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Abstract

Background Age-related hearing loss (ARHL) is one of the main illnesses afflicting the aged population and has a
significant negative impact on society, economy, and health. However, there is presently no appropriate therapeutic
treatment of ARHL due to the absence of comprehensive trials.

Objectives The goal of this review is to systematically evaluate and analyze recent statistics on the pathologic clas-
sifications, risk factors, treatment strategies, and drug candidates of ARHL, including that from traditional Chinese
medicine (TCM), to provide potential new approaches for preventing and treating ARHL.

Methods Literature related to ARHL was conducted in databases such as PubMed, WOS, China National Knowledge
Infrastructure (CNKI), and Wanfang from the establishment of the database to Jan, 2023. The pathology, causal factor,
pathophysiological mechanism, treatment strategy, and the drug candidate of ARHL were extracted and pooled

for synthesis.

Results Many hypotheses about the etiology of ARHL are based on genetic and environmental elements. Most

of the current research on the pathology of ARHL focuses on oxidative damage, mitochondrial dysfunction, inflam-
mation, cochlear blood flow, ion homeostasis, etc. In TCM, herbs belonging to the kidney, lung, and liver meridians
exhibit good hearing protection. Seven herbs belonging to the kidney meridian, 9 belonging to the lung meridian,
and 4 belonging to the liver meridian were ultimately retrieved in this review, such as Polygonum multiflorum Thunb,,
Panax ginseng C.A. Mey, and Pueraria lobata (Willd.) Ohwi. Their active compounds, 2,3,4,5-Tetrahydroxystilbene-2-O-
D-glucoside, ginsenoside Rb1, and puerarin, may act as the molecular substance for their anti-ARHL efficacy,

and show anti-oxidative, neuroprotective, anti-inflammatory, anti-apoptotic, or mitochondrial protective effects.
Conclusion Anti-oxidants, modulators of mitochondrial function, anti-inflammation agents, vasodilators, K channel

openers, Ca?* channel blockers, INK inhibitors, and nerve growth factors/neurotrophic factors all contribute to hear-
ing protection, and herbs are an important source of potential anti-ARHL drugs.
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Background

Human ear can detect sound waves from 20 to 20,000 Hz,
with frequencies between 1,000 and 3,000 Hz are the most
sensitive. There sound waves enter the inner ear by two
different methods: air conduction (AC) and bone conduc-
tion (BC). BC allows sound waves to pass directly through
the skull to excite the periosteum, and excite the Corti to
produce auditory perception, only plays a role in auditory
examinations. Contrarily, AC predominates in most cases
(shown in Fig. 1a). In this way, sound waves are collected
and transmitted by the external ear. After a series of treat-
ments in the middle ear, it passes to the Corti in the inner
ear to sense the sound, and finally to the auditory center to
sense sound.

Sound wave vibrations cause vibrations in the basilar
membrane of the cochlea, which then propagate forward as
waves. Different locations of the cochlear basilar membrane
correspond to sounds of each frequency: high-frequency
sounds are amplified most in the cochlea’s basal turn, which
is close to the vestibular window, while low-frequency
sounds are amplified most in the cochlea’s apical turn, and
mid-frequency sounds are amplified in the middle turn of
the basilar membrane resonance. The basal turn of the
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basilar membrane of the cochlea vibrates only in response
to high-frequency sounds, while low-frequency sounds
cause most of the vibration of the basilar membrane.

Hearing loss is one of the most common conditions
that interfere with a person’s ability to work and lead a
normal life. Auditory dysfunction and various degrees
of hearing impairment are caused by qualitative or func-
tional lesions of the auditory conduction pathways and
collectively referred to as hearing loss. More than 1.5
billion individuals worldwide have some degree of hear-
ing loss as of 2021, and this number may increase to 2.5
billion by 2050, according to estimates from the World
Health Organization (WHO) [1].

Age-related hearing loss (ARHL), also known as presby-
cusis, is a condition in which hearing loss develops gradu-
ally over time in the majority of older people. It is the third
most common disease in the United States after heart dis-
ease and arthritis among diseases that primarily affect older
adults [2]. ARHL is described as progressive, bilateral, sym-
metrical, with most patients starting to lose hearing at high
frequencies. It is also characterized by diminished auditory
sensitivity and speech identification in noisy surroundings,
and it causes communication impairments that progress
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Fig. 1 Inner ear anatomy and the pathological sites of different ARHL. a Anatomical whole structure of ear. The air conduction pathway of sound:
sound wave — auricle— ear canal— eardrum — malleus — incus — stapes — vestibule — perilymph and endolymph — Corti — auditory
nerve — auditory center. b Cochlear longitudinal profile. ¢ Analysis of cochlear canal enlargement. d OHCs and IHCs. @ Shear motion. f Auditory center
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to a range of mental illnesses such as social isolation, geri-
atric depression, cognitive obstacles, etc. [3]. Research has
revealed a strong link between ARHL and Alzheimer’s
disease [4]. There were 14.566 million ARHL patients
worldwide in 2019 [5]. As a result, ARHL also imposes a
significant socioeconomic burden. The WHO reported
that the economic burden caused by hearing loss is as high
as US$1 trillion per year, and as people’s life expectancy
increases, the economic cost of ARHL will continue to
increase [1].

The pathophysiological causes and therapy options for
ARHL are still poorly understood. As a result, there are no
medications on the market right now that can effectively
treat ARHL. However, there are many herbal medicines
with great potential for treating ARHL. Traditional Chinese
medicine (TCM) has a lengthy history of clinical applica-
tion and a very rich body of knowledge regarding ARHL. In
this review, we searched for literature in databases such as
PubMed, WOS, China National Knowledge Infrastructure
(CNKI), and Wanfang from the establishment of the data-
base to Jan, 2023. The pathology, causal factors, pathophysi-
ological mechanisms, treatment strategies, and the drug
candidates of ARHL were extracted and pooled for synthe-
sis. We summarize the types, causes, and pathophysiological
mechanisms of ARHL, as well as therapy options for ARHL
using both herbal remedies and contemporary medications,
and their associated pharmacological consequences. This
review provides a unique perspective on how herbal rem-
edies and contemporary medications affect the mechanisms
of ARHL, particularly in the treatment of ARHL with herbal
remedies. We hope this will help develop drugs with poten-
tial therapeutic effects on ARHL.

Types of ARHL and its pathology

ARHL mostly involves lesions of the inner ear, auditory
nerve, and central nervous system, and is a type of sensori-
neural hearing loss. Based on the pathological circumstances
of the inner ear of the human temporal bone after death and
its audiogram study, ARHL can be classified into sensory
presbycusis, striatal presbycusis or metabolic presbycusis,
neurologic presbycusis, and cochlear conduction deafness
[6]. The first three are collectively referred to as sensorineu-
ral hearing loss. However, the majority of ARHL patients
exhibit a combination of multiple pathologies rather than
just one. Lesions of the central auditory pathway may play a
significant role in the development of ARHL in addition to
those that affect the peripheral auditory system [7].

Sensory presbycusis

In audiograms, sensory presbycusis is defined by an
increase in the high-frequency threshold, and in temporal
bone dissection, by the degeneration of hair cells (HCs)
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near the basal turn of the cochlea. HCs include outer hair
cells (OHCs) and inner hair cells (IHCs) (Fig. 1d). Sen-
sory presbycusis are susceptible to many factors, includ-
ing external mechanical damage, noise exposure, ototoxic
drug damage, etc. Bredberg analyzed sensory presbycu-
sis in the cochlea of 125 people from newborns to over
90 years old and found that both the OHCs at the api-
cal turn and basal turn of the cochlea degenerate with age
[8]. Subsequent studies have confirmed that the cochlea
sensory HCs degenerate from apical turn and basal turn
of the cochlea toward the middle turn of the cochlea
[9]. Since people with ARHL generally show an elevated
high-frequency threshold, corresponding to the basal
turn of the cochlea, while the loss of HCs in the low-fre-
quency part has little effect on hearing thresholds, it is
generally accepted that the basal turn of the cochlea HC
loss is a major pathology of cochlear aging.

Striatal presbycusis (metabolic presbycusis)

Striatal presbycusis, also known as metabolic presby-
cusis, manifests as atrophy of the stria vascularis (SV)
in the temporal bone, flattening of the hearing curve on
audiograms, or a minor increase in hearing threshold at
high frequencies. SV cells are located on the outer wall
of the cochlea duct (Fig. 1c) and are an important part
of hearing in the cochlea. Cochlear morphology studies
in quiet-grown gerbils suggest that the most important
site of association with ARHL is SV [10]. SV cells can
generate endocochlear potential (EP) [11, 12]. EP can
help auditory receptors convert sound energy into neu-
ral impulses, which are then transmitted to the center of
the auditory system to generate auditory sensations. EP
is maintained by ion fluxes in the SV and spiral ligament
(SL) located on the lateral cochlear wall [12, 13]. It may
be argued that the atrophy and malfunction of the SV is
a significant contributor to ARHL, since the loss of EP
plays a significant role in the rise of the hearing threshold
in mammals.

Neural presbycusis

Neural presbycusis is characterized by degeneration of the
auditory nerve and loss of cochlear neurons throughout
the cochlea. The degeneration of spiral ganglion neurons
(SGNs) may be caused by the accumulation of noise-
induced loss of cochlear-nerve/hair-cell synapses [14, 15].
The cochlea’s apical and basal turns are where nerve dam-
age occurs most frequently in both humans and animals
[16, 17]. Low spontaneous firing rate nerve fibers are the
most vulnerable parts of the SGN and suffer more severe
damage than medium and high spontaneous firing rate fib-
ers [18]. The spontaneous firing rate of the auditory affer-
ent nerve is negatively correlated with its threshold, that is,
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fibers with a high spontaneous firing rate have the lowest
response threshold, while fibers with a low spontaneous
firing rate have the highest response threshold. Thus, loss
of nerves with low spontaneous firing rate fibers results in
loss of high-frequency hearing. In mammals, neuronal loss
is more severe than sensory HCs loss, according to a num-
ber of studies [9, 19]. This finding raises the possibility that
neuronal loss is not merely a secondary process to the loss
of sensory HCs, and that the degree of neuronal damage
may actually be greater.

