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Research Progress in the Identification of Protective Compounds against
Sensory Hair Cell Damage Using the Zebrafish Model

YAO Jia', QIAN Fuping®*, LIU Dong'**
(!School of Life Sciences, Nantong University, Nantong 226019, China; *Institute of Special Environmental Medicine,
Nantong University, Nantong 226019, China; *Nantong Laboratory of Development and Diseases, Nantong 226019, China)

Abstract Sensory hair cell damage is widely recognized as a key pathological mechanism underlying hearing
loss and balance dysfunction. The World Health Organization predicts that by 2050 nearly 2.5 billion people worldwide
will experience some degree of hearing loss, with more than 700 million requiring hearing rehabilitation; therefore, the
development of effective pharmacological strategies to protect sensory hair cells is urgently needed. In mammals, sensory
hair cells exhibit extremely limited regenerative capacity and rarely undergo spontaneous repair after injury. In contrast,
zebrafish, owing to their high genetic conservation with humans, short reproductive cycle, optical transparency of embryos,
and superficial distribution of hair cells, have become an ideal model for elucidating the mechanisms of hair cell damage
and conducting high-throughput drug screening. This review systematically summarizes the advantages of the zebrafish
model, outlines the major etiological factors and molecular pathways underlying sensory hair cell damage, and describes
commonly used approaches for evaluating drug efficacy, including hair cell quantification and acoustic startle response as-
says. Furthermore, pharmacological classes with protective effects on hair cells are reviewed, and their putative molecular
targets are discussed. Finally, future research directions are proposed, with the aim of providing a theoretical framework

and technical support for the development of therapeutics targeting diseases associated with sensory hair cell injury.
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A: schematic diagram of the lateral line system in zebrafish larva. The green dotted structures in the figure represent the neuromasts of the lateral line. B:

schematic diagram of the structure of zebrafish lateral line neuromast. C: schematic diagram of the structure of lateral line neuromast hair cells. HC: hair

cell; SC: supporting cell; MET: mechanoelectrical transduction.
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Fig.1 The lateral line system in zebrafish
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Table 1 Classification of common ototoxic drugs

2|
Drug category

EFRNEZGY)

Representative drugs

F R HEER

Main ototoxicity manifestations

Aminoglycoside antibiotics

tobramycin
Platinum-based chemotherapeutic
agents

Loop diuretics Furosemide, bumetanide

Nonsteroidal anti-inflammatory
drugs

Antimalarial and antirheumatic
drugs

Non-platinum chemotherapeutic
agents and non-aminoglycoside
antibiotics

Gentamicin, streptomycin, amikacin,

Cisplatin, carboplatin, oxaliplatin

Salicylate, paracetamol, naproxen

Chloroquine, hydroxychloroquine, quinine

Erythromycin, vancomycin, vincristine

Irreversible high-frequency sensorineural hearing loss and
vestibular dysfunction %
High-frequency hearing loss and tinnitus occur in up to

31%-50% of cases and are often permanent **!

Dose-dependent transient hearing loss, usually reversible;
risk significantly increases when combined with amino-
glycosides ?"

Tinnitus and temporary hearing loss; may become irre-

versible with long-term high-dose use

Tinnitus and hearing loss, mostly reversible; however, high-
dose or long-term use may cause permanent damage **!
Cochleotoxicity or vestibulotoxicity, with increased risk
in patients with renal insufficiency or in neonates **!
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Fig.2 Mechanisms of hair cell damage induced by aminoglycosides and platinum-based drugs
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Table 2 Classification of antioxidant drugs
TR fEFIH A 1B Rt B8 15 e R
Intervention type Target Mechanism of action Representative drugs Advantages and limitations
ROS scavengers Hydroxyl radical, Directly neutralize N-acetylcysteine, gluta- Broad-spectrum antioxidant activity;

superoxide anion excessive ROS

Antioxidant enzyme Nrf2/ARE path- Enhance endogenous

activators way, SOD, CAT, antioxidant defense
GPX systems

Mitochondria-targeted ~ Mitochondrial Selectively scavenge

antioxidants electron transport mitochondrial ROS
chain complex I/I11

Ferroptosis inhibitors GPX4, SLC7A1l,  Inhibit lipid peroxida-
Fe* tion chain reactions

thione

Sulforaphane ¥,

curcumin

MitoQ ¢, SKQ1 57

Ferrostatin-1 %, liprox-
statin-1

however, may interfere with physiologi-

cal redox signaling 1**!

Strengthen cellular defense capacity;

53] however, effects may be delayed

Precisely target the primary source of
ROS; however, require efficient mem-
brane permeability

Target a novel cell death pathway with high
specificity

BRI, I AT i 2 A O T2 B A Ok
PR, It D i AR R S T i
Pt 5 N SRZG A R 1) 22 57 A B AT AE
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