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TCEMHESHYIRER 2N Ry WP PRI ) 5 A
i, SR RE 232 B, HE S BT
FLE IR UL PG RAE I 20 T 2 BEETEK
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1.1 ErEEERS

Housley % 7 #F 97 J& 30 v 45 5 I R % S 3010
TTS KM T P2X, Z Ak, P2X, 32 1A & Bl b — Fp
ATP [ 1 AR A BT 38, XM By 38 8
P2RX2 B GmA M IE A BEIE 1, Kim ik T Hliy
B . SR b B 20 L R R o 2750 At
M P % R 2 (i ATP B 8 HE b, G P2X, 324K,
AT/ B AR A R RS Al A3, 3 T
O TF i . P2RX2 KL TN BB B9/ U AE 85 B SPL W
5% 30 min J5 E TTS R B, (HE R T m K
S 10 W A A I ) ) o A K OF MRS R, R BR
P2RX2 LA 4/ BAH T35 A= /N ROV PTS A0S
PRSI, RIS S R T35 . 3 n]
RE VLA AT AR X AT B e M P e A P
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o R R PR R R 23 R BUN BT T 22 A
AARAEBIIPRK, XGOS 48 PR R G 5 Y
MATPEREAAOC N R TR B ER, SEOK
AR IRFECEIWT P21 R S Rl B, I s
fil J5 B A2 AR, GRS MK L R TTS B4 . iX
o e JH 155 15 A B W () ) v 2 i o ] 4% 2
WA, A ARSI R IR (kynurenate)
ToAL AT TR XA IS , [ AT R AR TTS (1)
i, ULHAXT Bl A28 il i Xy Bt T 3
FHOTTS . [F]EE 240 A Ay o JBE TG BR AR 2 Kt A<
HEGRGARAR e, S B & A K a HE e,
it — 2 7= AR 6 P % (reactive oxygen species,
ROS) FlH HHE, X EYHMIE B — & B A i,
ST )32 . a0 SRt AR rh T A LR R 2 )
FINREARAZ BURTT 45, WIZRiAA ) ROS F

F HIERERS AL N R . SRR L KoK S5 TE )
Jit, AR IS BERTRIRA, G b A i
D A2 AL AT B PR

1.2 kAMEEERS

PTS FEH AN 5 B A A 353 7 5 D B R i A7
K, BOEANE UM T B E A YD
50 dB " B4 AT D HLAR s AL o AR S
PG SRR EN Ty, SR 5 AR | e
FIdRzh, HhEeF BB AN RER T EAL,
5y 3% BN s 15 LA S B2 sz, 3 i U e
RANEE SRRV B (Gerbils) BAIMIAFHET L,
RIS ELL EZ M BTG A F 28, (HH
FEBLMTCIEFA, U FLS YR B0 T 6E
JEIKAMENT G P EEL R R L kA, Iz

B A0 M 5 2 I R ROS, i A A
i E ALY A 2 MRS R R S S BV H 2
UG, B RTINS ROS, - H ROS AT LAYE
W 7 R i J T H W TP RS 7~10 d, AHLIREEHT
I EL 0 T 4 1. #% CSTBL/6T /N EL R 8 T PTS
NEF 1 h, ROS/KV{EARERIT 1~2 h NI T 4
&5, RN 5 S0 PTS 5 By ROS A= Al 48 i
DL K ROS A S A OC . S5 REZH/INERAR L, E
S e 53k AR AL ) B AL B D sod 1 B/ N RS 5
Z RN TR Z I, U2 5 ROS P8 iy L R AT LA
S 0 W 7 P AT 4 1 e

ROS F 277 TAORAR H 32 SRR I i Bt 48
Al A7 0, X A R I B B BRI (reduced
nicotinamide  adenine  dinucleotide = phosphate,
NADPH) #4750 . £ NIHL /)>RS i 512
TR Wk B B D22 08 4% 4 R (nicotinamide adenine
dinucleotide, NAD" ) K Fi & 40 Bt Iz #% 1F
(nicotinamide riboside, NR) FEMEA %L 54 41 i 1)
AT, X AR SR il s A 2 R R
LR B S M A7 BIEIRET . ROS Bk 21 2 ifd
JH S ECH B A R B e mF Y RIS AR A
X —id B AR E, TE5ER TR
PEME S, Ho0R B A b il 2 Ca™ i B2 o H Y
JntT Ca* PR S B R R 67 1 38 R S5
BRI 1Y, K ROS #E AN, it 540
TN ERF 22 180 i A A IRSEAS T 338 e DR 400 f o
g5, BAEDNA, EHET. KT ARz
IRFERR S, AT 40 N i 2 A B A,
LM REZ AT ) ROSBR T ] H %
1 RCE AR IS, R REE B IR AR T A Ak, i
— AT LA H g B, 52 IR R R
H—HFRHELZ ROS 7