Central presbycusis

Unlike other sensory systems, which generally have only
one or two centers, the auditory system has four cent-
ers: cochlear nucleus, superior olive nucleus, lateral
lemniscus, and inferior colliculus (Fig. 1f). The coch-
lear nucleus receives sound information from the HCs
via the SGNs that has been processed by the peripheral
auditory system [20]. Each level of the central nerve is
divided into various sections according to its anatomical
position, and each section is further divided into numer-
ous smaller sections according to the type of neuron it
contains. Therefore, the central pathway of the auditory
system is very complex, and the physiological and path-
ological mechanisms of the auditory system center are
still unclear, and there is no reference standard for age-
related central auditory disorders [21]. It has been sug-
gested that ARHL is associated with decreased volume
in the right temporal lobe [22]. The structural MRI study
found that ARHL was independently related to the accel-
erated atrophy of total brain size and regional brain size
and the decrease of white matter integrity [23]. Findings
of synaptopathy in the auditory nerve center suggest that
synapses degenerate during aging, and more so in non-
type I, auditory nerve synapses, and may therefore play
an important role in the development of ARHL [24].

Major causal factors of ARHL

Biological aging

Hearing loss can begin in adolescence, but most hear-
ing loss due to biological aging begins much later, always
at age 60. Numerous studies have demonstrated that as
animals get older, their ABR threshold rises [25]. Biologi-
cal aging induced hearing loss is usually caused by oxida-
tive damage accumulated during aging and gradual loss
of HCs [26, 27]. It is initially more pronounced at high-
frequencies and then spreads to mid-frequency and low-
frequencies. Aged dogs and mice were similarly found to
have significantly less spiral ganglion neurons, inner and
outer HCs at the basal turn of the cochlea [28, 29]. In the
aging Long Evans and Fischer 344 rats, the number of
neurons containing non-phosphorylated neurofilament
and their protein level in the central auditory system
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decreased significantly, indicating that aging has a very
important contribution to the central auditory system
[30]. These findings suggest that biological aging plays a
critical role in the development of ARHL.

Genetics

Because congenital deafness and early-onset deafness are
mostly related to genetic factors [31], ARHL is expected
to be affected by genetic factors. There have been 124
non-syndromic hearing loss genes discovered to date
[32], including 77 autosomal recessive nonsyndromic
hearing loss genes, 51 autosomal dominant nonsyndro-
mic hearing loss genes (11 genes GJB2, TMC1, MYO7A,
TECTA, MYO3A, MYO6, COL11A2, PTPRQ, TBC1D24,
CEACAM16, RIPOR2/FAM65B are both autosomal
recessive genes and autosomal dominant genes). In
addition, there are 5 X-linked genes, a small number of
which are inherited through maternal mitochondria and
one, DENY], is inherited through the Y chromosome.
In addition, there are 11 different types of syndromes
of hearing loss, including Alport Syndrome and Bran-
chio-Oto-Renal Syndrome. Numerous researchers are
presently attempting to pinpoint the genes responsible
for ARHL, but no credible candidates have emerged. A
genome-wide association study (GWAS) of 100 inbred
mouse strains identified several statistically significant
loci that may predispose animals to hearing impair-
ment caused by noise exposure [33]. These genes may
also contribute to ARHL in humans. Numerous genes
that may contribute to ARHL were found in a GWAS
study of European populations, but none of them stood
out statistically above the rest [34]. This impact may be
brought about by a number of circumstances. First, a
large number of genes work together to cause ARHL, not
just a single gene. Second, ARHL is caused by a variety
of environmental/external factors in addition to genetic
changes. The genes responsible for ARHL mainly include
deafness-causing single genes, neurotransmitter-related
genes, oxidative stress-related genes, and mitochondrial
function-related genes. The following is a description of
the few ARHL-related genes that are now the focus of
intensive research, which are shown in Table 1.

Deafness-causing single gene

The granular head-like 2 gene (GRHL2) is located on
chromosome 8, and the protein it encodes is a transcrip-
tion factor that is associated with Deafness, Autoso-
mal Dominant 28 (DFNA28), which is associated with
ARHL in Europeans [35], but not in Han Chinese [36],
which may be due to population differences. Through the
N-ethyl-N-nitrosourea (ENU) mutagenesis protocol in
mice, it was reported that Slc4al0, encoding solute car-
rier family 4, sodium bicarbonate transporter, member
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Table 1 Genes associated with ARHL

Genetics Types Related mechanisms Refs.

GRHL2 Deafness-causing single gene The protein encoded by this gene is a transcription factor associ-  [35]
ated with deafness; associated with ARHL in European popula-
tions

Slc4a10 Mutant mice have elevated ABR thresholds; cochlear OHC loss [36]
is evident

SLC9A3R1 Hearing impairment in mutant zebrafish larvae [39]

KCNQ4 May have effects on DFNA5 [40]

Ahl Deletion of this gene results in disordered cochlear HCs, raising [42,43]
the ABR threshold

GJB2 This gene encodes Cx26, and deficiency of Cx26 impairs active [44]
cochlear amplification

A430005L14Rik Homozygous mutant mice exhibit asynchrony in auditory nerve  [45]
firing during noise

Dclkl Homozygous mutant mice had significantly higher hearing [45]
thresholds

GRM7 Neurotransmitter-related genes The gene is able to increase the release of glutamate, bringing it [49]
to a toxic state that increases the risk of ARHL

NAT2 Oxidative stress-related genes This gene is involved in the metabolism and detoxification of ROS,  [51]
and the polymorphism of NAT2*6A is associated with ARHL
in the population

GSTT1 GSTT1 null genotype was significantly associated with ARHL [52]

SOD2 promoter variant (—=38C > G) May be associated with male ARHL [53]

UCP2Ala55Val UCP2 is able to control ROS, and the UCP2Ala55Val polymorphism  [55]
was significantly associated with ARHL in the Japanese population

mtDNA 4977-bp Mitochondrial function-related genes  Deletion of this gene may be associated with ARHL [56]

mtDNA haplogroup A Associated with increased hearing loss in Japanese men [58]

mtDNA haplogroup N9 Associated with decreased hearing loss in Japanese women [58]

10, is a novel late-onset hearing loss gene, critical to inner
ear homeostasis [37]. Animal studies have supported the
link between this gene and hearing loss [38]. Two unre-
lated Italian men with ARHL were found to have the
heterozygous missense mutation ¢.539G > A, p. (R180Q)
in the SLC9A3R1 gene, which alters the PDZ2 domain
of the NHERF1 protein [39]. The homozygous zebrafish
larvae with this gene mutation have obvious hearing loss,
but no damage to HCs and neurons was observed [39].
Mutations in the potassium voltage-gated channel sub-
family ¢ member 4 (KCNQ4) gene have a large contribu-
tion to DFNAS5 [40], it has also been shown that there is
no significant link between DFNA5 and ARHL [41]. Ahl
(age-related hearing loss (AHL) gene) is one of the main
reasons for ARHL susceptibility. Ahl1 is located on chro-
mosome 10 [42, 43]. The deletion of the Ahl gene causes
disorders in the IHC and OHC of the cochlea, which
increases the animals’ hearing threshold. Connexin 26
(Cx26) and connexin 30 (Cx30), encoded by GJB2 and
GJB6, respectively, are the major protein subunits in the
cochlear gap junction. Mutations in GJB2 are the most
common genetic cause of loss of active cochlear ampli-
fication [44]. Furthermore, mice with homozygous muta-
tions in the A430005L14Rik and Dclkl genes experience

hearing loss [45]. The above studies suggest that there are
many single genes that cause deafness, but very few that

are directly associated with ARHL, mainly Ahl

Neurotransmitter-related genes

The strongest candidate for the ARHL gene is GRM?7,
a gene that encodes the glutamate metabolic recep-
tor type 7. Glutamate is an excitatory neurotransmitter,
impairment of glutamate homeostasis has important
neuropathological consequences and is associated with
a variety of neurological or neurodegenerative diseases
[46]. The presence of excessive glutamate is believed to
mediate the auditory neuronal neurotoxicity [47]. And
GRM?7 is considered to be the core for maintaining glu-
tamate synaptic transmission and the steady state of the
processes between HCs and afferent auditory nerve fiber
dendrites in the mammalian cochlea [48]. The pathogenic
allele of GRM7 changes the synaptic autoregulation of
glutamate in the synaptic fissure of the sensory cells of
the IHC and auditory neurons, leading to an increase in
the level of glutamate in the fissure, followed by the death
of excitotoxic neurons and/or sensory cells [49]. There-
fore, the GRM7 mutation may lead to the ARHL vulner-
ability. A study that analyzed hearing-related genes in the
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hippocampus of a BXD mouse strain also confirmed that
impaired glutamatergic synaptic pathways are involved in
ARHL [50].

The above suggests that the neural-related genes
responsible for ARHL are mostly associated with the
secretion of the excitatory neurotransmitter glutamate.
Excessive secretion of glutamate can cause severe dam-
age to neurons and HCs, leading to ARHL.

