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Objective: Noise-induced hearing loss (NIHL) is one of the most important problems affecting 
both social and professional life of patients. There is no treatment method considered to be 
successful on the hearing loss that has become a permanent nature. Aim of this study is to evaluate 
protective effect of Korean Red Ginseng (KRG) against NIHL in an animal model.
Methods: Twenty-eight rats were separated into four groups [control saline (group I), control 
KRG (group II), saline + noise (group III), KRG + noise (group IV)]. Rats in the saline and KRG 
groups were fed via oral gavage with a dose of 200 mg/kg/day throughout for 10 days. Fourteen 
rats (group III and IV) were exposed to 4 kHz octave band noise at 120 dB SPL for 5 hours. 
Hearing levels of rats were evaluated by distortion product otoacoustic emissions (DPOAE) and 
auditory brainstem responses (ABR) at 4, 8, 12, 16 and 32 kHz frequencies prior to and on days 1, 
7 and 10 after the noise exposure. Rats were sacrificed on 10th day, after the last audiological test. 
Cochlea and spiral ganglion tissues were evaluated by light microscopy.
Results: Audiological and histological results demonstrated that after noise the group IV showed 
better results than group III. In the noise exposed groups, the most prominent damage was seen at 
the 8 kHz frequency region than other regions. After the noise exposure, DPOAE responses were 
lost in 1st, 7th and 10th measurements in both group III and IV. Thus, we were not able to perform 
any statistical analyses for DPOAE results.
Conclusion: Our findings suggest that KRG seems to be an efficient agent against NIHL. There 
is need for additional research to find out about the mechanisms of KRG’s protective effect.
Keywords: Noise, noise-induced hearing loss, antioxidants, treatment, ginseng, animal 
experimentation, audiology 
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Introduction
Noise-induced hearing loss (NIHL) is one of the most 
important problems affecting both the social and the 
professional lives of patients (1-4). The mechanism of NIHL 
can be attributed to direct mechanical injury and indirect 
metabolic stress to the cochlea due to over production of 
free oxygen radicals (1, 2, 3, 5-9). Noise exposure damages 
different structural components in the inner ear such as 
hair cells, spiral ganglion, auditory nerve fibers (3, 5, 7, 
9-11). These effects may evoke the formation of free oxygen 
radicals resulting in sensorineural hearing loss (5, 12). The 
risk of NIHL may be decreased by using hearing protection 
devices or by attenuating the environmental noise level. An 
alternative way to prevent or to cure NIHL may be the usage 
of antioxidants and pharmacological agents (6, 13).

Korean Red Ginseng (KRG) is used in traditional oriental 
cure with various beneficial effects for over 2,000 years 
(14-20).  Saponin, also called ginsenoside, is a component 
of ginseng which is found to improve cardiac and immune 
functions (16-18). Cancer-protective, antihypertensive, 
anti-inflammatory, antidiabetic, antioxidant, anti-aging, 
and radiation protective properties of KRG have also been 
shown in recent studies (14, 16, 21-23). Saponin may inhibit 
lipid peroxidation and demonstrates antioxidative effects by 
reducing free oxygen radicals which are known to play a key 
role in NIHL. The aim of this study is to evaluate possible 
protective effects of KRG against NIHL.

Methods
Animals

Twenty-eight male Wistar albino rats were used in this study. 
Wistar rats were obtained from the Dokuz Eylül University, 
Department of Laboratory Animal Science. They were 
weighing between 250–350 g and any rat showing a sign 
of ear infection was excluded. Experimental protocol was 
approved by the Ethics Committee of Animal Care and Use 
of the Dokuz Eylül University (protocol number: 46/2014). 
This study was performed in accordance with guidelines 
established by the Ethics Committee of Animal Care and 
Use of the University. During the study, all measures were 
taken to minimize the pain or the discomfort of the rats.

Experimental Groups

In this study we used four groups, each consisting of seven 
rats. Group I (control saline group) was given 200 mg/kg/
day saline by gavage for 10 days. Group II (control KRG 
group) was given 200 mg/kg /day KRG by gavage for 10 
days. The KRG extract (dissolved in distilled water) used in 
the research was provided.

