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Cisplatin is a highly effective broad-spectrum anticancer drug, but its severe
ototoxicity limits its clinical application. Cisplatin ototoxicity is mainly manifested
as irreversible hearing loss, and its mechanism involves various pathways such as
DNA damage, oxidative stress, inflammatory response, mitochondrial
dysfunction, and ferroptosis. In recent years, natural polyphenols have shown
great potential in combating cisplatin ototoxicity due to their powerful
antioxidant, anti-inflammatory and anti-apoptotic properties.A variety of
polyphenolic compounds, such as resveratrol, curcumin, quercetin, etc., can
effectively attenuate the damage of cisplatin on Corti organs, spiral ganglion
neurons and vascular striatum by scavenging free radicals, inhibiting the release
of inflammatory factors, and regulating the expression of apoptosis-related
proteins. In addition, some polyphenols can enhance the anti-tumour effect
while antagonizing ototoxicity.Although polyphenols show good application
prospects in the prevention and treatment of cisplatin ototoxicity, there are
still some problems that need to be solved, such as the low bioavailability of
polyphenols, the mechanism of action has not yet been fully elucidated, the
optimal dosing regimen has not yet been determined, whether there is any
superimposed effect of combining the various types of polyphenols, and whether
the oral polyphenols can exert an otoprotective effect through the regulation of
the intestinal flora through the intestinal-auricular axis.This study provides new
insights into polyphenols as potential drug candidates for CIO by summarising the
cytotoxic mechanisms of cisplatin and the mechanism of action of polyphenols
targeting these mechanisms in order to retard the progression of CIO. It provides
new ideas and approaches for the next step focusing on the development of
highly effective and low-toxic polyphenols for clinical control of cisplatin
ototoxicity.
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1 Introduction

Cisplatin is a chemotherapeutic agent that is widely used as an
antitumor agent for the treatment of various types of cancers, such
as ovarian, prostate, testicular, lung, nasopharyngeal, esophageal,
lymphoma, squamous cell carcinoma of the head and neck, and
osteogenic sarcoma (Tang et al., 2024; Wang L. et al., 2023).
However, its prevalent effects of renal damage, neurotoxicity and
hearing impairment have severely limited the clinical use of cisplatin
(Fetoni et al., 2022; Crona et al., 2017). Cisplatin-induced ototoxicity
(CIO) is characterised by hair cell death through the formation of
DNA adducts, mitochondrial dysfunction, oxidative stress and
inflammation, ultimately leading to apoptosis, necrotic apoptosis,
pyroptosis, or ferroptosis (Tan and Vlajkovic, 2023). The ototoxicity
of cisplatin is permanent sensorineural hearing loss due to the major
damage to the spiral apparatus (Corti organ), spiral ganglion
neurons (SGN) and vascular striae (Rybak et al., 2019; Anfuso
et al., 2022) and the lack of regenerative capacity of mammalian
hair cells and SGN.

Given the key role of oxidative stress in CIO, antioxidants have
been used as otoprotective agents in a large number of studies
targeting the prevention of cisplatin-induced hearing loss, such as
N-acetylcysteine, sodium thiosulfate, amphotericin, vitamins,
statins, dexamethasone, D-methionine, and ginkgo biloba extract
(Rose et al., 2024). However, most of the experimental tests have
been conducted in animal models and in vitro experiments, and only
a few clinical trials have been conducted. In these studies,
polyphenolic compounds demonstrated potent antioxidant and
anti-inflammatory properties.

Polyphenols are natural bioactive compounds, mostly from herbs,
fruits, vegetables and medicinal plants. Recent studies strongly support
the role of polyphenols in the prevention of diseases, especially aging,
cancer, cardiovascular and neurodegenerative diseases (Xiang et al.,
2023; Dalgaard et al., 2019; Grabska-Kobyłecka et al., 2023; Zhou et al.,
2016). Polyphenols can prevent ototoxicity of cisplatin by improving
cellular antioxidant homeostasis, modulating signaling pathways,
mitigating inflammatory responses, and ameliorating the disruption
of cisplatin’s intra-auricular environment in a dose- and time-
dependent manner (Maiuolo et al., 2022).Moreover, after studies of
natural compounds with anti-tumor properties, polyphenols have
emerged as strong chemotherapeutic sensitization candidates
(Jakobušić Brala et al., 2023; Abotaleb et al., 2020; Bouyahya et al.,
2022; Ko et al., 2017), inhibiting the oncogenic transformation of
normal cells through the regulation of relevant genes, tumor growth
and development, angiogenesis and metastasis, downregulation of
various oncogenic-related molecules and upregulation of tumor
suppressor proteins, modulation of reactive oxygen species levels in
cells to regulate cell proliferation, survival and apoptosis, and also
transformation of the gut microbiota to acquire bioactivity-promoting
properties to inhibit cancer development and progression (Anantharaju
et al., 2016).Polyphenol combination therapy significantly improves
anticancer efficacy and reduces drug resistance and chemotherapeutic
toxicity through multi-target synergy. The application of nanocarriers
can significantly improve the water solubility and stability of
polyphenols, thus enhancing their selective killing ability on tumor
cells (Vladu et al., 2022; Li et al., 2016).Therefore, the chemotherapy
regimen of cisplatin combined with polyphenols has the potential to
become a new option for cancer treatment in the future.

Current research in the field of ototoxicity protection is still
dominated by experimental animal models, and in this paper,
“polyphenols,” “flavonoids,” “anthocyanin,” “flavonols,”
“flavones” “flavanones,” “flavan-3-ols,” “isoflavones,” “stilbenes,”
“phenolic acids,” “lignans,” “cisplatin-induced ototoxicity” as
search terms in PubMed, a total of 79 papers were retrieved and
combined with de-duplication to screen 55 preclinical studies in
which polyphenols were used as the primary intervention. We
analyzed the protective mechanism of polyphenols against
cisplatin ototoxicity in these studies, and before that, we
comprehensively summarized and reviewed the cytotoxic
mechanism of cisplatin. In this way, we hope to provide new
insights into polyphenols as potential drug candidates for CIO.

2 Mechanism of cisplatin ototoxicity

Cisplatin enters the cochlea, mainly through the blood-strial
barrier and the blood-perilymph barrier (Sung et al., 2024). After
entering the cochlea, cisplatin is taken up into cells by diffusive and
passive transport, copper transporter protein 1 (Ctr1) and organic
cation transporter protein 2 (OCT2), endocytosis, and toxicity through
DNA adduct formation, oxidative stress, mitochondrial dysfunction,
inflammatory response, and ferroptosis (Elmorsy et al., 2024).

