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ABR
AIF
ARHL
ASHA
ASSR
CDC
CPS

dB

dB SPL
dB SL
dB HL
DPOAE
EDTA
eNOS
GPx
H&E
HC
HEI-OC1
HHIE
HHIE-S
HIF-1
HINT
HORAC
HTL
Hz
H202
ISO

o o

Auditory brainstem response
Apoptosis-inducing factor

Age-related hearing loss

American Speech language-Hearing Association
Auditory steady state response

Centers for Disease Control and Prevention
Cycle per second

decibel

decibel sound pressure level

decibel sensation level

decibel hearing level

Distortion product OAE
Ethylenediaminetetraacetic acid
Endothelial nitric oxide synthase
Glutathione peroxidase

Haematoxylin and eosin

Hair cell

House Ear Institute-Organ of Corti 1

Hearing handicap inventory for the elderly

Hearing handicap inventory for the elderly-screening version

Hypoxia-inducible factor-1

Hearing in noise test

Hydroxyl Radical Antioxidant Capacity
Hearing threshold level

Hertz

Hydrogen peroxide

International Organization for Standardization
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KHHIE
KHHIE-S

KS-BWL-A
MCL
mtDNA
NF-«B
NIHL
OAE
ODIHL
PBS
PTA
RCT
Real time-PCR
ROS
SDT
SEM
SGN
SNHL
SOAE
SOD
SRT
SSHL
TEOAE
TUNEL

UB-0C1
UCL
VOT-E36
WHO
WRS

Korean version of Hearing handicap inventory for the elderly

Korean version of Hearing handicap inventory for the
elderly-screening version

Korean Standard Bisyllabic Word List for Adults
Most comfortable loudness level
Mitochondrial DNA

Nuclear factor kappa B
Noise-induced hearing loss
Otoacoustic emission

Ototoxic drug-induced hearing loss,
Phosphate buffered saline

Pure-tone audiometry

Randomized, controlled trial

Real time-Polymerase Chain Reaction
Reactive oxygen species

Speech discrimination Test

Scanning electron microscopy

Spiral ganglion neuron

Sensorineural hearing loss
Spontaneous otoacoustic emission
Superoxide dismutase

Speech recognition threshold

Sudden sensoryneural hearing loss
Transient evoked otoacoustic emission

Terminal deoxynucleotidyl transferase (TdT) mediated dUTP
Nick End Labelling

University of Bristol-Organ of Corti 1
Uncomfortable loudness level

Ventral Otocyst-Epithelial cell line number 36
World Health Organization

Word recognition score
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a3 1. H2olmel x
[EX: N Engl J Med 377(25): 2465-2473, 2017]

P>

(2) &7

AFE S99 Aol oJsf =] FHe 37 EAE |40l eoE, HWE "ol
371 AR SHitEo] FZ17|Hof| MgE

Fakp(frequency)= &89 w11 WSS Tota ‘:]’-?4/\]7}(1—’:‘—)01] HHEE cycle
Z(cycle per second, CPS)elH, ©+= Hertz(Hz)°lth. A&E(amplitude) 48 7|2

G9= glA¥(decibel, dB)eltt. HAEC] FFol|= dB SPL(sound pressure level,
E82% 49 =7]), dB SL(sensation level, 7HQ19] H& X)), dB HL(hearing level,
A AES 714 AFRo] &2 4 = 4 7F¥ 99X (hearing threshold level, HTL)S©]
lct. A7ke] 799 Fokr= 20~20,000 Hzol 1 381992 250~2,000 Hz A=olct
(g 2, ®1).
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7hH A&4 PF*H(Conductive hearing loss)

Qo] Folof o7t = AR, Yo 2= Folo Eo| AAY, LEE7], Fol9
A, AJFEY 715 ol auto] #9o] B, FUH(HE oty gojet Fol&
TZ 4 Sls), ARl o) QJolx 9, QJojx¢, Qo|k9] 7§, Fo| kY w o4

(W) AZAA1FA dH(Sensorineural hearing loss, SNHL)

A7 FH2 Yolet Yol2 R E MR AAFH =0 Fof7t A= AR I Ul
sty AdZ, T4 a2l Qs Ayt ﬁ’qﬂ FYLAe Aoy 27
g ygof WhAgshy A HYHEAL L35 L, o5y dEEE 5o 99
drstch, gAY dHS dE &2 A®7F oE:d I olfe FEAES
Az A S0] &4EH Aol =X 7] mjEo|tt. FAAIAFAG dAHol= k3 U,
A4 EH, o5 &, B84 I 5ol Ao

o] 32 QA FH(presycusis)O|Btile ot, HAY HZAFA T B HE
£ oJsf o] &44H AL uloty TAAAIHAY FH Y 7 LR Ql FEjoltt.

w3hd WAL 1ol IR ofyal 9AZQl 991, AL FFA E At 891, o]EA4

@ 224 d¥Noise-induced hearing loss, NIHL)

g 77130l 85 dB o]49] mi- Aot Ao A&HiA =EEW Yol
FEAE E4F T2l Uehs 241734 dolt EH F2 At @Al A Y5k o
=90] 4o Q= 450 LEEE Aol FATH. 4% Eo] SUEH S4B



Alzzof| Sl E3Y/d W7 U, o] &4 Y oo R ASleA] ghett 1AY
A w20 s o oA whEolA Fom, ALHAQ] oG kEO] THHQ g
LEHY § e E4S Hdth

® °]l54 Y (Ototoxic drug-induced hearing loss, ODIHL)

54 WS oFREge] of RAgom usb: dAARA WAt X2

0|5
AR A9 ﬁﬁi WE}‘/}E} ]% %01 CisplatinS FIAZ FH59] HYN LY
A=l &3] AREEHE & 2710le AREARe MAdS 4o, AlE 585k
W-F-2AZS] WS 5-"410}01 Fo A AlAE o] Ao s HeedS skt
YA g B8 Hlﬂﬂﬂohﬂr Aminoglycosides ZBA(7]]: gentamycin )%
AEEA, olF4 59 FAHEol o, 53] ols4o = Qs A FEAZ} A&

® =924 dH(Sudden sensoryneural hearing loss, SSHL)
U FES FEAHA PAcks ACE I3 Ee 54 FEE4H0] Uy,
Z71°] gt ek} AEgt X527t =R ko™ JARl A= Aol
dHY g FRoIth A4 S &33E AARIA 37 oY A% H 3t
30 dB o9l Y &4o] 3U(72A17hoHof A7 UEh= A& ot
o] Y1 E HAlA dAF A

it
P
o)
_OL
fr
N
i
>,
M,
o

i P
mw L2 o
R

oX,

& JHl, oy @3 B9 Soll 2t Holo] Y &2,

Hho2i A 7, AZPHES P4 T, ol B T o] ==L 3o oFF] ARlIo]
s gt S WE2 A5 389 490 7MY B2 TAES Holi A A
THE 7]% XSS A% Wolet YAISHL, HAHA] st EHd WA T Relgt
ATAA 7 ok BAEQJLE (THOZ steroid SEEAE dAHOE ARESl=
B57F ow gupolH AR, FAA, oA, BHEHA, EH TTA 2 T4’

o= AR&etal glout A=Ro ojdo] gt



AZ7ISHE 7158 87t 710|=

2 93 7I%

349 V&2 £23HAA AFo] =2 American Speech language-Hearing
Association(ASHA), Centers for Disease Control and Prevention(CDC), World
Health Organization(WHO), ISO(International Organization for Standardization,
1969) SolA AAE 7|&E0] ARREHTHE 2). AFLEA N wet 4H 9 7|32 AdE
= Stk

B2 W 7|

[N e)

M

. Hearing loss range (dB HL)
= ASHA cDC WHO SO
Normal -10~15 <25 <20 10~26
Slight 16~25 - -
Mild 26~40 26~40 20~4<35 27~40
Moderate 41~55 41~55 35~<50 41~55
Moderate-severe 56~70 56~70 50~<65 56~70
Severe 71~90 71~90 65~<80 71~90
Profound >91 >91 80~<95 >91
Complete/deafness - - =95 -

[EX: Clark JG. Uses and abuses of hearing loss classification. ASHA 23:493-500, 1981;
https://www.asha.org/public/hearing/degree-of-hearing-loss);
https:// www. cdc.gov/nchs/data/nhanes/2015-2016/manuals/2016_Audiometry_
Procedures_Manual.pdf; World Health Organization. World report hearing. 2021.]
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() BHAA

= A HAKscreening audiometry)2t A-AAKdiagnostic audiometry)&2
2 AL o9 S 3AE e E FEEde] §-5F& Adshs WiHolx
AAR= ité YA &0l JAHAY FEELS AHsto] 945—}31?1
Y H7F S Aot tdAelA AAlshs HRoE FEEde] A=t 9 5=
< 9 Adsty Audog S4T 4 Utk

AE A= 1A FZHHAHsubjective audiometry)?t 23424 HZH G AHobjective
audiometry)i UiH, 4 JYHAR: &9 A=l tig A o7 S SR 34

geto]] 9EsH= Ao F d2E= £33 A AKpure tone audiometry, PTA), o123 Z-HA
(speech audiometry)s©| ATt ATHE HHAGA = LgA=o] oo WY g2
thofst A5 E AWAOoF 7|E5H= AoE dREE HASWRS(auditory evoked
response), °|F YAt otoacoustic emission, OAE)G°] JTHIE 3).