On the first day of the study, the animals in group III (noise 
exposed saline group) and IV (noise exposed KRG group) 
were exposed to noise. Group III (noise exposed saline 
group) was given 200 mg/kg/day saline for 10 days by gavage 
one hour after noise exposure. Group IV (noise exposed 
KRG group) was given 200 mg/kg/day KRG for 10 days by 
gavage following one-hour noise exposure. The researchers 
who performed the audiological tests and the histological 
examinations were blinded to the groups. The control group 
animals were placed the same cage for the same duration as 
the noise trauma animals, but without noise exposure.

Anaesthesia Procedure

A combination of 40 mg/kg ketamine hydrochloride (Ketalar, 
Parke-Davis, USA) and 5 mg/kg xylazine hydrochloride 
(Rompun, Bayer, Germany) were used for anesthetizing the 
animals prior to audiological procedures.

Noise Exposure

Rats were exposed to one octave-band noise centered at 4 
kHz at 120 dB sound pressure level (SPL) for five hours 
in a room. Speakers (Spekon CT-51AS, China) by a 
noise generator and power amplifier (Konig PRO-2008S, 
Louisiana, USA) were used to produce the noise. Sound level 
calibrations were tested at different points of the room to 
ensure the stability of the stimulus.

Distortion Products Otoacoustic Emissions

Distortion Products Otoacoustic Emissions (DPOAE) 
were performed with the Otodynamics Echoport ILO-V6 
Cochlear Emission Analyzer 5.61 (Otodynamics, London, 
UK), using neonate probe. The f2/f1 ratio was kept at 1.22. 
The levels of the stimulus were L1 (65 dB SPL) for f1 and L2 
(55 dB SPL) for f2 frequency. The baseline hearing condition 
of rats was measured with DPOAE, and the signal-to-noise 
ratio (SNR) was measured at seven frequencies between 1 
to 8 kHz.

Auditory Brainstem Responses

Auditory Brainstem Response (ABR) measurements were 
repeated prior to noise exposure (day 0) and on days 1, 7, and 
10 after noise exposure. Intelligent Hearing Systems Smart-
EP 10(lHS Corp, Miami, FL, USA) version was used for 
ABR analyses. ABR measurements were recorded by sub-
dermal needle electrodes (Neuroline Subdermal, 12x0.40 
mm, Ambu A/S, Malaysia). The positive electrode was seated 
on the vertex, the negative electrode was ventrolateral of the 
test ear and ground electrode was seated on the ventrolateral 
to the non-test ear. Tone-burst (TB) stimuli were at 4, 8, 
12, 16, and 32 kHz with 1 ms rise-fall by a Blackman-
window envelope in an alternated polarity. Acoustic signals 
were recorded by band pass filtered 30-3000 Hz, and A/D 
converted at sampling rate of 25 kHz. Analysis time was set 
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at 10 ms and artifact rejection level at 31.00 µV. The ABR 
waves were gathered with 1000 stimuli presented at the 
rate of 37.1/s. Wave II was followed to define the auditory 
thresholds.

Histological Examinations

Animals were sacrificed under ether anaesthesia after the 
final audiological tests. Bullas were extracted and fixed in 
10% formaldehyde. Paraffin blocks were prepared after 
decalcification with 5% glacial acetic acid for three days. 
The organ of Corti and the spiral ganglions were evaluated 
by light microscopy using hematoxylin-eosin (H&E) and 
terminal deoxynucleotidyl transferase mediated dUTP nick-
end labeling (TUNEL) staining.

Hematoxylin-Eosin Staining

Bullas were fixed in 10% buffered formalin (minimum of 48 
h) for histological examination and placed in paraffin blocks. 
Paraffin blocks were placed in rotary microtome (Leica RM 
2255, Wetzlar, Germany), and 3 µM thick parts were cut. 
After deparaffinization and hydration, sections were marked 
with hematoxylin-Eosin (H&E) (Surgipath, Bretton, Peter 
Borough, Cambridgeshire, UK). H&E-stained parts were 
used to evaluate the general morphology and histological 
changes of the Corti and spiral ganglion cells on light 
microscopy.