2.1 Cisplatin-induced DNA damage
and apoptosis

Once cisplatin enters the cell it can be hydrolyzed to form toxic
aqua-cisplatin complexes and form intra-and interstrand crosslinks
with DNA (Johnstone et al., 2016), the formation of such DNA adducts
induces structural distortions of the DNA helix, which in turn leads to
DNA damage, which activates multiple signaling pathways, one of
which is the activation of the ATM-Chk2-p53 pathway (Benkafadar
et al., 2017). Ataxia Telangiectasia Mutated (ATM) is a protein kinase
that is activated in response to DNA double-strand breaks (DSBs).
ATM can activate p53 either through activation of ATM checkpoint
kinase 2 (Chk2) or directly. p53 activation activates the downstream Bcl
family of proteins and the transcriptional activator of transcription 1
(STAT1). P53 activates the downstream Bcl family of pro-apoptotic
proteins (Bax, Bak, Bim, etc.) and reduces the number of anti-apoptotic
proteins (Bcl-xl, Bcl-2, etc.), which triggers the release of Cyt-c from the
mitochondria, and ultimately activates the downstream cytosolic
asparagine caspases that cause apoptosis (Cederroth et al., 2024).
Activated STAT1 promotes the transcription of inflammatory genes
such as COX-2, iNOS, and TNF-α, leading to an inflammatory response
(Mukherjea et al., 2011). (See Figure 1)

2.2 Cisplatin induces oxidative stress

The cochlea’s high metabolic rate results in its production of
abundant reactive oxygen species (ROS), so it requires an active
antioxidant defense system [glutathione (GSH), oxidized
glutathione (GSSG), and antioxidant enzymes (superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx),
and glutathione reductase (GR)] to achieve a dynamic oxidant-
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antioxidant balance to maintain healthy hearing. However, when
cisplatin acts, it can induce oxidative stress by generating reactive
oxygen species (ROS) and depleting cellular antioxidants.

Cisplatin is able to bind directly to the sulfhydryl groups of
antioxidant enzymes in the cochlea, leading to the inactivation of the
enzymes, and it also decreases the levels of glutathione and NADPH
(Nicotinamide Adenine Dinucleotide Phosphate), both of which are
essential for the activity of the enzyme glutathione peroxidase
(Gündoğdu et al., 2019). Together, these changes lead to a
decrease in antioxidant enzyme activity in the cochlea and an
increase in the amount of ROS in the cells. Cisplatin activates
NOX (nicotinamide adenine dinucleotide phosphate oxidase)
(especially the NOX3 isoform) (Ramkumar et al., 2021), xanthine
oxidase (XO) (Tan and Vlajkovic, 2023), and increases the
production of superoxide radicals. In addition, mitochondrial
dysfunction is another important mechanism leading to ROS
production.

Reactive oxygen species (ROS) and their derived superoxide
radicals can trigger cytotoxic effects through multiple mechanisms:
first, excessive generation of ROS induces lipid peroxidation and
leads to depletion of intracellular antioxidant enzyme levels,
exacerbating the disruption of redox homeostasis; second, ROS
induces the release of Cyt-c from the mitochondria, which in
turn activates the caspase-9 and caspase-3 cascade reaction
inducing apoptosis (Rybak et al., 2019); furthermore, ROS
interacting with nitric oxide can form peroxynitrite (ONOO-),
leading to protein inactivation; meanwhile, ROS generate reactive
aldehydes such as 4-hydroxynonenal (4-HNE) through the
formation of hydroxyl radicals and a series of reactions, which in
turn trigger calcium ion endocytosis (Callejo et al., 2015).

However, signaling pathways that antagonize oxidative stress
also exist in cells. Nrf2 is a major regulator of the cellular oxidative
stress response and maintenance of redox homeostasis (Ma, 2013),
and is regulated by signaling pathways such as NF-κB, Notch, PI3K-
AKT, and Brca-1 (Li et al., 2023a), with the PI3K/AKT signaling
pathway being a sensory hair cell important regulator for survival
against oxidative stress (Kucharava et al., 2019). Activated
Nrf2 promotes the gene expression of several antioxidant
enzymes and proteins, such as superoxide dismutase (SOD),
glutathione S-transferase (GST), glutathione peroxidase (GPx),
heme oxygenase-1 (HO-1), and NAD(P)H as a means of
protecting the cells from oxidative stress and maintaining the
dynamic balance between oxidation and antioxidant protection.
Activation of NF-κB also activates the downstream JNK pathway,
leading to the production of ROS, which may cause further damage
to the OHC (Wang X. et al., 2023).

2.3 Cisplatin induces mitochondrial
dysfunction

When cisplatin enters the mitochondria, it acts directly on the
inner mitochondrial membrane, leading to the impairment of the
function of the electron transport chain, the reduction of ATP
production and the induction of ROS generation (Elmorsy et al.,
2024), and the inhibition of the efficient antioxidant defence system
composed of glutathione (GSH) and enzymes, such as superoxide
dismutase (SOD) and glutathione peroxidase (GPx), in the
interstitial space of the mitochondrial membrane. Meanwhile,
large amounts of ROS trigger mtDNA mutations when acting on

FIGURE 1
Cisplatin-induced cochlear DNA damage (Created in https://BioRender.com).
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mitochondrial DNA, protein oxidation when acting on respiratory
chain proteins, and lipid peroxidation when acting onmitochondrial
membranes (Tan and Song, 2023),these damages further lead to
mitochondrial dysfunction, which in turn prompts more ROS
production, forming a positive feedback loop (Tan and
Vlajkovic, 2023).

Dysfunctional mitochondria release into the cytoplasm, it binds
to with Apaf-1, triggering caspase-9, caspase-3 related cascade
reactions that lead to apoptosis (Santucci et al., 2019; Lu et al.,
2022).Anti-apoptotic proteins such as Bcl-2 in the BCL-2 family and
Bax and other pro-apoptotic members of the BCL-2 family balance
and maintain normal mitochondrial function (Li et al., 2023b), and
pro-apoptotic Bcl-2 family members induce the release of Cyt-c,
which is inhibited by anti-apoptotic members. In addition, when
mitochondria are damaged, apoptosis-inducing factor (AIF) is
translocated from the mitochondria to the nucleus, where it may
mediate chromatin condensation and large-scale DNA
fragmentation by binding to DNA (Hong et al., 2004), leading to
cell death (See Figure 2).

