best
intensity to reduce ROS production. ROS production is reduced in 528
Hz with 80 dB intensity and it also effects on cell viability and releasing
LDH. Cell viability in the presence of ethanol and sound wave
increased up to 20%. Morphological picture could be a proof of cell
death in astrocyte primary cell culture treated with ethanol and 528 Hz
sound wave.

This result suggests that using 528 Hz sound wave with 80 dB
intensity reduces side effects of ethanol consumption in astrocyte
primary cell culture and it can be a good idea for reducing damage
effects of alcohol in alcohol-addicted people and future studies will

open a way for eliminating destructive effects of alcohol until the
addiction treatment way be more smooth.

Conclusion
The common wavelengths existing in the human environment aside

from creating the psychological sense, by changing the intracellular
reactions, will play an important role in the response of cells to
environmental factors such as drugs and alcohol. Therefore, the use of
these sound waves can be useful to reduce the toxic effects of ethanol
on astrocytes cells culture.
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