TUNEL Assay for DNA Fragmentation

The TUNEL method was used to identify apoptosis. 
Detection of DNA fragmentation in situ was visualized with 
the use of the ApopTag Peroxidase in situ Apoptosis Detection 
Kit (Cat. No. S7100, Merck, Darmstadt, Germany). The kit 
was used in accordance with the manufacturer’s protocol. 
After fixation and washing, samples were incubated with 
terminal deoxynucleotidyl transferase (TdT) at 37  C for 
1 h. Anti-digoxigenin-peroxidase was used for 30 min at 
room temperature and colored with diaminobenzidine. The 
cells were incubated with this method. The percentage of 
apoptotic nuclei was calculated as division of the number of 
counted apoptotic nuclei per total number of nuclei × 100%. 
All counting procedures were performed blindly.

Statistical Analysis

For statistical analyses SPSS 20.0 (Statistical Package for 
the Social Sciences, IBM Analytics, NY, USA) statistics 
software was used. Descriptive statistics were performed 
for nominal, ordinal and continuous (means and standard 
deviations) variables. For analyzing the significance of 
differences between the related and independent groups, 
non-parametric Kruskal-Wallis test, Mann-Whitney U 
test and Wilcoxon signed rank test were used. p<0.05 was 
accepted as the level of statistical significance. 

Results
Audiological Findings

The baseline DPOAE and ABR results were not statistically 
different between the groups (p>0.05). ABR thresholds and 
DPOAE results of both group I and II did not show any 
significant changes in the measurements on days 1st, 7th and 
10th (p>0.05). The DPOAE results of groups I and II are 
given in Table 1.

On the other hand, after noise exposure, ABR thresholds of 
the noise exposed groups were elevated (Figure 1). Mean TB 
ABR threshold of group IV was lower than that of group III 
at all frequencies on the 7th and 10th day measurements, but 
this difference reached statistical significance (p<0.05) only 
on the 10th day measurement at 8 kHz (Figure 1).

Table 1. DPOAE results (SNR) of group I and group II (mean ± 
SE)
Day Frequency Group I (dB SPL) Group II (dB SPL)
Baseline 1 kHz 0.28±0.2 0.27±0.1

1.5 kHz 5.34±1.3 5.09±1.4
2 kHz 12.40±1.8 11.14±2.3
3 kHz 19.60±2.0 19.58±1.9
4kHz 25.31±2.0 27.04±2.2
6 kHz 39.51±1.9 40.22±1.1
8 kHz 43.97±1.4 42.54±1.1

1 1 kHz 0.1±01 0.87±0.4
1.5 kHz 6.5±1.5 3.88±1.1
2 kHz 11.3±1.5 9.19±1.5
3 kHz 18.56±1.8 19.36±1.6
4kHz 23.9±1.5 27.84±2.0
6 kHz 38.1±2.05 39.14±1.1
8 kHz 40.25±2.3 38.47±1.4

7 1 kHz 0.19±0.1 0±0
1.5 kHz 3.80±1.2 3.63±1.1
2 kHz 10.70±1.5 11.83±1.9
3 kHz 24.95±2.1 24.00±2.4
4kHz 32.95±1.7 31.9±2.5
6 kHz 41.43±1.3 40.96±2.9
8 kHz 42.40±1.8 43.97±1.44

10 1 kHz 0.53±0.4 0.12±0.1
1.5 kHz 3.85±1.1 3.58±0.9
2 kHz 9.57±1.2 9.99±1.6
3 kHz 21.59±1.8 20.72±1.9
4kHz 29.24±1.8 28.04±2.3
6 kHz 39.20±1.3 40.16±0.9
8 kHz 39.83±1.9 42.44±1.06

DPOAE: Distortion Products Otoacoustic Emissions, kHz: Kilohertz, dB SPL: 
Decibel Sound Pressure Level, SNR: Signal-to-noise ratio, SE: Standard error
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After noise exposure, DPOAE responses had disappeared on 
the 1st, 7th and 10th days measurements in both group III and 
group IV. Thus, we were not able to compare the DPOAE 
results.

