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Abstract
Background: Magnetic Resonance Imaging is one of the most rapidly advancing diagnostic imaging tools today. Various
types of acoustic noise are produced during the operation of MR systems. The problems associated with acoustic noise for
patients and healthcare workers include simple annoyance, difficulties in verbal communication, heightened anxiety,
temporary hearing loss, and potential permanent hearing impairment. Acoustic noise may pose a particular hazard to
specific patient groups who may be at increased risk. In this work the following materials and methods were used the actual
sound arise from MRI system (closed type 1.5T) were recorded using microphone attached to laptop, then saved on mp3
device which then connected to loud speaker. The noise source intensity was adjusted to be 90, 100 and 120 dB at the loud
speaker using sound level meter device. Anechoic chamber was designed and performed to insulate the sound. Illumination
and ventilation were taken into account upon design. All the exposures were performed inside it. The animals used were 40
mice divided to 4 groups each of ten mice, classified as the following:1. Control group (GpA): remained in the anechoic
chamber for two hours daily for a week without exposure to any noise. 2. Experimental group (GpB1): exposed to sound
intensity of 120 dB for 2 hours daily for a week. 3. Experimental group (GpB2): exposed to sound intensity of its actual value
100 dB for 2 hours daily for a week. 4. Experimental group (GpB3): exposed to sound intensity of 90 dB for 2 hours daily for
a week. Brain tissues disected, and devided into two portions, one portion for the dielectric measurements and the other
portion was homogenized for determination of: 1. Brain superoxide dismutase activity to indicate the oxidative stress state.
2. Brain malondialdhde concentration to assess the lipid peroxidation state in brain cell membrane. Objective: This study to
investigate the potential MRI sound adverse effects on some biophysical (dielectric properties) parameters of mice.
Exploring there was correlation between MRI sound power and the severity of these parameters. Results: Decrease in
relative permittivity may be referred to change in the cell membrane potential, change in the concentration of sodium and
potassium inside and outside the cell, release of excessive water due to cell membrane disturbance. Conductivity of the
material is a physical quantity that represents its free charge (the current density) induced in response to the applied
electric field with unit amplitude. Conclusion: Changes in the dielectric properties (conductivity and permittivity) in all
experimental groups as compared with control group, and the degree of depressed center and the maximum values of the
real conductivity and permittivity depend on the noise intensities.
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INTRODUCTION

