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Abstract

Objective: Mammalian sensory hair cells do not regenerate.
Therefore, developing therapeutic agents to protect the inner ear is
essential. Eight herbal medicines (Shosaikoto, Orengedokuto,
Tokishakuyakusan, Shigyakusan, Hochuekkito, Juzentaihoto,
Unseiin, and Shimotsuto) were screened using a zebrafish lateral
line to determine their possible protective effects against neomycin
insult in sensory hair cells.

Materials and Methods: Zebrafish larvae were divided into four
groups: untreated control, neomycin-treated, herbal medicine—
treated only, and herbal medicine + neomycin-treated groups. Each
herbal medicine was administered 1 hr before exposure to 200 uM
neomycin, and the larvae were fixed with 4% paraformaldehyde 1
hr later. Hair cell survival in the lateral line neuromasts was
quantified to generate dose—response curves.

Results: All eight herbal preparations demonstrated protective
effects against neomycin-induced hair cell injury in the zebrafish
lateral line. Within 3 min of neomycin exposure, oxidative stress
markers indicated a pronounced increase in reactive oxygen species
within lateral line hair cells, whereas pretreatment with Shimotsuto
effectively suppressed this response. Among the tested
formulations, Shimotsuto exhibited the strongest otoprotective
effect. Furthermore, its protective potential was confirmed in
mammalian vestibular epithelia where the survival of hair cells was
significantly higher in the Shimotsuto plus neomycin group
compared with the neomycin-only group.

Conclusion: These findings suggest that zebrafish-based drug
screening provides a rapid and reliable platform for identifying
herbal formulations with inner ear protective properties, thereby
contributing to determine their possible protective effects.
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Introduction

Hearing loss is an increasingly common
problem caused by noise, aging, and
diseases. Sensory hair cells in the cochlea

convert mechanical sound vibrations into
neural signals. Once these cells are
damaged or lost, they do not regenerate in
mammals, resulting in  irreversible
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sensorineural hearing loss. Although
hearing aids and cochlear implants have
been developed, preventing hearing loss is
of utmost importance. If methods to prevent
hair cell death are successfully developed,
fewer people will have hearing loss
worldwide. Therefore, developing
therapeutic agents to protect the inner ear is
essential.

Drugs such as vitamin E and coenzyme
Q10 are known to protect the inner ear in
animal models (Fetoni et al. 2008). Certain
herbal medicines have also been shown to
protect hair cells in animal models (Niwa et
al. 2016). Although many drugs have been
evaluated for inner ear protection, there
have been few reports on the screening of
herbal medicines (Hirose et al. 2016).

Inner ear hair cells evolve from lateral-
line hair cells (Ghysen and Dambly-
Chaudiere 2004). Hence, zebrafish lateral
line hair cells are physiologically and
morphologically similar to the inner ear
hair cells. As the zebrafish lateral line is
located on the body surface, damage to hair
cells can be rapidly assessed. Therefore, the
zebrafish lateral line effectively evaluates
drugs that damage or protect hair cells
(Owens et al. 2007). Additionally, the low
cost and availability of large quantities of
zebrafish fry allow researchers to use them
in experiments to evaluate multiple drugs
simultaneously.

Moreover, various phytochemical
compounds have been reported to protect
cells from oxidative stress—mediated
toxicity through antioxidant and anti-
apoptotic mechanisms (Ajibade et al. 2024;
Khordad et al. 2024). These findings
suggest that herbal medicines may also
provide inner-ear protection via similar
mechanisms.

In a previous study, zebrafish were used
to screen the ototoxic effects of numerous
anti-cancer drugs and the protective effects
of supplement drugs (Hirose et al. 2016; Ou
et al. 2007). In this study, we used the
zebrafish lateral-line hair cells to screen
herbal medicines for their protective effects
against neomycin.

Materials and Methods
Animals

Adult zebrafish (Danio rerio, AB wild-
type strain) were maintained under standard
laboratory conditions at 28.5°C in the
facilities of the University of Yamaguchi.
Fertilized embryos were obtained by
natural pairwise mating. The embryos were
reared in embryo medium composed of 1
mM MgSO., 120 mM KH2PO4, 74 mM
Na:HPO4, 1 mM CaCl,, 500 mM KCl, 15
mM NaCl, and 500 mM NaHCO: in
distilled water, at a density of 50 embryos
per 100 mmz2 Petri dish.