2.4 Cisplatin induces inflammation

The mechanism of cellular damage caused by cisplatin is
inextricably linked to inflammation. The entry of cisplatin into
the inner ear leads to the formation of inner ear cellular damage
products (DAMPs), which, together with cisplatin, bind to toll-like
receptors (TLRs) (Babolmorad et al., 2021) and activate downstream
signaling, producing transcription factors (e.g., nuclear factor kappa
B (NF-κB), activator protein-1 (AP-1), and interferon regulatory
factor 3 (IRF3)), which in turn regulate the expression and secretion
of proinflammatory signaling molecules. NF-κB induces cytokines
such as tumor necrosis factor α (TNF-α), interleukin-1β (IL-1β), and
interleukin-6 (IL-6) to bind to their respective receptors, which
initiates and prolongs the progression of inflammation and
contributes to the generation of ROS (Gong et al., 2020). Among
them, TNF-α and IL-1β can activate NF-κB and thus promote the
secretion of excess pro-inflammatory cytokines, forming a positive
feedback and amplifying the inflammatory response cascade, which
ultimately leads to more OHC damage (Wang L. et al., 2023).

FIGURE 2
Cisplatin-induced cochlear mitochondrial dysfunction (Created in https://BioRender.com).
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Cisplatin also acts on the STAT family, inducing the protein
expression of transcriptional activator of transcription-1 (STAT1)
and down-regulating the expression of transcriptional activator of
transcription-3 (STAT3) in the cochlea (Bhatta et al., 2019).
STAT1 leads to the expression of various pro-inflammatory
mediators, such as cyclooxygenase 2 (COX-2), iNOS, TNF-α, IL-
1β, and IL-6, which further exacerbate the inflammation in the
cochlea (Tan and Vlajkovic, 2023). However, STAT3 inhibits the
cellular inflammatory response and promotes cell survival
(Ramkumar et al., 2021). Increased ROS also activate
STAT1 triggering the inflammatory process in the cochlea (Kaur
et al., 2011), and the binding of inflammatory cytokines to their
receptors further leads to an increase in ROS production in OHC
cells.ROS and inflammatory responses reinforce each other, forming
a positive feedback loop that further exacerbates OHC damage
(See Figure 3).

2.5 Cisplatin induced iron death

ferroptosis is a ROS-dependent form of cell death with two
major biochemical features: iron accumulation and lipid
peroxidation (Tang et al., 2021). Two major signaling
pathways, nuclear factor erythroid 2-related factor 2 (NRF2)
and glutathione peroxidase 4 (GPX4), play important roles in

ferroptosis. Normally, the transcription factor Nrf2 and its
inhibitory protein KEAP1 are tightly bound to inhibit activity,
but in the presence of ROS, a conformational change in
KEAP1 results in the release of NRF2, which binds to the
antioxidant response element (ARE) and activates the
downstream genes heme oxygenase-1 (HO-1), glutathione
peroxidase 4 (GPX4), quinone oxidoreductase1(NQO1),
thioredoxin reductase 1 (SRXN1), and transcription of solute
carrier family 7 member 11 (SLC7A11), which enhance cellular
antioxidant defenses and inhibit ferroptosis (Wang et al., 2022;
Honkura et al., 2016). Cisplatin exacerbates hair cell damage
through a dual mechanism: on the one hand, it activates nuclear
receptor coactivator 4 (NCOA4)-mediated ferritinophagy, which
prompts ferritin to release free Fe2+, generating a large amount of
reactive oxygen species (ROS) via the Fenton reaction and
inducing a lipid peroxidation chain reaction (Dai et al., 2024);
on the other hand, inhibition of the antioxidant defense pathway
of the transcription factor Nrf2 leads to reduced glutathione
(GSH) synthesis and decreased activity of antioxidant enzymes
(e.g., GPX4), further weakening cellular scavenging of free
radicals (Lv et al., 2025). GPX4 was the first central inhibitor
of ferroptosis to be discovered, and GPX4 uses glutathione to
protect cells from ferroptosis through elimination of
phospholipid peroxides to protect cells from ferroptosis
(Stockwell et al., 2020) (Figure 4).

FIGURE 3
Cisplatin-induced cochlear Oxidative stress and inflammation (Created in https://BioRender.com).
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3 Polyphenols antagonise the
mechanism of cisplatin ototoxicity

Polyphenols are a large group of natural products, the most
common natural antioxidants, characterised by the presence of
multiple phenolic units in their structure. There are
approximately 8,000 known polyphenol compounds, of which
more than 4,000 belong to flavonoids (Cheynier, 2005). In this
context, the present study systematically combed natural
polyphenols (both flavonoids and non-flavonoids) with ototoxic
antagonistic effects in preclinical studies and reviewed the possible
mechanisms of prevention of ototoxicity by these natural
compounds (Figure 5 and Table 1).

Clinical evidence for polyphenolic natural products in the field
of hearing protection is still limited, and Ginkgo biloba Linn
(Ginkgoaceae) leaves extract (GBE) is one of the more well-
studied polyphenolic agents, with active ingredients including
Ginkgo flavonoids, Quercetin, Ginkgolides, Organic acids, and
other components. In a randomized, double-blind, prospective
clinical trial of 15 cancer patients, the GBE intervention
significantly protected the mean distortion product otoacoustic
emissions (DPOAEs) of the patients. DPOAEs) mean amplitude

and signal-to-noise ratio (Dias et al., 2015). Notably, two systematic
reviews and Meta-analyses further validated the clinical value of
GBE-assisted treatment for sudden sensorineural hearing loss
(SSNHL), showing that the combined intervention significantly
increased the clinical recovery rate and improved the pure tone
average (Si et al., 2022; Yuan et al., 2023). Doluperine capsules, a
novel combination agent, demonstrated excellent hearing protection
in patients with type 2 diabetes mellitus combined with SSNHL by
targeting inflammatory and oxidative stress pathways, and its core
ingredient curcumin, the most bioavailable polyphenol in the
turmeric plant, may provide therapeutic benefits through a multi-
targeted mechanism of action (Tajdini et al., 2023).

3.1 Flavonoids

Flavonoids have a general structural backbone of C6-C3-C6 in
which two C6 units (ring A and ring B) are phenolic in nature. Due
to variations in hydroxylation pattern and chromophore ring (ring
C), they can be further classified into different subgroups such as
flavonoids, flavanones, isoflavonoids, flavanols, flavan-3-ols and
anthocyanins. Flavonoids ameliorate ototoxic drug-induced

FIGURE 4
cisplatin-induced cochlear ferroptosis (Created in https://BioRender.com).

Frontiers in Pharmacology frontiersin.org06

Han et al. 10.3389/fphar.2025.1586243

https://biorender.com)/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1586243


hearing impairment by acting as ROS scavengers or inhibitors of
JNK, MAPK, and other apoptotic signaling pathways, and by
inhibiting aldose reductase activity, xanthine oxidase (Liao et al.,
2024), common natural flavonoid mechanisms of action are
described below.

