- 4412 - DREYES#HE biomed.cnjournalscom Progressin Modern Biomedicine Vol21 NO.23 DEC.2021

doi: 10.13241/j.cnki.pmb.2021.23.003

MG AP B 2R B 5

MR \WEF BT FAR' BFEFE
(1 2 ZE B PP B I I B BN - Sk BSMR} B 7 4 7100325
2 TR RN 928 BB B Rl e 5 0 571159)

RBE B AR DR 43¢ K & s 09 7 A Bt B R m ey A F T, Fik R A £, 3 AR 469 77 ik, 5 4 6 ROES,
A o i T RO R M, WL AR 48 2 R B B 6 KOR U A5 0L 5 R T UG B, A R4S K e ok ik b e S gk S 4
& LI /) B 6 3T -2 L b R A B A AT BT R R . RIS, R B R IR AR SR R 4 & LRI 48 2 B R £ 4 L A SRk
A ZTLEA R, RN BA TN, A3 KA ISR, BIRVT A s e E, m BAE R B B e KR T ) Bk
RE, 0 B0 KRR 48 B Ak oA, R I IS AR T AR K, A R R R TR e Bk A2 AR E]
B REARAY Z U R AR A MR F) 9 £ 4 Cleaved caspase-3 [RPLBE AP 2000, RSN LB, 7T VAYLE B 44 B Bt 5] A2 £.2m f0
Fe iR A Ah 2 A R TAG  EEIR R RS AR T A A A4 T A K R T F AR STAT 50 IR 40 AR A% TR £ 4m 0L 44
K AENH AR BT T RI Ak,

G 4L BB AY B £ AN E T

hE 43S :R-33;R764.43  HIFRIRAD:A CEHS:1673-6273(2021)23-4412-05
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ABSTRACT Objective: To investigate the hearing loss and morphological changes caused by cisplatin in rats. Methods: In vivo,
cisplatin was injected intraperitoneally for seven consecutive days to observe the hearing loss of different age through the detection of
auditory brainstem reaction. Cochleae were taken after hearing measurement, and the morphological changes of the cochlear hair cells
and spiral ganglion neurons were observed by immunofluorescence staining of the basilar membrane and cochlear frozen section. In vitro,
the effects of cisplatin on hair cells and spiral ganglion neurons were observed by immunofluorescence staining of cochlear organotypic
cultures. Results: Cisplatin had ototoxicity and could cause hearing loss in rats. The damage of high-frequency hearing performance was
more serious. Moreover, the hearing loss was different in the rats of different postnatal days, and the rats of younger days were more
sensitive to cisplatin ototoxicity. In vivo, hearing loss induced by cisplatin resulted in loss of cochlear hair cells in rats, but no significant
loss of spiral ganglion neurons was observed, nor were Cleaved caspase-3 positive spiral ganglion neurons found. In vitro, cisplatin
ototoxicity caused significant damage to both hair cells and spiral ganglion neurons. Conclusion: Both in vivo and in vitro experiments
can establish a stable cisplatin-induced hearing loss model in rats, which will lay a foundation for the study on the mechanism and
protection of cisplatin induced cochlear hair cells.
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Fig. 1 Hearing lose induced by cisplatin in rats in vivo.
Note: Data were expressed as means + SD, n=6. ***P < 0.001, Cisplatin 1
group compared with control group, and cisplatin 2 group compared with

cisplatin 1 group. ABR is measured in decibels (dB).
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Fig. 2 Lose of hair cells caused by cisplatin injury in vivo
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Fig. 3 Effect of cisplatin damage on spiral ganglion neurons in vivo

Note: Scale bars =20 pm.
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Fig. 4 Effect of cisplatin damage on cochlear hair cells and spiral ganglion neurons in vitro.

Note: Scale bars =20 pm.

HCs KGR . RUITERAN SIS, MURA5 1 B ) 14 o

HCs. X552 Z M T I R H- 225, S Bt 12

PUAER TR HCs 451 L BUARTR] 24221 SGNs X 1 #y;

Az [T LY FRAT TR T H R ok AR D) Jr Sl 5ot g o, itk — 20

W% SGNs I D O o 2551 70 Xof IR ZH AU 25 JC B i X

) AR WLEE BNV ZE H BT S Y SGNs 45 . Bl sk B, 1K

P DS P SR W ENUE - R4 5 | Fr) - 0 P A ol A v

TORAFE B ERIVE I, Cleaved caspase-3 Fric 4l -, 36T

[F)f 4T Cleaved caspase-3 Je @, Xof MR 41 AR ZH 14 R WL 5]

WAy Cleaved caspase-3 BHYEARML . FHUCHIENTEAAR A TE S %)