Mg 7 e i B A L 0 = 38 3 1 S R A
T- (1) . ROS Re M o SO i iR i 1k 248 1 i
fitf  (adenosine 5'-monophosphate-activated protein
kinase, AMPK) JrS B4t 2, i nl Lhid i
PG A% I F «B  (nuclear factor kappa-B, NF-«B)
PR — RGN A -, X T PR e
HH & A F kRas  (kirsten rat sarcoma viral oncogene
homolog, kRas) LS 4524 JE I 1 42 (cell
division cycle 42, cdc42) ZE#LIG 22 34 FIE AL
M (mitogen-activated protein kinase, MAPK)
JE 8 N TS AL AR 1B (c-Jun N-terminal kinase,
INK), #2331 0&
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Fig. 1 The possible mechanisms of noise—induced hair cell damage
B MR S| R E R 4 A IR 5 B AT BEAL I
42; INK: WEGEACE FE; Bax: MTOfEREN 5 Bel: ATHIHIN T EndoG: BIRWVIMEG; AIF: JTETMNT; Cyto C: #HIEE
KC; Apaf-1: JT-EABHKIGF T1; Caspase-9: IRZRE 19; Caspase-3: VR FIAE3; LKB 1: L.

& RO A T AR DGR Bel-2 K% (B-
cell lymphoma-2, Bcl-2) A9 hY 51 Bax fil Bel, Bax
JEIRPTIN T, BelJR Ml AT 5. 2 Bax ik
= T Bel BVR ShJi T2 7, Zobn iR iiE B v i,
Bk aip T, K@z (cytoc)
5 & A B S B 7 1 (apoptosis protease
activating factor 1, Apaf-1) . 2f Bt & B & 1 i
(Caspase) ZKJ I Caspase-9 45 &I WL 1242 & 1K
Jf H % fk Caspase-9, Caspase-9 #f — & i Iif
Caspase-3 /- P REFFPEAIMIFE TS, 2k AR B Y
%M NV G (endonuclease G, EndoG). 115
S K ¥ (apoptosisi-inducing factor, AIF) £ i n]
HIEHE AR NG & DNA #EWr 2L, 1E A i o
RESZ A 22 T IO M AT o5 - i o A
WS Ca S tin ', Ca® MURE S EE R R
A7 118 3 2 TR SE 375 14 1) 3 ), ] e T g
AMPK 3E S IHPIRES, P4 . ROS &
SR ) SOV AR R A AR A R, R RSB
T2 AR Y Y G R ARE RN, &)
A AN, MRS FREE REAS I R AMPK I I -
LKB1 (liver kinase B1) 75, @ LKB1 gF—
A0 AMPK T S 80BN BAET- F 2 iRt > .

1.3 BRI A%

FLIDIRIE 5 e 75 5 W ) B Ak & sl o b 4
it 2 75 32 51V R a2 TTS R PTS (bR fE ¢ . IE4F
K2R R BoR, M 2, BT
5 e 9% YK A B OE H K F, H T 6 I T
(auditory brainstem response, ABR) 1§ %) i fiE 12
FARIG RS 27, Schaette 1 McAlpine ' 78X Wt
I 1E S EAA H R A, XIS a4
FttEMT 34628 (hidden hearlng loss, HHL) . Ty
5T B4 2 W 283X — B Be A fL TG 3l , HHL
?E_fﬁﬁ%ﬁﬂﬂilj‘]%éﬂiﬂﬁﬂl[ﬁﬁp RN A RS
}4J (synaptic ribbons) 7E M5 2 88 H 32 2 T 4 173 .
TP RAAR L 2 308 2ok PRI P A i P o 258 I
W | EL S b 5 BT, DA TR b S i i £ Jﬁ
T, AT A AR S R O A0 AR B T A T
i R A R R SN BN, S ECRARIK
Bl . BB A E AR, [N EAES
WA 28 1) 9 i i H22 0 1 4 AR T . O ELX b
DA ey, RS R i — ey . b
EF‘%?%E%%E‘J%W%%W%%?’E ST 5

