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and protection of cochlear sensorineural cells and 
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Abstract 
Age-related hearing loss (AHL) or presbycusis is steadily increasing due to the overall aging of the 

Chinese population. Traditional Chinese medicine (TCM) has long been used to prevent and treat 

deafness, but its effectiveness and mechanism of action are still uncertain. The present study tested a 

TCM preparation called “Jian Er” in a mouse model of prebycusis. 
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1. Introduction 

The incidence of presbycusis, or age-related hearing loss (AHL) is steadily increasing with the 

overall aging of the general population in China. AHL takes the form of a bilateral 

sensorineural hearing loss (SHL), beginning with an inability to detect high frequencies. AHL 

is a serious human health problem that negatively affects the quality of life in many elderly 

individuals. AHL is the leading cause of total years lived with any disability in adults. 

According to the World Health Organization (WHO), by 2025 there will be approximately 1.2 

billion people in the world over the age of 60, which marks a shift in the whole world 

population towards older people. An estimated 70-80% of adults between 65 and 75 years of 

age suffer from presbycusis [1]. According to a report in China [2], (due to the aging of the 

whole population) 51% of all people diagnosed with hearing loss suffered from AHL. Owing 

to the extremely complex etiology and pathogenesis of AHL, the prevention and treatment of 

AHL has proved extremely difficult. Up to the present day there is still no therapy that has 

definitively been proven to reverse damaged sensorineural cells, or rescue auditory neurons in 

human beings. 

Therefore, it is important to search for effective treatments and methods of prevention for 

AHL. There have been many literature reports of the treatment of deafness by traditional 

Chinese medicine (TCM) approaches. These medicines have been used for thousands of years 

in China; however, up to now, their effectiveness has not been conclusively proven, and their 

mechanism(s) of action remain unclear. During decades of clinical practice, and taking into 

account modern pharmacological research in TCM, we introduced the new TCM compound, 

which was called “Jian Er preparation” (JEP). JEP showed good clinical ability to protect 

hearing in humans, and has been used for treating patients with SHL (including AHL). JEP 

received a patent [3] for the SHL application in China [4-7]. 

Jian Er TCM preparation is composed of the following herbs Radix astragali, Radix puerariae, 

Radix salviae miltiorrhizae, and Rhizoma drynariae. Previously, experimental injection of 

astragalus had shown protective effects against ototoxicity and renal toxicity in guinea pigs, 

caused by administration of the aminoglycoside antibiotic, gentamicin [8]. Subsequently, we 

also found that an astragalus compound, “Bu Shen Jian Pi” capsules, which is another TCM 

preparation used for treating AHL, had anti-apoptotic effects in cochlear hair cells in a mouse 

model of AHL [9, 10]. 

To further investigate the protective effects and mechanism of action of JEP on presbycusis, 

we chose C57BL/6J mice as an animal model of AHL. The expanding arsenal of transgenic 

mice has created powerful models for investigating the biological bases of presbycusis [11-15]. 

C57BL/6J is not a transgenic strain, but rather is a common inbred strain of laboratory mice. 

C57BL/6J mice exhibit a high frequency of hearing loss and cochlear degeneration in the 
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middle of their life-span, beginning at about 5 months of age, 

and progressing to a profound hearing impairment by 15 

months of age. The major gene responsible for AHL in 

C57BL/6J mice was mapped by analysis of a (C57BL/6J x 

CAST/Ei) x C57BL/6J backcross [16]. A locus contributing to 

the hearing loss in C57BL/6J mice was termed “age-related 

hearing loss” (ahl), and was mapped to chromosome 10 [17] on 

a splice variant of the cadherin 23 gene. Mutations in cadherin 

23 have been shown to be correlated with congenital high 

frequency progressive hearing loss in humans, and some 

particular mutations caused late onset moderate hearing loss 
[18-20]. 

The goal of the present study was to study the effectiveness of 

“Jian Er” TCM in the C57BL/6J mouse model of AHL and to 

investigate its mechanism of action. We assessed the hearing 

ability of the mice by auditory brainstem response (ABR), and 

examined morphological changes in their cochlear hair cells, 

and spiral ganglion neurons by histological staining of a 

stretched preparation of the cochlear basilar membrane. Cyt-C 

and caspase-3 activity in cochlear tissues were measured by 

RT-PCR, and malondialdehyde (MDA) in cochlea, auditory 

cortex and hepatic tissue was measured by an assay kit, 

respectively. 