3.1.1 Puerarin
Puerarin, one of the major components of Pueraria lobata, has

been reported to have a wide range of pharmacological activities,
including anti-inflammatory, antioxidant and anti-apoptotic effects.
Puerarin reduces oxidative stress, lowers MDA levels, inhibits lipid
peroxidation, protects cell membrane integrity, and inhibits
cisplatin-induced damage to HEI-OC1 auditory cells by
neutralizing superoxide anion, hydroxyl radical, hydrogen
peroxide, and DPPH radicals (Yu et al., 2010). Puerarin can also
inhibit cisplatin-induced hair cell injury by modulating apoptosis-
related proteins (e.g., Bax and cleaved caspase-3) to attenuate the
mitochondrial apoptotic pathway, reduce ROS accumulation and
activate the Akt signaling pathway (Xu et al., 2022). Another study
showed that Puerarin could block cisplatin-induced activation of
TRPV1 and IP3R1, prevent intracellular calcium overload, and
inhibit p65 to reduce excessive ROS production, thereby
ameliorating cisplatin-induced ototoxicity and blocking apoptosis
(Lin et al., 2024).

3.1.2 Apigenin
Apigenin is a natural flavonoid found in a variety of foods and

beverages with antioxidant, anti-inflammatory and anti-tumour

properties. Apigenin inhibits cisplatin-induced mitochondrial
ROS accumulation and protects HC from cisplatin-induced
damage by inhibiting apoptosis-related signalling pathways such
as p53 and FoxO (Kong et al., 2024).

3.1.3 Eupatilin
Eupatilin is a pharmacologically active flavonoid found mainly

in the genus Artemisia.Eupatilin reduces intracellular and
mitochondrial ROS levels, inhibits the p38/JNK pathway, and
reduces cisplatin-induced apoptosis of HEI-OC1 cells; it reduces
cisplatin-induced hair cell loss, and protects auditory hair cells (Lu
et al., 2022).

3.1.4 Quercetin (QU)
QU is a widely used natural flavonoid compound that can be

an effective antioxidant against cisplatin ototoxicity.QU
scavenges a variety of free radicals such as peroxides and
superoxides, as well as inhibits xanthine oxidase, blocks lipid
peroxidation, chelates transition metals, and reduces cytosolic
calcium uptake (Gündoğdu et al., 2019). It has been
demonstrated that QU increases the number of hair cells,
protects mitochondria, reduces apoptosis and maintains hair
cell ultrastructure (Lee S. H. et al., 2015). Moreover, QU can
activate the PI3K/AKT signalling pathway, inhibit cisplatin-
induced oxidative stress, protect mitochondrial function,
reduce apoptosis of the mitochondrial pathway in pericytes,
maintain the integrity of the endothelial barrier, and attenuate
hearing loss (Huang et al., 2024).

FIGURE 5
Polyphenols’ protective mechanism against ototoxicity. (Created in https://BioRender.com).
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TABLE 1 Protective effect of polyphenols against cisplatin-induced ototoxicity.

Name Source Research object Effect↑ Effect↓ Ref

Puerarin Chinese medical herb
Radix Pueraria

HEI-OC1 cells,C57BL/6 mice AKT,Cell viability Bax,caspase-3,ROS,hair cell apoptosis Xu et al. (2022)

HEI-OC1 cells, male BALB/c mice SOD,CAT,GPX ABR thresholds, TRPV1,IP3R1,NF-κB,p65,Ca2+
overload,ROS,MDA,hair cell apoptosis

Lin et al. (2024)

Apigenin Vegetables,
fruits,herbs,plant-based
beverages

Wild-type (AB) and Tg (Brn3c:
mGFP) transgenic zebrafish

ROS,p53,FoxO, gadd45ba,serpine1,hair cell apoptosis,
Ferroptosis

Kong et al. (2024)

Eupatilin Artemisia HEI-OC1 cells,The trans genic
zebrafish line Tg (Brn3C:
EGFP),C57BL/6J mice

Bcl-2 ROS,p38,JNK,Bax,caspase-3,PARP, hair cell apoptosis Lu et al. (2022)

Quercetin fruits and vegetables female Wistar albino rats DPOAE Damage to the stria vascularis, organ of Corti and spiral
ganglion

Gündoğdu et al.
(2019)

Transgenic zebrafish (Brn3C:
EGFP)

hair cell apoptosis, Damage to the ultrastructure of hair cells Lee et al. (2015a)

male C57BL/6J mice Bcl-2,MMPs,SOD,PI3K,Akt,TEER,VE-cad,ZO-1 ABR thresholds,caspase-3,Bax,MDA,ROS,Cyt-c,AIF Huang et al.
(2024)

Phloridzin apples and pears Balb/C female mice SOD,GSH MDA,TNF-α,IL1β,NF-Kβ Un et al. (2021)

HEI-OC1 cells HO-1,Nrf2, JNK,ERK,p38,MAPK, Cell viability, Bcl-2 Bax,caspase-8,caspase-9,caspase-3 Choi et al. (2011)

Rutin Vitamin P C57BL/6 mice PI3K,AKT JNK,p38,MAPK,caspase-3,hair cell apoptosis, SGNs
apoptosis

Zheng et al.
(2022)

Genistein Soybeans female Sprague-Dawley rats DPOAE,SOD,CAT,GPX,TAS TOS,OSI,MDA Tan et al. (2022)

Formononetin
(FMNT)

herbal medicines (Angelica
sinensis and Astragalus
membranaceus)

C57BL/6 mice PI3K,AKT,Nrf2,Gclc,Gpx2,Txnrd1,HO-1,Bcl–2 caspase-3,Bax,hair cell apoptosis,ROS,MDA,GSSG Li et al. (2023a)

Epigallocatechin-3-
gallate

green tea HEI-OC1 cells Cell viability caspase-3,ROS,cell apoptosis Cho et al. (2014a)

HEI-OC1 cells,Sprague–Dawley
rats

Cell viability,Bcl-2,MMPs NF-κB,Cyt-c,caspase-3,NO,ROS,caspase-1, IL-1β Kim et al. (2012)

Kunming mice Cell viability MnSOD gene expression, Apoptosis of Spiral Ganglion Cells
(SGCs)apoptosis

Xie et al. (2004)

Swiss Webster mice STAT1 Schmitt et al.
(2009)

UB/OC-1 cells, male Wistar rats,
Severe Combined
Immunodeficiency mice

Bcl–xL,STAT3,STAT3/STAT1 p53,caspase–3,Bax,LDH,ROS,ERK,STAT1,ABR
thresholds,TNFα,COX2,iNOS,NOX3,Loss of OHCs

Borse et al. (2017)
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TABLE 1 (Continued) Protective effect of polyphenols against cisplatin-induced ototoxicity.