MR FAOFEG , T 70 B2 T R R 1Y) e i F R R R LT
AEZsem . P, T R R S ABRINT
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IEH, (HIPERTERE IS, XS T
& I RE 1 B A LA B AR T 45 2% 1 Dt PR 2
— . AL, Sl R 5t R L K T it A
AR CHEN K, 116 dB SPL. 1 kHz il 5 it I 7
27 45 min 2 FEUNUH BT i, 50% /0
B NS, HL AR5 25 /N T Fr A %
A AR 0B A AR 2 YL 3K AT RE SR BT AN E T
WARGEZAT , TPAKH IS £ R X SR
FrIRRBE AT RS I OT SR, Wrad i 5 sl fli ] 552
PEZG W) IS 2 WA 3T e 2 LA W5 Ho A5 i o7
i 3G i B2l an, 7E R4 (carboplatin)
BN BAMS, w1 TR A A, Al
WEER T Al 28 50 i 3 VR RSS2 . 7E /D
BN T RIBEFE R, PR T ENg S 2B e H A
JS 7 P 4 5 5 e P14 K 3 Kov3 A7 06 . fd 2
Kv3 G PERL G PR BT, REAS RIS 2 65 20
HR T TG SHE A B BRI B A B 2 A1
A3 K HHL HoAt 737 Bl i AR SIS b . feili—
T NIHL SRR IS8 A B, AR LG T IE# T )
PR/, H BB T J1 45 2k 9 C5TBL/6) /1N BRAE
W P R i o i i o BB B S RIS B IR 5 HE
(guanine  nucleotide  binding  protein  alpha
stimulating, GNAS) A9 mRNA A |37 i) I8y
F IncRNA Sept7 #ik &8 3% L, 2R X PFh 5
TR H#%S 5 HHL IR AL

2 BREETEIT AR mEER

2.1 MEERIMER

MRS B BRI, ANBREE  iA SE . B RR
SR LA TR T AR A R B R 2 ) B 1) 1R
£ U S S =S i N LTI K i S e I EE 0]
NIHL 8355 . 77 A FIWR A 3 i i 7
22 TWXWRENEMIMEEER

KL AIRRN, AR A A R R 5 AN
A, B2 Rl Fh AN R A A 2 IR [ R
I IR, X e 22 R 280G L T oA Sistfe A
FAHI . —TS 476 1> AZENIHL AHOCH) BAZ TR %
M (single nucleotide polymorphisms, SNPs) HY
ST, NIHL B85 1935t 4% ) S8k v 7 % B2
5igtf& X4y (genetic risk score, GRS) {K#/)5Z
E AL, GRS {H & A9 32 180 8 NIHL 9 XU T
fe 8, E O] A B 35 A B SRR T M P R T T 4 2k
1 & A R B . WA 28 A T o 45 SR
TR, L EHAT WA SCT 745493 1Y it 28 LG HC A 7y

Z56 NTHL Jinfguek, Jf H & X FpEi g 5 1054
AR 11 AR FEPR A O )

R PRI, AAREERRIRAL MRS R s DL
T A SR R M W S T O R ) o
. R IINZ R E S AR A RN
HAEME G LT R R . AR TR BE S
R H R 25 AL A W s A R B 2, (H 2o e s
Je WIT 9 O B Pk 5 TR . s LR ) DA RO PR
NGB A Bt S B R 45407, T R A4
PRXT NIHL ) J8 4% . Kt 6 Ji s C57BL/6) /N 7R T
100 dB SPL [ M 2 h Jig 7= A m & Pk A e s 5 4%
LTS S 7 0 BRI L 8 W L B TR 5 ik
B H WK B 1IE 5 KV 5 PR 5 L R R S A5
T, BRI A BERG N PEERRAL . 2Efh
BB A T, U B R A MRS R R o L S R S T
SRR EE ARG . BLAh, BT A A6 NIHL ##
FEXE R , TRV A KO R ER I E], K3
ZMERE A NEACH I TTS, 1R8] 32 58 10/ B
2 PTS )