 

2. Material and Methods 

2.1 Animals  

Fifty-four C57BL/6J mice (50% male and 50% female at 4 

weeks of age) were used for this study. C57BL/6J mice were 

obtained from the Vital River Laboratory Animal Technology 

Company in Beijing, China [Batch number: SCXK (Beijing) 

2012-0001]. All procedures described in the study were 

specifically approved by the Institutional Animal Care and 

Use Committee (IACUC) of Guangxi University of Chinese 

Medicine (license No. SYXK.GUI.2010-0001h).  

 

2.2 Experimental groups  

Fifty-four C57BL/6J mice were randomly divided into three 

groups. Twenty animals in the first group drank tap water 

from weaning (1 month of age) until 7 months of age as the 

control group, twenty animals in the second group drank tap 

water containing TCM daily from 1 month of age until 7 

months of age as the treatment group. Six animals from each 

of these groups were used for evaluation of audiology, 

quantification of cochlear hair cells and spiral ganglion 

neurons. An additional eight animals from each group were 

used to measure Cyt-C, FasL and caspase-3 in the cochlear 

tissues. The remaining six animals from each group were used 

to measure MDA in cochlea, auditory cortex and hepatic 

tissue. In addition, fourteen untreated C57BL/6J mice drank 

tap water from weaning (1 month of age) until 2 months of 

age as a normal control group before disease development for 

the evaluation of audiology, quantification of cochlear hair 

cells (HCs) and spiral ganglion neurons (SGNs) from six 

animals and for the assay of Cyt-C, FasL and caspase-3 from 

eight animals. 

 

2.3 Preparation of traditional Chinese medicine 

Compound “Jian Er” preparation of TCM is composed mainly 

of the following herbs: Radix astragali, Radix puerariae, 

Radix salviae miltiorrhizae, Rhizoma drynariae. These 

botanical preparations were successively treated by cooking 

in water, filtering, concentrating, drying, pulverizing, and 

passing through a mesh to produce a powder according to the 

methods that had been previously used to prepare this herbal 

medicine in capsules for administration to patients. One gram 

of the final TCM powder was equal to 6.63 gram of the raw 

herbal materials. By applying the rule of dosage equivalence 

between the mouse and the adult human [21], the dosage for 

mice was calculated to be 1.83g /kg/day. The powder was 

added to tap water in drinking bottles for the animals to drink 

from 1 month of age until 3 months of age, so the animals 

could receive the calculated dosage each day without any 

other source of water. Subsequently the mice were daily 

administered the calculated dosage by gavage needle from 4 

months of age until 7 months of age. The use of different 

methods of administration was because the esophagus and 

pharynx cavity of mice before 3 months of age is thin and 

delicate; therefore daily gavage may easily cause local 

damage and even lead to animal death.  

 

2.4 Evaluation of auditory function in C57BL/6J mice 

The auditory brain stem response (ABR) methodology has 

been described in our previous publications [12-15]. In brief, at 

the end of the experiment (7 months of age), the mice were 

anesthetized with ketamine (0.56 mg/kg) and acepromazine 

(36 mg/kg). Their body temperature was maintained at 37-

38oC by placing the mice on a heating pad in a sound-

attenuating chamber. The active needle electrode was inserted 

subcutaneously at the vertex, the reference electrode was 

inserted at the mastoid area of the test ear, and the ground 

electrode was inserted at the contralateral mastoid. The ABR 

was elicited with tone bursts (8, 12, 16, 32 kHz; 0.5 ms 

rise/fall time, no plateau, alternating phase) or clicks (10 ls) 

presented at 21/s. Stimuli were generated digitally (TDT 

system, Sig Gen, FL, USA), passed through a D/A converter 

(TDT, RP2.1, 100 kHz sampling rate) and presented through a 

high-frequency speaker (model: AS-TH400A), which was 

channeled through plastic tubes into the animals’ ear canals. 