Six-week-old CBA/N mice exhibiting
normal Preyer reflexes were purchased
from  Kyushu Animal  Corporation
(Fukuoka, Japan). Mice were deeply
anesthetized with  pentobarbital and
immediately decapitated prior to tissue
collection. All animal experiments were
approved by the Committee for the Ethics
of Animal Experiments of Yamaguchi
University and conducted in accordance
with the Japanese Government Guidelines
for Medicine and the Law (No. 105) and
Notification No. 6.

Screening of eight herbal medicines for
hair cell survival

This study evaluated eight medicines
(Shosaikoto (Shimizu 2000), Orengedokuto
(Miura et al. 2007), Tokishakuyakusan
(Irahara et al. 2000), Shigyakusan (Tanaka
et al. 2013), Hochuekkito (Minami et al.
2018), Juzentaihoto (Takeno et al. 2015),
Unseiin  (Andoh et al. 2004), and
Shimotsuto (Takiyama et al. 2021)), which
will be referred to as herbal medicine.
These medicines were gifted by Tsumura
Co., Ltd. (Osaka, Japan). Each extract
powder was produced by hot-water
extraction, which is the standard
manufacturing  process for  Kampo
medicines by Tsumura Co. following the
Japanese Pharmacopoeia. For experimental
use, each extract powder was dissolved in
distilled water and filtered through a 0.22-
um membrane before administration to
zebrafish. Water was chosen instead of
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ethanol to reproduce the clinical Kampo
formulation and to avoid potential toxicity

Herbal medicines and hair cell damage

or confounding effects of alcohol on 1.
zebrafish larvae. The constituent crude

Table 1. Constituent crude drugs and botanical origins of eight herbal medicines

drugs and their botanical (scientific) names
for each herbal medicine are listed in Table

Herbal Medicine Herb Name Scientific Name Reference
Bupleurum Root Bupleurum falcatum
Scutellaria Root Scutellaria baicalensis
) Ginseng Panax ginseng o

Shosaikoto Pinellia Tuber Pinellia ternata Shimizu, 2000
Licorice Root Glycyrrhiza uralensis
Ginger Zingiber officinale
Jujube Ziziphus jujuba
Scutellaria Root Scutellaria baicalensis

Orengedokuto Coptis Rhizome Coptis japonica Miura et al., 2007
Phellodendron Bark Phellodendron amurense
Gardenia Fruit Gardenia jasminoides
Peony Root Paeonia lactiflora
Cnidium Rhizome Cnidium officinale

Tokishakuyakusan Angelica Root Angelica acutiloba Irahara et al., 2000

Atractylodes Rhizome
Alisma Rhizome
Poria

Atractylodes lancea
Alisma orientale
Poria cocos

Shigyakusan

Bupleurum Root

Peony Root
Immature Orange Fruit
Licorice Root

Bupleurum falcatum
Paeonia lactiflora
Citrus aurantium
Glycyrrhiza uralensis

Tanaka et al., 2013

Hochuekkito

Astragalus Root

Ginseng

Angelica Root
Atractylodes Rhizome
Bupleurum Root
Cimicifuga Rhizome
Jujube

Ginger

Licorice Root

Citrus Unshiu Peel

Astragalus membranaceus

Panax ginseng
Angelica acutiloba
Atractylodes lancea
Bupleurum falcatum
Cimicifuga simplex
Ziziphus jujuba
Zingiber officinale
Glycyrrhiza uralensis
Citrus unshiu

Minami et al., 2018

Juzentaihoto

Rehmannia Root

Peony Root

Cnidium Rhizome
Angelica Root
Atractylodes Rhizome
Poria

Ginseng

Cinnamon Bark
Astragalus Root
Licorice Root

Rehmannia glutinosa

Paeonia lactiflora
Cnidium officinale
Angelica acutiloba
Atractylodes lancea
Poria cocos

Panax ginseng
Cinnamomum cassia

Astragalus membranaceus

Glycyrrhiza uralensis

Takeno et al., 2015

Rehmannia Root

Peony Root
Angelica Root
Cnidium Rhizome

Rehmannia glutinosa

Paeonia lactiflora
Angelica acutiloba
Cnidium officinale

Unseiin . . . . Andoh et al., 2004
Scutellaria Root Scutellaria baicalensis
Phellodendron Bark Phellodendron amurense
Coptis Rhizome Coptis japonica
Gardenia Fruit Gardenia jasminoides
Rehmannia Root Rehmannia glutinosa
Shimotsuto Peony Root Paeonia lactiflora Takiyama et al., 2021

