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Abstract 

Background: Hearing loss due to noise can cause the disturbances toward the quality of life and cause 

mechanical damage and metabolic decompensation. Distortion Product Otoacoustic Emission (DPOAE) 

is an examination to assess the sensory function of outer hair cells. Superoxide Dismutase (SOD) and 

Malondialdehyde (MDA) are markers of oxidative stress. The aim of this study was to identify the 

correlation between DPOAE examination and SOD and MDA expression in rats exposed to noise. 

Methods: This research was conducted on 27 rats which were divided into 3 groups, group 1 (control), group 2, 

and group 3 were groups with 100 dB and 110 dB noise exposure respectively. 

Results: Our findings show a decrease in SOD expression and DPOAE values as well as an increase in 

MDA expression in rats exposed to noise and there is a positive correlation between Signal to Noise 

Ratio (SNR) value with SOD expression (r= 0.733, p= 0.025) and a negative correlation between SNR 

value with MDA expression (r= -0.678, p= 0.045). 

Conclusions: our study find the correlation of oxidant and antioxidant status values in the organ of corti and 

changes in the function of outer hair cells in noise-exposed rat models. 
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Introduction 
Noise can cause hearing loss both from work and 

the environment (not from the work) (1,2,3). In 

addition to hearing loss, noise can also cause 

quality of life disturbances such as sleep 

disorders, fatigue, disruption of social life, ability 

to work and can even cause hypertension and 

other cardiovascular diseases (1,2,4,5). It is 

estimated that around 1.3 billion world 

population suffer from hearing loss and 10% of 

the entire world population is at risk of suffering 

from Noise Induced Hearing Loss (NIHL) (2,6). 

Cochlear hair cell damage and damage to 

synapses are the main causes of NIHL (7). In  

general, cochlear damage in NIHL is caused by 

two mechanisms, they are mechanical damage  

 
 

and metabolic disorders (8,9). Otoacoustic 

Emission (OAE) is an acoustic emission 

produced by active electro-motile vibrations 

from outer hair cells in the organ of corti (10). 

The resulting emission is a response from stimuli 

originating from various frequencies, so this can 

be an indicator of sensory function of outer hair 

cells in the cochlea (11). Distortion products 

Otoaccoustic Emissions (DPOAEs) are the 

result of an active intermodulation process in the 

cochlea mediated by outer hair cells and 

obtained simultaneously which indicates the 

stimulation of two pure tones (12). 

Cochlear hair cell damage is reversible is  
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called a temporary threshold shift (TTS) and 

permanent hair cell damage or loss of outer hair 

cells and synapses are called Permanent threshold 

shift (PTS). When the hair cell structure has been 

completely damaged there will be a buildup of 

Reactive Oxygen Species (ROS) and cause active 

stimulation of intracellular stress pathways so that 

the process of apoptosis and cell necrosis (7). 

Reactive Oxygen Species (ROS) works through 2 

pathways, namely cellular stress pathways and 

defense mechanisms. When there is an imbalance 

in production between ROS and antioxidant 

mechanisms, oxidative stress will occur (13). 

Malondialdehyde (MDA) is a substance produced 

when ROS acts on the lipoprotein membrane and 

Polyunsaturated Fatty Acid (PUFA) at the cellular 

and subcellular levels, so that MDA 

measurements can give an idea of the extent of 

damage. Superoxide Dismutase (SOD) is an 

enzyme catalyst that converts superoxide radicals 

into harmless hydrogen peroxide molecules and 

oxygen molecules. Then the next antioxidant 

enzyme in the cellular pathway, Glutathione 

peroxidase (GSH-Px) and catalase (CAT), 

catalyzes the reaction of hydrogen peroxide 

breakdown into water so that the measurement of 

these three enzymes can determine the 

antioxidant status in workers exposed to noise 

(14). 

This study is different from previous studies, 

in this study we wanted to find out how cochlear 

outer hair cell damage was measured by 

assessing changes in oxidant and antioxidant 

status in organ of corti, does it have a correlation 

with changes in outer hair cell function as 

measured by DPOAE in rats exposed to noise. 