The evoked brainstem responses to 8, 16 and 32 kHz tone-

bursts stimuli were amplified and averaged. ABR thresholds 

were obtained for each stimulus by reducing the sound 

pressure level (SPL) at 10 dB steps and finally at 5 dB steps 

up and down to identify the lowest level at which an ABR 

waveform could be detected. Stimulus presentation, data 

acquisition and analysis were performed using computerized 

equipment from Intelligent Hearing Systems (IHS; Miami, 

Florida). 100 dB was the maximum SPL presented for all 

stimuli. With our testing system, the average ABR thresholds 

(in dB SPL) for normal hearing in C57BL/6J mice at 2 

months of age were about 50-55 dB for all tested frequencies 

(8, 12, 16, 32, and 48 kHz). 

 

2.5 Cytocochleograms 

Cochleae were prepared and evaluated as described in detail 

in our earlier publications [9, 15-17, 21]. After ABR testing, 

mice were decapitated immediately. The temporal bones were 

removed and fixed with 10% formalin in PBS for 24 hours. 

After decalcification with Decal solution (Baxter Scientific 

Products) for 3 days, one cochlea from each animal was 

infused with Harris’ hematoxylin staining solution for 5 min. 

The cochlear basilar membrane was micro-dissected out and 

mounted as a flat surface preparation in glycerin on a glass 

slide. Specimens were examined under a light microscope, 

and the numbers of missing inner hair cells (IHCs) and outer 

hair cells (OHCs) were counted over 0.24 mm intervals along 

the entire length of the cochlea. In comparison with 

experimental norms from young, healthy C57BL/6J mice, the 

cochleogram of the 7 month-old mice showing the percent 

hair cell loss as a function of percent distance from the apex, 

were constructed for each animal. The results from all the 
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mice in each experimental group were averaged across 

animals in order to obtain a mean cochleogram for each group 
[12, 13, 15, 22-28]. The cochlear position was related to frequency 

using a cochlear frequency-place map [29].  

 

2.6 Evaluation of cochlear spiral ganglion neurons 

In order to assess the damage to spiral ganglion neurons 

(SGNs), the cochlea from the other ear was fixed with 10% 

formalin in 0.1 M phosphate buffered saline (pH 7.4), then 

immersed in fixative for approximately 24 h. The fixed 

cochleas were decalcified by immersion in Decal (Baxter 

Scientific Products) for 3 days, dehydrated, and embedded in 

Epon 812 resin. Serial sections were cut in a plane parallel to 

the modiolus at a thickness of 3 µm (Reichert Super Nova 

microtome), mounted on slides and stained with toluidine 

blue or hematoxylin - eosin (HE) staining [15, 28, 30-33].  

 

2.7 Assays for Cyt-C mRNA, FasL mRNA and caspase-3 

mRNA using Real-Time PCR  

It was decided to measure Cyt-C mRNA, FasL mRNA and 

caspase-3 mRNA by RT-PCR rather than by measuring the 

expression of these proteins by immunohistochemistry. The 

coding gene of Cytochrome C (Cyt-C) from mouse 

represented somatic Cyt-C levels. RT-PCR has previously 

been used for this purpose [34, 35], but demonstration of 

increased protein expression in the tissues would also be 

necessary for final confirmation. Moreover Cyt-c is released 

from the mitochondria during apoptosis so its sub-cellular 

localization is also important as well as its expression levels. 

The FasL (fas ligand) is a Type II transmembrane 

glycoprotein from the cell membrane. It is known as an early 

key factor in the cell membrane pathway to induce apoptosis 

by activating members of the caspase family. The main 

experimental reagents and experimental apparatus were: 

mRNA synthesis of single strand amplified reverse 

transcription kit (Dalian Takara Biotechnology Co., Ltd.), 

fluorescence quantitative PCR primers (Beijing Liuhe Hua 

Gene Technology Co., Ltd.) and Goldview I type of nucleic 

acid staining agent (Shanghai Solarbio Biological Technology 

Co., Ltd.), total RNA Extraction Kit (Axygen company, 

USA), high speed freezing centrifuge (5810R, Eppendorf, 

Germany), conventional PCR (9700, ABI, USA), real-time 

quantitative PCR (Mastercycler ep realplex 4, Eppendorf, 

Germany), micro ultraviolet spectrophotometry (Nanodrop 

2000, Thermo Fisher, USA). 