A&l FERAY Ees F=AE Hchs sEAYAE 2 A8d HHHA
l:ﬂ-lﬁ \_]_ z] )\éh;] ]—H]—OO] ZZ]EE 7]—7(]- U_J_-O] /\]-.9_541 ;‘d;dx]d\_lﬂ-g.g. %}_0]‘%‘@:‘:&/\]’
(distortion product otoacoustic emissions, DPOAEs)7} ¥ EZ AREE & QU
JAAAGAIAoM= T FHAA T <G8V FARE 7 Eol ARSEH
o] SARXFX|(speech recognition threshold, SRT)7} FAEZ AMEE7|Z Sict
AFEAo] Aokt FHHAE AAste] AAISoF g



ALIISAE 7isY Bt JH0IE

H 3. 2 HYEAMN BF
T2 5 ==
2o AR ] ]
SETNEN | 2am uaa 3 A4 A1zol 9, Fred R990E v
aidiometry 4840 R FH 5= FrlotH G et g s
" | Bgoke VIS0 2 AMEELH
PTA) Jot= 71 -
F24, o34, & 5= 0|85t 33} ofFof| tiet 582 AAstA,
AR A3}t Aol A Y QrtAE 58S FRIT 4= St JAAREOlA
o]2-& ARSI WIZAl(sensitivity) QX Z(recognition)s<
82 B/ 5 Uk 3 ER A A 58I Aol Bkt
Art.
4 - o] F 9 A (speech recognition threshold, SRT):0]&&dol&
A ol 5 e 7A} AATSEL 50% AA T 4= U= H|a Fe 5 273
( = 0; - o2 YR = A AKspeech discrimination score)(=0]<2A A &):
spece £7] Weket FEoA ©g TolE A A5k Jojt Jets] Q1A
audiometry)

S=A1E HEERE A4

- Hearing in noise test(HINT): 4&-2-0] Q1= Alglof| A 7hehst 2319
AR FE FH

- A H(most comfortable loudness level, MCL):7F HetoHA|
A= AT 4= Q= d

- &3 & (uncomfortable loudness level, UCL):AF=-3-0] &3/
ERg Hr2 & 4d

Ol 3 FFAA IR & &= §ls oY vzt HigtE
olgapga | T o0 T A
. G5t o] 25k Hevoked otoacoustic emissions, OAE);
(otc‘)ac'ousnc HZ o] 23 AKdistortion product otoacoustic emissions,
ZIXIES)SIOH’ DPOAEs), 93+ 54 o] 38 AHtransient evoked otoacoustic
AA emissions, TEOAEs)
e A - A o] F 3 AHspontaneous otoacoustic emissions, SOAEs)

SegeAle] oSt U S A 1 A S ]| 8] el
53217151/&]- OPH*__E 2%7]/“43]01—;(4 EXNS __r_H ].‘— k=] Oﬂ;qé_zsﬂo}l:q‘

S e |

Z (o] o
ks

audion | a7 a4 gag ke,
evoke .

- A 7S HAHauditory brainstem response, ABR)
response) ) N

- AR &H-3-H A auditory steady state response, ASSR)

Q.
Q:

[EX: J Clincal Otolaryngol 19:25-35, 2008; Korean J Otorhinolaryngol-Head Neck Surg 58(3):182-186,
2015; J Clinical Otolaryngol 28(2): 192-198, 2017; Commun Sci Disord 25(1):142-155, 2020]
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Xl
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-1
HI
Am

Yolo] GmAE} A XA O] kARl d4t0 2 Dol o] 7] AR etol
g WAISIe, FRAA oA Aol Al Aol Lt AuhArhol 4
FA% H2 vk vee Fe49 FAEst e,

T4 BARAZ S7F B AAore] 50% ofstR st Ao Dol
AARAMY ATt o Aste] Axwerher vlastd wEwelA ]
Heledol ¥ 4% 4% BYwst e,

o] ¥y} EUX(stria vascularis)?} 30% ©OJAF AAlE Ao 7 Y=
Z/do| Wdletal, FEAZOA AREE = AU A| AL EA417F A7 Aot
Aottt A3kt HEESAo] H|S Y FH 7t YERdT

ggola Ay | TEOE 14§98 byalinization)st 2R FHlo] deloz
| ZFTEEOIA 430l AztElo] BRledo] F2olX WAEWUA Agelos
Lorg vy ey o] S
=+ Astels 17399 JAEs} ehdct,
2P | 997K 99 5 5 7 ol4] Helsdlo] A% YHiS Wate, char
wibd Wy | HEEsh dehd,

I

919 %7 710 WA e A9 T

[EX:An Otol Rhinol Laryngol 102(1 pt 2:1-16, 1993; HsX& 8:224-237, 2012; Commun Sci
Disord 22(1):170-176, 2017; 5=9|5} 12(1): 66-74, 2005; Hanyang Med Rev 35:78-83, 2015]



ALIISAE 7isY Bt JH0IE

(4) k33 FH9 TA7A

Lot HHY 7IH o2 ARTAERA STt AR EAFCE QIgH I EFEEoF DNA
£ Z7F GRA|EQ} spiral ganglion neuron(SGN) 59 HZ 7138 A|29] A ZAFE
57t 95 AdH #ig}, @fo|#Ho R o] AMTH AR QIR A4thF, volet THE It
Ho} 5o =9%al Qith

[¢]

¢

D ARIAEGA

ABIAE AE FHAES &4F 4o 4 Uth AlE W n|EZEgotofA= ATP
S %t ARAGA T FEote B9 EAgd4A T (reactive oxygen species,
ROS)o| FAF=2 AJALHTE ROS(superoxide(*O;)2F hydroxyl radical( OH)&2 %
EQHYStEE 3 DNA, "]EZEgoF DNA(mtDNA), Alxet, A2 W B4 @ids<
HV“’% 2B E ARIAEHATE Q a5t S W Dol 750 S0 o

| EAE = AT &, ASAEH AN LE2HH FHA|ZA= ROSSE 58717

ﬂH

r
Q.

Q

[e)

o

AAEL, olf EdE2 AEZEAT MZANcell death) e doXln. IE=
P52 dske 252 olFT ROSS #&7] BikE ARt ARIAEHAE
ATt FRAIZS EdE Al FES FAT 5 e Hilsol ok

SHH, Aol FAITAI AR 0] EAfjsto] ARSIAEHAREE AU &4 ol & Atk
AW FASIAA-C] FAESEG A0l superoxide dismutase(SOD), catalase, glutathione
peroxidase(Gpx) 6°| At} SOD+ superoxide(O; )& #His=4(hydrogen peroxide,
H,00)9F 4HA(0)E HARAIZ|H, catalase?t Gpxie HAREAE E(H0)% 4AH4AE
2ofisto] QbARt B4R vhEth PSR A0 B4 kolet oA Fadtths Bt
Noug oo} I [FEAES &40l Frfsto] Wgo] MY o Utk

() HEZEZo &4
Az W EZE ool AAHALAE Foto] ATP7E A= o] 204 ROS7}
WAE D E nERT gjok= Algla £4to] Qojub =g AJaolc) Ltolz} Zrlako] uhat

ROS 4R %7}6}‘7 ZP—X* ?l ROSO| =ZHY m|EZEEZoF DNA(mMtDNA)OIA
EAHo7L ol 4= QUL Azl ARG A L 22 nEZEEole] £8 4 JEEY
&4 dod 4 9t Olﬁiz &40l SAHY "EZE o9 7|5 ol oA
NS Joy|a ATA 0 A9 EA4fo] ZefjHTh AT 0 R Lo} T ARIAEFA
5202 Qo n|EZE o] 45ty &Afo] Ueh, gifo]ol A9 |-HA|Ze}F SGN

N
D



a7} Vet Helo] £AHT Lshy o] MAY 4 otk 1g8R nEEseoly)
7150 SAEE FALAL AT & e Aol

>
=]

S
i)
filo
H
R
o,
v
192
2

[t

[
i)
_?L
rir
ro

= QIAH=(Bcl-2, Bax,
Bak, Bid, Bad, p53, c-Jun §)% & A(caspases)”7l ISt} M| EZAFE L caspases?)
o7 AZE =T caspasest initiator(caspases initiator 2, 8, 9
(caspases 3, 6, 7), inflammatory(caspases 1, 4, 5)& F-&EHt}t. AZ7F 473t
AEF A0 EEH nEZEol JEE F619] initiator caspase 9, 871 /33tE 1
Th20] executionerQl caspases 39} 70] &AISIE 1, Z3H 072 DNA £4, ichia
cytoskeleton, protein cross-linking®] T}3], phagocytic cello|A ligand®] W3 o]
ot} Caspase-2]&€24]Q F=ZJA], apoptosis-inducing factor(AIF)?} EndoG7}
EZCT oA E8]Em o= ol5Hrh NEAFEE AlX U DNAZ} $4A%R] ghoH
QRN EZE RE AEHAS WAY A|Z Qto]] F4HoE |4 ge dido] £2d
o, §-2]71et &/gAtAE Y] AgAto] S7F W, cytoplasmic pH 7} AMJOE ¥IS}SHAL,
Tl B4 5ol dojud ot