Oxidative stress-related genes

N-acetyltransferase 2 (NAT?2) is involved in the metabo-
lism and detoxification of reactive oxygen species (ROS).
The DNA of 68 patients with ARHL and 98 healthy con-
trols was studied to prove that the polymorphism of
NAT2*6A was significantly associated with ARHL in the
population [51]. Glutathione S-transferase (GST) is an
anti-oxidant enzyme, GSTM1 and GSTT1 null genotypes
are also significantly associated with ARHL [52]. A sec-
ond antioxidant enzyme, mitochondrial superoxide dis-
mutase 2 (SOD2), has a promoter variation (—38C>G)
that has been linked to an increased risk of ARHL in
males [53]. The main function of mitochondrial uncou-
pling protein 2 (UCP2) is to control ROS [54]. A poly-
morphism of UCP2 Ala55Val has been reported to be
significantly associated with ARHL in the Japanese popu-
lation [55].

Oxidative stress is an important trigger for biological
aging, and its impact on ARHL is also significant. There-
fore, interfering with the oxidative stress-related genes
that cause ARHL is also a treatment for ARHL.

Mitochondrial function-related genes
Mitochondrial DNA (mtDNA) 4977-bp deletions are
often found in ARHL patients. In 17 ARHL patients and
17 normal subjects, 14 patients and 8 normal subjects
showed 4,799-bp deletion respectively [56]. Five ARHL
patients’ samples were examined, and it was discovered
that many mitochondrial mutations in the peripheral
auditory system [57]. Thus, acquired mtDNA mutations
are one of the determinants of ARHL. Analysis of 12
major mtDNA haplotype groups (D4a, D4b, D5, G1, G2,
M7a, M7b, A, B4, B5, N9 and F), and found the risk of
hearing loss was significantly increased in Japanese male
subjects belonging to haplogroup A, whereas the risk
of hearing loss was significantly decreased in Japanese
female subjects belonging to haplogroup N9, suggesting
that mitochondrial haplogroups may be associated with
ARHL [58].

The above studies suggest that interference with
mtDNA mutations in the auditory system is also a poten-
tial treatment for ARHL.
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Living environment and life-style

In recent years, patients with ARHL have tended to be
younger; one reason for this is prolonged exposure to
noise. The degeneration of HCs of basal turn of the coch-
lea, especially the massive loss of OHCs, may be trig-
gered by noise exposure [59]. In old age, animals bred in
quiet environments lost much less HCs [60]. In one study,
noise exposure in young (2-month-old C57BL/6] mice)
significantly sped up or aggravated the course of ARHL
[61]. Workers exposed to noise have a markedly increased
risk of developing hearing loss and tinnitus compared to
those who operate in quiet workplaces [62]. Noise-induced
hearing loss (NIHL) and ARHL may be interrelated, as
young people of the Mabaan tribe living in the Sudanese
desert have a similar level of hearing to young people in
other regions, but they have better hearing in old age than
in other regions, presumably as a result of their peaceful
environment and healthy lifestyle [63]. Another survey
shows that compared to natives living on Easter Island,
men who are living or have lived in Chile have significantly
lower hearing than men who always lived on Easter Island
[64]. In animal models, there was also found degeneration
of the SL, which correlates with SV degeneration, in the
cochlea of quiet-aged gerbil [65]. These studies all suggest
that noise is an important factor in accelerating the devel-
opment of ARHL in young people.

Lifestyle may affect auditory performance and pro-
gression of ARHL at any age. Smokers or passive smok-
ers are also at high risk of developing ARHL, with
passive smokers having a higher risk, and moderate
alcohol consumption can reduce the risk of ARHL [66].
A survey of the Korean population showed that smok-
ers with diabetes had a higher risk of developing ARHL
than non-smokers with diabetes [67]. In the Malaysian
population, an increased risk of ARHL was linked to an
increased waist circumference, decreased niacin and
potassium intake, and increased carbohydrate intake
[68]. Intermittent hypoxic conditions, high-fat diet,
and galactose injections accelerate the aging of coch-
lear HCs in mice [69]. High body mass index (BMI) was
also significantly associated with ARHL [70]. Higher
intakes of sugary foods, high-calorie beverages, and
beer were associated with an increased risk of ARHL
[71], but higher intakes of seeds and nuts, fruits, and
seaweed, and higher intakes of riboflavin, niacin, and
retinol could reduce the incidence of ARHL in the
Korean population [72, 73]. In Korean adult ARHL
patients, the incidence rate of moderate to severe (but
not mild) ARHL is significantly positively correlated
with sleep duration [74]. Additionally, other conditions
like diabetes, hypertension, elevated serum cholesterol,
and other conditions have a strong link to ARHL [75].
These unhealthy lifestyle habits and hearing loss caused
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by chronic diseases are often associated with oxidative
stress [76].

Therefore, people can prevent the occurrence of
ARHL by maintaining good lifestyle habits such as lim-
iting the intake of high-calorie foods, quitting smoking,
moderate alcohol consumption, moderate exercise, and
maintaining good sleep.

Ototoxic drugs

Another reason why ARHL patients tend to be younger is
the use of ototoxic drugs. Exposure to ototoxic drugs, such
as aminoglycoside antibiotics (such as streptomycin, gen-
tamicin, acamicin, etc.), non-steroidal anti-inflammatory
drugs, loop diuretics, antineoplastic drugs (such as cispl-
atin, nitrogen mustard, etc.), or inhalation of harmful gases
(carbon monoxide, hydrogen sulfide, etc.), all can cause
ARHL. Cisplatin is an anticancer drug that has shown clini-
cal efficacy against a variety of cancers. Tinnitus and high-
frequency hearing loss are side effects of cisplatin use [77,
78]. The ototoxicity of cisplatin occurs in 23-50% of adults
and up to 60% of children. Some studies have reported that
up to 100% of cancer patients treated with cisplatin have an
increased hearing threshold [79]. The ototoxicity of amino-
glycoside drugs is associated with a higher concentration
of the drug in the internal lymph fluid, which impairs the
energy production and utilization of the OHCs and causes
dysfunction of Na*-K"-ATPase on the cell membrane,
resulting in damage to HCs. Early changes caused by ami-
noglycosides are reversible, but beyond a certain point they
become irreversible damage, with a 63% chance of hearing
loss in people using aminoglycosides [79, 80].

Noise exposure and the use of ototoxic drugs can inde-
pendently contribute to hearing loss in individuals of any
age, but they are also important external factors that exac-
erbate the progression of ARHL. There are many interesting
similarities between age-related, noise induced, and drug-
induced hearing loss, such as the potential involvement of
ROS and apoptosis and necrotic cell death [81]. Therefore,
the treatment methods for hearing loss due to noise expo-
sure and ototoxic drugs may also be cited in ARHL. In eve-
ryday life, the use of ototoxic drugs and exposure to noise
should be avoided to avoid the occurrence of ARHL, but
this also suggests that the development of new cancer treat-
ment drugs with fewer side effects is also urgent.

Inflammation and autoimmunity

Many patients had a history of colds before the onset
of ARHL, and the serological examination of the virus
also demonstrated that many of the viruses were asso-
ciated with hearing loss, such as Méniere’s disease, and
vestibular neuritis/viral labyrinthitis [82]. The inner
ear is considered immune free because the presence
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of a blood-labyrinth barrier restricts the entry of blood
cells into the inner ear [83]. However, some studies
have shown that cochlear immune cells exist in the spi-
ral ganglion, spiral ligament and stria vascularis [84]. In
the cochlea, noise exposure stimulates the capillaries—
perivascular units of the SV and concentrates circulating
immune cells in the cochlea [85], which in turn affects
ion circulation and EP, ultimately causing ARHL. The
aging cochlea exhibits high concentrations of cytokines
like tumor necrosis factor (TNF) and interleukin 1p (IL-
1P) [86]. In addition, studies have found a decrease in the
expression of T follicular helper cells and B cells in the
ARHL group [87]. Therefore, studying inflammation in
order to investigate treatment options for ARHL is also a
potential approach.

Others

Women typically have better high-frequency hearing
sensitivity, while males typically have better hearing at
low frequencies than women [88], and men have much
more severe ARHL than women of the same age [71, 72].
It may be related to estrogen, which has anti-oxidative
properties and neuroprotective effects. Older women
with ARHL treated with estrogen have better recovery
than older women with ARHL not treated with estrogen
[89], and women with Turner syndrome lack estrogen,
they have a higher risk of sensorineural hearing loss than
normal women [90]. ARHL prevalence is much lower
in non-Hispanic blacks than in Hispanic whites [91],
which may be related to differences in melanin levels in
the body. Therefore, estrogen and melanin may also be
potential therapeutic drugs for ARHL.

Pathophysiological mechanisms and treatment
strategies of ARHL

Oxidative damage—anti-oxidants

It is widely believed that oxidative damage is an impor-
tant cause of ARHL. In energy metabolism, cells are able
to continuously reduce oxygen through the respiratory
chain to superoxide and finally to ROS. NADPH oxidase
(NOX) is an important source of ROS in the cochlea, and
NOX activity increases the expression of genes involved
in the excitatory pathway, damages the cochlea, and ulti-
mately causes ARHL [92]. However, cells can produce
free radical scavengers or anti-oxidant enzymes such as
SOD, catalase (CAT), glutathione peroxidase (GPx), glu-
tathione reductase (GR), etc. to inhibit ROS [93]. ROS
can also be inhibited by supplementing non-enzymatic
anti-oxidants, such as vitamin C, vitamin E, glutathione
(GSH), flavonoids, etc. [94]. Under normal circum-
stances, a balance is maintained between ROS and anti-
oxidant enzymes, which regulate various physiological
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processes, such as regulating signal transduction, induc-
ing cell mitosis, etc. When this equilibrium is upset, an
excess of ROS is produced, which can lead to oxidative
stress. There are many factors that can cause oxidative
damage, such as aging, mechanical damage, and inflam-
mation. Oxidative damage is strongly associated with
neurodegenerative diseases, including ARHL. Studies
have shown that exposure to H,O, causes mouse audi-
tory HCs to prematurely exhibit a senescence-like phe-
notype [95]. And mice lacking SOD1 exhibited reduced
HCs, atrophy of SV, and degeneration of SGNs [96]. As a
result, many studies have been conducted to prevent or
treat ARHL by developing anti-oxidants.