KELHU% SGNs B4 W W i ifE o (R, AR SCHULEE SGNs,

R NUKGRTI 07, R R AR B MR BE A 28715 (8 43 U

Teik AR ERH 2275 B SLARS5H , BRI 43809 SGNs, J5 i B AT )

FRE , JCIAG LI R4 A WLEE HCs —FE, B R Bl HR AT LA

R HETR N SIS BT E S 40 M i B 4, IR 1T

HCs 3 By 45 , (A% F SGNs Jei A i — B 45182, fir LA

PR SRR AL SGNs AU b A7 Fip E— 2B RIS . FeATitk

— ARSI, IS T RS N BB A5 AR A, R4

S e, AT LI S A UL I R[] P 45473 -85 HCs 1 SGNs.,
BN ARSI I N T A K BT g Y 25 v 2

B RERIEEE , RN S50 PN ] H I R B[], AT AR AN

[Fi) F) S 6 i SR e PR 2 BT D AR R, FRAT A BRAR A

SIS K BUVF 3 35 50005 L HCs, i SGNs VAT

BB , RSN IIUEAT] I 451475 HCs 1 SGNs. WA 5

R AR AT, S FAT WM H- 2R R 1 K A AL

Tl BEE T Rl

£ % 37 ik ( References)

[1] Knight K R, Chen L, Freyer D, et al. Group-Wide, Prospective Study
of Ototoxicity Assessment in Children Receiving Cisplatin
Chemotherapy = (ACCLO5C1): A Report From the Children's
Oncology Group[J]. Journal of Clinical Oncology, 2017, 35(4): 440-
445

[2] Sheth S, Mukherjea D, Rybak L P, et al. Mechanisms of Cisplatin-

Induced Ototoxicity and Otoprotection [J]. Frontiers in cellular
neuroscience, 2017, 11: 338

[3] Teitz T, Fang J, Goktug A N, et al. CDK2 inhibitors as candidate
therapeutics for cisplatin- and noise-induced hearing loss [J]. Journal
of Experimental Medicine, 2018, 215(4): 1187-1203

[4] TR te 4TI, 48, 4. KR IR T E 40 049 46 5133 I Ao 26 AL [J].
AR A4 B3R, 2012, 12(18): 3412-3415

(5] B2, % %4, a4, §. TRBRFRES SD XA I AL
KA I] AR AW EFH#E, 2017, 17(20): 3836-3841

[6] Liu W, Xu X, Fan Z, et al. Wnt Signaling Activates TP53-Induced
Glycolysis and Apoptosis Regulator and Protects Against Cisplatin-
Induced Spiral Ganglion Neuron Damage in the Mouse Cochlea[J].
Antioxidants & Redox Signaling, 2019, 30(11): 1389-1410

[7] Yang Q, Sun G, Yin H, et al. PINK1 Protects Auditory Hair Cells and
Spiral Ganglion Neurons from Cisplatin-induced Ototoxicity via
Inducing Autophagy and Inhibiting JNK Signaling Pathway [J]. Free
Radical Biology and Medicine, 2018, 120: 342-355

(8] @A, RFA,INE,F 2R ALEG 60 £ HEX KA P
89 5k ZAL[T]. P A A A &, 2016, 14(02): 251-254

[9] Tian K, Chang H, Wang J, et al. Inhibition of DHCR24 increases the
cisplatin-induced damage to cochlear hair cells in vitro [J].
Neuroscience Letters, 2019, 706: 99-104

[10] Qi M, Qiu Y, Zhou X, et al. Regional up-regulation of NOX2
contributes to the differential vulnerability of outer hair cells to
neomycin[J]. Biochemical and biophysical research communications,
2018, 500(2): 110-116

[11] Wang W, Li D, Ding X, et al. N -Acetylcysteine protects inner ear
hair cells and spiral ganglion neurons from manganese exposure by
regulating ROS levels[J]. Toxicology Letters, 2017, 279: 77-86

[12] He Z, Guo L, Shu Y, et al. Autophagy protects auditory hair cells
against neomycin-induced damage [J]. Autophagy, 2017, 13 (11):
1884- 1904

[13] Yin H, Sun G, Yang Q, et al. NLRX1 accelerates cisplatin-induced
ototoxity in HEI-OCI cells via promoting generation of ROS and
activation of JNK signaling pathway [J]. Scientific Reports, 2017, 7



. 4416 -

MREYESSHE  biomed.cnjournalscom Progress in Modern Biomedicine Vol21 NO.23 DEC.2021

(1): 44311

[14] Kros C J, Steyger P S. Aminoglycoside- and Cisplatin-Induced
Ototoxicity: Mechanisms and Otoprotective Strategies [J]. Cold
Spring Harbor Perspectives in Medicine, 2019, 9(11): a33548