ACTB (mouse, bp291) was selected as the PCR reference 

primer, using sequences of AGTGTGACGTTGACATCCGT 

(forward) and AGTAACAGTCCGCCTAGAAGC (reverse). 

Test PCR primers were respectively caspase-3 (mouse, 

bp224), which sequences were 

CCACGTGGGAAAGTGAACCA (forward) and 

CAGGGCTATTGCTGGATGCT (reverse), Cyt-C (mouse, 

bp190), which sequences were 

AATCTCCACGGTCTGTTCGG (forward) and 

GGTCTGCCCTTTCTCCCTTC (reverse), FasL (mouse, 

bp169), which sequences were 

GAGGTCTGTGACTGAGGGAC (forward) and 

AAACGGCCTCTGTGAGGTAG (reverse).  

The cochleas from six animals in each group at 7 months of 

age in control and TCM groups were taken, and then placed in 

RNA protection solution and frozen in liquid nitrogen for 

preservation. Total RNA was extracted from cochlear cells 

according to the operating procedure of the total RNA 

Extraction kit. The ground cochlear samples were mixed and 

centrifuged successively in R-I Buffer solution and R-

ⅡBuffer solution, the supernatant was removed, and then 

centrifuged respectively in isopropyl alcohol, Buffer W1A 

and Buffer W2. Finally the RNA was obtained by 

centrifugation and eluted in RNase-free water. The total RNA 

was electrophoresed on an agarose gel to judge its integrity. 

The total RNA concentration was determined by micro 

ultraviolet spectrophotometry, and was in the range of 100-

300 ng/µL. According to the instructions in the reverse 

transcription reaction kit, RNA was added into DNA Eraser 

Buffer, supplemented the total volume with RNase-free water, 

and then respectively added Prime Script Buffer, RNase-free 

water, RT Primer Mix, Prime Script RT Enzyme Mix I to 

conduct the reverse transcription reaction for synthesizing 

cDNA. Then added primers, and in the Real-Time PCR 

instrument, passed through respectively pre-denaturation, 

denaturation, annealing and extension reactions conducted by 

temperature cycling. Finally, Ct values of the amplified 

ACTB, caspase-3 and Cyt-C, FasL from the different samples 

were measured, and converted into 2-△△Ct value by calculating 

formula for expressing values of the mRNA. 

 

2.8 Test for malondialdehyde concentration by UV 

spectrophotometry  

A kit for malondialdehyde (MDA) determination was 

provided by the Nanjing Institute of Biological Engineering. 

In brief, the cochleas, temporal tissue of the brain (equivalent 

to the auditory cortex) and hepatic tissue of the animals were 

rapidly removed, and immersed in PBS (pH 7.4) with 1:9 

volume ratio, stored in freezer at -20 ℃. These tissues were 

respectively ground under liquid nitrogen and diluted tenfold 

in PBS, and then were respectively centrifuged at 4000 rpm 

for 10 min, and divided into two parts. One part of the 

supernatant, the MDA reagent in the kit (N-methyl-2-

phenylindole) was added and the absorbance measured at 586 

nm. To the other part of the supernatant, Coomassie brilliant 

blue was used to measure protein concentration. A calibration 

curve was prepared and the malondialdehyde content 

(nmol/mg protein) was calculated.  

 

2.9 Statistical analysis 

ABR data analysis was performed using the JMP 7.0 

interactive statistics and graphics software program 

(www.JMP.com). Statistical significance of the differences 

among means was determined by one-way ANOVA with 

Tukey test for correction of multiple pairwise comparisons. 

The data of hair cell counts and spiral ganglion counts from 

the basal turn were analyzed using a 2-way ANOVA. A 

Tukey post-hoc analysis was used to identify significant 

differences (Sigma Stat 3.5 for Windows, version 3.5) [23-26, 28-

32].  