Anti-oxidants, including vitamin C, vitamin E, GSH,
coenzyme Q (CoQ), carotenoids, and melatonin are fre-
quently utilized to combat oxidative damage [94, 97].
Melatonin has strong anti-oxidant capacity that helps
prevent or delay the dysfunction of cochlear OHCs [98],
as well as the ototoxicity caused by cisplatin [99] and
noise exposure-induced hearing loss [100]. However,
melatonin cannot completely neutralize the occurrence
of ARHL [101]. a-lipoic acid is a good anti-oxidant that
has been shown to successfully prevent ARHL in rats
[102]. A protective effect of vitamin C intake on ARHL in
older adults has also been observed [103]. Additionally,
N-acetylcysteine (NAC, an antioxidant and precursor to
GSH) exhibits superior hearing protection to vitamin A
by supplying cysteine for the production of GSH, which
prevents oxidative damage to the rat auditory system
[104]. However, another study showed that while a diet
rich in anti-oxidants such as vitamins A, C, and E, L-car-
nitine, and a-lipoic acid significantly increased the anti-
oxidant capacity of inner ear tissue in CBA/J mice, it did
not delay the progression of ARHL [105]. Moreover, ator-
vastatin may protect hearing by modulating the HSF1/
Sirtl pathway to suppress oxidative stress and reduce
HCs death and SGN mitochondrial damage in the coch-
lea of elderly CBA/J mice. However, the fixed dose com-
bination with 5-HT2A receiver antiagonist, SAP, cannot
prevent ARHL [106].

Mitochondrial dysfunction—modulators of mitochondrial
function and metabolism

Mitochondrial dysfunction in cochlear cells can be
caused by inhereditary mtDNA mutations, accumulation
of acquired mtDNA mutations with age, mitochondrial
overdrive and calcium dysregulatio, or accumulation
of ototoxic drugs in hair cell mitochondria [107]. The
Sirtuin family is a nicotinamide adenine dinucleotide
(NAD™)-dependent histone deacetylase with seven mem-
bers (SIRT1-7), is involved in many crucial biological
processes, including apoptosis, endocrine signaling, glu-
cose homeostasis, aging, and longevity [108]. It is also
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capable of regulating the circadian clock and mitochon-
drial biogenesis [109].

Resveratrol, a natural polyphenolic compound that
could activate SIRT1, is found in a variety of plants, such
as grapes, berries, mulberries and peanuts [110]. Res-
veratrol has a good protective effect on cisplatin [111],
gentamicin [112] and noise-induced [113] hearing loss.
Studies have shown that early treatment with resvera-
trol can significantly reduce hearing thresholds at all
frequencies, and can reduce the mRNA expression lev-
els of pro-apoptotic genes Bax and Bak, and increase the
mRNA expression level of anti-apoptotic genes Bcl-2 and
Bcl-xL, but there was no significant difference in hear-
ing levels between the late treatment group and the con-
trol group [114]. However, it is worth noting that high
doses of resveratrol will cause more serious loss of OHCs
and IHCs in elderly mice [115]. Overexpression of miR-
34a would inhibit SIRT1, and resveratrol treatment was
shown to significantly reduce miR-34a overexpression-
induced HCs death in C57BL/6 mice [116]. Additionally,
NRH, the reduced form of nicotinamide ribose (NR),
ameliorated aminoglycoside-induced hearing loss and
attenuated HC damage by increasing NAD™ levels and
activating SIRT1 in the cochlea [117].

Inflammation and autoimmunity—anti-inflammation

A variety of factors can cause cochlear inflammation,
such as biological aging, noise, otitis media, use of oto-
toxic drugs, radiation damage, etc. After the cochlea is
damaged, TNF-a is expressed in the cochlea, which in
turn stimulates other cytokines such as IL-1f and IL-6 to
concentrate in the cochlea, thereby increasing the pro-
duction of free radicals in the auditory system and caus-
ing hearing loss [118, 119]. Therefore, the development of
anti-inflammatory agents for the treatment of ARHL is
currently a more general approach.

Currently, the most widely used medication for sudden
deafness is corticosteroid, an anti-inflammatory drug.
These drugs are usually taken orally or injected into the
body (called systemic corticosteroid), but they can also
be directly injected into the middle ear through the tym-
panic membrane (called corticosteroid in the tympanic
cavity) [120]. The effect of glucocorticoid on auditory
function was first reported in the late 1970s, when two
synthetic analogues of glucocorticoid (cyclophospha-
mide and dexamethasone) were used in patients with
autoimmune hearing loss, and hearing was substantially
improved [121]. Glucocorticoids directly upregulate the
levels of anti-inflammatory cytokines (such as IL-10) and
downregulate pro-inflammatory cytokines (such as IL-1,
IL-6, and TNF-a) to downregulate the inflammatory
response [122]. However, steroid therapy is associated
with many adverse reactions, including but not limited
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to hypertension, hyperglycemia, gastrointestinal prob-
lems, and dizziness. Blocking IL-1, IL-6 and TNF-a has
been shown to be effective as a treatment in animal mod-
els. Anti-IL-6 receptor antibodies, such as MR16-1, offer
functional and pathological protection in noise-damaged
cochleas, mostly by lowering the inflammatory response
[123]. Etanercept can inhibit TNF-a and improve the
cochlear microcirculation [124]. Anakinra, an IL-1 recep-
tor antagonist, can bind to the IL-1 receptor and prevent
IL-1a and IL-1p activity [125]. Another study inoculated
CD4" T cells lacking regulatory T cells and IL-1 recep-
tor type 2-expression T cells into a mouse model of
ARHL and found that it prevented ARHL development
and SGN degeneration [126], which may serve as a novel
approach to the treatment of ARHL.

Reduced cochlear blood flow—vasodilators

The labyrinthine arteries, which are virtually the only
blood supply arteries to the inner ear, provide the major-
ity of the blood flow to the inner ear. The inner ear’s abil-
ity to function is significantly impacted by its lesions.
According to some animal studies, EP disappears after 6
s of ischemia in the inner ear. Even when the blood sup-
ply is restored after 30 min of ischemia, the loss of EP
remains irreversible. Therefore, cochlear microcircula-
tion abnormalities are one of the causes of NIHL [127],
ARHL [128], and ototoxic drug-induced hearing loss
[129].

Several vasodilators have been shown to have the
potential to treat different types of hearing loss by
improving microcirculation in the blood-labyrinth bar-
rier, maintaining EP, maintaining cochlear endolym-
phatic production, and reducing the build-up of toxic
and inflammatory substances in the cochlea. The com-
bination of cochlear vasodilator (Mg>") and antioxi-
dant free radical scavenger can better improve hearing
function [130]. Calcium channel antagonists such as
nimodipine and flunarizine hydrochloride capsules, for
example, dilate blood vessels and relieve vasospasm,
improve blood supply and lymph circulation in the inner
ear, and inhibit the inflow of extracellular Ca>*. They also
reduce the concentration of intracellular Ca*". Alterna-
tively, histamine injections can be used as an adjuvant to
increase the permeability of the inner ear to dexametha-
sone. Intratympanic injection of 1% histamine and ster-
oids may be a safe and effective treatment for hearing loss
[131]. In addition, histamine also has a strong vasodila-
tion effect, which increases the permeability of capillaries
and small veins, and may improve the microcirculation of
blood in the inner ear, promoting blood flow in the inner
ear and thus potentially having a positive effect on the
ARHL treatment.
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Disruption of ion homeostasis—K* channel openers, Ca®*
channel blockers

The cochlea is spiral-shaped and consists of scala ves-
tibuli, scala media and scala tympani (Fig. 1c), the scala
media is the fluid zone with high K* and low Na* con-
centrations, and its unique extracellular solution called
endolymph, while the scala vestibuli and scala tympani
are low K* and high Na™ area, which surround the scala
media, constitutes the cochlear perilymph. As seen in
Fig. le, the basilar membrane shifts after the sound wave
reaches the cochlear perilymph. The basilar membrane
and the tectorial membrane attached to the spiral lim-
bus move up and down along different axes, causing the
staggered movement between the tectorial membrane
and the cuticular plate. This motion is a shear motion,
which in turn bends or deflects the apical stereocilia of
HCs located within the endolymph. The K* channel at
the top of the HCs opens at this point, allowing K* from
the endolymph to enter the cell and cause depolarization.
This in turn opens the intracellular Ca®* channel, allow-
ing Ca?* to enter the cell, which stimulates the release of
neurotransmitters from the HCs, which then stimulates
the nerve endings to produce nerve impulses that travel
through the central pathway to the auditory cortex and
result in hearing. Na*-K*-2Cl~ co-transporter isoform
1 (NKCC1) is expressed in SV, which can regulate the
concentration of K* in the scala media and play a key
role in the production of EP. Studies have found that the
expression of NKCC1 has declined with the develop-
ment of ARHL [132]. Na*-K-ATPase circulates K* from
the perilymph to the endolymph to regulate the resting
potential in the scala media, and studies have found that
the decrease of EP amplitude was significantly related to
the stria vascularis and spiral ligament fibrocytes (type
1I), which are rich in Na't-K*-ATPase [133]. Cavl.3
is a voltage-gated calcium channel. In the cochlea of
C57BL/6] mice, Cavl.3 expression rapidly reduced with
age [134]. Hearing impairment and higher cochlear HCs
loss were seen in aged C57BL/6] male mice after Cav1.3
was knocked down [135]. As a result, several studies have
developed drugs that interfere with ion channels to pre-
vent or treat ARHL.