Name Source Research object Effect↑ Effect↓ Ref

Epicatechin green tea HEI-OC1 cells, Zebrafish Cell viability,MMP caspase-3,ROS,hair cell apoptosis, loss of kinocilium and
stereocilia

Kim et al. (2008)

HEI-OC1 cells, female
Sprague–Dawley rats

ABR thresholds, MAPK,ROS,Cyt-c,caspase-3,Cell cycle
arrest, Damage to OHCs, IHCs

Lee et al. (2010)

Hesperidin/
Hesperetin

citrus fruit peels wistar albino rats TAS MDA,TOS,OSI,MPO Kara et al. (2016)

Sfemale albino guinea pigs SNR Başoğlu et al.
(2012)

male C57BL/6J mice,HEI-OC1 cells Nrf2,NQO1 ABR thresholds,caspase-3,PARP, hair cell apoptosis,ROS Lou et al. (2024)

Nobiletin citrus fruit peels C57BL/6 mice,HEI-OC1 cells Cell viability,SOD,GPX4,SLC7A11,FTH,FTL,GSH,NRF2,HO-
1,NQO1,LC3B,SQSTM1,p62

Ferroptosis,caspase-3,ROS Song et al. (2024)

Mangiferin genus mango
(Anacardiaceae)

HEI-OC1 cells,C57BL/6J mice,The
Tg (Brn3C:EGFP) transgenic
zebrafish

Cell viability,MMP,Akt,Map3k4,Map2k5,Prkca,Bcl-2 ROS,Bak,caspase-3,PARP,Cyt-c,ABR thresholds, hair cell
apoptosis,JNK,P38,MAPK

Lu et al. (2024)

Pycnogenol a French maritime pine bark
extract

Male rats DPOAE Apoptosis Eryilmaz et al.
(2016)

silymarin the seeds of Silybum
marianum

HEI-OC1 cells Cell viability Apoptosis,caspase-3,PARP, Cell cycle arrest (Cho et al., 2014b)

ferulic acid vegetables, fruits and some
beverages

HEI-OC1 cells, C57BL/6 mice Gclc,GPX,CAT,SOD2,Nrf-2 ROS,caspase-3,PARP, hair cell apoptosis Jo et al. (2019)

Male adult Wistar rats Nrf–2,HO–1 ABR thresholds,p5 Paciello et al.
(2020)

resveratrol grapes, berries, mulberries
and peanuts

male albino guinea pigs ABR thresholds,ROS,hair cell apoptosis Yumusakhuylu
et al. (2012)

Albino–Wistar rats DPOAE ABR thresholds Simsek et al.
(2019)

HEI-OC1 cells Cell viability ROS Lee et al. (2015b)

female Sprague-Dawley rats CYP1A1 ABR thresholds, Damage to OHCs,NF-
κB,IL1β,IL6,AhR,RAGE

Lee et al. (2020)

HEI-OC1 cells, male C57BL/6J
mice

DNMT1,miR-455-5p,Cell viability GAS5,PTEN,ROS,ABR thresholds, hair cell apoptosis Liu et al. (2021)

HEI-OC1 cells, male C57BL/6J
mice

Cell viability,miR-455-5p,PI3K,Akt ROS,CAT,PTEN,ABR thresholds, hair cell apoptosis Wu et al. (2024)

Schisandrin B Schisandra chinensis HEI-OC1 cells, male C57BL/6 mice Bcl-2,DPOAE Caspase-3,Bax,ROS,ABR thresholds, hair cell apoptosis Li et al. (2024)

(Continued on following page)
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TABLE 1 (Continued) Protective effect of polyphenols against cisplatin-induced ototoxicity.

Name Source Research object Effect↑ Effect↓ Ref

Curcumin the plant Curcuma longa male Rattus norvegicus Wistar rats SNR Arwanda et al.
(2023)

Male adult Wistar rats Nrf,HO-1 ROS Fetoni et al.
(2014)

Male adult Wistar rats Nrf–2,HO-1 ABR thresholds,NF–κB,p53 Paciello et al.
(2020)

Male adult Wistar rats DPOAE,Nrf – 2,HO-1 ABR thresholds, hair cell apoptosis Fetoni et al.
(2015)

Honokiol magnolia bark HEI-OC1 cells, Adult C57BL/
6 mice

DPOAE, SIRT3 ABR thresholds, Damage to OHCs Tan et al. (2020)

Ecklonia Cava
Polyphenol

brown algae living in the seas
of the Far East

HEI-OC1 cells Cell viability Düzenli et al.
(2016)

caffeic acid honey bee propolis HEI-OC1 cells Cell viability ROS,caspase-3,caspase-8,Apoptosis Choi et al. (2014)

whortleberry
extract

whortleberry adult male Wistar albino rats DPOAE,TAS TOS,OSI,cellular degeneration Özdemir et al.
(2019)

pomegranate
extract

adult Wistar rats DPOAE,SNR,TAS TOS,OSI Yazici et al. (2012)

Note: Akt:Protein Kinase B,PKB; Bax:Bcl-2, Associated X Protein; caspase-3:Cysteine-aspartic Protease 3; SOD:Superoxide Dismutase; CAT:Catalase; GPX:Glutathione Peroxidase; ABR:Auditory brainstem response; TRPV1:Transient Receptor Potential Vanilloid 1;

IP3R1:Inositol 1,4,5 - Trisphosphate Receptor 1; NF–κB:Nuclear Factor–κB; MDA:Malondialdehyde; FoxO:Forkhead Box O; gadd45ba:Growth Arrest and DNA, Damage - Inducible Protein 45 Beta a; serpine1:Plasminogen Activator Inhibitor 1; JNK:c-Jun N-terminal

Kinase; PARP:Poly (ADP, ribose) polymerase; DPOAE:the distortion product otoacoustic emissions; MMPs:Mitochondrial Membrane Potentials; PI3K:Phosphatidylinositol 3-Kinase; TEER:Transepithelial Electrical Resistance; VE-cad:Vascular Endothelial Cadherin;

ZO-1:Zona Occludens-1; Cyt-c:Cytochrome c; AIF:Apoptosis-Inducing Factor; HO-1:Heme Oxygenase-1; Nrf2:Nuclear Factor-E2-Related Factor 2; ERK:Extracellular Signal-Regulated Kinase; MAPK:Mitogen-Activated Protein Kinase; caspase-8:Cysteine-aspartic

Protease 8; caspase-9:Cysteine-aspartic Protease 9; SGNs:Spiral Ganglion Neurons; TAS:Total Antioxidant Status; OSI:Oxidative Stress Index; TOS:Total Oxidant Status; CLC:glutamate - cysteine ligase catalytic subunit; Gpx2:glutathione peroxidase 2; Txnrd1:

thioredoxin reductase 1; SGCs:Spiral Ganglion Cells; MnSOD:Manganese Superoxide Dismutase; IL-1β:Interleukin-1β; STAT1:Signal transducer and activator of transcription 1; TNFα:Tumor Necrosis Factor Alpha; COX2:Cyclooxygenase-2; iNOS:Inducible Nitric