Cnidium Rhizome
Angelica Root

Cnidium officinale
Angelica acutiloba

The listed herbal medicines are derived from traditional Japanese Kampo formulas.
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Five-day-post-fertilization (dpf)
zebrafish larvae were exposed to each
herbal extract at concentrations of 0, 1, 10,
100, and 1000 pg/ml for 1 hr prior to
neomycin treatment. Subsequently,
neomycin was added to the embryo
medium to reach a final concentration of
200 puM, and the larvae were incubated for
another 1 hr. After drug exposure, larvae
were immersed in 4% paraformaldehyde at
4°C and fixed overnight. The fixed
specimens were subsequently subjected to
immunohistochemical labeling of hair cells,
followed by quantitative analysis of hair
cell survival.

Zebrafish  immunohistochemistry and
hair cell counts

Zebrafish were placed in a blocking
solution (1% Triton-X, 5% normal goat
serum [NGS] in PBS (Phosphate-Buffered
Saline)) for 1 hr at room temperature after
being fixed in 4% paraformaldehyde and
three PBS rinses. The next step was an
overnight incubation at 4°C with a
monoclonal anti-parvalbumin antibody
solution containing 1% Triton-X, 1% NGS,
and PBS. Zebrafish were then treated with
an Alexa 488 goat anti-mouse fluorescent
antibody (1:500, in 1% Triton-X, 1% NGS,
in PBS) for 4 hr before being rinsed three
times in 1% Triton-X in PBS (PBS-T).
Zebrafish were labeled with secondary
antibodies, rinsed in PBS-T and PBS, and
then mounted between two coverslips in
Fluoromount-G (Southern Biotech,
Birmingham, AL, USA) for imaging.

An FITC filter with a 60x magnification
setting was used to view the mounted
specimens under a fluorescent microscope
(Keyence, BZ-8100, Osaka, Japan). The
S01, SO2, 01, and OC1 neuromasts' hair
cells were counted (Raible and Kruse
2000). For each dose, ten fish were counted.
The average hair cell survival as a
proportion of the control was used to
determine the results.

ROS (Reactive Oxygen Species)
detection with 2°,7°-dichlorofluorescein
(H2DCFDA)

The generation of reactive oxygen
species (ROS) was assessed using 2°,7’-
dichlorofluorescein diacetate (H.-DCFDA).
This compound readily permeates cell
membranes and is deacetylated by
intracellular  esterases, yielding non-
fluorescent H.DCF which is subsequently
oxidized to a green fluorescent product
upon exposure to ROS.

Zebrafish larvae were either untreated
or preincubated with Shimotsuto (100
pg/ml) for 1 hr. They were then exposed to
10 uM H.DCFDA (prepared in embryo
medium) for 5 min, followed by washing
with fresh embryo medium. Hair cell nuclei
in neuromasts were counterstained with
DAPI (0.1 pg/mL; Sigma D-9542). The
larvae were subsequently treated with 200
UM neomycin sulfate (N-1876; Sigma) and
anesthetized  before  mounting  for
fluorescence microscopy.

Semi-quantitative analysis of ROS
fluorescence was performed using ImageJ
software  (NIH, USA). For each
experimental group (n = 6 larvae),
fluorescence intensity was measured in
randomly selected neuromasts. The mean
gray value of each neuromast was
determined after background subtraction.
The relative fluorescence intensity was
calculated by normalizing each value to the
mean fluorescence intensity of the control
group which was defined as 1.

Culture of vestibular organs
Six-week-old CBA/N mice with normal
Preyer reflexes were obtained from Kyushu
Animal  Corporation  (Japan). Deep
anesthesia was induced by intraperitoneal
administration of pentobarbital (100
mg/kg), followed by rapid decapitation.
The temporal bones were immediately
removed, and the vestibular organs were
dissected in a solution consisting of Earle’s
balanced salt solution and Eagle’s basal
medium mixed at a 2:1 (v/v) ratio
(Invitrogen, Carlsbad, CA, USA).