[15] Song Y L, Tian K Y, Mi W J, et al. Decreased expression of TERT
correlated with postnatal cochlear development and proliferation
reduction of cochlear progenitor cells [J]. Molecular Medicine
Reports, 2018, 17(4): 6077-6083

[16] Chen J, Liu Z, Yan H, et al. miR-182 prevented ototoxic deafness
induced by co-administration of kanamycin and furosemide in rats[J].
Neuroscience Letters, 2020, 723: 134861

[17] Chang H, Sun F, Tian K, et al. Caspase inhibitor z-VAD-FMK
increases the survival of hair cells after Actinomycin-D-induced
damage in vitro[J]. Neuroscience Letters, 2020, 732: 135089

[18] Ding D, He J, Allman B L, et al. Cisplatin ototoxicity in rat cochlear
organotypic cultures[J]. Hearing Research, 2011, 282(1-2): 196-203

[19] Ebert J, Fink S, Koitschev A, et al. Recovery of mechano-electrical
transduction in rat cochlear hair bundles after postnatal destruction of
the stereociliar cross-links [J]. Proceedings of the Royal Society B:
Biological Sciences, 2010, 277(1692): 2291-2299

[20] Bielefeld E C, Markle A, Debacker J R, et al. Chronotolerance for
cisplatin ototoxicity in the rat[J]. Hearing research, 2018, 370: 16-21

[21] Karasawa T, Sibrian-Vazquez M, Strongin R M, et al. Identification
of cisplatin-binding proteins using agarose conjugates of platinum
compounds[J]. PloS one, 2013, 8(6): €66220

[22] Gao K, Ding D, Sun H, et al. Kanamycin Damages Early Postnatal,
but Not Adult Spiral Ganglion Neurons [J]. Neurotoxicity Research,
2017, 32(4): 603-613

[23] Yu X, Liu W, Fan Z, et al. c-Myb knockdown increases the
neomycin-induced damage to hair-cell-like HEI-OC1 cells in vitro[J].
Scientific reports, 2017, 7(1): 41094

[24] SunF, Zhou K, Wang S, et al. Expression patterns of atrial natriuretic
peptide and its receptors within the cochlear spiral ganglion of the
postnatal rat[J]. Hearing Research, 2014, 309: 103-112

[25] Ruhl D, Du T, Wagner E L, et al. Necroptosis and Apoptosis
Contribute to Cisplatin and Aminoglycoside Ototoxicity [J]. The
Journal of Neuroscience, 2019, 39(15): 2951-2964

[26] Tanyeli T T, Karadas H, Akyildiz I, et al. Effect of Folic Acid on
Cisplatin-Induced Ototoxicity: A Functional and Morphological
Study [J]. The Journal of International Advanced Otology, 2019, 15
(2): 237-246

[27] Choi M, Kang H, Lee Y Y, et al. Cisplatin-Induced Ototoxicity in
Rats Is Driven by RIP3-Dependent Necroptosis [J]. Cells, 2019, 8(5):
409

[28] Callejo A, Durochat A, Bressieux S, et al. Dose-dependent cochlear
and vestibular toxicity of trans-tympanic cisplatin in the rat [J].
NeuroToxicology, 2017, 60: 1-9

[29] Soyali¢ H, Gevrek F, Ko¢ S, et al. Intraperitoneal curcumin and
vitamin E combination for the treatment of cisplatin-induced
ototoxicity in rats [J]. International Journal of Pediatric
Otorhinolaryngology, 2016, 89: 173-178

[30] Kaur T, Borse V, Sheth S, et al. Adenosine Al Receptor Protects
Against Cisplatin Ototoxicity by Suppressing the NOX3/STATI1
Inflammatory Pathway in the Cochlea [J]. The Journal of

Neuroscience, 2016, 36(14): 3962-3977

(3% 4600 TT)
[26] Muraru D, Niero A, Rodriguez-Zanella H, et al. Three-dimensional

speckle-tracking echocardiography: benefits and limitations of inte-
grating myocardi al mechanics with three-dimensional imaging [J].
Cardiovasc Diagn Ther, 2018, 8(1): 101-117

[27] #ed e, o, £ 235, F. = f5e 518 52 R IR IR ik
B Ao B EHaeaiRg [1] F B S B & &, 2016, 21(06):
466-469

(28] 5 & A A AT 1% i B s L BRI RT3 R 6 5 97 A
A[D]. 2018, & & K ¥

[29] £ ib. AR ik & F S LA F 3 %8916 AULE [D]. 2019, 7
AR

[30] Shi J, Xing Y, Qian J, et al. Early Assessment of Left Ventricular
Function by Layer-Specific Strain and Its Relationship to Pulsat ile
Arterial Load in Patients with Coronary Slow Flow [J]. Int Heart J,
2019, 60(3): 586-592