Oxide Synthase; NOX3:NADPH, Oxidase 3; OHCs:outer hair cells; IHCs:inner hair cells; SNR:signal-to-noise ratio; NQO1:NAD (P) H quinone oxidoreductase 1; SLC7A11:Solute Carrier Family 7 Member 11; FTH:Ferritin Heavy Chain; FTL:Ferritin Light Chain;

SQSTM1:Sequestosome 1; Map3k4:Mitogen-Activated Protein Kinase Kinase Kinase 4; Map2k5:Mitogen-Activated Protein Kinase Kinase 5; Prkca:Protein Kinase C Alpha; Gclc:Glutamate-Cysteine Ligase Catalytic Subunit; IL6:Interleukin 6; CYP1A1:Cytochrome

P450 Family 1 Subfamily AMember 1; AhR:Aryl Hydrocarbon Receptor; RAGE:Receptor for Advanced Glycation Endproducts; DNMT1:DNA,methyltransferase 1; GAS5:Growth Arrest - Specific 5; PTEN:Phosphatase and TensinHomolog; miR - 455, 5p:MicroRNA -

455, 5p; SV:Stria Vascularis; SGC:spiral ganglion cells.
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3.1.5 Phloridzin and rhizodendron
Phloridzin and rhizoposide are the main flavonoid structural

compounds of apple with antioxidant and anticancer effects (Un
et al., 2021). Phloridzin inhibits mitochondrial dysfunction and
caspase activation through activation of HO-1 expression induced
by the Nrf2 and JNK pathway nuclei; and inhibits cisplatin-induced
apoptosis in HEI-OC1 cells (Choi et al., 2011).

3.1.6 Rutin
Rutin belongs to the vitamin P family and is a natural flavonol

glycoside. Rutin protects hair cells and spiral ganglion neurons
from cisplatin-induced ototoxicity by reducing ROS production
after cisplatin exposure, activating PI3K/AKT signalling and
inhibiting the JNK/p38/MAPK signalling pathway (Zheng
et al., 2022).

3.1.7 Genistein (genistein/strongylisoflavone, GST)
GST is a phytoestrogen found in large quantities in soybeans,

GST increases the levels of antioxidant enzymes and decreases the
levels of oxidant parameters, preventing cisplatin ototoxicity (Tan
et al., 2022).

3.1.8 Formononetin (FMNT)
FMNT is a natural flavonoid found in large quantities in herbs

such as Angelica sinensis and Astragalus membranaceus.FMNT
reduces ROS overload by activating the PI3K/AKT-
Nrf2 signalling pathway and its downstream antioxidant genes,
decreases the c-caspase-3/caspase-3 ratio (Li et al., 2023a) and
inhibits apoptosis ameliorating cisplatin-induced hair cell death.

3.1.9 Epigallocatechin-3-gallate (EGCG) and
epicatechin

EGCG, a polyphenol abundant in green tea extract, is a
STAT1 inhibitor.EGCG prevents cisplatin cytotoxicity through
anti-apoptotic and antioxidant effects (Cho et al., 2014a);
counteracts NO-induced ototoxicity by effectively inhibiting the
activation of caspase-3, NF-κB, and preventing the destruction of
hair cells in the organ of Corti, both in vitro and ex vivo (Kim et al.,
2012); and protects auditory neurons from oxidative damage
induced by H2O2 attack (Xie et al., 2004).EGCG acts through
phosphatidylinositol 3-kinase (PI3K)/Akt signalling in cochlear
NSCs to promote cell growth and neuronal differentiation, which
can be used for the treatment of hearing loss (Zhang et al., 2016),
and has an important protective mechanism against cochlear
oxidative damage. Failing to provide additional protection
against cisplatin toxicity after knockdown of the STAT1 gene in
mice (Schmitt et al., 2009); EGCG reduced cisplatin-induced ROS
generation and ERK1/2 and STAT1 activity, but retained
STAT3 and Bcl-xL activity, allowing cisplatin to continue its
anti-tumour effects (Borse et al., 2017). These studies suggest
that EGCG is an ideal otoprotective agent for the treatment of
cisplatin-induced hearing loss and may not compromise its
antitumour efficacy.

Epicatechin (EC) is a minor component of green tea. It
prevents cisplatin-induced ototoxicity by blocking ROS
production and inhibiting changes in mitochondrial membrane
potential (MMP) (Kim et al., 2008). EC inhibits cisplatin activation
of JNK, ERK, Cyt-c and caspase-3 (Lee et al., 2010).

3.1.10 Hesperidin and nobiletin
Hesperidin and hesperetin are natural flavonoid compounds

found mainly in the peel of citrus fruits. Hesperidin is a potent
natural antioxidant that increases antioxidant enzymes and reduces
oxidants to prevent ototoxicity (Kara et al., 2016; Başoğlu et al.,
2012). In addition, Hesperidin activates the Nrf2/NQO1 pathway,
decreases ROS levels, and enhances the antioxidant capacity of hair
cells and HEI-OC1 cells, thereby attenuating cisplatin-induced
oxidative damage (Lou et al., 2024). Nobiletin is a
polymethoxyflavonoid with antioxidant and anti-apoptotic
properties. The protective function of nobiletin against cisplatin-
induced ototoxicity has been attributed to the activation of
autophagy and the activation of NRF2/GPX4, which in turn
inhibits the onset of ferroptosis (Song et al., 2024).

3.1.11 Mangiferin (MGF) and pycnogenol
Extracted from the genus Mangiferin, MGF protects against

cisplatin-associated ototoxicity by down-regulating ROS
accumulation, restoring mitochondrial function, and inhibiting
apoptosis in in vitro (HEI-OC1 cells and cochlear hair cells) and
in vivo (zebrafish larvae and C57BL/6 J mice) models and, the
molecular mechanism of which may be attributed to its inhibition of
the ROS-MAPK-caspase-3 signalling pathway (Lu et al., 2024).
Pycnogenol prevents cisplatin-induced cochlear apoptosis and is
protective against cisplatin ototoxicity (Eryilmaz et al., 2016).

3.1.12 Silymarin
Silymarin, a lipophilic extract from the seeds of Silybum

marianum, is protective against ototoxicity by inhibiting the
expression of caspase-3 and PARP in cisplatin-induced cleavage
through mechanisms such as scavenging of free radicals, reduction
of ROS formation, and inhibition of fatty acid peroxidation (Cho
et al., 2014b).