Various types of acoustic noise are produced during the operation of an MR system (Paley, M.N.J., et al., 2001; Shah, N.J., et al., 1997). Problems associated
with acoustic noise for patients and healthcare professionals include annoyance, verbal communication difficulties, heightened anxiety, temporary hearing loss
and, in extreme cases, the potential for permanent hearing impairment (Elliott, M.R., et al., 1999; Westman, J.C., J.R. Walters, 1981)
Acoustic noise may pose a particular problem to specific patient groups (Stansfield, S.A., 1992; Quirk, M.E., et al., 1989) For example, patients with
psychiatric disorders may become confused or suffer from increased anxiety (Stansfield, S.A., 1992) because of exposure to loud noise. Sedated patients may
experience discomfort in association with high noise levels.
In addition, neonates may have adverse reactions to acoustic noise. Reeves MJ, et al. (2010), conducted a study to address this issue, the findings suggested
that exposure of the fetus to 1.5-T MRI during the second and third trimesters of pregnancy is not associated with an increased risk of substantial neonatal hearing
impairment or cochlear injury.
The human ear is a highly sensitive wide-band receiver, with the typical frequency range for normal hearing being between 20-Hz to 20,000-Hz (Cowan,
J.P., 1994; Talbott, E., S.J. Thompson, 1995). The ear does not tend to judge sound powers in absolute terms, but assesses how much greater one power is than
another.
Noise is defined in terms of frequency spectrum (in Hz), intensity (in dB), and time duration. (Cowan, J.P., 1994; Talbott, E., S.J. Thompson, 1995). Noise can
be steady-state, intermittent, impulsive, or explosive. Transient hearing loss may occur following exposure to loud noise, resulting in a , reported temporary shifts
in hearing thresholds in 43% of the patients scanned without ear protection or with improperly fitted earplugs. Recovery from the effects of noise occurs in a
relatively short period of time. However, if the noise insult is particularly severe, full recovery can take up to several weeks. If the noise is sufficiently injurious, a
permanent threshold shift at specific frequencies may occur. The logarithmic decibel scale, dB, is used when referring to sound power.
The gradient magnetic field is the main source of acoustic noise associated with an MR procedure. This noise occurs during the rapid alterations of currents
within the gradient coils. These currents, in the presence of the strong static magnetic field of the MR system, produce significant (Lorentz) forces (Bowtell, R.W.,
P.M. Mansfield, 1995) that act upon the gradient coils.
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Acoustic noise, manifested as loud tapping, knocking, chirping, squeaking sounds, or other sounds is produced when the forces cause motion or vibration of
the gradient coils as they impact against their mountings which, in turn, flex and vibrate.
Alteration of the gradient output (rise time or amplitude) by modifying MR imaging parameters causes the acoustic noise to vary. Noise tends to be enhanced
by decreases in section thickness, field of view, repetition time, and echo time. In addition to dependence on imaging parameters, acoustic noise is dependent on
the MR system hardware, construction, and the surrounding environment.
Furthermore, noise characteristics have a spatial dependence. For example, noise levels can vary by as much as 10 dB as a function of patient position within
the bore of the MR system (Shellock, F.G., et al., 1998). The presence and size of the patient may also affect the level of acoustic noise.
In general, acoustic noise levels recorded in the MR environment have been below the maximum limits permitted by the Occupational Safety and Health
Administration of the United States, especially when one considers that the duration of exposure is an important factor that determines the effect of noise on
hearing.
The U.S. Food and Drug Administration (U.S. Department of Health and Human Services, 2003) released guidelines for acoustic noise levels that should not
be exceeded in association with the operation of MR systems, as follows:
Sound Pressure Level - Peak unweighted sound pressure level greater than 140 dB.A-weighted root mean square (rms) sound pressure level greater than 99
dBA with hearing protection in place (U.S. Department of Health and Human Services, 2003)
While the acoustic noise levels recommended for patients undergoing MR procedures on an infrequent and short-term basis may appear to be somewhat
conservative, they are deemed appropriate when one considers that individuals with underlying health conditions may have problems with noise at certain levels or
frequencies. Acoustic noise produced during MR procedures represents a potential risk to such patients. As previously mentioned, the possibility exists that
substantial gradient magnetic field-induced noise may produce hearing problems in patients who are susceptible to the damaging effects of loud noises.
The exposure of staff and other healthcare workers in the MR environment is also a concern (e.g., those involved in interventional MR procedures or who
remain in the room for patient management reasons). Accordingly, if loud noises exist in the MR environment, staff members should routinely wear ear protection
if they remain in the room during the operation of the scanner. In the United Kingdom, guidelines issued by the Department of Health recommend hearing
(Hattori, Y., et al., 2007) protection be worn by staff exposed to an average of 85-dB over an eight hour day.
MATERIALS AND METHODS
2.1. Materials:
1. Sensitive recording tool, [mp3 recording unit].
2. Super power (Public Address) PA amplifier  40 watt audio-output.
3. Lap top fitted with the specified software for sound analysis.
4. Turbo loud speaker ( 20-40 watt r.m.s.).
5. Matt-lab 2010 calculating programs:
A homemade anechoic chamber 70 × 70 x 70 cm3, build according to the standard specification (Cowan, J.P., 1994). A loud speaker installed in the
chamber, driven by the PA amplifier, which can transmit the recorded specified noise with the required decibel value ( Fig.1).