 

Materials and Methods 
Design of study 

This study used a randomized posttest only 

control group laboratory experimental design. 

This study was approved by the research ethics 

institute of the Faculty of Medicine, Universitas 

Sumatera Utara (No.509 / TGL / KEPK FK 

USU-RSUP HAM / 2018). 

Procedures of animal care 

This study conducted on 27 male rattus 

norvegicus pure strain rats weighing 200-300 

grams and declared healthy by veterinarians. The 

environment was maintained at the cage 

temperature of 20 ºC-26 ºC and the humidity is 

30-70% and was ensured to get adequate sources 

of light, food and drink (15).  

The groups of the study 

The experimental group was divided into 3 

groups consisting of 9 rats in each group. The first 

group was a control group that does not get noisy 

treatment; group 2 and group 3 were groups of 

rats that received 100 dB and 110 dB noise, 

respectively.  

Procedures of noise exposure 

Noise treatment was done by placing mice on a 

box with a size (64.5 x 45 x 40) cm made of cork 

coated with foam, speakers are placed attached to 

the roof of the box cover and the base of the box 

is made a hole to measure the intensity, 

measurement of noise intensity using a sound 

level tool. The meter was carried out at eight 

points where the mouse cage will be placed with 

a noise difference not exceeding 1 dB which is 

measured using a sound level meter. The recorded 

noise was given at frequencies 1-10.000 Hz and 

the amplifier was used to adjust the intensity (dB) 

according to the volume and sound level meter 

buttons. Noise was given for 2 hours every day for 

2 days. 

Procedures of DPOAE examination 

Distortion products Otoaccoustic Emissions 

(DPOAEs) examination was carried out twice, 

where the value of the SNR (Signal to Noise 

Ratio) calculations was done before the 

treatment was carried out and after the noisy 

treatment was finished. The DPOAE tool used 

was the Elios Elito Otodia (Echodia Ltd., 

London, UK). Before examination, rats were 

first anesthetized using ketamine at a dose of 

90 mg/kgBB and Xylazine at a dose of 10 mg 

/kgBB which were injected intraperitonially 

(16, 17).  

 

Procedures of hematoxylin-eosin and 

immunohistochemical staining 

After DPOAE examination, all rats were 

terminated, and temporal bone necropsy was 
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performed. Temporal bone taken was fixed with 

10% formalin buffered solution, then by using 

EDTA for 4 weeks it was expected that 

decalcification would occur. Next, each tissue 

sample was prepared in a paraffin block and 

sliced into 4 μm thick sections and placed in a 

slide and then stained with hematoxylin-eosin and 

immunohistochemical staining, namely SOD 

with primary antibodies (SOD-2 (A-2) (Santa 

Cruz Biotechnology, Inc. cat # sc-133134)) and 

MDA with anti-malondialdehyde antibody 

(abcam cat # ab6463) to assess the expression of 

both proteins in cochlear organ of corti. 

Calculation of SOD and MDA expression using 

XC 10 Olympus microscope using 40x 

magnification performed by 2 examiners 

separately (researcher and anatomic pathologist) 

by double-blind method (18). SOD and MDA 

expressions were assessed by broad (P) and 

Intensity (I) scores of brown colors on the 

cytoplasm. Intensity score: 1-3, broad score 0%; 

1: <10%; 2: 11%–50%; 3: 51-80%; 4: >80% and 

immune-reactive scores obtained from P and I 

multiplications, resulting in a score of 0–12 (19). 

Statistical analysis 

All collected data was analyzed statistically using 

the ANNOVA test to assess differences in each 

treatment and bivariate analysis was also 

performed using the Pearson test to assess the 

correlation between DPOAE examination with 

SOD and MDA expressions. 

Results 
Before immunohistochemical staining was 

done, Hematoxylin Eosin (HE) staining was 

used to obtain cochlear pieces more precisely. 

The HE colors can be seen in Figure 1. 

 

 

Fig. 1. Overview of cochlear of Rattus novergicus. Red arrows show organ of corti with hematoxylin-eosin staining under 40x 

magnification. 