Epub ahead of print 4



Herbal medicines and hair cell damage

Only the utricles were used for culture.
Each specimen was maintained in a
medium composed of Earle’s balanced salt
solution (2:1, v/v) supplemented with 5%
fetal bovine serum and Eagle’s basal
medium. The utricles were cultured free-
floating in 24-well plates at 37°C in a
humidified atmosphere of 5% CO.. For
each experimental condition, six or more
utricles derived from at least three animals
were analyzed. The general procedures
followed the method originally described
by Cunningham (Cunningham 2006).

Immunohistochemistry in CBA/N mice

Utricular specimens were incubated at
room temperature for 3 hr in a blocking
solution containing 1% bovine serum
albumin, 0.4% normal goat serum, 0.4%
normal horse serum, and 0.4% Triton X-
100 in PBS. Hair cells in the whole-
mounted preparations were identified using
a mouse monoclonal anti-calmodulin
antibody (Sigma-Aldrich, St. Louis, MO,
USA) diluted 1:150 in blocking solution.
The specimens were incubated with the
primary antibody overnight at 4°C,
followed by incubation with Alexa Fluor
488-conjugated goat anti-mouse 1gG
(1:500; Molecular Probes, Eugene, OR,
USA) after thorough washing with blocking
buffer. The stained utricles were rinsed
again, mounted using DAPI Fluoromount-
G (SouthernBiotech, Birmingham, AL,
USA), and covered with a glass coverslip
for imaging.

Hair cell counts in utricles

Hair cell survival was evaluated using a
fluorescence  microscope  (BZ-8100;
Keyence, Osaka, Japan). Calmodulin-
positive cells in the extrastriolar region
were identified and counted as hair cells.
For each utricle, four randomly selected

square areas (each 20 um x 20 um) were
analyzed, and the average number of
labeled hair cells was calculated to
determine the hair cell density per utricle.
At least six utricles were examined for each
experimental condition.

Statistics

All data are presented as the mean %
standard error (SE) obtained from three
independent experiments (n = 5 larvae per
group). Differences among multiple groups
were analyzed by one-way analysis of
variance (ANOVA), followed by Tukey’s
post hoc multiple-comparison test, using
GraphPad Prism version 9 (GraphPad
Software, San Diego, CA, USA). A p-value
of less than 0.05 was considered to indicate
statistical significance.

Results
Protective effect of herbal medicines
against aminoglycoside toxicity

The dose-response relationships of the
eight herbal medicines (the relationship
between the concentration of the drug and
the survival rate of hair cells) are shown in
Table 2. All herbal medicines exerted
protective effects against neomycin in this
experiment.

The results of the Shimotsuto group,
which showed the greatest protective effect,
are shown in Figure 1. Although neomycin
caused severe hair cell damage (Figure 1A),
increased hair cell survival was observed in
the Shimotsuto group (Figure 1B). We
performed a dose-response experiment
using Shimotsuto (Figure 1C). Shimotsuto
significantly protected hair cells at
concentrations of 10 pg/ml (p<0.05) and
100 pg/ml (p<0.01) in the zebrafish lateral
line.
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Table 2. Protective effect of eight herbal medicines against aminoglycoside toxicity (hair cell survival rate, %)

Herbal Medicine 0 pg/ml 1 pg/ml

Shosaikoto 22.4+1.8 17.9+2.6
Orengedokuto 22.4+1.8 25.4+4.6
Tokishakuyakusan 22.4+1.8 21.4+3.4
Shigyakusan 22.4+1.8 28.243.3
Hochuekkito 18.5+2.7 15.7£3.0
Juzentaihoto 18.5+2.7 16.6x2.1
Unseiin 18.5+2.7 14.5+2.6
Shimotsuto 18.5+2.7 23.6+2.6

10 pg/ml 100 pg/ml 1000 pg/ml
16.4+3.4 24.7+4.1 40.1+5.2**
24.9+4.4 28.2+4.8 38.0+4.5%*
19.6+3.5 22.242.8 36.0+2.4**
28.0£2.6 30.5£3.5* 41.1+3.7**
23.0£7.0 20.1£35 36.4+3.5**
11.9+3.3 24.5+2.2* 34.7+3.5%*
17.7£3.9 26.3#5.6 61.3+6.8**
21+3.3 28.743.1* 65.1+6.7**

The screening was conducted in two separate experimental batches because of the large number of herbal
medicines tested. As a result, two independent control values (0 pg/ml herbal medicine, with 200 UM neomycin
exposure) values appear in the Table, each corresponding to the control group of one experimental batch. Data
are expressed as mean + SD (n =5), and represent the percentage survival of lateral line hair cells. The survival
rate in the untreated control group (not exposed to either neomycin or herbal medicines) was defined as 100%.