Fig. 1: The anechoic chamber used for mice exposure to the MRI sound.
2.2. Animals:
Mice: 40 mice weighing 25-30 gm were purchased from the animal house, Medical Research Institute, Alexandria University. The animals were housed in an
animal facility under 12:12 hr light dark cycle, temperature of 24 ± 1oC, relative humidity of 55 ± 10% and normal atmospheric pressure. They were provided with
pelleted food and filtered tap water ad libitum throughout the experiment. All animal experiments were performed according to the ethical guidelines of the
Medical Research Institute Alexandria University Ethical Regulation for conducting research on human subjects and animals (Medical Research Institute)
After 1 week of acclimatization, the animals were randomly divided into four main groups, each groups contains 10 mice. These groups were exposed to
sound noise with different power intensities, inside the anechoic chamber (three chambers were used for each the three noise power). Each group was exposed to
noise as follow:
Control group (GpA): consists of 10 normal male mice, were remained in the anechoic chamber for two hours daily for a week without exposure to any
noise.
GpB1 (10 mice): exposed to sound intensity of 121 dB for 2 hours daily for a week.
GpB2 (10 mice): exposed to sound intensity of its actual value 100 dB for 2hours daily for a week.
GpB3 (10 mice): exposed to sound intensity of 90 dB for 2 hours daily for a week.
2.3. Methods:
Recording the actual acoustic sound from MRI system closed type 1.5T (Siemens AG 2005 Germany) (Fig.3) was recorded on to mp3, during examination at
Nuor Al Eslam Hospital for 27-minute.
The intensity of sound measured in decibels (dB) was measured and adjusted using audiometer [( Lutron Make Digital Sound Level Meter) India,
Hyderabad, A. P.] (Fig.4).The actual sound level was ≈ 100 dB measured, the noise was produced by three turbo loudspeaker ( 20-40 watt rms) driven by noise
generator, and transmitted from speakers placed 10 cm away from the cage.
2.3.1. Sound analysis:
Sound spectrum analysis was done according to the procedure mentioned by Chang et al., (2012). The recoded sound was examined using a laptop fitted
with audacity soft-war and used True RTA soft-war known Real Time Audio.
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Fig. 2: Schematic diagram of the anechoic chamber used for mice exposure to the MRI sound.

Fig. 3: MRI system closed type.

Fig 4: Suppliers Digital Portable type Sound Level Meters.
2.3.2. Plot spectrum:
Audacity software was used to record specified noise. Then we dealt with the selected audio (which is a set of sound pressure values at points in time) and
converted it to a graph of frequencies (the horizontal scale in Hz) against amplitudes (the vertical scale in dB).
2.4.BiophysicalMeasurement:
2.4.1.Dielectric Measurement:
Dielectric properties of the desired brain tissues from all groups were determined by RCL meter. Capacitance (C), resistance (R) and inductance (L) of
tissues were carried out by using RCL meter. Model FLUKE PM6306 PROGRAMMABLE AUTOMATIC RCL METER, Fig.(5) the measured values were used
to calculate the relative permittivity, conductivity and the dielectric loss. The RCL meter operated at frequency range from 100 KHz to 1000 KHz with accuracy of
0.05% the measured resultes were displayed on the high quality LCD monitor with decimal points and units test conditions can be stored and recalled from internal
memory that will reduce setup for measurement preparing. Laboratory constructed parallels measuring capacitor cell was used.
2.4.2.Dielectric measurements:
In order to perform measurement on tissue cells using RCL Bridge an electric cell was designed for this propose. The tissues samples were connected to the
RCL meter by means of two parallel silver electrodes coated with a silver chloride (Ag – Ag Cl electrodes). Silver – silver chloride provides agood contact
transfer with minimum polarization.Tissue specimens were inserted in contact between the two electrodes as shown in Fig. (6).
The electrodes were held in position during measurements by means of gallows likes stands. The gallows stabs were used only for convenience in supporting
the movable electrodes. The relative permittivity ' and conductivity ' were calculated from the equations (Yumita, N., et al., 1990).
C = ' 0 A/d

(1)

G = ' A / d

(2)
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Where C(farad), G(Siemens), are the capacitance and conductance of the capacitor between the two measuring electrodes, A(m²) is the surface area of the
electrodes, d(m) the separation between the two electrodes, ε ׳the relative permittivity (Farad/meter), ε 0 the permittivity of vacuum (8.85 * 10-12 F/m), and σ ׳the
electrical conductivity(Siemens/m).
Calculated according to the relation (Asamikl S, H., et al.,1998).
' = (' - L) / 2 f 

(3)

' = 2 f 0 (' -  h)

(4)

Where L is low frequency limiting conductivity taken at 100 KHz, and h is the high frequency limiting permittivity taken at 1000 KHz.