3.2 Non-flavonoids

3.2.1 Ferulic acid (FA)
FA belongs to the phenolic acid family and is abundant in fruits

and vegetables.FA acts as a potent antioxidant by up-regulating the
cytoprotective system for scavenging free radicals and enhancing
cellular stress response (Mancuso and Santangelo, 2014).FA inhibits
cisplatin-induced cytotoxicity by blocking ROS formation and
inducing endogenous antioxidant production, which in turn
inhibits cisplatin-induced cytotoxicity (Jo et al., 2019). It exhibits
antioxidant and otoprotective activity in the cochlea by up-
regulating the Nrf-2/HO-1 pathway, while down-regulating
p53 phosphorylation.Notably, this action of FA exhibits a
biphasic response: it is pro-oxidant at lower concentrations and
antioxidant at higher concentrations (Paciello et al., 2020). This
unique concentration-dependent effect provides a richer direction
for thinking about the application and research of ferulic acid in
related fields.

3.2.2 Resveratrol
Resveratrol belongs to the group of stilbenes and is widely found

in a variety of plants such as berries, grapes and nuts. Animal
experiments have confirmed the protective effect of resveratrol
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against cisplatin-induced ototoxicity (Yumusakhuylu et al., 2012;
Simsek et al., 2019). With progressive research, it has been found
that resveratrol significantly reduces cisplatin-induced increase in
ROS (Lee S. K. et al., 2015), thus inhibiting cisplatin-induced
cytotoxicity. The auriculoprotective effect of low-dose RV may be
mediated by the anti-inflammatory effects of NFκB, IL6, and IL1β, as
well as the antioxidant effects of CYP1A1 and the intracytoplasmic
receptor for advanced glycation endproducts (RAGE).However,
high doses of RV were not otoprotective in rats with cisplatin-
induced hearing loss (Lee et al., 2020). In experiments targeting a
mouse model of hearing loss and HEI-OC1 cells, resveratrol was
found to upregulate miR-455-5p, which in turn downregulated
phosphatase and tensin homolog (PTEN) and activated the
phosphatidylinositol 3-kinase-protein kinase B (PI3K-Akt)
signaling pathway in order to counteract cisplatin ototoxicity (Liu
et al., 2021). Further studies demonstrated that growth arrest-
specific transcript 5 (GAS5) could act as a molecular sponge for
miR-455-5p and regulate miR-455-5p/PTEN expression to
counteract cisplatin-induced apoptosis and ROS production (Wu
et al., 2024).

3.2.3 Schisandrin B (SchB)
SchB is one of the most prevalent and potent naturally occurring

lignan monomers in Schisandrin B. It has a variety of
pharmacological effects, including antioxidant, anti-inflammatory,
and anti-apoptotic effects. In cisplatin-induced mouse experiments,
treatment with SchB was able to enhance the survival of cochlear
hair cells and effectively prevent apoptosis, as well as reduce
cisplatin-induced ROS production (Li et al., 2024).

3.2.4 Polyphenol
Curcumin is a phytochemical isolated from turmeric that has the

ability to enhance the antitumour activity of cisplatin and reduce its
side effects (Abadi et al., 2022), can directly scavenge free radicals
and also enhance endogenous antioxidant enzyme activity by
activating the Nrf2 pathway and inducing HO-1 expression to
achieve antioxidant effects, which in turn reduce hearing damage
(Fetoni et al., 2014).When curcumin is administered together with
cisplatin, it exhibits different mechanisms of action depending on
the cellular environment and dose, exerting dual antioxidant and
pro-oxidant effects (Arwanda et al., 2023). Curcumin may enhance
the anti-tumour effect of cisplatin by promoting a significant
increase in the pro-apoptotic expression of Bax, inhibiting
STAT3 phosphorylation, nuclear translocation of Nrf-2, and
expression of NF-κB; and activating the Nrf-2/HO-1 signalling
pathway, inhibiting p53 phosphorylation, expression of NF-κB,
and enhancing endogenous antioxidant defence mechanisms to
counteract cisplatin-induced ototoxicity (Paciello et al., 2020;
Fetoni et al., 2015).The above studies have confirmed that
curcumin has a significant dose-effect relationship, and there is
an optimal concentration window--it can synergistically enhance
the anticancer efficacy of cisplatin andminimize its toxic side effects.

Honokiol (HNK) is a multifunctional polyphenol derived from
an Asian herb (Magnolia bark), HNK prevents cisplatin ototoxicity
in vitro and in vivo and does not interfere with cisplatin treatment in
homozygous mice (Tan et al., 2020). This is attributed to the direct
activation of the protein sirtuin 3 (SIRT3) by HNK, which promotes
ROS reduction and detoxification.

Ecklonia Cava Polyphenol (ECP) extract is a polyphenolic
compound taken from brown algae living in the Far Eastern seas.
It has a protective effect against cisplatin-induced cell death by
reducing particularly reactive oxygen radicals and increasing the
levels of enzymes such as catalase and glutathione peroxidase
(Düzenli et al., 2016).

Caffeic acid, the active component of honey bee propolis extract,
reduced intracellular ROS production through free radical
scavenging activity; and decreased the expression of caspase-3,
inhibited apoptosis, and ultimately attenuated cisplatin-induced
hair cell loss in the HEI-OC1 cell line (Choi et al., 2014).

Pomegranate extract (PE) is rich in polyphenols and exhibits
strong antioxidant activity (Sahin et al., 2025). Oral administration
of PE has been shown to have a protective effect on the cochlea
against cisplatin toxicity in rats (Yazici et al., 2012).

Anthocyanins is an extract of Vaccinium myrtillus, which
presents antioxidant effects at high doses, thus reducing oxidative
stress indices and preventing cell degeneration and protecting
hearing from cisplatin-induced ototoxicity (Özdemir et al., 2019).

4 Discussion

The protective mechanism of polyphenols against cisplatin
ototoxicity is mainly to build two major protective barriers in
normal tissues. The first is the antioxidant barrier: polyphenols
establish antioxidant defense by activating the Nrf2 signaling
pathway, and Nrf2 upregulates the expression of HO-1, SOD-1,
NQO-1 and other oxidative genes, so as to increase the number of
antioxidant enzymes (SOD/CAT/GPX/GSH), and to neutralize
cisplatin-induced reactive oxygen species (ROS) and reactive
nitrogen species (RNS). Reactive ROS and RNS to reduce ROS
accumulation, mitochondrial damage, inflammatory response and
ferroptosis, and polyphenols also regulate the Nrf2 by activating the
PI3K/AKT signaling pathway. The second is the inflammation-
apoptosis dual inhibition barrier: blocking the NF-κB/p38-MAPK/
COX-2/iNOS inflammatory cascade, attenuating the inflammatory
response through the dual regulation of STAT3/STAT1 and
inhibiting the JNK/p53-mediated pro-apoptotic signaling and
regulating the balance of Bcl-2/Bax/caspase-3, which is the most
effective way to reduce the inflammatory response in mitochondria
and ferroptosis. (Zhang et al., 2025; Maiuolo et al., 2022; Li et al., 2023b;
Stankovic et al., 2020; Gill et al., 2024).