 

3. Results 

3.1 Hearing loss 

The results of the measured ABR thresholds are shown in 

Figure 1. The C57BL/6J mice at 2 months of age exhibited 

normal ABR thresholds for all tested frequencies (8, 12, 16, 

32, and 48 kHz). However, the ABR thresholds in the 

untreated control group at 7 months of age (drinking tap water 

daily from 1-7 months of age) were significantly elevated at 

all tested frequencies in comparison with the normal control 

group (drinking tap water daily from 1-2 months of age) 

(p<0.05). In contrast, 7-month old C57BL/6J mice that had 

been treated with TCM (JEP) showed nearly normal ABR 

thresholds at all tested frequencies and there was no 

statistically significant difference compared to the normal 
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control group (drinking tap water daily from 1-2 months of 

age) (p﹥ 0.05); however there was a statistically significant 

difference compared to the untreated AHL control group 

(drinking tap water daily from 1-7 months of age) (p<0.05) 

(Figure 1). These results suggest that long-term treatment 

with traditional Chinese medicine can postpone the 

occurrence, or lessen the severity of presbycusis in middle-

aged C57BL/6J mice. 

 

 
 

Fig 1: ABR thresholds in groups of mice. 

 

Mean (+/- SEM, n=6/group) ABR thresholds in normal 

control group (C57BL/6J mice drank tap water till 2 months 

of age), experimental control group (C57BL/6J mice drank 

tap water till 7 months of age), and traditional Chinese 

medicine treated group (C57BL/6J mice drank traditional 

Chinese medicine till 7 months of age). Note C57Bl/6J mice 

drank tap water daily at 2 months of age had normal response 

of ABR on 8, 12, 16, 32, and 48 kHz tone bursts. In contrast 

to normal control group, C57BL/6J mice drank tap water 

daily till 7 months of age and developed a significant 

elevation of ABR thresholds in all tested frequencies (P < 

0.05). However, no statistically significant differences in 

threshold means were detected between normal control group 

(C57BL/6J mice drinking tap water daily till 2 months of age) 

and traditional Chinese medicine treated group (C57BL/6J 

mice drinking traditional Chinese medicine daily till 7 months 

of age) (P﹥  0.05). *Significantly different from normal 

control group at 2 months of age (P < 0.05) and traditional 

Chinese medicine treated group at 7 months of age (P < 0.05). 

 

3.2 Cochlear hair cell degeneration 

To investigate whether the long-term treatment with 

traditional Chinese medicine can protect cochlear hair cells 

against age-related loss and damage in C57BL/6J mice, the 

cochlear surface preparations were prepared with hematoxylin 

staining for analysis of cochleogram.  

We first confirmed that 2 month-old control C57BL/6J mice 

(drinking tap water daily from 1-2 months of age) showed 

normal cochlear hair cells throughout the whole cochlea 

(Figure 2A, Figure 3A), but untreated 7 month-old control 

C57BL/6J mice (drinking tap water daily from 1-7 months of 

age) displayed severe damage in their cochlear hair cells

located in the basal turn of the cochlea (Figure 2B, Figure 

3B). However, the hair cells were well protected in mice that 

had been treated with traditional Chinese medicine through 

daily drinking JEP from weaning to 7 months of age (Figure 

2C, Figure 3C). The density of surviving cochlear hair cells in 

the basal region (70-100% from the apex) in the control group 

was 18% (Figure 3B). In contrast, the density of surviving 

hair cells in the TCM- treated C57BL/6J mice was 68% 

(Figure 3C). Statistical analysis showed a significant 

difference between the control group and TCM-treated groups 

(p<0.05, Figure 3D-F). The results indicate that long-term 

treatment with TCM can reduce age-related cochlear damage 

in C57BL/6J mice.  

 

 
 

Fig 2: Typical examples of cochlear surface preparation at basal turn 

near the hook region. 

 

(A) Mice at 2 months of age with drinking tap water. Note all 

hair cells were intact at 2 months of age. (B). Typical example 

of cochlear surface preparation at basal turn near hook region 

at 7 months of age with drinking tap water, note most hair 

cells were missing. (C) Typical example of cochlear surface 

preparation at basal turn near hook region at 7 months of age 

with drinking traditional Chinese medicine. Note the region 

and level of hair cell degeneration was effectively reduced by 

traditional Chinese medicine treatment (Orange arrow 

represents the extending range of intact hair cells. Red arrow 

represents the extending range of missing hair cells). 
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Fig 3: Average cochleogram and hair cell density from C57BL/6J mice. 