Fig 5: RCL meter.

Fig. 6: A schematic diagram of the home made electric cell used for dielectric measurements.
3. Results
3.1. Sound analysis:
Figure (7) shows the whole MRI recorded sound (using the audacity programmer). Red color marks the selected band to be analyzed shown in Fig. (7).
Cleary from this figure a homogenous sound and repeated bands. Fig (8) shows the expanded band of the selected portion of the recoded MRI noise. While the
fully expanded MRI sound is shown in Fig (9).

Fig. 7: The MRI whole sound band in one.
3.2. Predominant frequency for MRI sound:
The predominant frequency was determined using the unexpanded plot shown in Fig (7), which contains the entire recorded MRI signal sound. The Real
Time
Analyzer (see the audacity programmer) was used in this analysis, to plot the frequancy-intensity diagram as seen in Fig(10). Clearly Fig (4) shows the
distribution of frequancy-intensity bands the X-axis shows the frequency in KHz, the Y-axis shows the sound intensity values in dB. From this Figure the
predominant frequency is the 1KHz , which a sound intensity of 105 dB.
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Fig. 8: Expanded MRI sound.

Fig. 9: Showing fully expanded MRI waveform bands labold 1 to 5. Bands 1,2 3, and 4 are the characteristic sound of the used MRI.