 

The values of SOD expression 

The decrease was found in SOD expression in 

groups of rats that received noise exposure 

both in groups with 100 dB noise exposure 

(group 2) and 110 dB (group 3) compared to 

the control group (group 1). In the Figure 2, 

the brown color on the cytoplasm shows SOD 

expression, in which a decrease in the 

intensity of brown color in cochlear organ of 

corti group 3 compared with group 2 and 

group 1. The higher noise intensity given, the 

average value of SOD expression decreases. 

In the Post Hoc test in Table 1, a significant 

difference was found in the value of SOD 

expression between groups 1 and groups 2 

and 3 (p< 0.05), but no significant differences 

were found between group 2 and group 3 on 

the SOD value (p> 0.05). 
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Fig. 2. SOD expression with magnification of 400 in each group, namely (A) Group 1, (B) Groups 2 and (C) Group 3, arrows show 

SOD expression in cochlear organ of corti marked in brown on the cytoplasm. 

 

Table 1. Post Hoc Test Results on SOD Expression in Each Group. 

Group Mean difference p value 

group 1 group 2 2.667 0.047* 

group 3 5.000 0.000* 

group 2 group 3 2.333 0.096 

*Statistically significant (p< 0.05). 
 

The values of MDA expression 

The result of the study found the average value 

of MDA expression increased significantly in 

group 2 and group 3 compared to group 1. In the 

Figure 3, the brown color in the cytoplasm shows 

MDA expression where there is an increase in 

the intensity of brown color in the cochlear organ 

of corti in group 3 compared to 

 

group 2 and group 1. The higher noise intensity 

is given, the higher the MDA expression that is 

shown. The Post Hoc test in Table 2 showed a 

significant difference in the MDA expression 

values in groups 1 with groups 2 and 3 (p< 0.05), 

but significant differences were not found 

between group 2 and group 3 on the MDA value 

(p> 0.05). 

 
Fig. 3. MDA expression with magnification of 400 in each group, namely (A) Group 1, (B) Groups 2 and (C) Group 3, the arrows 

show MDA expression in the cochlear organ of corti which are marked in brown on the cytoplasm. 

 
Table 2. Post Hoc Test Results on MDA Expression in Each Group. 

Group Mean difference p value 

group 1 

group 2 3.222 0.037* 

group 3 4.667 0.002* 

group 2 group 3 1.444 0.711 

*Statistically significant (p< 0.05). 
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The values of SNR 

The average value of DPOAE was found to 

decrease in the group of rats that received noise 

exposure in both group 2 and group 3 compared 

to group 1. In the Post Hoc test in Table 3, 

significant differences were found in the 

DPOAE values between groups 1 and groups 2 

and 3 (p< 0.05), but no significant differences 

were found between group 2 and group 3 (p> 

0.05). 

The correlation between SOD expressions and 

MDA expressions with SNR values 

In this study as shown in Table 4, a positive 

correlation was found between SOD expression 

and SNR values. Instead, a negative correlation 

was found between MDA expression and SNR 

values in group 3, but no significant correlation 

was found between SOD expression and MDA 

expression with SNR values in the group 2. 

 
Table 3. Post Hoc Test Results on SNR scores in each group. 

Group Mean difference p value 

group 1 group 2 5.1778 0.000* 

group 3 5.0889 0.000* 

group 2 group 3 0.0889  0.995 

*Statistically significant (p< 0.05). 

 
Table 4. Correlation between SOD expression and MDA expression with SNR values of group 3. 

Group 3 Mean±SD r p value 

SOD 4,22±1,641 0.733 0.025* 

MDA 7,11±3,333 -0.678 0.045* 

SNR 4,600±2,0785   

 

Discussion 
Most biological research on sensorineural 

hearing loss has been done in cats, chinchillas, 

gerbils, guinea pigs, mouse, and rats. Along with 

the rapid development in molecular biology and 

genomics, research has shifted from the use of 

animals mentioned above to the use of rats and 

mice, in particular, innate strains where the 

effects of genetic variability are greatly reduced 

(20). In a study conducted by Millon et al in 

2018, found that female mice were significantly 

more protected against NIHL compared to male 

mice (21). 