*p<0.05 and **p<0.01.
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Figure 1. Protective effect of Shimotsuto against aminoglycoside-induced hair cell loss. (A) Neomycin caused
severe hair cell damage. (B) Shimotsuto (100 pg/ml) protected hair cells against aminoglycoside ototoxicity. (C)
Shimotsuto significantly protected hair cells at 100 pg/ml (p<0.05) and 1 mg/ml (p<0.01). *p<0.05; **p<0.01.

ROS detection with H.DCFDA

In untreated control larvae, only faint
H.DCFDA fluorescence was detected
(Figure 2A-C). In contrast, exposure to
neomycin for 3 min markedly increased
fluorescence intensity in lateral line hair
cells (Figure 2D-F), indicating elevated
ROS production. Pretreatment  with
Shimotsuto, however, noticeably
attenuated this fluorescence enhancement
(Figure 2G-I). These findings suggest that
Shimotsuto suppresses neomycin-induced
oxidative stress by reducing the
accumulation of ROS in hair cells.

Semi-quantitative image analysis using
ImageJ showed that fluorescence intensity
was markedly increased in the neomycin-

treated group compared with the control
group, Whereas this increase was
significantly suppressed in the neomycin +
Shimotsuto group (p<0.01) (Figure 2J).
These findings support that Shimotsuto
treatment attenuates neomycin-induced
ROS generation in lateral line hair cells.

Hair cells of the CBA/N mice utricles
Mouse utricles were cultivated with
neomycin (2 mM) alone or in the presence
of Shimotsuto for 24 hr in order to
determine the effects of Shimotsuto on the

survival of mammalian hair cells in
response to neomycin treatment. The
utricles were fixed, and calmodulin

immunolabelling was done to detect
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remaining hair cells (Figure 3A-C). the presence of Shimotsuto than it was in
Neomycin caused a decrease in the density the absence of Shimotsuto (Figure 3D).
of hair cells, but the density was higher in
J
H,DCFDA DAPI Merge %k
A * % *
- | ”
Control
F N
Neomycin 200 yM E
Neomycin 200 uM ’ _ﬁ
+
Shimotsuto 1 mg/mL

0

control Neomycin Neomycin+Shimotsuto

Figure 2. Suppression of neomycin-induced ROS generation. Hair cells in the neomycin-treated group showed
increased staining for H,DCFDA (D-F) compared to those in the control group (A-C). The signals were reduced
in the Shimotsuto-treated group (G-1). Semi-quantitative analysis of fluorescence intensity using ImageJ showed
that the neomycin-treated group exhibited significantly higher fluorescence compared with the control group,
whereas this increase was significantly suppressed in the neomycin + Shimotsuto group (p<0.01). Data are
presented as mean + SE (n =6 per group) (J).

-
Control Neomycin 2 mM Neomycin 2 mM
+

Shimotsuto 1 mg/mL

16

Hair cell density (cells/400 pm?)

Figure 3. Protective effect of Shimotsuto on the mammalian hair cells. Mouse utricles were cultured for 24 hr
without neomycin (A) and with 2 mM neomycin (B), neomycin, and 1 mg/ml Shimotsuto (C). Hair cells were
labeled with calmodulin immunoreactivity. The number of surviving hair cells was significantly higher in the
Neomycin + Shimotsuto group than in the neomycin group (D). Data are presented as mean + SE (n = 5 utricles
per group). Statistical significance was determined by one-way ANOVA followed by Tukey’s multiple-
comparison test (p<0.05).
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Discussion

As lateral line hair cells evolve into
inner ear hair cells, they are structurally
similar to those of the inner ear and are
damaged by ototoxic drugs, such as
aminoglycosides and cisplatin (Ou et al.
2007). As they are located on the body
surface, it is easy to visualise hair cells
without dissection. Therefore, zebrafish
have been used to screen for medicines that
affect hair cells (Owens et al. 2007). They
have been used to screen the ototoxic
effects of a library of anti-cancer drugs and
the protective effects of FDA-approved
drugs and supplements (Hirose et al. 2011,
Ou et al. 2009). Furthermore, since the hair
cells are on the body surface, it is easy to
evaluate oxidative stress in cells (Hirose et
al. 2016).