Fig. 10: Shows the MRI sound frequency-intensity distribution diagram (the arrow points out the predominant frequency in the used sound band).
3.3. Effect of MRI acoustic noise exposure on the dielectric measurements of brain tissues:
In the present work dielectric measurements were performed on brain of all studies groups (control and exposed to different modalities of noise). The uncertainty
in the measured data was determined as standard deviation and found to be less than 1%. Scanning the frequency of the applied frequency from 100 kHz up to 1 MHz
was performed while recording the variation of both capacitance (C) and resistance (R). The conductance was calculated as a reciprocal of R. These values were used to
calculate the relative permittivity (') and conductivity (') of the brain tissues.
Conductivity and permittivity diagrams of brain tissue taken from control and exposed groups are shown in Figures (11,12). As seen in these diagrams the
degree of depressed center and the maximum values of the real conductivity and permittivity depend on the noise intensities.
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Fig. 11: Variation of real conductivity with frequency of mice brain exposed to different MRI noise intensities.
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Fig. 12: Variation of relative permittivity with frequency of mice brain exposed to different MRI noise intensities.
Discussion:
Magnetic resonance imaging (MRI) is one the most rapidly advancing imaging techniques available today. It is normally used to produce detailed sectional
images of the body in any imaging plane.
Compared to the X-ray based medical diagnostic techniques e.g. general radiography, positron emission tomography (PET) and computed tomography (CT),
MRI does not employ ionizing radiation but uses radiofrequency (RF) fields. Therefore, the modality is considered to have less health effects than the ionizing
radiation-based imaging modalities.
The gradient magnetic field is the primary source of acoustic noise associated with MR procedures (Hedeen, R.A., 1997; Shellock, F.G., et al., 1998; U.S.
Department of Health and Human Services, 2003; Asamikl S, H., et al., 1998; Counter, S.A., et al., 1997). This noise occurs during the rapid alterations of currents
within the gradient coils. These currents, in the presence of a strong static magnetic field of the MR system, produce significant (Lorentz)( Bowtell, R.W., P.M.
Mansfield, 1995) forces that act upon the gradient coils. Acoustic noise, manifested as loud tapping, knocking, or chirping sounds, is produced when the forces
cause motion or vibration of the gradient coils as they impact against their mountings which, in turn, also flex and vibrate.
Alteration of the gradient output (rise time or amplitude) caused by modifying the MR imaging parameters will cause the level of gradient-induced acoustic
noise to vary. This noise is enhanced by decreases in section thickness, field of view, repetition time, and echo time. The physical features of the MR system,
especially whether or not it has special sound insulation, and the material and construction of coils and support structures also affect the transmission of the
acoustic noise and its subsequent perception by the patient and MR system operator.
Notably, measurements of sound pressure levels offer a limited amount of information with regard to the quality of the noise and its impact on health. In
addition to measurements of noise level, several authors have recorded and analyzed the acoustic noise (Hedeen, R.A., 1997; AsamiklS, H., et al., 1998; McJury,
M., et al., 1994; Counter, S.A., et al., 1997; Cho, Z.H., et al., 1997). Similar noise levels and characteristics are found when comparing different clinical MR
systems (Glover, P., et al., 1995).Frequency analysis of the noise shows that noise is pseudo-periodic, with variation in the degree of periodicity depending on the
imaging parameters used. (Glover, P., et al., 1995) Peak noise levels are found at the low-frequency region of the spectra.
According to WHO definition in 1946, health is a state of complete physical, mental, and social well-being and not merely the absence of disease or
infirmity. In accordance with this definition, health assessment has gone beyond the presence or absence of disease. Thus, new “psycho-social” approaches are
developed in terms of quality and survival for the patient(Glover, P., et al., 1995).
In general, stress effects have both psychological (annoyance, irritation, anger, strain) and physiological (endocrine, vegetative) components that can affect
the cardiovascular systems and the metabolism. All these reactions can occur at noise levels much lower than 85 dB. Noise disturbances also cause impairment of
work and communication, lower performance of mental processes, and can provoke stress reactions at low noise levels.
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The American Academy of Pediatrics and the National Campaign for Hearing Health also use 85 dB as a threshold for dangerous levels of noise (Karakoc,
Y., 2013).
Noise affects human health as an important stress factor. People exposed to noise suffering from various health problems, one of which is noise-induced
hearing loss (Abumaria, N., 2011).
It suggested that noise affects hearing system in two different ways: mechanical trauma directly to the organ of Corti due to high vibration level of noise and
increased oxidative metabolism related to increased metabolic stress in the inner ear (52).Free oxygen radicals play an important role in tissue damage caused by