, 10), executioner

SRAES} AAAEE ASAEH A0 o5 AEAEL EAots
9, MAPK, cJNK)2} @Aahe AR(l, Bel-2)2] &3 Mske AlmApeo] zag % 9ok,
SRAES} MBI LA ATAEo] EX1EE FZ7)gho] £AEo] 1e5Hy o] WaIg
2 9t

A9 =
AIH 0 g o] A oA A|&3fA ﬁ% %HJ%OI HEEE Y 435 AEHr 2 5
=g o]t =510 EXZ Q] WAoo 7 QAT Qlth W G= AEo A [L-1a, 1L-2

TNF-o 53 &2 ARIEZIRIT NF-,B7F 8/dshdtt. o2t T d3
ol mHt Wololl A e, Wolo] 7lsdol 3 FEjshy &g doA Y&
_(')__]

]
d4= S7HAIRIH



]
olr
1=
i

71

0II'

gt 7to01=

(oh) BREy 9 FAFF

giffolytof A3 FHFFo| ¢t Flo] AAkAhFo] FHH ASIAEH AL F7V6H HE‘r
J8E22 dfjo|Ho] HAdt HTFE ot LS B, @3 24 Y1 Vs
MAsHH HZ&4o] Tasts AL JAT 5 o= Ei7F ot
ok HA o A 7de O 33 At
SHHa9l Sty
N, &
SUHSS
™~ xw;: =NEX
! -o ﬁ\_.% o222
. |
AIAHAEY A
ROSA 4t

mtDNA SS1#0|

l

0| E2C2|0f 7| 50| 4

l

AeEoIMS} 2
CHAE i3}

l

MHIZAFE

l

=3 Y

a8 3. kakd HE gl I
[&X: Hear Res 303:30-38, 2013]



2. HHsSHH 594

MARAZ7]HWorld Health Organization, WHO)+= =A|Jol&F(International
Classification of Impairments, Disabilities and Handicaps)°llAl 32} &4 hearing
impairment)°] A= AFFEol thste] AFofi(disability)2 175t E3t, FZPNE

AAFR ARl B4 FAO] =eekA] gal HYEAR QI A o] A
FAAQ FHEH To& TR0l A= v 719 oHZoE A5kl Ut

Lod HHY FYASE = 270l AA5] XM=l HHS JAASHA] &5,
o7t 45 HYAst £7t 549] weEkzl. A4 4119 A olA JAdo] oA T
o] F7tol wet FE A7t wEA SRt B ItHaE 4).

—.--u}—r(KHZ) FIt(KHZ)
0. 125 0. 25 0. 5 1 4 8 0125 025 05 1 2 4

10 | | 1 I _10 L 1 1 1 1 1 ]

i = o Sres

10- 4o 40 a0t}
= 5oy =
as 2
= 20+ o = 20+ 50cf
§—:30— g 30
wr 40+ od 70CH  mr 40+ IE:‘L; 60LH
RO RO

50- 50-

60- 60- 70cH

70- 70-

J8 4. L40] 3710 ME Hy Za
[EX: J Clin Med 14;9(1):218, 2020]

10019 HUgaE THE Ate] opase] AL AA 153 ATSRE AL,
AN YRS LoH, $25S Lilk AR Sk Ed HEeAe 7)o,
A3 S 2L A ASE A, WA P, Who] HEst 4SS A
ool Ao S1Bo] 57 B 4 Jrke HIE glom WL io] 48 ¥E 4 Yt
Za% BARA ¥ 4 9t

SHuet AFEFAAIE7HE ARolA A5 € HAAIEAG Y & EAF 5 HE
20179 352,846™894 20209 412,270 o2 Y A4 A} L Z7st= SAolt),
= HZF Ao19] 84.8%7F B 5041 oo g Fslof w2 HZPdol7t uf- A LERITY
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1. HIO|R0t7 2] 47

7t. A1{YE H0|0OMA
Lotz Qs FAaE & e HY fA =22 F F USloE Ve #H
sloluAn ofele] g A1 4 Uk
*AE JI™ EE QINAEEAR A0 M2 MESH HI0|QOAHE MBS £~ UF
H 5. ¥IE J|15d0 CHet HO|0HA
=N Jtsst A1 d
T2 HO| 20t
/n vitro| /n vivo | Human
242 H AN Pure tone audiometry, PTA) O
o] ¥ HAHSpeech audiometry) o
o] 2 FH X (SRT), olSBHEEAAKSDT)
A9 0] 23K Otoacoustic emission, OAE):
AAF W2 o] SFHAHDPOAE) = O O
AIHg R o] FFHAHTEOAE)
| é%é’\_%(Audltory evoked response):
A3 =]7NES(ABR), A3 AERHS(ASSR), @) @)
Central gain hyperresponse
24 -
= SGNs <=, JHi @)
EGAEAZ(ROS) AJAE @) @)
FAsta A g, A IE mRNA 2E @) @)
%ﬁ* Farster paie 94 4 o | o
Hydroxyl Radical Antioxidant Capacity(HORAC) o o
assay
Hypoxia-Inducible Factor-1(HIF-1) O O




HT7ISAE 7Isd HIt 70|
£d 7tstt g4 RY
T2 Ht0|20tAH
In vitro| /n vivo | Human
o EZEg|o
] 7];4 ¢ U|EZEEoF DNA 2 0
[
A ZAE O O
A= o - s o -
b MEZAFE T 84 4, @ Z Id, mRNA 4& O O
=
AlZARE T QA A WA mRNA I d o} O
Nuclear factor kappa B(NF-«B) &4, o o
A 9 mRNA 23
3%
Ato| E7}Q1 &F, @A d, mRNA 4& O O ¢}
284 2 eNOS U 0
goy
CREl ddo|t EF @)
) Hearing Handicap Inventory for the Adult o
98 | (HHIA)
A
Sh=| Hearing Handicap Inventory for the Elderly o
(HHIE)




Lt HIO|L0HH &F

(D) A

SZGAA R F84 FYEHA 5 M 7120] He FARE, Fied HE 9K
(W}i%ow %&6 Fuke #9191 250~8,000 Hz), FEEAo 433 I 52
£ BYste 7o E AMgHH.

A=2-9] Ao wet 71= HFHAKair-conduction threshold audiometry)2}
== HZHHAHbone-conduction threshold audiometry)2 WH™, 7|2 FSHHA=
AZt7139] o], Fo], Yo] U HZHAHY HFZ 5 TEHOE HAlst HAE

o 1=

ot Ao AR AT F ol & T ool YolE HPHOR et Bk
AR AFAR A UBAA cleld e oIS 33 Aokt Fag
L ypioz oolit FolS Salste] ol WSS M A Wolth. MY

O O
\_ o =
ole} Folof HHeR 7]5 dEAA e ¥ FH, dAE EE2 Ve

i)

o L AN o i,
o oX
ol
o,

1%
u} rlo
>,
i)
M
H1
o
1%,
iy
)
)
>
K
-lﬂ
=
>1>
e
Q.
ol
i
4N
Hu)
[
v
i
N, O
HT
o
1%
o
>
rlr
L
o
10

HES Woisha, T P URY FRESH, FTABH, TS BT 4
oleh. ZeEvk FHo] 27] &4 olio] WML Bekshy] ol ofe] Fuko] thg
HEe FBE WO $FH0E HYshy] o] ulgu Alglo] ol AR Thgo
olet. AFEAE HA ARGIA PTAZ AAsHAY §AHE FE Ao 292 & 5
ok 4T % ik

O o33 FYA|(speech recognition threshold, SRT)

SRT A= B24716< B7Fd 849t ofyzt Aol olsfiste oikas 582 B7H6he
AR O 2 Weobyd W AFtolA o] AMEN &2 AYHNE eoe AR &1
Sh= ZolH, SRT Ark= o= €1 HoA &2 A5t wet Toh= A=
7WhE AAeltE SRTw 4744 olZdos AXFE wWe Z23=
A(psychometric function curve)2 & UEPHS W] 50%S ClX|5}=
A(median)E 2|ttt o] W2 4A170] eotE|o] YElh= Zo =

ln

= nﬁ

4 o> ol
2 010

AN e
o,
)
=

o,
N
or

j

H

e

ol

o2
o

23|



AZ7ISHE 7158 87t 710|=

&2 FAISHE Al vl8] o}SE Aok ANl B2 S =T PTA% SRT HAR=
A=28.0] zpo7t 9ot A2 AWaA s} &t} PTAS SRT Z5 o]z} wolzlo] e}
853 PTA S7HEHr SRT] S717F § &7 Uehdth. PTA®}F SRT+= “3Eo] 2J§k &jol7t
RO HTLE FubpdE AWEY yol7F Wolge] et 1,000 HzE 7|&2 R o2
A, @A 13T diiF o g W2 QA9 HIE etk AFEES e
JUAIOIA SRT7F oA AY FAIHE HHEFA ] =& & 4 Ao 8T & Qo

@ olSH&EX(speech discrimination test, SDT)

(th o]FHAHOtoacoustic emission, OAE)