This study uses a noise frequency of 1-10 

KHz because the research conducted by Heffner 

shows that the hearing frequency of mice ranges 

from 1-72 KHz, and the best hearing sensitivity 

of mice at a frequency of 8KHz (22). The 

intensity given is 100 dB and 110 dB for 2 hours, 

following the previous research, with the use of 

 

the noise with an intensity of 100 dB for 2 hours, 

there have been significant changes in the 

expression of calcineurin protein, NFAT1c, and 

apoptosis index (23). 

In this study there was a decrease in SOD 

expression and an increase in MDA expression 

in the group with noise exposure and there were 

significant differences in SOD expression and 

MDA expression in rats exposed to noise 

compared to the control group. The higher the 

intensity of noise given the higher the MDA 

expression and the lower the SOD expression 

obtained when compared to the group without 

noise exposure. Noise exposure causes increased 

energy requirements. This causes an increase in 

ROS. Cochlear damage occurs due to excessive 

production of ROS thereby activating 

endogenous antioxidant mechanisms such as 

SOD. Increased production of Superoxide Anion 
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Radicals (O2 • -) can directly cause damage to 

hair cells and / or increase the production of more 

dangerous ROS, including hydrogen peroxide 

(via a catalyzed reaction by SOD) and Hydroxil 

Radical (through the Fenton and Haber-Weiss 

reaction) (24). Hydroxyl Radical will initiate the 

process of lipid peroxidation directly on the 

structure of polyunsaturated fatty acids (PUFA) 

contained in cell membrane walls and 

mitochondria. Lipid peroxidation end products 

such as MDA and 4-hydroxyalkenal (HAE) are 

proven indicators of oxidative stress found in 

hair cells, support cells, spiral ganglion neurons 

and stria vascularis after noisy exposure (25). 

The results obtained in this study are also in 

accordance with the results of research 

conducted on chinchillas given a 4 kHz noise 

exposure with an intensity of 150 dB SPL for 2 

hours that found an increase in MDA levels in 

outer hair cell lines of cochlear (26). Research 

Demirel et al in 2009 found an increase in MDA 

in noisy exposure which meant the presence of 

oxidative stress through lipid peroxidation 

pathways (27). 

Research on guinea pig cochlear tissue found 

a significant increase in MDA concentration due 

to noisy exposure of 176 dB SPL with a frequency 

of 1.05 - 20.3 kHz for 72 hours compared to the 

control group. After analysis with an electron 

microscope, outer hair cells and stereosilia 

suffered more damage in the basal turn and 

second turn areas of the cochlea. This indicates 

that these areas are more vulnerable than the apex 

areas of the cochlea (28). 

Dehghani et al. Found significantly elevated 

levels of MDA in serum and liver tissue in 

Wistar albino rats after noisy exposure (100 dB, 

700 - 5700 Hz, 8 hours / day for 8 days and 14 

days compared to the control group that was not 

exposed to noise) (29). 

Various types of cochlear damage mainly 

occur in outer hair cells can be caused by 

exposure to noise resulting in hearing loss. Noise 

exposure causes oxidative stress which results in 

apoptosis and cell necrosis. Cochlear cell death, 

caused by noise, ototoxic drugs, and aging 

occurs either through increased production of 

ROS or depletion of antioxidant defenses. An 

imbalance in the ROS / antioxidant ratio can 

cause cell death due to damage to proteins, DNA, 

and cell membranes. In addition, ROS is thought 

to act as a trigger for apoptosis. Apoptotic cell 

death has been implicated as a major cell death 

process in the expansion of hair cell damage after 

noise exposure (24). Nasezadeh et al. research 

conducted on rats with 100 dB of noise for 14 

days found that there had been severe damage to 

cochlear outer hair cells and mild damage to 

inner hair cells and supporting cells and 

increased activity of antioxidant enzymes such 

as SOD, CAT and GPX in rats exposed to noise. 

They also found that there was an increase in 

MDA levels in groups of rats with noisy 

exposure (30). 