metabolic stress. In different studies, it has been shown that free oxygen radicals in cochlea play a role in noise-induced hearing loss (Dempsy, M.F., B. Condoa,
2001). If the free radicals produced by oxidative stress are not balanced by an antioxidant defense system, then they may lead to various damages in tissues. SOD
and MDA are two of the endogenous antioxidants in the body (Knopp, M.V., 1998; Aslan, M., 2007).
The present work was aimed to study the potential MRI sound adverse effects on some biophysical (dielectric properties) and biochemical parameters (blood
glucose level, malondialdehyde and superoxide dismutase) in the brain of experimental mice exposed to noise emitted from MRI system. This study was
conducted on 40 mice exposed to different intensities of noise (90, 100 and 121 dB) arise from MRI system closed type 1.5T (Siemens AG 2005 Germany) during
examination, and recorded on mp3.
In the present work dielectric measurements were performed on brain of all studied groups (control and exposed to different intensities of noise). Experimental
evidence strongly suggests that the measurements of the changes in dielectric properties of the brain tissue after noise exposure can be used to quantify and predict the
individual response of brain tissue to noise.
The relative permittivity of unexposed and exposed mice brain was measured at multiple frequencies. The unexposed brain tissue has highest permittivity than
exposed mice brain with different exposure noise intensities, Fig. (31). Decrease in relative permittivity may be referred to change in the cell membrane potential,
change in the concentration of sodium and potassium inside and outside the cell, release of excessive water due to cell membrane disturbance.
Conductivity of the material is a physical quantity that represents its free charge (the current density) induced in response to the applied electric field with
unit amplitude. According to Liewei (2002), “Every biological process is also an electric process" and "health and sickness are related to the bio-electric currents
in our body". The electrical conductivity of a tissue depends on both the physico-chemical bulk properties, i.e., properties of tissue fluids and solids and the
microstructural properties, i.e., the geometry of microscopic compartments.
In the present study, there is small increase in real conductivity (σ') as the applied frequency increased in the different modalities of noise exposure Fig. (30).
The real conductivity is decreased as the intensity of noise increased. The Conductivity in the exposed tissues may be affected by variations in: temperature,
oxygen levels, free radical activity, mineral concentrations in intracellular and extracellular fluid, the types of minerals present in intracellular and extracellular
fluids, pH (both intracellular and extracellular), level of hydration (cell water content and extracellular water content), the ratio of structural/unstructural water
inside of the cell, membrane lipid/sterol composition, the amount of negative charges present on the surface of cell membranes, and the presence of chemical
electrophilic toxins within the cell (Le Baron, F.N., 1982).
It is well documented that noise is a stress factor (Liewei, S., 2002; Joines, W., 1994). Because the noise exposure causes an excessive reactive oxygen
species (ROS) generation as an unwanted by product of high metabolic activity (Kanitz, E., 2005), The reaction of free radicals and ROS on lipid molecules may
lead to continuing cell damage after noise exposure (De La Fuente, J., 2007; Rewerska, A., 2013). This may explain the alteration in the measured dielectric
properties of brain tissues of mice exposed to noise.
Noise exposure has long been used as a stressor to investigate its effect on biological and biochemical responses (Marita, G.K., 2012). Cheng, et al (2011),
determined the levels of oxidative stress in the critical region [e.g. inferior colliculus (IC)], auditory cortex (AC), and hippocampus, which are associated with the
acoustic lemniscal ascending pathway. Noise-induced release of stress hormones, hypothesized to be caused by an increased activity in the sympathetic branch of
the autonomic nervous system and hyper-activation of the hypothalamic-pituitary-adrenal(HPA)axis, is supported by a combination of observational Babisch, et
al. (2001); Selander, et al. (2009a).
According to the World Health Organization data, 15% of workers are exposed to noise levels that create a health risk (Concha Barrientos, M., 2004). The
exposure to noise leads to harmful behavioral and physiological roles by moderating central cholinergic system in the brain Sembulingam K, et al (2003). Noise
can disrupt the physiological function of both auditory and non-auditory systems. Deleterious effects of noise on the central nervous system (CNS) may be
produced by over-stimulation of audition-related structures and by increasing the activity of non-auditory structures (Kaltenbach, J.A., 1992).
4.1 Effect of MRI acoustic noise on MDA level:
Nervous system is relatively more susceptible to free radical damage (Scarfiotti, C., 1997). Ravindran, et al., (2005) reported that neurotransmitters in
discrete brain regions were found to be increased during noise stress even after 15 days of exposure. In addition to generating free radical species, it also leads to
increase in radical induced lipid peroxidation end products such as malondialdehyde (MDA) which is an indicator of lipid peroxidation processes.