O x| ®AKdistotion product OAE, DPOAE)
DPOAF= R&Zo]1, A1 HEAHAR] o] Kevoked otoacoustic emissions,
OAE)9 &3ttt DPOAE:= F 7H] o= U= W ZF 39 Auiert ofd Fu5E

TN DY A YUk K, 7122 HE Pt qA2w A 1L,
o
=

f20]2tar st T 71X 9] AT E FoS W @Wol|doA f1, f20] tigt Hulie FaaeE
7R Zﬁﬂ—g(harmonics mfl = nf2) 0]2o] mfl+nf2 49 Fos 7}7‘& A29E
ThEo] ¥ 4= Qutk= Aolth. oy 79l MR AN F 2f1-129] koA 7Y & ¥
Hltk. DPOAEE 500~8,000 Hz9 W2 Fut HejolM Z7sk=d 500~5,000
HzollA A9 BE B4 A 7M1 ARgollA =, 1,000~2,000 Hz HlollA 7H
=2 YAES UEdth DPOAE: w3l HEeAtlA I3 HofAel HFEEAS
ATA o2 FAsto] gifol#e] &34 HAAE IRIT 4= Urh. DPOAEE B4AEE
7H Abol A= & YEu, HE9X)7F 15 dBE 9A] o™ DPOAEE 3 YEhH
GA|7} 50 dBE 9o UERA] k=t DPOAES] Uoof mE Hsh= 23 2 AbofA]
gd80] "olX& AXtE 1 Wiyl A yehdth. DPOAEE koM dHEeAtoA
IS0 9] FEEHS APA 02 F45te] FYALY dTF Twtst=d AT
UTE AAEEZ 3T Ads=olu AAoIA DPOAEZF A=W HYFAof ==
£ & o 9T 4+ Ao

N
~



@ YA 9 o] 23 AHtransiently evoked OAE, TEOAE)

TEOAE:= click(transient)°]Y tone pip A= & 4~15 mseco] &5 =29
FOE WYolE R oY Fuket|E HFgStt FA 7182 echo respnose 5 dB SPL,
50% ©]49] reproducibilitys 7]&0 & St

(=) BARTIS

O A 7HHS(auditory brainstem response, ABR)

712 sto] JUeA B8, HE, 99, 9IS A B

o
r‘%
dlo
o
)
)
>
I
N
rJ
X

dB HL & A|gt=]o] 3lof 90 dB
AUTE. ABRZ 7} Fp9] FAISA 0] E7Hs
dast, AEAR1 Aol E-skal HARIY] FHA QI =

E4S 3 A5 ECIY AA oA ABR7F ZASHAY fAEH HH[A]0

el
o
15
=
!
L
Iox
=2
>,
rir
oX
i
o,
oX,
HL
il
e,
rir
i)
i)
)
o
i)

At AFEZE
TS £ 5 At & ¢ Sk
@ AR EHHS(auditory steady-state responses, ASSR)

Sk >
esfor SISl HHEAY} 0, T8I0 ABRS. FAMS] FBA
] =1

ASSR2 AHs3te dagE|Eo =5
12} ASSR2 ABROJ H]| ] &2 Aj7to] AQHTH AIFEAS AFSH A¥E5EolH
14|04 ASSRO] ZAstAY FAEHH HEaA]d 23S & 4 At 4T 4+ At
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o1l

Q

A= 11, lipofuscin granules,

7} of

A

T

K

gio|gof A SGN &= Eolo
_/'\_

hH FAAAZROS) YA

(1) SGN <2 =
ASFAEF

(3) A3 H

o 49] SGN

o] mwz} ROS

7Fer

=
O

th. 1ol7t
o EZEol DNA(mtDNA)OIA]

==

goll Hofet
=

A

olato]

A
o

T
)

toloh

AL
—

o]

=

1=}
=

gofe] 28 74 4

A
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s
ol A 9] FEAES} SGN 4 #A7F YEhY
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A g

=

1

A&HoZ ROSO
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, @ Id, mRNA 2@
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3

ASIAE o) s AW FAteka-8-2 285k 9 HHmox1, Mgstl, Gstad 5)7F

gtk ABZAS At AL} APBLS HAL AFFRY Doluolx] PshehE
25 fAIRte] Wlo] S7k5tel ARAEH AR Y 24 £42 olste] G|
592 & 4 At 8T 5 Ut

(8H Hydroxyl Radical Antioxidant Capacity(HORAC) assay

ABIAEd As G0l &2 dov|BR et HAElE H7Iske HORAC
S B7Ioke He|uAR AREHT AREAS AT Azt
AEEZLS AFTH A& g@o]o)|A HORAC assay A3 4t AJEi7F S7FstH

ERAC 22e & & AT HHT & Aok

)
Oﬁ
Ru)
Iﬂl

assay= YAk

(W) Hypoxia-Inducible Factor-1(HIF-1)

ok

Hypoxia-inducible factor-1(HIF-1)= AATAIAONA AAZQ IS it
ol #e] AAitaF AEjo|A mEZEEooA ROS AB4te] F¢A o= dojupal HIF-1
S2o] YSIER HIF-1 += ASMIHE B7Iots Hol_uARE ARGHT AlHEE
APt Aot AldEES AFISH Ads=2] gHolaolA HIF-1 Aol fdask= A

HegAo] £2e & 4 YTk AT 4 9t

(4) n|EZxzlo} DNA A&

djjo|Tof A ASIAEFH A F7H= u]EEE2[of DNAY &4 331 mtDNA del4977
(Q1A), mtDNA del4834(F) 242 €oZ 4 qlth. mtDNA 2 S7k= 339 g
S7H71E 99l & shuE HrHED AIEEES AEeE AlZU AgEEoA nEZE=go}

DNA A&l gasHd JYRAd =g & & At 38T 5+ 3

lo

&

27|



AZ7ISHE 7158 87t 710|=

(5) AlZAFE

h A=ZANE
oMd ' HAY] a9t 7IHeR FRAIE, SGN
ME 7 fgaske 2ol E3A Qo AldEdS A

SEATES} SGNO| AlZAVEo] ZHAEY FeAGAo] BeS & 4 ok sAe & k.

() AzAFE o a4 24, 982 23, mRNA 2d

M| ZAPEL caspases?] EAISIE AJZMETE Caspasest initiator(caspases initiator
2, 8, 9, 10), executioner(caspases 3, 6, 7), inflammatory(caspases 1, 4, 5)&
TFEE Uk A2t AR AEH A =EEHH UEZEOlO|A caspase 8, 97F
E/43}E a1, O T3 caspases 38 70| &/443tE1, AFFOoZ DNA 4, & o,
cytoskeleton, protein cross-linking®] T}, phagocytic cellolA ligand®] W3 o]
o] A|zAEo] dojdtt. I EE AIAEAZ ATt AEy Ads=2] EioloA
caspases &4 Tl WA, mRNA @do] ZAEH FHRFA 232 & & Ut
sjae 4= Utk

(th A=ZAPE &4 QA & H3d, mRNA U&

MEZEAEL o8 71A] @A (Bel-xL, Bax, Bak, Bid, Bad, p53, c-Jun &)°]

Tofst= IFolrh. A EE AFEdS A Axy AFs=9 duﬂolﬂoﬂjﬂ
= AAe] A vFHo|u mRNA ©do] F7FstAL, A ZANE

S7H 71+ RS @i ol mRNA Hdo] TAstH HEFAd 22 & 5 At

= m

(B Nuclear factor kappa B(NF-«B)

Nuclear factor kappa B(NF-«B)+ A|ZZAo|A [¢B2t AT o] EZASH A=
A7t Aol ol 1xB7} QU4tstE|o] Eal=|H NF-£B= HUHZ Eo)7F ohFet A 95
AP E7IRIS] RS SXIAXITH AIFEES AT Al AlFEES HFH3 AdsE9

| 28



Tde AaA7]al, 9SdE S8 FEaAdl =22 & 5 ATl 4T 5 o

(th) Atol=7el

APOIEZIRI: M| LM H|He 874 TidR HAA 2] S43 24, £3}9

283} ASAES SETARIT. gt Afo|E7IRIS T2 Aol E7IRI9] S 571 B
AAlot= 5 o Fol tiet o2 HANxE 7o) FEg SAskL, E¢ WA Eo] #H
FARIALS] HAZ FIote] INEE 95 TR Bol7 3hs & WgHSoA Saz%
qge vt =M 3 A S83% VA9 SR W 95 AH S EEA
Atk IEE AFEde A2 AZY ddsEol 352 dorle ARIETIRIS
Qkolu} whild W mRNA Wdo] ZAstd HP9Ad &S & 4 gty s
= A

(@)
Z,
@]
w
rir
il
o
)
r o)
[o
He
udt
=
i

=5 o gt 7oA EHtRE Eoske Vlse A
ANEELS JFT 559 IolTollA eNOSS Edo] F7FetAthe A2 EHol#e]
]

=
o] FgHoR fFA|Eo] BAFHFO] FAH LR Hol YA =Z € & UL

=
Uo7} 27kl wel golwe] @Rt Hashs A SuWolRES £4AA Feiiel
elo] g 4 oI}, AR Sgolze] wrol FAvt HE R

HEFEejol DNA Ao] S7bste] 2Ra oz Feiedo] vehts AL

aelER APEd Al o) golwe] YRero] S7bsHe

Z 4 9o HHT 5 Ak
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8 93 A HAEA

(b Hearing Handicap Inventory for the Adult(HHIA)