Histological Examination

Hematoxylin-Eosin Staining

H&E-stained sections taken through the organ of Corti 
and spiral ganglion cells showed normal morphology in 
both groups I and II. The organization of the Corti organ 
cells were disrupted in both noise exposed groups. However, 
the level of disruption was not so much in group IV (Figure 
2). The observed disruption might be caused while taking 
sections by microtome. In both noise exposed groups loss 
of cells in spiral ganglion neurons were evident, but these 
pathological changes were less severe in group IV (Figure 3).

TUNEL Assay

TUNEL Assay showed that noise-induced apoptotic cell 
death was prominent in the organ of Corti and spiral ganglion 
cells. Group I and II showed lower TUNEL positive cells 
than both of groups III and IV. There were more TUNEL 
positive cells in Group III. The TUNEL results showed that 
the level of apoptosis was less in the noise exposed KRG 
group (group IV) (Figure 4). The most significant apoptotic 
changes were obtained in the spiral ganglion cells (Figure 
4). The ratio of apoptotic spiral ganglion cells was decreased 
in the group IV (33%) in comparison to group III (92%) 

(p<0.001). The mean percentage of apoptotic cells in the 
organ of Corti were 67% and 28% in group III and group IV, 
respectively (p<0.001, Figure 5).

Discussion
The mechanism of NIHL is related to mechanical and 
metabolic damage. NIHL affects the biochemical systems in 
the inner ear, leading to necrosis and apoptosis. This change 
causes permanent hearing loss (21). 

KRG extracts have recently been shown to have anti-
apoptotic and antioxidant effects in various studies (15, 17, 

Figure 1. 4, 8, 12, 16, 32 kHz ABR thresholds shifts for all groups ( = p<0.05)

Figure 2. a-d. Hematoxylin-Eosin staining of organ of Corti (a. 
Group I, b. Group II, c. Group III, d. Group IV). The arrows show 
that the organization of organ Corti cells are disrupted (50 µm)
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19, 22, 23). Recently, some studies showed that KRG and 
ginsenosides (found in ginseng) have otoprotective properties 
against age-related hearing loss, gentamicin, 3-nitropropionic 
acid, cisplatin ototoxicity, and noise-induced hearing loss (15, 
16, 18-21).

In the literature there were only two studies about the effect 
of KRG in NIHL. Kang and Chung (21), administered 200 
mg/kg KRG orally for three days to mice, starting from one 
hour after the 110 dB SPL white noise (three hours). After 
noise exposure, the click ABR results of the KRG group were 
significantly better than the control saline group. On the 7th 

day, all groups returned to their basal hearing values and it 
was considered as a temporary threshold shift. The authors 
indicated that KRG had rapid recovery effect for temporary 
threshold shifts, and long-term results for permanent hearing 
loss might be better (21). 

In our study, we investigated the effect of KRG on permanent 
NIHL and the wide hearing frequency range of the rats 
allowed us to evaluate the most affected high frequency 
region in NIHL. We used high frequency TB stimuli in 
ABR. To our knowledge, this is the first research using high 
frequency TB ABR on the effect of KRG for NIHL.

In their research, Hong et al. (24) tested various doses of 50 
mg/kg and 100 mg/kg ginsenosides compounds, KRG and 
ginseng compounds 24 hours after the 120 dB SPL, 4 kHz, 
pure tone noise (2 hours) for seven days. The effects of KRG 
and ginsenosides compounds were evaluated by TEOAE, 
ABR and middle latency responses (MLR) after the 1st, 4th 
and 7th days. SNR was assessed in the TEOAE test, which was 
used to evaluate outer hair cell function. Significantly, better 
SNR responses were obtained in the group of ginsenoside 
compounds. The KRG group showed better ABR thresholds 
at 4, 6, and 8 kHz than the control group. It has been stated 
that KRG (100 mg/kg) and ginsenoside compounds have a 
protective effect for NIHL. In the study of Hong et al. (24) 

the ginseng compounds were administered for seven days 
and in our study the powder form of ginseng root was given 
for 10 days.