K* channel openers, such as zinc pyrithione, reti-
gabine, and Maxipost, can restore K* channel func-
tion and prevent hearing loss and tinnitus caused by
aminoglycosides and salicylates [136, 137]. Numerous
Ca* channel blockers have also demonstrated protective
effects against ARHL. For instance, T-type Ca** channel
blockers were able to significantly preserve SGN [138,
139] while also affecting the function and morphology of
OHCs in C57BL/6] mice [140].
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Sensorineural death or damage—JNK inhibitor and nerve
growth factor/neurotrophic factor

Damage to the inner ear causes the death of HCs, with
OHCs usually being lost first, followed by IHCs and
finally the supporting cells of the organ of Corti. In gen-
eral, apoptosis is controlled by pro-apoptotic factors
(caspases family and cytochrome c¢ (Cyt-c)) and anti-
apoptotic factors (Bcl-2 family) [141, 142]. Here, sev-
eral mediators can regulate apoptosis of HCs, including
c-Jun N-terminal kinase (JNK), which activates apopto-
sis by upregulating the transcription of the pro-apoptotic
gene such as TNF-a, Fas-L, and Bak [143]. Activation
of JNK/MAPK signaling and Bax in OHCs after expo-
sure to intense noise, ototoxic drugs and aging has been
shown to induce hearing loss [144-146]. D-JNKI-1, a
cell-penetrating peptide that blocks JNK signaling, has
been shown to be protective against aminoglycoside- and
NIHL-induced hearing loss and against HCs loss [147].
B581 (50 microM) and FTI-277 (10 microM), which
inhibit RAS, an upstream activator of the JNK pathway,
were likewise effective at preventing gentamicin-induced
HCs damage [148].

As previously mentioned, cochlear neuron loss plays
a significant role in ARHL. Nerve growth factor (NGF)
levels in the blood were significantly lower in patients
with sensorineural hearing loss [149]. Studies have dem-
onstrated that insulin-like growth factor 1 (IGF-1) defi-
ciency and susceptibility to NIHL are directly related
because Igf1* mice had worse hearing progression after
noise stimulation and lower plasma levels of IGF-1 [150].

Several growth factors prevent degeneration of coch-
lear neurons, such as NGF [151], neurotrophic factor-3
(N'T-3) [152], which have been shown to prevent ototoxic
drug-induced hearing loss, NIHL and ARHL. However,
some studies have found that the presence of hyperten-
sion and delayed treatment are negative factors related to
the effectiveness of NGF treatment [153]. IGF-1 has also
been shown to protect cochlear HCs by activating the
PI3K/Akt and MEK/ERK pathways, thereby improving
hearing [154]. Typical nutritional neuromodulators, such
as vitamin B12, can also nourish the nerves and restore
nerve vitality in the inner ear.

Mechanical assisted therapy—hearing aids, cochlear
implants

A hearing aid is a device that amplifies sound to
improve the perception of sound by a hearing loss
patient. Hearing aids do not restore a patient’s damaged
hearing, but they can use the patient’s residual hear-
ing to enhance the patient’s speech recognition ability
and improve the patient’s quality of life and work. It
is currently the most widely used treatment for hear-
ing impaired patients. Following clinical hearing aid
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therapy, the ARHL group showed a reversal of cross-
modal reorganization of visual to auditory cortex,
which was accompanied by alterations in speech per-
ception and cognitive function [155].

A cochlear implant is an electronic device that recon-
structs or acquires hearing for patients with severe, pro-
found or total hearing loss. It mimics the function of the
cochlea and converts acoustic signals into electrical sig-
nals, replaceing the function of damaged HCs and directly
stimulating the SGN, which then transmits the electrical
signals to the brain to produce hearing. Cochlear implants
are an option to help if a person has significant hearing loss
and hearing aids are insufficient to enhance sound in that
situation. Through the cognitive function test of the elderly
one year after the cochlear implant operation, it was found
that the cognitive benefits of the elderly with cognitive
impairment before the cochlear implant were even greater
than those of the subjects with normal cognition [156].

However, cochlear implants require surgery, which
many individuals decide against because of concerns
about getting older and the state of the economy. And
cochlear implant surgery can induce cellular inflamma-
tory reaction and foreign body reaction, leading to coch-
lear injury, which may further aggravate hearing loss
[157]. Moreover, the resolution and processing ability of
the auditory system of hearing aids and cochlear implant
are still insufficient, which limits the patient’s perception
of some subtle sounds [158]. And some patients have dif-
ficulty adapting to amplified sounds, resulting in many
not using hearing aids [159].

Others

Hyperbaric oxygen therapy: A controlled trial of 60 ears
with hearing impairment and tinnitus that received
hyperbaric oxygen therapy and 60 ears that received nor-
moxic therapy found that patients treated with hyper-
baric oxygen therapy had significantly better hearing and
tinnitus recovery [160]. Recent studies have found that
the combination of alprostadil and hyperbaric oxygen
can significantly promote hearing recovery in patients
with sudden sensorineural hearing loss by reducing
blood viscosity and improving coagulation function
[161]. Hyperbaric oxygen treatment may therefore be a
useful complementary therapy. Otherwise, transplanting
stem cells and embryonic neurons into the inner ear is
also a strategy at the experimental research stage.

Herbal medicines for hearing loss

Most patients with ARHL or sensorineural hearing loss
have no specific cause of hearing loss, and systemic or
intratympanic steroid therapy has become a common
treatment for patients with sensorineural hearing loss
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[162]. However, because steroid therapy is associated
with a number of adverse effects, such as, but not limited
to, high blood pressure, high blood sugar, gastrointestinal
issues, and dizziness, patients with these conditions can-
not be treated with steroids, and these conditions, as well
as ARHL, are widespread in older adults. Herbal medi-
cines have a number of benefits, including fewer side
effects, multiple targets, and a long history, making them
increasingly popular as a therapeutic option worldwide.
Many herbal medicines have shown promising efficacy
in ARHL, which is of important for future drug develop-
ment in ARHL. The following is a detailed overview of
several herbal medicines related to hearing loss research
and their possible active ingredients. According to the
theory of TCM and herbal medicine theory, these medi-
cines can be divided into kidney, lung and liver meridian.
Table 2 summarizes the herbal medicines with hearing
protection and their active ingredients and pharmaco-
logical effects.

Drugs related to kidney meridian in herbal medicines

According to TCM theory, the kidney opens into the ear.
Compared with the general population, patients with
chronic renal failure are more likely to also experience
sensorineural hearing loss. The study found that the inci-
dence rate is 77% [163]. Because the physiological mech-
anisms of the cochlea and kidney are comparable [164],
there is hope for treating hearing loss via the kidney.

Polygonum multiflorum Thunb. (He Shou Wu)

Polygonum multiflorum Thunb., its flavor is bitter, sweet,
and astringent, and its nature is slightly warm, belonging
to the liver and kidney meridians. It is frequently used as
a tonic or anti-aging agent in several regions of Asia and
is frequently utilized in clinics to treat a wide range of
chronic conditions [165]. 2,3,4;5-Tetrahydroxystilbene-2-
O-B-D-glucoside (THSG), the main component of Polyg-
onum multiflorum Thunb. It was found that THSG has a
similar free radical scavenging capacity to ascorbic acid,
and can prevent H,0,-induced autophagy in UB/OC-2
cells and inhibit H,0O,-induced apoptosis through the
mitochondrial pathway. The mRNA expression of HO-1
and NQOL1 increased as a result of Nrf2 translocation
to the nucleus, suggesting that THSG can enhance anti-
oxidant defense against oxidative stress and play a role
in hearing preservation [166]. Additionally, it has been
discovered that THSG can reduce the ototoxicity of gen-
tamicin-induced UB/OC-2 cochlear cells by regulating
autophagy signal of Sesn2/AMPK/mTOR pathway [167].
However, Polygonum multiflorum Thunb. should not be
consumed in large doses over an extended period of time
due to the possibility of liver damage.
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Drynaria fortunei (Kunze) J.Sm. (Gu Sui Bu)

Drynaria fortunei (Kunze) ].Sm., its flavor is bitter and
warm in nature, and belongs to the liver and kidney
meridians. It has been used to treat fractures with good
results. It is frequently combined with Rehmannia gluti-
nosa Libosch. and Cornus officinalis Sieb. et Zucc when
treating tinnitus and hearing loss due to by kidney fail-
ure. Studies have shown that Drynaria fortunei (Kunze)
J.Sm. can protect against the ototoxicity of aminogly-
cosides and streptomycin in guinea pig cochlear HCs,
hence defending hearing [168, 169]. The flavanoid com-
ponent in Drynaria fortunei (Kunze) J.Sm. may be its
active ingredient. It can protect the ototoxicity of animals
caused by gentamicin, and the damaged both IHCs and
OHC:s recover well without hindering the efficacy of gen-
tamicin [170].