The present results show a significant increase in MDA levels after noise exposure Fig.(41). This is in accordance with what shown by Manikandan, et al
(2005), who found increased MDA levels in different areas of the brain after 30 days of 100 dB white noise exposure. Srikumar and colleagues (2005), also found
increased levels of MDA in the serum, thymus gland, and spleen tissue after a 15-day exposure to white noise. Similarly, high levels of lipid peroxidation have
been indicated in other studies as an indirect sign of increased ROS production in the serum and different areas of the brain during acute, subacute, and chronic
noise exposure (Manikandan, S., R.S. Devi, 2005; Manikandan, S., 2005; Aslan, M., 2008). Thus, ROS and free radicals can break down cell membranes through
lipid per oxidation, leading to cell death (Fetoni, A.R., 2013). Our study results are in accordance with these findings, as it found that noise increased MDA levels
in the brain of all groups exposed. It was found that MDA levels were increased in rabbits after exposed to 100 dB SPL (sound pressure level) broadband noise for
1 h.
While in previous study shown significant elevation of serum MD A level following MRI examination, indicating that, it associated with significant free
radical activity resulting in consider able degree of lipid per oxidation (Hammadi, S., 2011) and result seems to be of clinical importance in several diseases with
proven oxidative assault and consequently an increment in free radical activity such as diabetes mellitus (Aslan, M., 2007), cancer (Tas, F., 2005).
Haemoglobinopathies (Manfredini, V., 2008), hypertension with renovascular disease (Minuz, P., 2002), osteoarthritis (Aslan, M., 2008) and chronichepatitis
(Srikumar, R., 2006).
Regarding the effect of type of MRI examination, those underwent brain MRI showed marked rise in MDA levels following MRI examination.
4.2 Effect of MRI acoustic noise on SOD activity level:
There are some defense mechanisms to prevent the formation of free radicals and their harmful effects. Several antioxidant enzymes within the framework of
the antioxidant defense system enable these mechanisms. Several findings, which show both increase and decrease in SOD levels in case of oxidative stress, are
available in the literature. In this study, the brain SOD activity level of the mice exposed to noise were significantly lower compared to those of the control group
Fig.(42). Our results are similar to those obtained by Srikumar, et al (2006) and Ilhan, et al (2004). The decrease in SOD activity accompanied by increased lipid
peroxidation, might be explained by the consumption of antioxidant enzymes developed by the increase in lipid peroxidation, a decrease in SOD levels in the brain
may indicate that it is more sensitive to noise (Ersoy, A., 2014).
Fetoni, et al (2013), addressed the relationship between cochlear oxidative damage and auditory cortical injury in a rat model of repeated noise exposure.
They reported that hearing loss and damage in hair cells and spiral ganglion was determined by noise-induced oxidative stress (Naziroglu, M., 2011). Oxidative
stress is defined as an imbalance between reactive oxygen species (ROS), e.g., superoxide and hydroxyl radicals and cellular antioxidant defense. Generation of
ROS is ubiquitous since ROS are generated during aerobic metabolism, i.e., mitochondrial oxidation and phagocytosis (Karakoc, Y., 2004). Each brain cell is
estimated to produce more than 1011 free radicals per day, and oxidative stress leads to brain ageing as well as in several neurodegenerative disorders. In the
nervous system, ROS are produced mainly by microglia and by astrocytes (Naziroglu, M., 2012). The Ca2+ rise stimulates the release of superoxide radical via
activation of NADPH oxidase. In the presence of superoxide dismutase, superoxide radical is dismutated to H2O2 as a diffusible messenger and might affect
neighboring GABA ergicterminals either directly or via dismutation into the highly reactive hydroxyl radical (Sørensen, M., 2013).
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While in another studies, showed a significant early (on 1st day after noise exposure) increase in SOD activity and late (on 7th day after noise exposure)
increase in catalase CAT activity (Samson, J., 2008), because the noise exposure firstly increases levels of ROS such as superoxide radicals, hydroxyl radicals and
hydrogen peroxide. Secondly activity of antioxidants and related enzymes increases in order to eliminate the overproduced ROS due to noise (Mcfadden, S.L.,
2001). The results indicate that adaptation to noise stress does not occur immediately in all the brain regions.
Conclusions:
Depending on the present work results, we can conclude that acoustic noise that produced during the operation of MR systems have direct and clear effect
on: oxidative stress state, the dielectric properties of brain tissue, Changes in the dielectric properties (conductivity and permittivity) in all experimental groups as
compared with control group, and the degree of depressed center and the maximum values of the real conductivity and permittivity depend on the noise intensities.
Experimental evidence strongly suggests that the measurements of the changes in dielectric properties of the brain tissue after noise exposure can be used to
quantify and predict the individual response of brain tissue to noise.
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