23 FrRAMNER*

AZEE NIHL PFAL 35 A 25 400R T ]
TSN 3 A 5 1K 75 H K BRI 7 1. B ARAT R T g [
ATLAFE S B Bl 2, (BT AT o e R 2y
P, TEAE SR B R R sl s B . R AR
Xl ) NIHL B 55 v, R 28 SR R 6] 19 A 34 5
5, Wi+ /2 (auditory brainstem response,
ABR) % H & & 4 (otoacoustic emissions,
OAEs) . ABR J&ifi iif 3k Je i J2 T LR BT >R 0 sk A
() 5 2l T 75 & A EL TG BT, DT T s
FIBME . R A TG S 3 i OAEs Kl &, OAEs
S E K EL o R 7 5 A B AN AAE S e A L
MRS, XSRSk R Al , AN HIE R
22 s Xc s F] 7 . OAEs #1 ABR A] J TN H-4t
Vi iz W . S E Az 450, ABRFI1OAEs J2
MBS G A ABRISS, U EMIESELT,
(B EZE 4 e 17 O i T 25 S A

FbA DAL S0 7 ik IR R 25 51, 17 T 1
P2 PR AR SRR B 5055 . AN, S & B A ER
P20 T BCE A A 2T A B R 50%~75%, H
RN Z I, A5 RAT R BIE R B B T
mL O OFE L, MR RSB R B 2R
(Chinchillas) VBB LT H LI, HES
BB ZEL, EME RN BNz, ol
BTN AZ B, AT BE A S A RN B
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JL A5 s 3k 80% A A7 B R AR Ak 0 DALY g & AR
SR AT IR GF s BT B A B IR, (B H s A
TN B AP 2T EAS 0 7 1A — € R R . R
PR A A HEME A BOR, TEME R 28R Jn T A
M, A ATE—E R LR — R R, (HIZ07 R
s R TC RS WL Sl 22 M e 2 5% i Y B sl s
ZAE.

3 BREFREWTABRGIDMESKETHE
A IR

31 &%k

Gk R0 I R N o A ok B Y (BT R
W RE . FAUMEE T R R EEEM Y
FERIN, NG SN = A i e SR S S
WrE E AR EH S, HIX IS St a2 f
PR — R 54T R AR AR M 525 a2 H
FANE, HAPIANE, E EFH 3R
WAL AN, TS ERIRBEFURCR A AL (FRE
AAE ), DX PR R A B 40 i Ak HoAg Wy
WAEH Y B ER A AT EME
LFRAR, HARNS AL Y5 ik
B, BAIAEAZ KM, SEETED
M, B E S o B E S, NP s 4 R a0
)R g 2 B A 25 TR A B T A2 B Ml H R
Yy 0 5 T DL S R A T 2y B e Ay
femii A B0l H R B A (R A I
) 2K ARk JoEEAn R g s A R S
A/ NEE SR BI VT Z548 , REASIS A S IRl M fa
G B oA w7, BB AT ) U
0 25 5 77 4 NIHL, [ AR S B 22K ) 4 fa
(Carassius auratus) %) 1Z N FHT NIHL 57 8

Bl 75 A R MR BN, 2RI A
WG I RE 132 28 T B 52, B0 W
B B TF A 5> %0 AN £ 28 W 5 [ 5 g 8 By
T 1976 4F, 45} Popper & ' ¥t 4x fh 7% 75 T 300,
500, 800, 1 000 Hz, 149 dB SPL AY4li35 4 h )5,
MR HAE 500 Hz F1800 Hz 428 4 S A5 Ak I 0
SRR R4 T TTS B IFE RE S T7E— K N
52 FIEH K- B B EL 22 AT B 78 53 H g s
T & NIHL () —2e R AL . a. TTS Fifi 5 M2 7S 2 82
Vi) P S TN, 25 588 s Bt FsF [0 ) TS SR I A 30
1E B KA 19900 b, TTS i W 75 5 55 488 1 T 2 7k 44
Tt e A R S e SRR () AR L PN R B
KIGWT 35146 1 o0y d. BRI g HAT MBS 0 4R T 45