HHIA= =919] 9 Hg FFstetr] #al 7id= HHIES] 8= 6541 ofste]

BAS WLz sk Aot 93 Al A FHEoR Lyl Y H=E
gEslete] mefd 4= Qe AuAlolt. A= § 25719 dEo® FAEHNNeH, 1
< 3 =¥ HHIE &AM 2ER =AdsoAR J&5He 52 41l 23883
dd gEos

7% Zolth. HHIAE oML’ 04, 7HE 23, ‘o= 41 0= s},
2

252%9] FH2E 0304 100822 AEd. 0~16%2 32 Follg AH4sHA ¥
ALR, 17~428L Br~F5=e] A7 Aolg A4t Sle A=, 434 o2
AR SO R H7F AolE AASIAL 9le AOR, 10082 At ol ARz il
9% ol WSk Al RH]I Aot il WA

(4h) Hearing Handicap Inventory for the Elderly(HHIE)

HHIE= @0l kRlol dA4Ee vA= JFF=Z 7IsZdE B7istr] gt
EH 02 Ventry2t WeinsteinZF 19821 9] 75t o, vl= 01428 2] (American
Speech-Language-Hearing Association, ASHA)OIA =919 UH-& AdHst= AAIR
HHIEE AHES A& #aska ot KHHIE(Korean version of Hearing Handicap
Inventory for the Elderly)x= HHIES ®WISH Ao=R, Aol gg =g 3ot
RS QT A2 = ASE At 0gollA 1008 22 AkEstar, A a7t
A7t 0~ 1687 = HZ7olNE AH2sHA] s A0 =, 17~42%7HA = BE~F 522

o L.
AV E sl Q= A0 T 4373 oA AZHSl o HAX|E X zbelil

KHHIE-S&= KHHIE 2583 & ARR1A/494 &9 53, 43840 59 583
Adste] F 1028 FA4sto] &4 B7Iste =& AR&Er KHHIE-S do+=
0~408 o= F47F 255 Fol= QIg EHol & ALE, 10~40782 KHHIE-SolA
Zofj7t = Ao g wsith, KHHIES? KHHIE-SE= S WwolojA QlojA Wo]
g nA= JRFS BUHS Aot AES HHo = WUt of HAEg HAF B E
ot

Q]
=

]_

S
oo o

| 30



2. FQ HO|20I7{2] £ YH
7t HHaA

(1) 328" Hpure tone audiometry, PTA)

PTA= AN &=H97171E 019“ sto] 7| e %l‘i’ﬂ.gi 125, 250, 500,

5 dB *Wﬂoﬂ AoH AXE ot c}% A& 4
2,000, 3,000 Hz 9A9] & 4580t &8F
1,000(b), 2,000(c), 4,000(d) Hz 9] & 6%
olsh= W Eal it

@) oleB=AL

(7D o239 A (speech recognition threshold, SRT)

SRT+= QIAINA A #E [EC 60645-2(1993)014 ARt HIH& AR&-sto] =753ttt
SHHAMA S duk-g o] 2 d o] ¥ (Korean Standard Bisyllabic Word List for Adults,
KS-BWL-A)9] 555 A= ZAste] #HHpoA &3t HFZ vhzl 559 127H
ool F 20E TR APt 71E QAL 7IE2E 20 dB SLY 7|4 E8F
Aureyl ouke S O, X2 H7|stt) 27] @o] = St 7| o]A o 5 dBE Wko] BEE
W ARESHA] @82 Tol2 oA E8Eth 2719 ©olE BT QERSE Hold AAE
TaolL oiF SIS 7SS 181 Jﬂﬁ}\zoﬂ/ﬂ A53 S vl 559 1270
HolE FARIRE S8F0L RS 5 H7I3E ARES0] 50% w9 B8 2 Tl A
AARE S ES 5 dBE =0l 50% =3 73—?— 5 dB& RFo] M=3t RS
ozl o2 BEE9] ol HFPARE Sith SRTE 50%2] FAE 2= Zlo|B 2 oA A
Ao} HARS] FRESEo] 50%E 7102 o] AARRE thEA Yo HAE =kl
AIE HARR O] 71E3ttt. AAF A2 AP E7PH(linear interpolation)& ARESl
50%°] gRHS-& YEtl= SRTE Attt
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(W) oY 5 E=HAAKspeech discrimination test, SDT)
SDTE= 44NN ARSshe A=At EE duhE @2d#(Korean standard
monosyllabic word lists for adults, (KS-MWL-A)E ©]&5}] 257 = 507 Tl EE
o]-gsto], FAY A (FZUMFY LA, the most comfortable level of loudness, MCL)°{A]
ol%Z =1L °O|& we} oAU oA S Slof H8s| 52 ol5E WESE e

(3) oleF At

(7hH ¥zo0|&% WAKdistortion product OAE, DPOAE)

DPOAEE= AlFEES AFe AdsEolv dA™&HANA S3%t). APEE2
529 DPOAEE FAst= 71715 ol&stH, 71710 wet FApERo] ztol7h Ut
AT ES tHHE T AHlolA s, AR FPFIASHAY 2/f19 Hl= 1.228
e A=) A L1 120 W3 42 60 dB SPL¥F 55 dB SPLO| 4222
sttt 4% W4 5 DP audiogram®| £2=2,002 Hz, f2=4,004 Hz, f2=6,348 Hz
oA 9] echo amplitudeE Bl St} QAAATE AA-E& DPOAFE SH5k+=

= ol-&stH, 71719 E}E’r APl Zol7h Qdot. B4 Zgshe HARE Ao
n2HE Adeta, =2 65/55dB, FuE AL 2/f18 1.222 13
,000 Hz9| Fu}5o A A=S-S E8151 DPOARAIR S 435t dutdog 0%

A APy, T2 Yo bE & A AA

() 934 g9 o] 2 AKtransiently evoked OAE, TEOAE)

TEOAE+= o €32, tone burst, T+ tone pip¥ 22 A4 Stransient
sound)& FH UEUE o] SFPARE Tetth. =2 5 2832 E2 At Qo |2
=99 FuRAE AASH| fI5to] AREEHH OV‘J’QEE— 0.3 kHz®} 8 kHz Ato]9]
FoFE GAsH 28k S92 A=kl 715 4= Slojof gtk g2 A= & 7|
& tone burste &2 F99 Foig Brloted A}%‘H_E} TEOAES Z743}7]
HalM= 2893 E= tone burst® & F & 59 7HgES 2
nfo|Z2&Eo] Qs 7S TEOAEE Z74sH7] HdiA= *
7}+8-E(artifac)E A Ao et

| 32



Sound

Pulse generator
g Attenuator P

) ... 7
tinput ‘
Output *—w\:"“’“ <

0 10 Milliseconds

sealed

J% 5. TEOAESE gt MHXMOQI 7|EEX| MRk
[£X: J Clinical Otolaryngol 19; 25-35, 2008]

AR 7PY GurH o g ARREE 7ReE AA W2 HAY ¥ (non-linear differential
technique)°lth. A=< & W Wl 79 IA=& AREotE, A Al 7H‘_ %]'3 =49
A2 AE] Z& ARG, ¥ WA= ¥iE= S22 ZFo] 3u) & 32 ARERI
wzoll 212t ) 719 A=l ot WS Bt 7HitsHE A=t £]ol9] &9 54 7H5E0]
A ol oA 2t *ﬂE—OJ a5 T ol AAsto] A &2 A2 Ht
7HArste] T=79] wgS Ao o] vlwsto 2 @A (reproducibility)S EHQIgtTh 0]
Qo= ¥R EE ﬂiﬁﬁ]‘ AHZE= A2 SPHRA AL ofy|9t Ft HARESS] A4
Ax, FHAS(background noise)?] 7l A3 SFTARY] v 5o] Qtt. TEOAEZ}
ol 7|82 A HIAPH R w2 A=3olA EoEE JEE Hol=

l[‘

QAT s
nkgo] golo] Wasin], FHAL FFTY £551) S5 74 SolHel HRE HojwA
Lo TR T APSL Koo it
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(7hH AA=7HES(auditory brainstem response, ABR)
ABRZ AlF=dE AHFHT AAEECIY JAAFEAAHNA ST, AT 5=
TFHAIR & Al2Z FAI5H] 8] St = Qo] S8 w1 AAIRIT. ABRS A0 A

ool ], APFEE ABRS S5 7171 ol §dtel /|0 7|SWt vo] It
BB golio] P, WS HHT Y Fu % ofefo] AU AU,
7o) St AT T Q82 5ol 1 PRIt 2432 tho] 28 F3lo] 300 HzolA

3000 Hz7HA] Z¥(click)S& A8 12.53]/%, A=314 1,024 & F0] 90 dBoJA
10 dB 7t402 9 qu T ¥R ot 9] ZAoA = 5 dBIHE o E

TRt A HFA = HEE FES FSt=S 3 & o] =2 A 74*1—% Elg= g
ABR Arte 222 ZY(click) &g Ao, 22 AYY ololEg &9