ROS is one of the mechanisms underlying 

hearing loss caused by noise (NIHL). Research 

conducted by Tuerdi investigated the role of Mn-

SOD in NIHL by examining the level of hearing 

loss and hair cell damage after noise exposure 

with an intensity of 120 dB for 4 hours for 14 

days in C57BL / 6 wild type (WT) mice and Mn- 

mice HOD heterozygous knockout (HET). They 

found the mean ABR threshold was the same at 

all frequencies in both groups 1 hour after 

exposure to noise, but significantly worse, 

especially at 4 kHz, on days 7 and 14 after noise 

exposure in HET mice compared with WT mice. 

Collectively, these findings indicate that Mn-

SOD plays an important role in protecting 

cochlea from damage caused by noise (31). 

In this study, the cause of NIHL was oxidative 

stress, it was found that changes in oxidative 

stress markers were seen with a decrease in SOD 

expression and an increase in MDA expression in 

the group of rats exposed to noise both 100 dB 

and 110 dB compared to the control group. This 

result corresponds with the research conducted by 

Abdel-Tawab et al which was shown by the 

occurrence of oxidative stress, namely a decrease 

in SOD levels and an increase in MDA levels in 

the group of rats given 20 mg / kg BW 

indomethacin to induce gastric ulcer (32). 

Another study conducted by Cheraghi et al also 

showed an increase in MDA serum in patients 

with Coronary Heart Disease (CHD) compared to 

controls. An increase in the number of free 

radicals and a decrease in antioxidant defense 

activity led to an increase in oxidative stress (33). 
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NIHL is a permanent hearing loss that occurs 

gradually after exposure to high-intensity noise 

that causes outer hair cell damage and stereosilia 

(34). Distortion product Otoaccoustic Emissions 

(DPOAEs) are the result of an active 

intermodulation process in the cochlea mediated 

by outer hair cells and obtained simultaneously 

which indicates the stimulation of two pure tones 

(12), so the function of outer hair cells can be 

assessed by DPOAE examination. 

In this study found that the higher the 

intensity of noise given, the lower the value of 

the SNR obtained, there was a significant 

difference in the value of the SNR between 

group 1 with group 2 and group 3, this is in 

accordance with previous studies conducted by 

Nassiri et al. with noise intensity of 65 dB, 85 

dB, 95 dB and 105 dB for 3 hours and 8 hours 

per day where they find a negative correlation of 

SNR values with given noise intensity, the 

higher the intensity of noise given the lower the 

SNR value obtained with the significant 

difference (35). 

In this study found a significant positive 

correlation between SNR values with SOD 

expression and a significant negative correlation 

between SNR values with MDA expression in 

group 3 but did not find a significant correlation 

between SNR values with SOD and MDA 

expression between groups 1 and 2. This can be 

interpreted if there has been a decrease in the 

value of SNR, it is found that the value of SOD 

expression is lower, and the value of MDA 

expression is higher. Every occurrence of 

damage to the function of outer hair cells has 

been found to change the value of oxidants and 

antioxidants. Increased MDA levels in rabbits 

who were given 100 dB of noise exposure for 1 

hour showed a strong relationship between 

hearing loss due to noise and the antioxidant 

system (36). The process of lipid peroxidation in 

guinea pig’s outer hair cell membrane was found 

to increase after noisy exposure by 4 kHz with 

an intensity of 115 dB SPL, which in turn caused 

death of outer hair cells (37). 

Research conducted by Yildirim, et al. in 

2007 found the textile workers exposed to noise 

showed significantly higher MDA levels than 

controls. The study also showed that noise 

exposure caused hearing loss and increased 

oxidative stress and the two had a correlation 

(38). 

Noise exposure can cause changes in the 

value of SOD expressions, MDA expressions 

and SNR values. The higher noise given, the 

value of the SOD expression and the SNR value 

will decrease, while the value of the MDA 

expression produced will increase. This proves 

that hearing loss due to noise occurs from 2 

mechanisms namely mechanical and metabolic 

decompensation resulting in oxidative stress. 

This research has been able to prove the 

correlation between SNR values with SOD 

expression and MDA expression at 110 dB noise 

(group 3). 
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