Cornus officinalis Sieb.et Zucc. (Shan Zhu Yu)

Cornus officinalis Sieb.et Zucc., it has a sour and astrin-
gent flavor, is slightly warm in nature, and belongs to the
liver and kidney meridians. It is one of the ingredients in
the Erlong Zuoci which is a traditional deafness prescrip-
tion (calcined magnet, Rehmannia glutinosa Libosch.,
Cornus officinalis Sieb.et Zucc., Alisma orientale (Sam.)
Juzep., Poria cocos (Schw.) Wolf, Paeonia suffruticosa
Andr., Dioscorea opposita Thunb., Bupleurum chinense
DC.), this prescription has been shown to elimination
of DNA damage in hydrogen peroxide-induced auditory
HCs, blocks up-regulation of cellular senescence pro-
teins p21 and p-p53, increases p-ERK (ERK, extracellular
regulated protein kinase) expression, reduces p-STAT3
(STATS3 activation is closely related to cancer) expression
[171], and protects cochlear cells from ototoxicity caused
by gentamicin [172]. Ursolic acid, the primary active
ingredient in Cornus officinalis Sieb. et Zucc., can inhibit
lipid peroxidation in a dose-dependent manner and acti-
vate the antioxidant enzymes CAT and GPx to prevent
damage to auditory HCs caused by hydrogen peroxide
[173].

Rehmannia glutinosa Libosch. (Di Huang)

Rehmannia glutinosa Libosch., its flavor is sweet, slightly
warm in nature, and belongs to the meridians of the liver
and kidneys. It nourishes the liver and kidneys, and is
used to treat tinnitus and hearing loss due to liver and
kidney deficiency. It is often used in conjunction with
Cornus officinalis Sieb.et Zucc. and Dioscorea opposita
Thunb., it is the monarchical medicine of the six-flavor
Rehmannia Decoction, a common tonic. And it has
been shown that six-flavor Rehmannia Decoction could
effectively reduce the ototoxic effect of gentamicin on
the inner ear of guinea pigs [174]. Ethanol extract from
the steamed root of Rehmannia glutinosa Libosch. can
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Table 2 Herbal medicines with hearing protection and their active ingredients and pharmacological effects

Meridian Herbal Main active Monomer structure Main Target cell or target Refs.
medicines compound pharmacological protein or target
action organ
Drugs related Polygonum mul-  2,3,4,5-Tetrahy- (1) Anti-oxidant; (1) Nrf2, HO-1, [166, 167]
to kidney meridian  tiflorum Thunb  droxystilbene (2) Anti-apoptotic; NQOT1;
in herbal medicines -2-0-B-D- (3) Anti-autophagy (2) Sesn2 / AMPK/
glucoside mTOR
Drynaria Flavanoid com- HCs protection |HCs and OHCs [170]
fortunei (Kunze)  ponent
JSm
Cornus officinalis  Ursolic acid Anti-oxidant CAT and GPx [173]
Sieb.et Zucc
Rehmannia glu-  Ethanolic extract  / Anti-oxidant anti-oxidant [175,176]
tinosa Libosch  of the steamed enzymes
root
of Rehmannia
glutinosa Libosch
Sesamum Sesamum indicum / HCs protection (1) Tecta gene; [177]
indicum L L. il (2) HCs
Sesamin
Tripterygium Celastrol (1) HCs protection; (1) Nrf-2, JNK, HSP32  [178-180]
wilfordii Hook. f (2) Anti-oxidant / HO-1
(2) IHCs and OHCs;
(3) Inner ear stem
cells;
(4) Atoh 1 gene
Poria cocos / / / [181]
(Schw.) Wolf
Drugs related Pueraria lobata  Puerarin Neuroprotection (1) PKCy; [185]
to lung meridian (Willd.) Ohwi (2) GABABR1
in herbal medicines and GABABR2
Astragalus Astragaloside IV (1) SV protection; (1) Cx26 and KCNQ1; [187, 188]
membranaceus (2) Anti-oxidant; (2) ROS and cas-3
3

(Fisch.) Bge

(3) Anti-apoptotic
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Table 2 (continued)

Meridian Herbal Main active Monomer structure Main Target cell or target Refs.
medicines compound pharmacological protein or target
action organ
Scutellaria bai-  Baicalein (1) HCs protection; (1) Auditory center;  [190]
calensis Georgi (2) Anti-oxidant; (2) HCs;
(3) Anti-apoptotic  (3) PARP and cas-3;
(4) ROS
Panax ginseng Ginsenoside Rb1 B mbi (1) Anti-oxidant; (1) ROS; [195]
CA. Mey NN (2) Anti-apoptotic  (2) JNK, Bcl-xL, Bax,
Cyt-c, cas-3, PARP
Ginsenoside
compound K
Stephania Tetrandrine (1) Blocks Ca?* (1) Ca’* channels; [200]
tetrandra S. channels; (2) Auditory nerve;
Moore (2) Neuroprotec- (3) OHCs
tion;
(3) HCs protection
Allium sativum L Allicin 9 (1) Anti-oxidant; (1) SGN mitochon- [202]
ﬂ / (2) Neuroprotec-  dria;
NN tion; (2) Bax, cas-9,3, p53,
(3) Anti-apoptotic; Cyt-c;
SAMC = HN OH : ;
15 (4) Mitochondrial  (3) MDA, SOD
\ protection
S o
)
bD /\/ \s/\/
SAC o
\/\s/\HkOH
NH,
Leaf of Ginkgo EGb 761 / (1) Anti-oxidant; (1) Peripheral [205-214]
biloba L (2) Neuroprotec- and central auditory

tion; systems;
(3) Anti-apoptotic;  (2) amyloid-beta,
(4) Anti-inflamma-  cas-3;

tory; (3) ROS, NO;

(5) Mitochondrial ~ (4) Neural stem cells;

protection (5) IL-1B, IL-6, TNF-a
and COX-2;
(6) HSP-70, HSF-1;
(7) SIRT1

Ginkgolide B
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Meridian Herbal Main active Monomer structure Main Target cell or target Refs.
medicines compound pharmacological protein or target
action organ
Peel of Punica / / (1) Anti-oxidant; (1) ROS; [220,221]
granatum L (2) Anti-apoptotic  (2) 4-HNE, PNUTS,
p53 and cas-3;
(3) PP1 and MDM2
Glycinemax (L)  B-Conglycinin / (1) Increase coch- (1) Cochlear vessels;  [222,223]
Merr lear blood flow; (2) mtDNA
(2) Anti-oxidant;
(3) mitochondrial
protection
Lecithin
Drugs related Salvia mitior- Tanshinone o (1) Anti-oxidant; (1) HCs; [224-226]
to liver meridian rhiza Bge o (2) Anti-apoptotic  (2) ROS
in herbal medicines ‘ AN
T
Curcuma Curcumin . o P . (1) HCs protection; (1) OHCs [227]
longa L - O O - (2) Anti-oxidant (2) 4-HNE
w o (3) HO-1
Uncaria rhyn- Hydrophilic / (1) Anti-oxidant; (1) OHCs; [230]
chophylla (Miq)  chemotype car- (2) Anti-inflam- (2) Auditory nerve
Mig.ex Havil boxy alkyl esters matory
Peel of Erythrina  Erythrivarine N / Neuroprotection — / [231,232]
variegata L Erythrivarine T /

protect auditory cells from the ototoxicity of cisplatin in a
dose-dependent manner, and its pharmacological effects
may be related to the activation of intracellular anti-oxi-
dant enzymes and inhibition of lipid peroxidation [175,
176).

Sesamum indicum L. (Hei Zhi Ma)

Sesamum indicum L., has a sweet flavor, is flat in
nature, and belongs to the liver, kidney, and large intes-
tine meridians. This is a great food to supplement the
body’s nutrition. Rich in Sesamum indicum L. oil and
sesamin, Sesamum indicum L. oil decreased the hearing
threshold changes caused by clicks and 8,16-kHz tone
bursts in NIHL mice and it improved hearing impair-
ment. Additionally, research on the hearing-related
gene Tecta revealed that sesamin plays a crucial protec-
tive role in auditory function by shielding auditory HCs
from damage and reversing it [177].

Tripterygium wilfordii Hook. f. (Lei Gong Teng)

Tripterygium wilfordii Hook. f, which has a bitter and
pungent flavor, is cold in nature, highly poisonous, and
belongs to the liver and kidney meridians. It is mainly used
to treat rheumatoid arthritis. One of the key components
of Tripterygium wilfordii Hook. f., Celastrol, is a penta-
cyclic triterpenoid compound that inhibits ototoxicity by
activating heat shock protein (HSP) 32/heme oxygenase-1
(HO-1) and NF-E2-related factor-2 (Nrf2, a crucial com-
ponent of the cellular oxidative stress response) in HCs in
neomycin-treated mice [178]. Recent studies have shown
that celastrol can significantly increases the activity and
proliferation of inner ear stem cells, stimulates the dif-
ferentiation of inner ear stem cells into neuron-like cells,
and enhances neural excitability and electrophysiological
activity. These results may be associated with the upregu-
lation of the Atohl gene, an important positive regulator
of sensory cell differentiation in the inner ear [179]. How-
ever, due to high level of toxicity of Tripterygium wilfordii
Hook. f, users frequently report unpleasant side effects
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like diarrhea, indigestion, nausea, abdominal pain, and
upper respiratory infections [180]. Consequently, the use
of Tripterygium wilfordii Hook. £. is extremely risky.

Poria cocos (Schw.) Wolf (Fu Ling)
Poria cocos (Schw.) Wolf, its flavor is sweet and mild, is
flat in nature, returns to the heart, lungs, spleen and kid-
ney meridians. Studies have shown that the decoction of
Poria cocos (Schw.) Wolf can prevent kanamycin-induced
ototoxicity in guinea pigs [181].

Drugs related to lung meridian in herbal medicines

There are many related theories of lung and hearing loss in
TCM, “lung main Qj, one’s Qi passes through the ear, so can
hear sound’; and some hearing loss is triggered by a cold,
and cold is also associated with the dysregulation of lung
function, so it is believed that lung and hearing loss have a
close relationship. In addition, Glycine max (L.) Merr. and
peels of Punica granatum L. belong to the large intestine
meridian rather than the lung meridian. However, TCM
theory holds that there is an exterior-interior relation-
ship between the lung and the large intestine, and that the
dysfunction of the large intestine also cause lung diseases.
There is currently pertinent research showing the intimate
connection between the large intestine and the lung [182].
Therefore, these herbal medicines can also be incorporated
into the lung meridian for description.