 

(A) Cochleogram from mice at 2 months of age with drinking 

tap water group; (B) Cochleogram from C57BL/6J mice at 7 

months of age with drinking tap water; (C); Cochleogram 

from C57BL/6J mice at 7 months of age with drinking 

traditional Chinese medicine; (D) Comparison of outer hair 

cell loss among three groups; (E) Comparison of inner hair 

cell loss between three groups; (F) Quantification of hair cell 

density in the region of cochlear basal turn from 80-100% 

from apex. *Significantly different from normal control group 

at 2 months of age (P < 0.05). **Significantly different from 

between experimental group (drinking tap water till 7 months 

of age) and traditional Chinese medicine treated group 

(drinking traditional Chinese medicine) (P < 0.05).  

 

3.3 Degeneration of spiral ganglion neurons  

To investigate whether the long-term treatment with TCM 

could protect spiral ganglion neurons (SGNs) against age-

induced degeneration in C57BL/6J mice, standard temporal 

bone sections were stained with toluidine blue or 

hematoxylin- eosin (HE) and observed under a light 

microscope.  

Normal control C57BL/6J mice (drinking tap water daily 

from 1 to 2 months of age) displayed a high density of SGNs 

with a healthy morphological appearance (Figure 4A1, A2). 

However, a large number of SGNs in the cochlear basal turn 

were missing in untreated control C37BL/6J mice at 7 months 

of age (Figure 4B1, B2). In contrast, most of the SGNs at the 

same location were intact in C57BL/6J mice receiving long-

term treatment with TCM (Figure 4C1, C2). Statistical 

analysis showed a significant difference between the control 

group and the TCM-treated group or the normal control group 

(2 months of age) (p<0.05), but there was no statistically 

significant difference between the normal control group (2 

months of age) and the TCM-treated group (7 months of age) 

(p﹥ 0.05) (Figure 4D). These results indicate that TCM had a 

protective effect to prevent degeneration in SGNs. 

 

 
 

Fig 4: Effects on ganglion neurons. 

 

(A1, A2) Spiral ganglion neurons were intact in the hook 

region in control mouse at 2 months of age with drinking tap 

water. (B1, B2) Massive ganglion cell loss was detected in the 

experimental group in the hook region at 7 months of age 

with drinking tap water. (C1, C2) Many spiral ganglion 

neurons survived after traditional Chinese medicine treatment 

at 7 months of age with drinking TCM. (D) Comparison of 

density of spiral ganglion neurons in the hook region between 
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C57BL/6J control mice at 2 months of age with drinking tap 

water, 7 mouths of age with drinking tap water, and 7 months 

of age with drinking traditional Chinese medicine. 

*Significantly different from control group at 2 months of age 

(P < 0.05). **Significantly different between experimental 

group at 7 months of age with drinking tap water and 7 

months of age with drinking traditional Chinese medicine (P 

< 0.05).  

 

3.4 Assays for FasL, Cyt-C, caspase-3 and 

malondialdehyde 

To investigate the mechanism of action of “Jian Er” TCM on 

prevention of presbycusis in the mouse model, we measured 

Cyt-C, FasL and caspase-3 expression in cochlear cells. The 

results shown in Figure 5 display a significant difference in all 

three measures between the 2-month control group and the 7-

month control group (both drinking tap water) as the age-

related disease progressed. The TCM-treated group at 7 

months was significantly different from the 7 month control 

group in all three measures (Cyt-C, FasL, caspase-3, Figure 

5), There were no significant differences between the TCM-

treated group at 7 months and the normal control group at 2 

months. These results suggested that compound JEP TCM 

could inhibit Cyt-c release in mitochondria, and FasL 

activation in the cell membrane both of which would lead to a 

reduction in apoptosis caused by caspase-3 activation.  