66%]/Z29] A=RIERE WO R A=ttt I3 90 dB HLOJA] A]&a}o% 10 dB
Ao A= A=E #aA7IHW, A4S #3th. BEE 100~3,000 Hzo F3k
95T BEHE AREotaL, 1,0008] ol Wt 7hitete] FEHAS ST

() AR &HS(auditory steady-state responses, ASSR)

ASSRZ AlEES AFT AsEoluy AAAEAFA St As=2 500,
1000, 2000, 4000, 8000, 10000, 12000, 14000, 16000 HzolA evoked potential
averaging system= ©|&3to] H7|H0r AdEm, o|FHOoR WIEE F{tofA
AREEE 71715 Agste] AU AAAHAA ASSR HAR= A=+< 500,
1000, 2000, 4000 Hz Y] 7FAZ 100% ZIZ¥Z(amplitude modulation), 10% S}

HZ(frequency modulation)dtal HMEZFI(modulation frequency)= Z42}F 74, 81,
88, 95 Hz= gttt ZA=0f oJsf e Huko] A& F Aa39 MxFuet 5%t
ForE 7H 79 S (phase)e B4 A=3< 10 dB 7HH 22 AXE F51a,
ASSR 9A|9] B2 6EHl osto] 43 ofst= WAl St

|34



FEAZE 5 MTT assay= =743}

(phosphate buffered saline)oll 24417+

acid(EDTA)EHo|A 15U ol E433 Al7|a wted E5o] ZujAxict. bl
2}

=
oF @7 & 10% ethylenediaminetetraacetic

B2 &o|=o 4um FAZ ZE ha ematoxylin & eosin(H&E)o.2 FAstc}.
FEAEZ = 9ol F7F HEI} 7|A FEEoA ZAsi, 39 &2 AZE
T fRAES] FEES FA) HEES 7K AT ETEY AlE & 7E02 AET

AAEE9 AE Fof Higt ez ARSI

ESF Scanning electron microscopy(SEM)E 0]-&5to] A|PEZAS HF3t AT 5=0A
ME oF FeHE BT & Qo Ed9o]TS H& St F 2.5% glutaraldehyde/0.1 M
phosphate bufferol| 4] 24A17F 1143t & 2% osmium tetroxide cacodylate buffer®ll
2A17F © 1A3SEt Micro-dissection &of ofeb2® "@5Al7|al, 202 FESE &
SEMO.Z Wsto] RRAZE o Y]l ¥otx: WL & Sl

(2) SGN ¢} FH
AEEES AT ddsEdA S8t A= EAZl & Hol FES
H&sto] g9o]TS Aot ol 4% XEUT S| =S E35l= PBS(phosphate
buffered saline)oll 24417t B9 @7 & 10% ethylenediaminetetraacetic acid
(EDTA)}E&HoNA 159 o4} A 3]} Al7] 1L

il £50] ZojAI g2t E52
£&2hol=0] 4 um —.—77ﬂ§ Ze} haematoxylin & eosin(H&E)i GMS 511 gujFgog
TR}, SGN 4= Wol#e] St &} 7|A FEoA o|u|A LR T 0|85}

24351 mm*G Aﬂi 2 HIAstY. SGNY u|A|EZ(lipofuscin granules, )52

FE|= transmission electron microscopys ©]-&5to] IasITh

L



A1g5to]

=

TAHoA J-gotd kit

=2

1=

g 87t 710]

[

S

HYIISHE 7|
Z]

(1) 84AZROS) B4t
ol 2

oX
<

ol
%o

_Z_ﬁ

5ol

[ox]
=

=0°] 4-HNEZE

=

s

o

FASF A A(SOD, GPx, catalase 5)2] /g3 ©hala e mRNA &

o

P19

S

=
—

western blotting ®WHol ot

ot

Xe)

&

o
%o

N

How

K

=75l , mRNA @dL real-time PCR

=

western blotting H O 2, mRNA W& real-time PCR

o

FAAHHmox1, Mgstl, Gstad
western blotting .=

h8Y

ot

<)

ARg3te] AzAe] el wet

=

=2

A& ol&

A2} Al

h8Y

3t

R8s

9]

3t

o]

Q

1]

g2 ol
A %

R

=1
=

Il
e}

Al

1

(4) Hydroxyl Radical Antioxidant Capacity(HORAC) assay

(5) Hypoxia-Inducible Factor-1(HIF-1)

HORAC assay

OxiSelect™ HORAC activity assay kit
HIF-1

| 36



2t OJEZE2[0f DNA A&
AFEDS HF 3t 559 HAAFAE, stria vasculariso|Al DNAS £&5t1, PCR
(polymerase chain reaction), & A7|¥5= Adslo] nEZ=z2|ol DNA AL

s} | EZE=2]of cytochrome b, ND-1 16S rRNAZ A|&0] u|EZE=2|o} DNAZ}

Ath= AL skelstyr, YutAel w3} o nEZEg]ol DNA Z<(d: mtDNA4834(F))
78 TES
O MIZZALEH

(1) N=ZAFE

TUNEL assay'} Annexin V/PI staining 52 WO 2 A3t} A|EZAFHO] dojit
AM|Z A DNA 22+ =74517] Yl TUNEL(Terminal deoxynucleotidyl transferase
(TdT) mediated dUTP Nick End Labelling) assay®} Annexin V/PI staining<
&3t kitE ARESte] ARAR] WRC] wEt ST 4 QU

AdEES AT Alxet AdEdS A3t AdsEe g¥o|#oA AlZAES
ZAsk= caspase? A A 9 mRNA ©HdS &%3th Caspase(caspase
3, 7, 8, 99 &AL luminescent assay®Z A XA "o wat =43}, Caspase
chld 92 A E o]-&3t western blotting WOl wel 245137, mRNA Hd-2

real-time PCR ®WHo=z ZA3ic}

42 A Alz2et AldEdE AT AdsES] EiolToA STt Alaet
goo|3 R0 A MEAPEY #HE QXHBcl-xL, Bax, Bak, Bid, Bad, p53, c-Jun,
cytochrome c, cleaved ERK §)°] &¥id UdL2 JAE ©]-83t western blotting

HPHO 2 mRNA AL real-time PCR WOz =43}

37|



It 71012

]
%
olr
1=
i

71

OII'

Ht. B3

(1) Nuclear factor kappa B(NF-«B)
At Ay AldEdS AFHAR Ads=9 2ol dolA
g g et AEo|A NF-4B 42 luciferase activity assay=
gotar, T IdS FAE o83t western blotting HHOZ, mRNA Hd2
HHoR 4% A¥sEcdie 2¥ol#y dds At &
Axzsieiyior SAsAY, 22 o)A NF-«B i & &t
western blotting B'H 22 mRNA W3dE real-time PCR WHoZ =H3ict

i

@) AolE7tel

Afo|E7kI(IL-1b, IL-6, IL-10, Cat, Gss, O3fal, TGF-8, INFy, TNF-a 5)&
AEEES AR AlZY AdEES AHT ddsEY 9% @9old 240fA
2435, Ay Ao E7IQ1Y] Fo ARE3HE ELISA KitE ARgsto] A|2ALe] W o]
we 2490 APEEC) ol 2PN HaxAseoRE 2% 4 9k
I = 2F0)A AlEZIRIY T H2 FAE ©-&F western blotting
HOZ mRNA THE real-time PCR WOz =AY,

==

Al 4l
(=}

e
g
il

OH1
= - 10

A} &3

(1) eNOS(endothelial nitric oxide synthase) ¥&
=43t AEEES Yo] FES

eNOS T2 AdE42 AF Ads=0NA
AH|s|=E EFokH= PBS(phosphate

HEoto] gio|#E A, Gio|T2 4% ELE

buffered saline)oll 24A17F B9 7= & 10% ethylenediaminetetraacetic
acid(EDTA)&HONA 15U ol 843}t Al7]a oEd £ A, ety
55 £0lE] 4 pm FAR FT 2AEHS =T eNOSe 14, 23 FAE

=
olgte] FAlste] WY WAL 2t



(2) g0l @7

gdiol dF SH2 AEEEE AFT Ads=oA 3T @R
(laser-Doppler flowmeter)E ©]&3te] =
A7fsto], FukE AAT T 5471719 "3 @9l 7142 H #1A|st

79 HA outputZ 43It

N

Of. Ltx

Y dE 42X

(1) Hearing Handicap Inventory for the Adult(HHIA)

HHIAL 6541 olate] 4ole o B A Fgstehs ARAoth1Y 5).
5 25719 B0z g, ST HHIE SRANA 4310) 238 Bl
P50 +759ick. HHIAL om 0, 7HE 27, o' 4108 Sho], 2580
sHoR WHTO. 0-168S AAGNE AAAA Pn ASR, 17-4288
AE-35ES AATAE AAIL AL A0z B8 oIEe

BARNE At Sl 22 &, 10082 SAg ol de 2 wysh

(2) Hearing Handicap Inventory for the Elderly(HHIE)
HHIEE =Q1S HLo=E o= HE Aol A& A™let= AEA°]1 K-HHIE=
HHIES] #E31E gh=ro] fig&oltt. K-HHIE= AR/ A%4 §4(9) 12833 FA4H

S4(E) 1359, % 258802 FAH0] ek, thaRks AETtere] Qe Ry 2% A%
Ao gapaR Mi 0F, 7HE 24, o' 4HoR stol A, FHS BPE
A52 Farste] 0FolA 100402 AEdth T W47t 0~ 16971 F2gohe
A G AOR, 17~42A7IA) e AE~FSEY] H7PgolE AL Y Ao,
138 O3S A7 SE0R BIRNE AT S A0 AT 4 ATHH 6

KHHIE-S(KHHIE-screening version)yx= KHHIE 25%% 5 ASA /A &4
5EF, AHAR E4 58T Adste] § 10822 st &44 B7iske =72
AFR=Et} KHHIE-S A4s= 0~403 08 ALvt S48 Ao& QIst EHo] & Ao 7,
10~40% & KHHIE-SOIA gol7}h 9 A0 Weksieh, 3 Qlo] Uge AFa]
918 KHHIE-S9] 7152 93t Zo] 892 71208 FeHad 7).
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Instructions: The purpose of the scale is to identify the problems your hearing loss may be causing you, Check Yes, Sometimes, or No for

each question. Do not skip a question if you avoid a situation because of a hearing problem.

| 40

51,
E-2.*
5-3.
E-4.
E-5.*

5-6.
870

E-B8.*
-5 A

E-10.