Ha i ZU R AU o AR P ) ol s R R N )
MR BAM B Rk ), W, & aa iR
ARG P 2k i LR T ) R A R I BE R TTS, &8
T A 23 (1 R 7 8 A AR B B R A W i
s el BRORSE B AN MR A% 5 T Dy R A G HLIY
JIRSE 5 B A0 AR A G o Rl BRTTS b,
10 23 32 W 7R S22 77 A PTS . 8k fa (Pimephales
promelas) @& T 0.3~4 kHz. 142 dB SPL [ [ 1§
A2 hJEETTS, MFFLefEda 24 h 5 A T
PTS . Sk, T2 B B A M 2k g
I3, —E TR MRS B0 5 A ) A 23 L TTS,
HREE B4 A, W AR PR AE AR 52 B IE H
K-
32 B
BRMHASESNE . tpHE O NE 3R P H
A —SeWr/IvE, PE A Y BB S5 51 s A
B3N, ERITNRKFCNRTZRT . 84 st
By, BEas EE TR 1k CL . ERR A A A0
PORFIRFLS, HERMWTERZ 4, MBI,
SCRRARNE . PR LT A B AN ER IR A2 T
BAMETERRFL LR HERS ), AWFIEE: 7
SR B (short hair cells, SHC) Fl&EE 40
(tall hair cells, THC), &L T ML sh ¥ 5hE 40
JOFN N B4 o . B Lk AR A A, Tol A
BN FZ 2 THC, XA R W febf 5 HEAf B4
JELLSHC 3, X g WS g fie - . SHC St —Fif
FTORAS , BT A EHE ZR AT R LA
TR, AR 3 e 95 T 35 10 kHz. THC 03 554
1) P 7 4t L — R Ry W o 174 32 LS A i 0[] £
K—rE, SRBAMIAEZ B0 5 R AT DL i
FRA AT A 22 53 SLa A5G e A A 17
—SERE TR TR 5281 TTS AR th B AA1E
— SO R (R 2E—AE TTS Bl 7= o 4
PRGN, NGRS 2 i i () A S TS i, ZARE K
- I BB R S I (R RS TR I B R 77 Ll
Hb, 7ENIHL A8 5 R B AR A R 1, RO AE R
AR SRR AR A R LT, ANIE]
2R (AW AF A A A 2 R 22 57 . ol s 22 4
(Serinus canaria) H j& % %5 &% (Melopsittacus
undulates) %55 T 2~6 kHz, 120 dB SPL ZE 4 e 7S
1124 h)5, 7E2.86 kHz AbHEA 747 BE A . 25
e BUME R B ER R 1 d 22 B S0 dB 1Y TTS, %
2 )5 30 AR AR K- 2D R AR
JEFLk B RA R0 E A i g 2k HARPL AR . A
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B, PR SR AENE S R FS 1 d [FAE B2y 50 dB
AR T e, {ELAE M PR 2 5 )5 1 70 d 47347 75 20 dB
(I PTS, H7EE 4 M5 ™ 1) X B A At B
EANMIRYFAE, RO v R Y Mk P R (LS Rl )
SCREAN ML AZ 5 L WIS 2 W i A R 22 S A TR
NI RE RN T Ve B R B AR . FE 7 MRS )
BAFIRFLLEE, AR E . TEBAEDR &
JUE IR T R Y, B, AR
BN AR, A 22 A8 RIS FL Sk T B AR X A
/N, BYIMEECERD, SRR I RBURPE AL

Mg P e B A AT o) - 1 2 R T B 4 A
P, AR R A FLR R R B4, I
AR P Ay T B 4R AR . H B AR O
AFEE SAERAOC, RIBEE IR IIE, B40Min
% B AR DX R B A1 % 1) A7 5 plg 5 1) T o 7%
gl R 2 R B A K SR Y )R] AR
W 77 B RS B ) ) 6, DR B A0 I A PR 2
JENT IR B SE R 7 X R B G A R A A 4G 8
AT ARG & & | e
3.3 iEEFEmELE