Pueraria lobata (Willd.) Ohwi (Ge Gen)

Pueraria lobata (Willd.) Ohwi, its flavor is sweet and pun-
gent, cool in nature, returns to the spleen, stomach, and
lung meridians, and is mostly used for the treatment of
cardiovascular and cerebrovascular diseases and hearing
loss [183]. Rats’ hearing threshold and hemorheology items
significantly improved following treatment with Pueraria
lobata (Willd.) Ohwi, which had a good preventative impact
on senile diseases in rats [184]. The main active ingredient
of Pueraria lobata (Willd.) Ohwi is puerarin, an isoflavone
compound. Studies have shown that puerarin treatment can
significantly improve the threshold of auditory brainstem
response (ABR) in NIHL mice. It was discovered through
research on the cochlear nucleus in the central audi-
tory pathway that it reduced the expression of the protein
kinase C gamma subunit (PKCy) after noise exposure and
increased the decrease of GABAB receptor 1 (GABABR1)
and GABABR2; this may be one of the pharmacological
mechanisms of its effect [185].

Astragalus membranaceus (Fisch.) Bge. (Huang Qi)

Astragalus membranaceus (Fisch.) Bge., its flavor is sweet,
slightly warm in nature, and returns to the meridians of the
spleen and lungs. It is often combined with Panax ginseng
C.A. Mey., Cimicifuga foetida L., and Bupleurum chinense
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DC,, such as Buzhong Yiqi Decoction, a TCM formula for
deafness and tinnitus caused by spleen deficiency. Astra-
galus membranaceus (Fisch.) Bge. is a natural anti-oxidant.
Injections of Astragalus membranaceus (Fisch.) Bge. can
promote the recovery of sudden hearing loss [186]. Astra-
galus membranaceus (Fisch.) Bge. was able to significantly
reduce ABR defects and SV damage caused by impulse
noise, and reduce the shift of expression of Cx26 and
KCNQL1 in SV [187]. Astragaloside IV, is the main active
component of Astragalus membranaceus (Fisch.) Bge., has
been found to significantly reduce ABR deficiency in impul-
sive noise-induced hearing loss and reduce ROS and the
expression of cas-3 by intragastric administration of astra-
galoside IV to guinea pigs [188].

Scutellaria baicalensis Georgi (Huang Qin)

Scutellaria baicalensis Georgi, its flavor is bitter, cold in
nature, belongs to the meridians of the lungs, gallblad-
der, spleen, large intestine and small intestine. It is com-
monly used to remove heat and harmful substances in the
body, promote blood circulation and remove blood sta-
sis, and induce diuresis to reduce edema [189]. A study
found that in the NIHL mice model, Scutellaria baicalen-
sis Georgi extract significantly reduced the threshold shift,
central auditory function impairment and cochlear func-
tion defect, indicating that Scutellaria baicalensis Georgi
can protect the auditory function of animals [190]. Baica-
lein, is a flavonoid molecule, is the product’s main ingredi-
ent for preventing hearing loss. After biotransformation,
a higher concentration of baicalein can effectively stimu-
late the recovery of zebrafish HCs and improve hearing in
mice [191]. Baicalein was able to down-regulate the activa-
tion of poly (ADP-ribose) polymerase (PARP, a DNA repair
enzyme and is also a cleavage substrate for caspases) and
cas-3 that were increased by gentamicin treatment. Baicalin
attenuated gentamicin-induced cochlear HCs ototoxicity,
and this inhibitory effect may be mediated through regula-
tion of ROS production, mitochondrial depolarization, and
activation of cas-3 and PARP [192].

Panax ginseng C.A. Mey. (Ren Shen)

Panax ginseng C.A. Mey, its flavor is sweet and slightly
bitter, is slightly warm in nature, and belongs to the
meridians of the spleen, lungs, heart and kidneys. It is
a key drug for the prevention of critical diseases and
has been used for thousands of years in TCM to treat
diseases of Qi deficiency. Red ginseng is a steamed
product of Panax ginseng C.A. Mey. With its anti-ROS
properties, Korean red ginseng can prevent hearing
loss induced by cisplatin and the mitochondrial toxin
3-Nitropropionic Acid (3-NP) [193, 194]. Studies have
found that ginsenoside Rb1l, one of the active compo-
nents of Panax ginseng C.A. Mey., can reduce hearing
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loss in rats caused by gentamicin by attenuating the
production of ROS and inhibiting cell apoptosis [195].
Ginsenoside compound K may be the another active
ingredient in Panax ginseng C.A. Mey. that can treat
hearing loss [196]. However, long-term and high-dose
(500 mg/kg) treatment of red ginseng may cause excita-
tory side effects and aggressive behavior in mice [197].

In an open-label randomized controlled trial of 61
patients, Panax ginseng C.A. Mey. was found to improve
tinnitus symptoms and mental health in people with
chronic tinnitus [198]. Co-treatment of N-acetylcysteine
(NAC) and Panax ginseng C.A. Mey. could reduce noise-
induced temporary threshold shift in textile workers
exposed to occupational noise [199]. The results of these
studies, which were limited to animal models and a small
population, can only be considered preliminary and more
research are needed to determine the pharmacological
effects of Panax ginseng C.A. Mey. in the treatment of
hearing loss and its active constituents.

Stephania tetrandra S. Moore (Fang Ji)

Stephania tetrandra S. Moore, its flavor is bitter, cold
in nature, belongs to the meridians of the bladder and
lungs. It is used to treat rheumatoid arthritis, edema in
the lower extremities, and dysuria. Its main chemical iso-
late is tetrandrine, which significantly attenuates NIHL
in CBA/CaJ mice, which by blocking Ca*" channels,
prevents and protects neurotrauma, prevents damage to
OHCs and synapses, and has durable protection against
noise exposure effect [200].

Allium sativum L. (Da Suan)

Allium sativum L., which has a spicy flavor, warm in nature,
returns to the spleen, stomach and lungs meridians. It is a
common excipient in dishes and has the functions of kill-
ing parasites and detoxifying. Male Wistar rats treated with
Allium sativum L. diet showed a substantial reduction in the
gentamicin-induced rise in hearing threshold [201]. Allicin,
contained in Allium sativum L., protects SGN mitochon-
dria from damage and reduces the release of Cyt-c, as well
as significantly reducing the expression of cisplatin-activated
pro-apoptotic factors, including Bax, cas-9, cas-3 and p53.
It can also decrease malondialdehyde (MDA) levels while
increasing SOD levels [202]. Allium sativum L. has three
active compounds: S-Allylmercaptocysteine (SAMC), Dial-
lyl Disulfide (DD), and S-Allylcysteine (SAC), all of which
are capable of lowering the ototoxicity of aminoglycosides.
SAMC and DD seem to be more prevalent than SAC [203].

Leaf of Ginkgo biloba L. (Yin Xing Ye)

Ginkgo biloba L., with its sweet, bitter, and astringent flavor,
is neutral in nature, returning to the heart and lungs merid-
ians. Ginkgo biloba L., a popular anti-oxidant herbal remedy
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with anti-cancer and anti-aging properties, has been used to
cure illnesses for more than 5,000 years. The active ingredi-
ent in Ginkgo biloba L. for the treatment of hearing loss is
Ginkgo biloba L. extract (EGb 761), which consists of about
80 different compounds. EGb 761 was able to prevent NIHL
in guinea pigs, and there have higher amplitudes of the
acoustic nerve potentials in EGb 761-treated animals than
in untreated animals [204]. EGb 761 has a dramatic neuro-
plastic effect on auditory processing at the peripheral and
central levels [205]. It protects neuronal mitochondrial ATP
synthesis under oxidative stress, improves neuronal energy
metabolism [206, 207], and achieves neuroprotection
through anti-apoptotic properties [208—210]. Additionally,
there were some beneficial effects from the use of Ginkgo
biloba L. extracts in the treatment of cells and neural stem
cell proliferation [211]. It also has a certain effect on hear-
ing loss caused by inflammation. Studies have confirmed
that it can inhibit the expression of IL-1p, IL-6, TNF-a and
cyclooxygenase 2 (COX-2, which plays an important role
in apoptosis and tumorigenesis), and increase the expres-
sion of HSP-70 and heat shock factor 1 (HSF-1) values in
the rat cochlea [212]. By inhibiting mitochondrial apoptosis
and ERK, its combination with cilostazol protects rats from
cisplatin-induced cochlear and vestibular dysfunction [213].
EGb 761 also prevents hearing loss caused by 3-NP in a rat
model of acute ototoxicity, which may be related to activa-
tion of the expression of Sirtuin 1 (SIRT1) [214]. Ginkgolide
B (GB), the main component of Ginkgo biloba L. extract,
exerts a protective effect on cisplatin-induced ototoxicity in
rats without weakening the antitumor activity of cisplatin
[215, 216].

By investigating 56 patients with unilateral sudden sen-
sorineural hearing loss, it was found that the pure-tone
audiometric gains of patients receiving Ginkgo biloba dit-
erpene lactone supplementation were significantly greater
than those receiving methylprednisolone alone, especially
those with severe hearing loss [217]. Ginkgo biloba L. extract
may be effective as an adjunct to corticosteroids in the ini-
tial treatment of moderate to severe sudden sensorineural
hearing loss [218]. According to the results of a multicenter,
randomized, double-blind clinical trial, the combination of
steroids and EGb761 for initial treatment of hearing loss did
not show better pure tone thresholds than patients treated
with steroids alone. However, patients treated with the com-
bination showed a significant improvement in speech dis-
crimination [219]. Studies of the hearing protection effects of
Ginkgo biloba L. still require large cohort studies, as inves-
tigations of Ginkgo biloba L. extracts have only been per-
formed in animal models and in a small number of groups.