B11."
E-12.
5-13.

E-14.*
5157
5-16.
E-17.
E-18.
519,

E-20.*
s

E-22.
§-23.

E-24.
E-25.

Does a hearing problam cause you to use the phone less often than you would lika?
Does a hearing problem cause you to feel embarassed when meeting new people?
Doés a hearing problem cause you to avoid groups of people?

Does a hearing problem make you imitable?

Does a hearing problem cause you to feel frustrated when talking to members of your
family?

Does a hearing problem cause you difficulty when attending a party?

Does a hearing problem cause you difficulty hearing/understanding coworkers, clients,
or customers?

Do you feel handicapped by a hearing problem?

Does a hearing problem cause you difficulty when visiting friends, relatives, or neigh-
bors?

Does a hearing problem cause you to feel frustrated when talking to coworkers,
dlients, or customers?

Does a hearing problem cause you difficulty in the movies of theater?

Does a hearing problem cause you to be nervous?

Does a hearing problem cause you to visit fiends, relatives, or neighbors less often
than you would like?

Does a hearing problem cause you to have arguments with family members?

Does a hearing problam cause you difficulty when listaning to TV or radio?

Does a hearing problem cause you to go shopping less often than you would like?
Does any problem or difficulty with your hearing upset you at all?

Does a hearing problem cause you to want to be by yoursalf?

Does a hearing problem cause you to talk to family members less often than you
would like?

Do you feel that any difficulty with your hearing limits or hampers your personal or
social life?

Does a?hauring problem cause you difficulty when in a restaurant with relatives or
friends

Does a hearing problem cause you to feel depressed?
Does a hearing problem cause you to listen to TV or radio less often than you would
lika?

Does a hearing problem cause you to feel uncomfortable when talking to friends?
Doesa’henri'lgnmblemcausaywtofadlaﬂmnwhanywsmw\thag’oupol

Yes
)

Sometimes
@)

1% 6. Hearing Handicap Inventory for the Adult(HHIA)

[EX]: Ear Hear 12(5):355-357, 1991]

-

]

HETE T T E T T



%.El g»ﬁf;'ﬁ ﬁi; Ol 2 215 EUERS 2 a7 i 2ULICH 2240 AR U, THE, obLl2 BT ERITUAR. HEtR HE oS 287 7 RS A4
A A

No. BY ai(4) 7r3e) oiL=2(0)
1 Y2 OIOR HHE Wiks 2RO Y ABELI
2 32 OOE WER MES OH T LsRILIN
53 3o OjtoR ofe| ARSI B 2l B DiTLT
£4 Heop=e B0l Yuap |
] 32 OJYOR 7S ST T O HBLE LULITP '
6 e 04O B SQi0] HHNS 1 0l2IBE LR
E7 HY oMo R AL P AMCE = AP 0 S|4 0| SiEUmT [
58 ST EAY TF OHETIT Of-IS LT
£9 e ooR Ac Yo} olcka YL
510 HUOROR A7 A3 0|RES YRT 0 OfHSE UL |
51 2O SE 20 LB WA 2ECHE YHTUIN [
£12 2| Ol e H2A0| YRIHEEUIN
513 Yo opto® 37, 33|, RES Wal S0 Y YRS B
E14 T oo yiSEm YCHES S LT
515 2 O OB TYL} LIS E §8 1) 021 8S UL
516 YU OOR AU §EE 2 WL S BLITT
17 2 0j40JL} 02 9IS OiZBo@ RS Ho] ST
£18 Y2 Ojo = B} 90 AL YL
519 o olioB JBS0 CiBE O A BUI
520 32 OpA0] F1512] R MTO|LE AISAIRS HBIEILE WaBIcka LD
521 e OpAoR UAOILL ATETH AT 2 1 2SS S AL
(7] Yol OjAoR 2RS0T LA
523 32| O[AoE TV} 2ic| H3HE WoHe 22rE 1 BUA? '
£24 Y204 oE NPEH C)AY O BUEE LTI
£25 He opiho = ofe| AEEI B AU o 49/Eckn LT [
234
EH%
58
T2 7. Korean version of Hearing Handicap Inventory for the Elderly(KHHIE)

[EX): LH30|HIQISDH515|X| SZRQ/Dt5! 54(12), 828-834, 2011]
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It 71012

ol &g =AU

e [HeE | 284
| 2 F W & g gz | g2
(4) (2) (0)
1 [ZE &34 @71 A $d AgE ihgg o Rodsys?
2 #2294 7] e 71F = Ui AR olopr] & o

DE Aol e Zxalw £49 u 877 od&vn

Z 29A 7] gEe] Aple] FelE 7Rt BgEY s

Z SeA &7 "Ee] AT, 1FH FL ojxg FEIE 1

198 A8 4ol AFU
29, 9 ET Ewdde] RS AoE T A4 @]
S ded Azwz 3 el ezl
|2 =94 99 mea A= =t ve aes tnEe oA
=712
8 |Wanldolt Boie g B oldgol Aazk
g SelA gkopd £ao] 4R} At Aol gkt
| azsau
o |2 £97 291 sz amen) avest 4z gg o

dedgs 2B Hol AHUN?

713 8. Korean version of Hearing Handicap Inventory for the

Elderly-screening version(KHHIE-S)
[EX: EsE 8:224-237, 2012]




3. Al Al Al AdAfe
7h A Al

(1) X184

wHE Qs A 4 I BY X B82S F & 98] A48E & Yt AmFes
HEI-OC1, UB-OCI1, VOT-E36, #EAXE, @RAAE 5
gugolpol A AW AW FLALY SGN 5 A48T 4 ATHE ).

H 6. MW FQ ANZO EX

O 71— -

= Lhe

House Ear Institute-Organ of Corti 1(HEI-OC1) A|Z= ZZHA173A
71578 B7F ARolA 7 Eol AMEE& AlxZolth HEI-OC1 A3
oFE(9|, neomycin, Cisplatin 5)2 2|5t} §-2A| L7} £A1E ZZHAH A
D=2 ARRET B3 A ZE H0000 @717 =EAI7|H, v EZE ol FEj7t
£AE 3, nEEC ol 4] potentialo] F4dty, HEZEE 0l 55520
4= o] wobd t HEE AR

University of Bristol-Organ of Corti 1(UB-OC1) A2+ C57BL/6 "F-29]
gifol]ol A FEg A EZE FRAEZE E3}1=7] o] immortalizing gene?l
H-2Kb-tsA58F S A FA| = AZ2 TEojHh. fFEAZe] EAZ
WA AL Qlom, REAIRS] E3}, oFEIE 5 HZhdtol o]-&H

ft L

oX oX

A

A

(O
oL

HEI-OC1

UB-0C1

Ventral Otocyst-Epithelial cell line number 36(VOT-E36) A2+ C57BL/6
oRe-A ] AXO] BESR A A e el Alxo|th fRAZE Bl 7] Ao
immortalizing gene®l H-2Kb-tsA58E ZAHSAIAH FHA Y= AZZ
TEolFleh B8y HAE Ay, e, {AA I Aol AHEETH

VOT-E36

[£X:J Ethnopharmacol 1;231:409-428, 2019; Nutrients 29;12(4):947, 2020;
Cell Death Dis 1;9(8):827, 2018; Antioxidants (Basel). 24;8(4):109, 2019]
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Tom

ojn
X0

ar
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T
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tol g71219]

°

o

o

FAU(Al, Sprague-Dawley ZHE,

3]

d=4

o

A Al

(@), Fischer 344 HAE, 57§LoA 2570 L7HA] ARS)

5}

[

He

[<]

Q.