T E— D S, EEER RS
SRR AN RE AL HE Iy X i K AR B
5, WL e K b AR rh AR T
FE R IR ks FIUT e 1 . o, g H shPis
A T B R AR Il e AL Re ), A R
ARG (S Kb mikofEs, 2353
AR (k) SRAEIF WK A, 1R iy T 6
REWi O = B, 2 B A [N,
MSERGERL . M. TSRS 7 i H
PIFPEAR AL —AN/NL, B A B i i 4
W dise, R AR AR Y TAME, Ml
Wy Dyag © L B i b R 2L 20 4 — R R
T BEEANVTERE, ERSE— AT, SEE
Bl 52 GRS M s S MR, TR R —AFLFT,
204k BN AR IR AR B ORI A
WH, BT — W e e Y N H SR
M FLB AR LE R A T —2Refk,  RISEJRC IR
TR AEMIE, A — 510 = HIRTE R
(secondary spiral lamina) , HA K8 v 55 it B 40 iy
(claudius cells) , F- g K35 43 X 38 A7 76 50 IR 40 g
(bottcher cells), WERTiE M 28 1 14 41 g 45 & 2 3 0]
FENLBPI) 345 . X SRR S5 4 Sy Ut H B g 4
W AR S B LSS R FE Al 2. nT DL FL 3h W T i
SNSRI Re 2 A A Iz s AR AL, HE

2 1 g HSWIE A R R 25, X L] R 45
FLERGAE R bR AR R

TELRIUHFER, AERIEEFE AT AN, M
PRAEMFIRIRR, MR, 7 EKEEE
MaFE L XPF 2R AR R ET . B R SEAT
H, VISHUT S RGEER T Eem . 56K 5
Frp SR 0) TTS Fralm L —FF, SAAF5E IR L
B LR W PR RN 218 R BR JS TTS PR A 25 57 0
JEE S T fon 55, bR R 2 0 o ] Y HE A T
Jin sl B gR HE— 20 R B [ R S i g e FL Bh
WIHEARRAART TTS B R A MEAEAE2E R Tav)i
WK (Tursidps truncatus) F1 H i (Delphinapterus
leucas) ZEANIAISEFE | AS[G] AR () s 2 5% i Hod
K TTS H TR 2 &% 1Y 2l A A DA DL o
ARG AR AL, TR S g DX R I A Y B
Jim sl BRI K (Phocoena phocoena) i i %
(Phoca vitulina) 115z K TTS W fifi & M 7= i & 1) 384
i, DA % R 1) PO R AR SR R UL A D) |
EAEIRARAL , B TTS KA ASFR R T
IR 8880 Ah RS R R T L Sl T fk i e
PR SV IOR B R T e R R
Fk g R S A B TTS 7 RUBIKR R T 24
ko s s FOB BAR/ N TTS, £94dB ™ BT I
REFH, FETTS Ik, 1 BE 5V
& A7 (auditory evoked potentials, AEPs) [H{H
WAFTE 22 5 . A W55 98 W) 1 K 2% 5% T 20 kHz,
185 dB SPL iy 4li & H 1548 64 s J5 47 9 Al AEP
Ay 2 A, RS2 MR RS S e R ARl ]
AEP Il 7 ) TTS fH &2 K T A7 4 %E 59 TTS {6,
LT R {1 O B R A I R AR & . O HLAFE
A7 Ry I A AR, BT R B T, AEP &Y
TTS Al &35 10 dB ™7 K1, —HBFTEHS B 54 2%
BT — RSB RE T, RE IR R Y
K.OIFH, FE2REFREG, WS HRZ Lop
fESRERALBESR P2 47 dB I ERI(EHS K, 7E104F)5
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FRERG 24 h, BURECE AR HE AT BIRERIE
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TCEL R RE A 27 . Jensen A5 1Y HLTE 6 JH # 1Y
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T AP 22 A E R AR AL, SRR 5 [ AR AR KRR 1)
KEMBLR " SEES. R, Bk
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i 2 3] v oo P M O A ELRR R ) MR e
SRk BRI PP AL YR — R S i Ok B
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Table 1 The difference and recovery of hearing loss of each species after different noise exposure