 

 
 

Fig 5: Comparisons of FasL, Cyt-C and caspase-3 mRNA expression levels. 

 

(A) FasL; (B) Cyt-c; (C) caspase-3. Expression levels shown 

by RT-PCR 2-△△Ct values from Ct value conversion, for 

control group at 2 months, control group at 7 months of age 

(both drinking tap water) and treated group at 7 months of age 

(drinking water containing traditional Chinese medicine). P 

values calculated by one-way ANOVA and Tukey test. 

We also measured the malondialdehyde content in cochlea, 

auditory brain cortex and hepatic tissue in mice in the 7-

month control group and in the 7-month TCM group. The 

significant decrease in MDA concentrations in all three tissue 

types suggested that JEP could act as a systemic anti-oxidant 

and could inhibit the age-dependent increase in lipid 

peroxidation. If Jian Er TCM could decrease formation of 

reactive oxygen species (ROS) and inhibit oxidative stress, 

then this is a plausible mechanism for its beneficial effects on 

reducing apoptosis caused by caspase-3 in cochlear cells 

because oxidative stress is well-known to be involved in 

cochlear hair cell degeneration [36, 37].  

 

 
 

Fig 6: Comparisons of MDA levels. 

 

MDA values shown in nmol/mg prot from cochlea, auditory 

cortex and hepatic tissue, between control group at 7 months 

of age drinking water and treated group for 7 months of age 

drinking water containing traditional Chinese medicine. * 

indicates significant differences between two groups (P < 

0.05). 

 

4. Discussion 

AHL is a form of sensorineural deafness that leads to bilateral 

progressive loss of hearing. Its onset is unpredictable, its 

etiology is uncertain, and its pathogenesis remains unclear. 

The main pathological changes of AHL include damage to the 

cochlear stria vascularis (SV), progressive loss of HCs and 

afferent SGNs, and destruction of the central auditory 
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pathway. A key causal factor for AHL is thought to be 

atherosclerosis in the blood vessels supplying the SV, which 

leads to reduced cochlear blood flow. The significantly 

decreased cochlear blood supply inhibits oxidative 

phosphorylation in the mitochondria, and this mitochondrial 

dysfunction then leads to production of ROS in the cochlea, 

and consequent oxidative stress. This oxidative stress induces 

further damage to the mitochondria including mutations or 

deletions in the mitochondrial DNA (mtDNA), and greater 

mitochondrial dysfunction, finally leading to apoptosis in the 

cochlear cells via the mitochondrial pathway initiated by Cyt-

c release followed by caspase-3 activation [38]. A study 

compared specimens of human temporal bone from subjects 

between 10 and 85 years of age. The SV and the SGNs both 

showed a tendency for progressive atrophy to develop with 

increasing age, and atrophy in the basal cochlear turns was the 

most obvious sign. There was a statistically significant 

correlation observed between age of subjects and SV atrophy, 

only in the apical and basal cochlear turns. These findings 

were consistent with pathological findings previously reported 

in gerbils [39]. Therefore, it was proposed that normal cochlear 

blood supply was very important for maintaining the cochlear 

membrane potential, ensuring sufficient ion transport, and a 

good lymphatic function, thus maintaining a stable cochlear 

environment and good auditory function. SV degeneration 

due to a disorder of the cochlear microcirculation has been 

considered to be one of the important causes of AHL [39, 40]. 

Our results showed that, not only was damage to the HCs and 

the SGNs in the basal cochlear turns quite obvious in this 

model, but there was also serious hearing loss at all 

frequencies in the control group at 7 months of age. However, 

damage to the apical cochlear regions, and to the middle 

cochlear turns was not seen, as cellular morphology studies 

did not change by comparison with control group at 2 months 

of age. This indicated that age-related damage to HCs and to 

SGNs in C57BL/6J mice commenced from the base of the 

cochlea and progressed towards the apex. Hearing loss also 

showed a tendency for progressive development starting with 

high frequencies and progressing to low frequencies with 

increasing age. Our study proved that the compound Jian Er 

of TCM preparation could not only significantly protect the 

cochlear HCs, but could also markedly protect the cochlear 

SGNs against apoptosis. 