In the present study, the effects of eight
herbal medicines on hair cells were
evaluated using a zebrafish model. Many
studies have shown that herbal medicines
provide neuronal protection in vivo and in
vitro. Gua Lou Gui Zhi decoction exerts
neuroprotective effects against ischaemic
stroke and glutamate-induced apoptosis by
inhibiting cell apoptosis (Zhang et al.
2014). Danggui-Shaoyao-San, also called
Tokishakuyakusan, exerts a protective
effect against neurological diseases through
anti-inflammatory and antioxidant
activities (Qian et al. 2008).

In contrast, inner ear hair cell damage is
caused by the generation of hydroxyl
radicals in aminoglycoside-induced, noise-
induced, and age-related hearing loss in
rodents (Yamasoba et al. 1999). Therefore,
one method to prevent hearing loss is to
suppress the generation of hydroxyl
radicals in the inner ear. Shimotsuto, which
showed a particularly strong protective
effect in our study, scavenged the hydroxyl
radicals generated by exposure to
neomycin. Although Shimotsuto showed
reduced antioxidant marker activity in our
assay, its protective effect might involve
mechanisms other than direct radical
scavenging. Several constituents  of
Shimotsuto, such as ligustilide, have been

reported to suppress inflammation by
inhibiting NF-xB and MAPK signaling and
reducing the expression of inflammatory
mediators including iNOS (Inducible Nitric
Oxide Synthase) and COX-2
(Cyclooxygenase-2) (Chung et al. 2012;
Wang et al. 2010; Wang et al. 2019). These
findings suggest that the protective effect of
Shimotsuto may involve modulation of
inflammatory signaling or regulation of cell
survival pathways, in addition to
antioxidative processes. The chemical
composition of Shimotsuto has been
characterized previously by Takiyama et al.
using HPLC and LC-MS/MS, with a 3D
HPLC profile provided in Supplementary
Figure 1 and key constituents (catalpol,
paeoniflorin, albiflorin, ferulic acid,
ligustilide,  senkyunolide A, and
butylphthalide) identified by authentic
standards (Takiyama et al. 2021). Building
on these data, future studies will investigate
whether neomycin exposure alters the
relative abundance or activity of these
components. Although the present study
qualitatively demonstrated the suppression
of oxidative stress using H:DCFDA
staining, all exposure conditions for drug
treatment and imaging parameters were
kept identical among experimental groups
to ensure comparability. Quantitative
analysis of fluorescence intensity using a
plate reader or image analysis software
would provide more objective data and will
be performed in future studies. In addition
to Shimotsuto, Unseiin exhibited a marked
protective effect in the zebrafish screening
assay. Although additional experiments
could not be performed in the current study,
Unseiin is considered another promising
candidate, and its mechanism of action will
be investigated in future work.
Hangeshashinto has been reported to
inhibit hydroxyl radicals and protects hair
cells against gentamicin-induced loss in rat
cochlea (Niwa et al. 2016). Similarly, the
other herbal medicines examined in this
study are known to possess antioxidant and
anti-inflammatory properties (Borchers et
al. 2000; Kaneko et al. 2004; Kato et al.
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2014; Li et al. 2014; Makino et al. 2006;
Wang et al. 1997), which are likely
responsible for their protective effects
against aminoglycoside-induced hair cell
damage. Although the effect of Shimotsuto
on hair cells has not been directly reported,
its antioxidant activity (Nishimura et al.
2011) may contribute to the observed
protection. These findings support the
potential of herbal medicines as tool for
preventing  progressive  sensorineural
hearing loss.

This study has some limitations. Our
results suppressed acute-phase damage to
hair cells, but chronic-phase damage such
as progressive deafness could not be
examined. In addition, the present study
evaluated the protective effect of
Shimotsuto using vestibular hair cells, but
cochlear hair cells and auditory function
were not assessed. Future studies using
cochlear explant cultures and Auditory
Brainstem Response (ABR) testing will be
necessary to confirm whether Shimotsuto
also protects auditory sensory cells and
preserves hearing function.  Further
research is needed for clinical efficacy.

This study demonstrated that zebrafish
models are useful for screening herbal
medicines with hair cell-protective effects.
Among the eight tested medicines, all
showed protective effects, with Shimotsuto
also exhibiting efficacy in mammalian hair
cells. These findings support the potential
utility of zebrafish for identifying candidate
drugs to treat inner ear disorders.
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