Rl TRRERBEEVHRNRRERSRELR

Y WEFESLG  MEREGREE RERE MR TR ) e 75 15 15 PRIZ I 18] SCik
/dB SPL  Iif[A] (€39 (TTS{H)
g G 0.3~1 kHz 149 4h 1T NBE SR 0.5 kHz 12.5 dB X [60]
(Carassius auratus) 0.8 kHz 13.8 dB
0.1 kHz 176 48h  WragiE R AL SZE 0.1 kHz 26 dB 2w [65]
0.4 kHz 0.4 kHz 25 dB
0.8 kHz 0.8 kHz 24 dB
2 kHz 2 kHz 20 dB
4 kHz 4kHz 18 dB
0.1~10kHz ~ 160~170 ~ 24h Wi+ 10 min 0.1~4 kHz 5 dB 2w [61]
25h 0.1~4 kHz 15 dB
24h 0.1~4 kHz 28 dB
130 24h Wl R SZE 0.6~4 kHz 7 dB 2w [64]
140 0.6~4 kHz 15 dB
160 0.6~4 kHz 27 dB
170 0.6~4 kHz 32 dB
164~170 7d WSRO SLR 0.8 kHz 25 dB
170 48h  WraweiEkw AL SZEp 0.2~2 kHz 13~20 dB 7d [62]
170 48h  WruEiE KA SZE 0.2~2 kHz 13.6 dB 75d [66]
F At (Oreochro- 0.1~10kHz ~ 164~170 7d Wr RS SLRER 0.8 kHz 0 dB ¥ [64]
mis niloticus L.) 28d 0.8 kHz 10 dB
18 (Pimephales  0.3~4 kHz 142 2h WP R 3L 0.3~4 kHz 13.4 dB 6d [58]
promelas) 24h 0.3~4 kHz 14.7 dB PTS, AWk
920 SRS (Melop-  1.0~5.7 kHz 86 72h 1T 8 min 2kHz 21 dB 9h [71]
sittacus undulates) 2.86 kHz 3 dB
4kHz 0 dB
96 2 kHz 25 dB 48~72h
2.86 kHz 10 dB
4 kHz 6 dB
HA9~13RAENS 0.9 kHz 111 48h  HEIERL SZH 0.9 kHz 50 dB 10d [75]
(Gallus domesticus)
H AR LR AENS 0.9 kHz 120 1~200h WrsdfiFemi SR 0.9~1.5 kHz 54~58 dB o [72]
(Gallus domesticus)
[ 2.86 kHz 112 12h 1T HBE 1d 2.86 kHz 70 dB PTS 20 dB [73]
(Coturnix coturnix) A
FE B (Melop-  2.86 kHz 112 12h 1T HBE 12h 2.86 kHz 40 dB 3d
sittacus undulates)  2~6 kHz 120 24 h 1d 2~6 kHz 50 dB 20 dB PTS

Rafs
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Y WEFESILG  MEEORE B WRT7E DR Mgt 75 453 5 74 PR IA] ICHk
/dB SPL  IKf[A] (RFRF5) (TTS{E)
KR AH 2~6 kHz 120 24h 1T NEE 1d 2~6 kHz 50 dB 30d
(Serinus canaria)
P i w e 1d 2~6 kHz 45 dB 30d
(Taenopyga guttata)
SRV 20 kHz 185 64s  WrigiEA AL 5 min 30 kHz 40 dB 4d [87]
WF  (Tursidps truncatus) 40 kHz 30 dB
2k AR 30 kHz 33 dB 1.25d
40kHz 19 dB
F5 (Delphin- AL AR AE 165 1~30min Wricif ks 2R HEPEL6. 320 644 24 h [86]
apterus leucas) 11.2, 22.5, 128 kHz# KTTS 431K
45, 90 kHz 37.5. 47.5. 25. 10dB
14 g P Ay WEPE R TTS 4351550,
62.5. 43.8. 31.3dB
FRIEIK (Phocoena 6.5 kHz 118~154 60 min AT MBI <7 6.5kHz 14 dB 96 min [85]
phocoena) 9.2 kHz 22 dB 24~48 h
13 kHz 13.4 dB 144 min~24 h
16 kHz 3 dB P
0.1~100kHz 146 60min AT HNEIME SLHp 4kHz 2.3 dB 48 min [89]
124 ms, 8 kHz 3.6 dB
[EJB%1.3 s 125 kHz 0 dB
BEH5Y 6.5 kHz 123~159  60min AT NHRHE SLEp 6.5kHz 5.6 dB 60 min [88]
(Phoca vitulina) 9.2kHz 18.4 dB 24~48 h
4.1 kHz 117~182  12~60s {7 NHHE SLEp 5.8 kHz 47 dB 8 dB PTS [90]
a3
Wi EHWE (Merio- 1414~ 100 1h 7 HBME 30 min 3~8 kHz 30~40 dB 20d [92]
# nes unguiculatus) 5656 Hz 110 1~8 kHz 60~70 dB 5~15 dB PTS
AR
120 1~8 kHz 95~110 dB 40~70 dB PTS/AS
RS
0.5~8 kHz 80 ohld, Wromhit s arfl #1K: 4~8kHz TTS 12d [95]
12d 20~50 dB; ZB12K: 4~
8 kHz TTS < 10 dB
16/ #4CBA/Ca]  8~16 kHz 100 2h  WiSETREL 24h 30~50 kHz 35~40 dB 2w [27]
R HoE RS
6JH I CBA/Cal 8~16 kHz 94 2h  WrRRTRE 6h 10~50 kHz 20~55dB 2w [101]
IR 97 BRI 10~50 kHz 20~58 dB 45 kHz4L10 dB
PTSHAth$5i %
2 wik &
100 10~50 kHz 40~58 dB 20 dB PTS
AHRE
JACBR 4~8 kHz 106 2h  WrETREL 12h 3~8 kHz 40~50 dB 2w [104]
(Cavia porcellus) H g5t
A HAZKEE (Pip- 10~80 kHz 90 30min  WrdchiF R SEEP RHBLTTS [115]
BN istrellus abramus) 30 min