Caspase (cysteinyl-aspartate specific proteinase)-mediated 

programmed cell death is recognized as part of the classical 

apoptotic pathway, originating in the mitochondria. When Cyt 

c is released from damaged or dysfunctional mitochondria by 

opening of the mitochondrial permeability transition pore, it 

can interact with several proteins to form “apoptosomes”. Cyt 

c is anchored to the anionic phospholipid, cardiolipin (CL) in 

the mitochondrial inner membrane. When dysfunctional 

mitochondria produce ROS, CL can be oxidized, breaking its 

association with Cyt c, which is then released out of the 

mitochondria [41]. The released Cyt c binds to and activates 

apoptotic protease activating factor-1 (Apaf-1) leading to 

assembly of the apoptosome. The apoptosome then activates 

different caspases: the upstream caspase-9 and the 

downstream caspases (caspase-3, caspase-6 or caspase-7) all 

requiring ATP hydrolysis. These active caspases degrade 

intracellular proteins, and lead to DNA degradation thus 

causing apoptosis [42]. Caspase-3 is one of the family members 

of ICE (interleukin 1- converting enzyme B), also known as 

cysteinyl-aspartate specific proteinase 32 (CPP32), which has 

homology with Ced-3. Caspase-3 is the main active caspase 

and serves as a common downstream effector for many 

apoptotic pathways, so it has also been named as “death 

executive protease” [43]. 

According to results of modern pharmacological studies on 

TCM, the herbal medicines contained in compound Jian Er 

preparation, possess an extensive range of different 

pharmacological effects that can modify the etiology and 

pathogenesis of AHL. The herbal constituents exhibit multi-

functional properties that can lower blood lipids, can prevent 

arteriosclerosis, can dilate blood vessels, improving the 

microcirculation, enhancing the activity of SOD in histocytes 

and prolonging histiocytic lifetime, increasing Na+, K+-ATP 

enzyme activity in cell membranes, and acting as an 

antioxidant thus reducing oxidative stress [44]. Our research 

showed that compound Jian Er preparation of TCM not only 

could significantly decrease MDA in cochlea, auditory cortex 

and hepatic tissue, but also could reduce the expression of 

Cyt-C and caspases-3 in cochlear cells of C57BL/6J mice 

with AHL. MDA is an end product of lipid peroxidation, 

which is formed by interaction of ROS with phospholipids 

and lipid constituents of biological membranes, membrane-

associated polyunsaturated fatty acids. MDA is a highly 

reactive molecule that can react with amino groups on nucleic 

acids and proteins due to its reactive aldehyde groups. MDA 

is an important marker for detecting lipid peroxidation and 

ROS generation. A recent report [45] described a close 

relationship between increased MDA levels in tissues and 

many diseases characteristic of aging. Besides, our earlier 

research also showed that compound Jian Er preparation of 

TCM could significantly increase brain-derived neurotrophic 

factor (BDNF) expression in cochlear tissue in a DBA mouse 

model [46]. A recent study reported that neural stem/progenitor 

cells (NSPCs), which had been harvested from the adult rat 

spinal cord, and exposed to hydrogen peroxide (H2O2) for 24 

hours in vitro to induce oxidative stress, led to a marked 

reduction in cell survival. In contrast, pretreatment with 

BDNF for 48 hours attenuated the increase in intracellular 

ROS and enhanced survival. Moreover, it was pointed out 

that BDNF-induced survival was associated with a significant 

reduction in the number of apoptotic cells and a significant 

increase in the activity of the antioxidant enzymes, 

glutathione reductase and superoxide dismutase [47].  

 

5. Conclusion 

In conclusion, we believe that compound Jian Er preparation 

of TCM acts as an anti-oxidant, reducing lipid peroxidation 

and MDA levels, lessening mtDNA damage, and decreasing 

Cyt-C release, therefore inhibiting caspase-mediated 

apoptosis via the mitochondrial pathway, and protecting 

cochlear HCs and SGNs from age-related cell death. 

Moreover there have been no side-effects reported, or any 

potential adverse effects that have been observed in the 

clinical application of TCM over many years, and there 

appears to be no risks associated with long-term consumption 

of TCM in humans. 
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