Peel of Punica granatum L. (Shi Liu Pi)
Punica granatum L., its flavor is sour and astringent, is
warm in nature, and belongs to the meridian of the large
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intestine. The peel of Punica granatum L. is commonly
used to treat diarrhoea. The peel of Punica granatum L.
extract has a protective effect on gentamicin-induced
ototoxicity in Wistar albino rats and can reduce the
level of cochlear ROS [220], and it can also reverse the
4-hydroxynonenal (4-HNE, a representative substance in
cellular lipid peroxidation), inhibits the expression of pro-
tein phosphatase 1 nuclear targeting subunit (PNUTS),
p53 and cas-3, and promotes the decreased expression
of protein phosphatasel (PP1) and MDM2 (oncogene) in
the cochlea [221].

Glycine max (L.) Merr. (Da Dou)

Glycine max (L.) Merr. is a very common meal that con-
tains a variety of proteins. 3-Conglycinin (B-CG) is one
of the main proteins in Glycine max (L.) Merr., which
has anti-obesity and anti-atherosclerosis effects. Hear-
ing impairment was protected in mice fed p-CG, it can
increase cochlear blood flow and has anti-oxidative stress
effects [222]. Glycine max (L.) Merr. is also rich in leci-
thin. Studies have found that lecithin can significantly
reduce the specific deletion of mtDNA in the cochlea,
protect mitochondrial function, and thus play a role in
hearing protection [223].

Drugs related to liver meridian in herbal medicines
Emotion and hearing loss are closely related to one
another. According to the TCM theory, the liver is associ-
ated with irritability, the liver is stored in blood and the
kidney is stored in essence, and since essence and blood
share the same origin, liver and kidney dysfunctions are
also closely related to hearing loss. Many hearing loss
patients also experience excessive anger and hyperactiv-
ity of liver yang.

Salvia mitiorrhiza Bge. (Dan Shen)

Salvia miltiorrhiza Bge., its flavor is bitter, slightly cold
in nature, returns to the heart and liver meridians.
It is commonly used to treat blood stasis syndrome.
It can reduce the increase of hearing threshold, alle-
viate cell apoptosis, reduce the oxidative damage of
cochlear ultrastructure such as SV and SGN, and has
a protective effect on guinea pig ototoxicity caused
by gentamicin and cisplatin [224, 225]. Tanshinone is
one of its active ingredients, and in vitro studies have
shown that it significantly reduces the formation of free
radicals and lipid peroxidation induced by gentamicin,
reduces the increase in hearing threshold induced by
kanamycin in a dose-dependent manner, and reduces
HCs loss. And its role of hearing protection without
affecting the serum level and anti-bacterial effect of the
drug [226].
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Curcuma longal L. (Jiang Huang)

Curcuma longa L., its flavor is pungent and bitter, warm
in nature, returns to the liver and spleen meridians. It is
commonly used to treat blood stasis syndrome and rheu-
matic pain. Curcumin is one of its main active ingre-
dients, which can increase the survival rate of OHCs,
reduce the expression of 4-HNE, and increase HO-1
expression, attenuates cisplatin-induced hearing loss
[227], and studies have shown that curcumin attenuates
all stages of head and neck squamous cell carcinoma pro-
gression (survival, proliferation), thus being an effective
adjuvant to cisplatin and protecting against ototoxicity
effect [228]. A synthetic analog of curcumin called EF-24,
which has a better bioavailability than curcumin, can also
be used as a cancer treatment and has a protective effect
against cisplatin-induced ROS generation in zebrafish
inner ear tissue [229].

Uncaria rhynchophylla (Miq.) Miq.ex Havil (Gou Teng)
Uncaria rhynchophylla (Miq.) Miq.ex Havil, its flavor is
sweet, cool in nature, returns to the liver and pericar-
dium meridians. It is commonly used to treat epileptic
seizures. It has been studied that treatment with a hydro-
philic chemotype carboxy alkyl esters of Uncaria tomen-
tosa almost completely restored noise-exposed OHCs
function and limited the extent of cell loss, inhibiting the
loss of neural sensitivity to pure tone stimulation [230],
which may be related to its association with cytoprotec-
tive properties, including enhanced cellular DNA repair,
anti-oxidant and anti-inflammatory effects.

Peel of Erythrina variegata L. (Hai Tong Pi)
The peel of Erythrina variegata L., has a bitter and acrid
flavor, is flat in nature, and belongs to the liver merid-
ian. It is commonly used to treat lower body rheumatoid
arthritis. Erythrivarines J-N and erythrivarines O-Z are
alkaloids isolated from the peel of Erythrina variegata L.,
and studies have shown that erythrivarine N and eryth-
rivarine T have neuroprotective effects on neomycin-
induced hearing loss [231, 232].

The pathophysiological mechanisms responsible for
hearing loss and the corresponding herbal remedies and
contemporary medications are shown in Fig. 2.

Conclusions

ARHL not only affects the independent living abil-
ity of elderly people, but may also lead to a number
of mental illnesses in elderly patients. However, there
are presently no efficient therapeutic drugs for ARHL.
This review suggests that the main causes of ARHL are
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Fig. 2 Pathophysiological mechanisms of age-related hearing loss and potential drug candidates. HC hair cell, SV stria vascularis, SIRT sirtuin family,
JNK c-Jun N-terminal kinase, Cyt-c cytochrome ¢, Cas, Bax, Bak pro-apoptotic factors, ROS reactive oxygen species, TNF-a tumor necrosis factor a, /L
interleukin, NKCC1 Na*-K*-2ClI~ co-transporter isoform 1, KCNQ1 potassium voltage-gated channel subfamily g member 1, Cav 1.3 voltage-gated
calcium channel, NGF nerve growth factor, IGF-1 insulin-like growth factor 1, NRH the reduced form of nicotinamide ribose, EGb 761 active
ingredient in Ginkgo biloba L., 8-CG 3-Conglycinin, GSH glutathione, CoQ coenzyme Q, NAC N-acetylcysteine, THSG 2,3,4,5-Tetrahydroxystilbene-2
-O-B-D-glucoside, NT-3 neurotrophic factor-3, D-JNKI-T a cell-penetrating peptide that blocks JNK signaling, B581, FTI-277: inhibition of RAS, which
is an upstream activator of the JNK pathway; MR16-1 anti-IL-6 receptor antibody

genetic and environmental factors. Currently, research
on the pathology of ARHL mainly focuses on oxida-
tive damage, mitochondrial dysfunction, inflamma-
tion, cochlear blood flow, ion homeostasis and other
aspects. Anti-oxidants, mitochondrial function regula-
tors, anti-inflammatory drugs, vasodilators, K* chan-
nel openers, Ca®>" channel blockers, JNK inhibitors,
and nerve growth factor/neurotrophin all contribute to
hearing protection. Healthy living habits, such as avoid-
ing the use of ototoxic drugs, avoiding noise exposure,
not smoking, consuming moderate amounts of alcohol,
exercising in moderation, ensuring quality sleep, and
eating more anti-oxidant foods also help for preventing
ARHL. ARHL patients can also improve speech recog-
nition in noisy environments by training [233]. Moreo-
ver, cell replacement therapy may also develop into a
novel form of therapy [234]. There are many studies to
treat ARHL by regenerating functional HCs or SGN in
the old inner ear with adult stem cells, embryonic stem
cells and induced pluripotent stem cells [27].

In traditional Chinese medicine, herbal medicines
belong to the meridians of kidney, lung, and liver have
good hearing protection. In this review, we ultimately
found 7 herbal medicines belonging to the kidney merid-
ian, 9 to the lungs meridian, and 4 to the liver meridian.
Thus, Chinese herbal medicines are an important source
of potential anti-ARHL drugs. In addition to the herbal
remedies already mentioned, there are numerous other
herbs for treating hearing loss and tinnitus that have
been used in China for thousands of years but have not
yet undergone thorough research, such as Phellodendron
chinense Schneid, Coptis chinensis Franch., Alisma orien-
tale (Sam.) Juzep., Paeonia suffruticosa Andr., Bupleurum
chinense DC., etc. On the contrary, some herbal medi-
cines lead to the occurrence of NIHL, such as Ephedra
sinica Stapf [235], Areca catechu L. [236], and cinnabar
[237]. The mechanism of the hearing protection effect
of these herbal medicines and their active constituents
needs to be investigated further. There are also some
research findings indicate that acupuncture can improve
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local blood circulation, promote blood flow to the ear,
increase blood oxygen supply, decrease blood viscosity,
regulate the inflammatory response, improve lymph cir-
culation, and enhance the excitability of auditory nerve
[238]. Intervention combining acupuncture with medi-
cine comprehensive treatment had more efficacious in
treating sudden sensorineural hearing loss [238].

This review summarizes the potential therapeutic
effects of herbal remedies on ARHL to date and the phar-
macological mechanisms involved. It provides research-
ers with an inspiration: the focus of treatment for ARHL
can be on herbal remedies. However, these herbal rem-
edies still have some limitations: the active ingredients
in the herbs are less stable and can be easily affected by
temperature, humidity, light, and other factors; cur-
rently, there is a lack of scientific and reasonable clinical
research to prove the efficacy of traditional Chinese med-
icine; it is difficult to fully determine the active ingredient
of herbal remedies for ARHL due to its complex compo-
sition. These issues are in urgent need of further future
research.
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