Choung et al. (15) reported the protective effects of KRG 
against gentamicin-induced ototoxicity, and Kang and 
Chung (21) also stated that, for NIHL, ginseng had reactive 
oxygen species repellent and apoptotic potency properties 
and might have a protective role in the ear. Kang and Chung 
(21) did not observe 8-oxoguanine as a ROS indicator after 
noise exposure. In our study, TUNEL (+) cells were less 
visible in group IV than in group III, especially in the spiral 
ganglion cells. This may be indicative of the protective effect 
of KRG in NIHL, as stated by referred studies (15, 21).

Fujita et al. (25) investigated the protective effect of the 
intravenous infusion of ginseng compound gRb1 on spiral 

Figure 3. a-d. Hematoxylin-Eosin staining of spiral ganglion cells 
(a. Group I, b. Group II, c. Group III, d. Group IV). The arrows 
show the degeneration and picnotic changes in spiral ganglion cells 
(200 µm). 

Figure 4. a-d. TUNEL staining of spiral ganglion cells in all groups 
(a. Group I, b. Group II, c. Group III, d. Group IV). Arrows shows 
TUNEL positive (apoptotic) cells (400 µm)
TUNEL: Terminal deoxynucleotidyl transferase mediated dUTP nick-end 
labeling

Figure 5. Apoptotic cell ratio in organ of Corti and spiral ganglion
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ganglion cells in the cochlear ischemia model of gerbils. 
In their study, with the application of gRb1 the ratio of 
TUNEL positive cells decreased from 25% to 5% and the 
authors concluded that gRb1 had otoprotective properties in 
cochlear ischemia model in gerbils (25).

In our study, antioxidant application was started within 1 
hour after noise exposure since in daily life it is not always 
predictable when traumatic situations (such as in industry, 
armed forces, entertainment places, or unexpected bursts) 
will occur. We found a partial protective effect of KRG 
against NIHL which was prominent on 8 kHz.

According to some studies concerning NIHL, presbycusis, 
and ototoxicity, pathological changes firstly occur in the hair 
cells and the damage in the spiral ganglions neurons occurs 
after that (25, 26).

Our histopathological results showed that in Group IV, 
application of KRG had a significant protective effect on 
both hair cells and spiral ganglion neurons. Apoptotic cell 
ratio in hair cells and spiral ganglion neurons were 28% 
and 33% in Group IV in contrast to the higher apoptosis 
ratio in group III (67% and 92%, respectively). According 
to our histopathologic evaluations, KRG showed prominent 
protection in terms by preventing apoptosis. Although we 
saw some improvements on hearing levels with the KRG 
treatment, we think that this protection was not completely 
reflected in our audiological results. We think that other 
possible cellular death mechanisms like necrosis may be a 
possible explanation for these results. The primary limitation 
of this study is the fact that our DPOAE device was not able 
to measure higher frequencies above 8 kHz.

Conclusion
Our results have shown that there is a partial protective effect 
of KRG on NIHL. This protection was more prominent on 
8 kHz and histopathologically more evident in both hair 
cells and spiral ganglion neurons. There is, however, need 
for further research to demonstrate the mechanisms of this 
protective effect, and to determine the optimal dose and 
the optimal timing for this protection on permanent noise-
induced hearing loss models (impact sound, burst, repetitive, 
wavy).
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Main Points
•	 Noise exposure can damage hair cells, spiral ganglion neurons 

and result in hearing loss.
•	 Korean Red Ginseng attenuates hair cell and spiral ganglion 

neurons loss induced by noise exposure. 
•	 Korean Red Ginseng may be a protective agent for noise-

induced hearing loss.
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