17hol} 37482 wozbe] Bl
Aol At

=
=

3

8

o o

3, 6, 12, 18, 247143 Hlw), =3} A=}

Z¥l(mongolian gerbil)
ANEE49 7Y
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LHE

(o]
oho A

A A AFo|A 7P Eol AR EE AdsEo|th mRe-As QA%
271 29 B 7F F AR, wheA §AAE] 99% 71 Q1A A AMAIE
WAL Qlvk. A717F Al o] ZobA AtiAH oz fEjHjgo] Wil
A o7 #E3}E 0] glo], HZ71He] 7154 AFE 5] At f-ERt REE
ARG TReAE A 0 2 FAbo] golsto] Q1A e} vt RdS
TS = Qloh AT dEE FARES Cdh23753A(ahl, cadherin23), Cs
rs29358506-A(ahl4, citrate synthase), Gipc3 343A(ahl5, GIPC PDZ
domain-containing family member), Fscn2R109H(ahl8, fascin
actin-bundling protein 2, retinal) §°] ot dE &° C57BL/6<
cadherin23 §AAt0] 93} A|&2]Q1 1 Fup4=0] A EHo] FLET

- C57BL/6] PF-A ke3Hd W AtollA 71 Bol AHEE = AdEER
ol 7w d(auditory cortex)2] ZF F-9jo 4] E|3HE Holw, -3}
49 E4S Hlth A% o/ €old I oA §oA]l FY &4do]
e, 1271 dofl= W& Fapo A &40o] Uedth A% 12~15714
Atolofl Dol 7| A K (basal turn)2} 5] Z=E| 79| o-F-HA| L] E|5}7}
e, AAA| 2] ESte YERdT 2470Ho] =W FEEIO] 7|AF
TFZ27F QAAEA] o, SGNoJA] we3tet oA 4HZhet &4 o] Yeht 27t
5] 2AE 3 Hohs RS AR

- CBA/J vF-2: A% 1870 7HA = A o] |AI =L 1L o] &2 1Fu0f| 4]
AlZrsto] A Fuppo A= HA|7F F7Fsh, GEA|E7F EAET CBA/]
oA S 37l fEAZS &4 glo] 4,000 HzollAl auditory
brainstem responses(ABR) GX|7} Z7Igitt. A% 187h€o] HH F&2
Gifjo] 9] QR LA 27} SAEH 20~267]E0] W F A L] £A T}
Ao A 9] HX| 7} F71RH
DBA/2] upg-A: R0 o, 4Zhet FEE&Ao] Yehet| FEAE9
&40l yshdth Cadherin23 4 7HA1L 3loH SEARST
HEZEgol DNASl R0l 5 HEFEEE o] 7|5 o= YoA
Lo B 98-S =Qlth
SAMP(senescence accelerated prone mouse strain)-1 AF$-A: =2
At S 7HAH, Y&t 22 w3 X RdE ARH
BALB/c] uF-20 S 1970 744 2710 1Feubpo] A 9] A E&4o]
ettt

NOD.NON-H2nb1/Lt] (NOD.NON) u}&-A: & 7tH A3 T=HE
A1 Sy HHE SO oy A Aol A ARSET
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& LHE

- Fischer 344(F344) 2E: 27]19] 5191F-<1 DuCrl¥t NHsdo] @1-0f @o]
AHEEITE F344 rats9] F F2 AT 1270€0] =W, 1FuofA wE A
FgEAo]l e, A% 1870Eols %2 Fo47tA] FYEAo]
Uehdth XA 02 DPOAESAY a7t 82 sEolAT AlRE L,
12~187]dolli= DPOAE7} E45HA] g=tt.

- Sprague—Dawley HE: {FEAZO] &£Ao] 2ybof] e, 1o]e}
A FRH 0 & A&HT BE 271 Lo R HAZ} YR EAE &40
vehdth 71 B A4S ARSI

71Yot 1] = v w & & AXFolvt (FA: 100~900 g; =3 900~1,200 g),

-9 255k0] EAU, ALY 5HA] Fo B g AR AoA 4 thE 4 Tk
2 oF 5~7d 02 7P Wo| AME-E|= F-2 Hartley and Dunkin-Hartley
albino o]t}

TS A2 AT 36/ERE Augt IAS5(15~35 dB)E Hold,
Dol A B A5 ehdt
[EX:Gerontology 61(2):149-157, 2015; Exp Gerontol 46(6):413-425, 2011; Rejuvenation Res

16(6):475-478, 2013; Front Cell Neurosci 27;9:276, 2015; Hear Res 303:30-38, 2013; J Acoust Soc
Am 146(5): 3743-3769, 2019; Mol Biol Rep 47(6):4723-4736, 2020]

71Yols 1

=t AL

(2) vfo]ut

SaA, ABtAEdL, BlEREE} 7%,
AT, 9%, B8 B L FATF 59 287140 M2 vlolontAg o B, vy
>

43, mRNA E*:Ii 52 4% @ 7 AR SRt 7|do] wE gue)
o]

(3) SAA=

223} AT A= BAA Y] Hio|QubA 9] B gdt EFHANS ok,
p<0.05 FFoA FodS =

oZi
ot
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1.1. Chi-square test
- % 2709 Holg WTT uf A8
o

1.2. McNemar's test
-2 o A Aol: WL U A8

2. FE5HS7E 9590| Blado] 271 HE
2.1.1. Wilcoxon's signed-ranks test

2.2.1. Wilcoxon’s rank sum T-test

2.3. Linear mixed effect model

* 22 AIH 7te] A X (covariance structure)
H7|(slope), linear function? EME(intercept)

effect) = 2XQ|§1Hrandom effect)?] 05

(
ol
St A
X_‘l‘_g_ol' s o

4
=1
N

2.1. Paired T-test : @+ W9 AF x}o]& H|I

X Q7 W HlWF0| 270(HAZ, Al 22 AL8H

- R W7 AE 2% AFel 33 olgd 3

|

* HIEJ} 5 0|2t 3+=20| Q= AR Fisher's exact testE At

2.2. Independent T-test : & #7t9] Alo|& v|w T wff AREH

- £ 2709 Ho| M A, WO Bmt ATREFE g2z o

- F W) AF Aol HII A, W] BRAb AFEES w2 ke

1. 3547 AFEY 3%
O ¥53 HeE IA 38 Axe &4 Fez 12 ¢ IS
- BE HE 0 JE, 27 94 oF T AGEHA gon HF 7+ Aol £k F=
HEg A=
- =9 A FHY 7171, 271, 37) & A&EEA @ou ¥F 7 Ado] EAfsk=
W3y Ax
O 943 ¥l £x3lE W4z d4Ao] 9o, Hi BEHEA} 52 AAME & 9e
A

M2 13SHfixed

mixed effect)st™|




3. 57T d458Y 9 AND Hlago] 37 ojAd H$-
% 97 U HDR0| PHUET, NBD1, NBR2 DY FS AlS
3.1. ANOVA(Analysis of variance) : o+ 7t9] X}o|& v|ng o AL

3.2. Kruskal Wallis test : &+ 7F9] X}o] H|i A], ¥49] Ex7} AHFEELE w22 GE=H

OII'I

)

O Hd AH 22 Kolmogorov-Smirnov test, Shapiro-Wilk test
£ Q2. AUHMOZ p value?t 0.05 O|2HY AR, HAEEE M2X| ¢
JeLt SHA0M BiE TR0 HHEEE MEs Z27tF HA| 222, p valueZt 0.05
O[&0|E2tE marginalgt p valueE &RI5HHLE Q-Q plotE |2CE &fPlok= & HTARL
AoHoR HPLEE M2k 0= WLE 4 g

O & & sample size/t 30 0|2l B?, SIS 018010 IrtdE /Hdok= 97t

_I

o2, J2iLt F4IFYRIs BREHO| (ESKs DHHO| LARYHORIE 71 i
NS, 5, DEHO| S 7P50| BES P2 T RIBTHO PPt Yoo 2 Y
o

sample size?t 30 O[40[2f1 GH= Ftd AHO| Heg 4 UZ. £t 30H0|I2k= 7IE2

AL Yooz AFet AYsS Ioted BOiALl 7|E0| HX| s + US

4. AFHS BAo] a3t F¢
O Randomized Clinical TrialEM A+ randomizationS o A7} 29
HiFEng s AT ¢ e 249 I+, 28y S0l Q) baseline?]
E4do] & 1+ Ao|& Hol= A7 BT £ Q3. olE AE, IdFA = dE HeE
S (covariate) 22 modeld] ZFAA BT 5 S IHY 7MsE F¢
randomization block2 2 &AJ5}o] randomization TAONA S EA A S0 =2

ule] BRPe YA Hol AL & UL

4.1. ANCOVA
- BA5taA ok HeE B W WP (covariate) 22 F7HE 4= Q)&

4.2. Linear mixed effect model

- BA31aA} 5l HE4E 7Y U ¥ (covariate) 2.2 2718 £ 9l
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VLGN O ABELL] A2 U3t WA WS o) TYIT, AUE AAL
Qoloha - Wolalolal AL, A ARE AAake Ho] Aukxols 7154 el B4} 7]
vgo] whet k4 WA=l 2718 % ot

X [F1] et AARI=(GIAL

(YR MS, A2, uef Y S
- ("5t ZAH WBC, RBC, Hb, Hct, PLT, MCV, MCH, MCHC, Neutrophil, Lymphocyte,

Monocyte, Eosinophil, Basophil &

- (RIS HAD AST, ALT, BUN, creatinine, glucose, total protein, albumin, total cholesterol,
LDL, HDL, triglyceride, GGT, ALP, CPK, LDH &

(=AY} pH, Nitrite, specific gravity, Protein, Glucose, Ketone, Bilirubin, Blood, Urobilinogen,

Color &
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