Ui s
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YFl MRS MEFRSREE BRER WAT7 DR e W P A R PRS2 (A Sk
/JdB SPL [} [a] (RFRJH (TTSIH)

kg 10~100 kHz 152 lh  OFEHESZLE 20 min KHITTS [91]
(Eptesicus fuscus) 2h
24h

10~100 kHz 152 20 min TKAT IR 20 min AR SE R A AT S HOR S kP E - [116]

2h B, MR, SRERTE B

24h

10~50 kHz 152 1h XFMARUR  2min B EE S0 IR EMA i R 0% [117]

PEROEEYEE 5 min

24h

AN 134255 ik 0.075~ 85~110 2h 17N BIE 2 min i Mg P 5 8K TTS<50dB  [36]
10 kHz 16 Wk &
1254 K4 1.2~2.4 kHz 105 2h T NRE 24h 20~30 dB 2150 Wik & [122]
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Research Progress in Species Differences and Underlying Physiological
Mechanism of Noise—induced Hearing Loss’

CUI Zhong-Dan”, WU Jing™", TANG Jia, CHEN Qi-Cai, FU Zi-Ying™

(College of Life Sciences, Hubei Key Laboratory of Genetic Regulation and Integrative Biology, Central China Normal University, Wuhan 430079, China)

Abstract Noise widely exists in animals and human everyday life, it has negative influence on animals from
invertebrates to mammals, and even human beings. High level noise can cause damage to auditory structure and
function, decrease auditory neural sensitivity and behavioral acuity, and even lead to noise-induced hearing loss
(NIHL). In this review, we summarized influence impacts and classification of NIHL, and possible mechanisms
underlying the NIHL. Previous research on NIHL showed that the NIHL was related to postsynaptic terminals
swelling, reversible excitotoxicity induced by glutamate and reactive oxygen species (ROS) evoked oxidative
stress, cell apoptosis, synaptic ribbons damage and increasing express level of mRNA of guanine nucleotide
binding protein alpha stimulating (GNAS) and their upstream IncRNAs Sept7. We further compared the
differences in hearing loss among different species, and found that all species exhibited various degree of hearing
loss after noise exposure excepting the echolocation bats. The fishes and birds can quickly recover from the
hearing damage because their hair cells have the ability to regenerate. Comparing with the rodent which is more
susceptive to noise influence, the echolocation cetacean have a small temporary threshold shift (TTS) after high
intensity noise exposure, and the specialized inner ear structure is thought to be the possible reason. It is
interesting that the echolocation bat do not exhibit TTS even exposed to high intensity noise, which is thought to
be an adaption to their living environment, and forward studies on the underlying neurophysiological mechanisms
will help us fully understand and solve the NIHL. These conclusions indicated that comparative physiological
study on different species can help us deeply reveal the mechanism underlying NIHL, and provide a reference for

hearing protection and repairing of noise induced hearing loss.

Key words noise-induced hearing loss, temporary threshold shift, permanent threshold shift, hidden hearing
loss, hair cell, species differences, physiological mechanism
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