Polyphenols face significant bioavailability bottlenecks when
administered orally, and their pharmacokinetic properties make it
difficult to reach therapeutic window concentrations in inner ear
hair cells and auditory nerves (Osakabe et al., 2023), a limitation
that significantly restricts their potential application in the
prevention and treatment of CIO.However, reactive oxygen species
present a dual role in the pathological process of CIO: as a key
pathogenic factor mediating cisplatin ototoxicity and as a
pharmacological basis for its tumor cell-killing effects, and this
paradoxical property makes the construction of an inner-ear-
targeted delivery system a central challenge for synergistic
chemotherapy with polyphenolic compounds.

Recent breakthroughs in nano-delivery systems have provided
innovative strategies to address this challenge (Thakur et al., 2024).
Nano-embedded curcumin not only significantly improves cell
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survival and attenuates the ototoxicity of cisplatin through enhanced
bioavailability and targeted delivery (Salehi et al., 2014), but also
synergistically enhances the anticancer efficacy of cisplatin in
combination with cisplatin while improving curcumin
bioavailability (Sandhiutami et al., 2021). In addition resveratrol
has low bioavailability due to its poor water solubility, low stability
and rapid metabolism. Some studies have demonstrated that
different types of resveratrol nanoparticles can significantly
improve its therapeutic potential in a variety of diseases such as
neurodegenerative diseases, cancer, diabetes, etc. (Chung et al.,
2020).EGCG is a promising natural compound that enhances the
efficacy of chemotherapy and reduces side effects through multiple
pathways, and combining it with nanotechnology can break through
the limitations of poor bioavailability and targeting to significantly
enhance the therapeutic effect (Wang X. et al., 2023). Tetrahedral
DNA nanostructures (TDNs) as carriers loaded with antioxidant
EGCG can efficiently penetrate the biological barrier, sustained
release of drugs and antioxidant effects, and significantly improve
the noise-induced hearing loss, which provides a novel delivery
system for the treatment of inner ear diseases (Chen et al., 2022).

Different types of polyphenols may have different mechanisms in
preventing cisplatin ototoxicity, and may act synergistically in
enhancing its anticancer activity to reduce side effects.EGCG has
antioxidant, anti-inflammatory, and inhibitory effects on Caspase-1
and NF-κB, and curcumin regulates the Bcl-2/BAX ratio, inhibits the
mitochondrial apoptotic pathway, and reduces Caspase-3 activation.
The superimposition of these two effects enhances the anti-apoptotic
effect and reduces the dosage requirement of a single component,
providing a potential solution for adjuvant therapy to cisplatin
chemotherapy, reducing side effects and improving the quality of life
of patients (Primadewi et al., 2023). Potential interactions between
polyphenols and common drugs used in cisplatin combination
chemotherapy also need to be noted. One study demonstrated that
curcumin combined with paclitaxel treatment was superior to
paclitaxel-placebo combination therapy in terms of ORR and
physical performance after 12 weeks of treatment, and there were
also nomajor safety concerns or reduction in quality of life (Saghatelyan
et al., 2020).EGCG synergistically enhances the efficacy of drugs such as
5 - Fluorouracil and cisplatin, and reduces cardiac, renal, and other
organ EGCG may synergistically enhance the efficacy of drugs such as
5-fluorouracil and cisplatin and reduce the toxicity in the heart and
kidney, but some drugs (e.g., bortezomib, sunitinib) may antagonize
EGCG, but clinical evidence is limited, and further validation of their
safety and efficacy is needed (Lecumberri et al., 2013).

Despite their low bioavailability, oral polyphenols can modulate
the intestinal flora through their antimicrobial properties, increasing
the proportion of beneficial bacteria in the gut and reducing
pathogenic bacteria (Scazzocchio et al., 2020). Improvement in
the balance of intestinal flora helps to maintain the integrity of
the intestinal barrier, reduces the influx of harmful substances into
the body, and inhibits inflammatory responses (Liu et al., 2024). It
has been reported that polyphenols ameliorate certain diseases by
modulating the intestinal flora (Da C Pinaffi-Langley et al., 2024;
Sarubbo et al., 2023). At the same time, we have come to recognize
the association between the gut-inner ear axis and hearing loss (Guo
et al., 2024; Yin et al., 2023). Based on this, the topic of whether
orally administered polyphenols can ameliorate hearing loss by
modulating the intestinal flora is of significant research value.

5 Conclusion

Cisplatin is a highly effective and broad-spectrum anticancer
drug, but its severe ototoxicity limits its clinical application, and its
mechanism involves various pathways such as DNA damage,
oxidative stress, inflammatory response, mitochondrial
dysfunction, and ferroptosis. Polyphenols show promise in
mitigating cisplatin-induced damage to Corti organs, spiral
ganglion neurons, and vascular striatum by scavenging free
radicals, inhibiting inflammatory factors, and regulating
apoptosis-related proteins. However, several challenges remain,
including low bioavailability, an incomplete understanding of
their mechanisms, uncertainties about the optimal dosing
regimen, and the potential interactions among different
polyphenols. Further studies should explore the optimal strategy
for the combined application of polyphenols and cisplatin to provide
new ideas and methods for clinical prevention and treatment of
cisplatin ototoxicity.

5.1 Future perspectives

Cisplatin, as a commonly used chemotherapeutic agent, is highly
effective, but the problem of CIO seriously affects patients’ quality of
life. Polyphenols have shown impressive dual potentials in
preventing CIO and enhancing the efficacy of chemotherapy, and
are expected to be a key factor in improving the status of cisplatin
chemotherapy. However, polyphenols still face many obstacles in
moving from basic research to clinical application.

Currently, most of the relevant studies remain in the preclinical
stage, and the lack of key pharmacokinetic data for clinical
application, such as effective dose, bioavailability and other
information, restricts the development of rational drug regimens.
In terms of drug delivery strategies, the emergence of nano drug
delivery systems holds promise for improving the oral utilization of
polyphenols. However, this system still has large optimization
aspects in terms of shape, size, and targeted delivery efficiency,
which is still far from the ideal state of precision and efficiency. In
addition, many important issues need to be further explored, such as
the mechanism of the superimposed effect and its safety when
polyphenols are applied in combination, the possible interactions
with other chemotherapeutic agents such as 5 - fluorouracil,
paclitaxel analogs, gemcitabine, pemetrexed, etc., as well as
whether oral polyphenols have an impact on ototoxicity by
regulating the intestinal flora.

Addressing the above issues has immeasurable clinical value in
improving the comprehensive efficacy of cisplatin chemotherapy
and effectively reducing the risk of ototoxicity. It will not only bring
better treatment experience for patients, but also promote new
breakthroughs in the field of anti-cancer therapy.
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