5 46 B 11 ZEPEHRFZER Vol. 46 No. 1
2023 4F 4 A Journal of Yunnan University of Chinese Medicine 4. 2023

WP E N A A IR 5

oA F W gkelT
(1. zsETEZKY, =/ BW 650500; 2. FiEHEGREREEHTINELSSGER, L 200437)

WE: BRSO IR R PR B T I T S (auditory brainstem response, ABR)IIA
SER BRI AT IR Y AT RE R AL . Tk BB 20 T I IE A LA A B v R FR R 15 (54 ki
IRF N WFFEXT 4, Xk O 2 4l 55 T B, B R SR R F ABR 4% SR I v O30 0z ) 3000 R AR Wk L P A 0 45 SR - 647
Giilortr. LSRG 5 R E0S HAR R 43 15 fl FRE X BR 4 AR L34 (P<0.05 ) , {H 1S L 5 3 20 B3R R EL 4%
Je22 5 (P>0.05) 5 5 i FREXT i3 RIE B8 ELAR L, BE0S EE ABR TII/T 35 4 i EE 55 (P<0.05 ), T I8k v £K 10T 1 42 45 4
(P<0.05). £5i& I IEH 500 & EES B ABR 1 IR TTI/T SRR HL % 534 1T -5 BRI A8 2 DI A € | [l
T R G T RE A R AR

KRR ARG WEPE RN S s H A

FESFZES: R764.45 MHEFRERG: A XEHS: 1000-2723(2023)01-0023 -06

DOI: 10.19288/j.cnki.issn.1000-2723.2023.01.005

Research on Auditory Brainstem Response of Tinnitus Patients
with Normal Auditory Thresholds

LI Gang', LI Ming?, ZHANG Jianning?
(1. Yunnan University of Chinese Medicine, Kunming 650500, China;
2. Yueyang Hospital of Integrated Traditional Chinese and Western Medicine Affiliated to
Shanghai University of Traditional Chinese Medicine, Shanghai 200437, China)

ABSTRACT: Objective To analyze the pathogenesis of the tinnitus by studying the characteristics of auditory
brainstem response (ABR) for subjective idiopathic tinnitus in individuals with normal auditory thresholds and analyzing the
relationship between the characteristics and the damage of cochlear low SR fibers and the synapses. Methods To analyze
the results of pure tone hearing thresholds, distortion product otoacoustic emission and amplitude, latency, wave interval and
amplitude ratio of ABR in 20 male patients with subjective idiopathic tinnitus and normal auditory thresholds and 15 normal
controls. Results Compared with normal subjects, the amplitudes of I waves in tinnitus and non —tinnitus ears were
significantly decreased (1=-2.621,P=0.012 and 1=-2.087,P=0.042), but there was no difference between them. Compared
with normal subjects and non—tinnitus ears, the amplitude ratio of III/I in tinnitus ears was significantly increased (¢:=3.512,
P=0.001 and =2.585,P=0.014) and the latency of ABR I wave was shortened (1=-3.715,P=0.001 and 1=-2.049, P=0.047).
Conclusion The difference of ABR I wave and the amplitude ratio of IlI/I between the tinnitus with a normal audiograms
and healthy control group may be related to the cochlear damage and the central nervous systems play a vital role in the
pathogenesis of subjective idiopathic tinnitus with normal auditory thresholds.
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T [58) 1 B =5 004 A 1k - ( subjective idiopathic
tinnitus, SIT ) S48 il 1 X B0 £ 34 #47 Hofn 4 5 i
AR T 1R R AR DL SR = K
EHEYRKAE %, AR ERAL RS HEE
Vi) 5t 2 BH Ay PRI SR G 2R 1 — 28 D RS B ) ELRS PR A
Wy 7 e i 7 =5 SO0 BRSSO P A AS R AR A
HIDIREREAFN, A5 30% 1) H-S £ 35 W 5 8 7 7 IE 5
0 [ N L TR N T A A0 R s A b 28 R G
AIRES 5k . IAEK, fEA B0k 5 il 28 1 P
PRI 745 2 B TA Ry A 12 24 TR 0 0 A Y i P A B
BL o 75 A0 J ik A2 W 1 1) /) v A DX 1 PN B 4
M Cinner hair cells, THC ) 1 H- 1 #ift 28 £ 4 (1) 71 J&] £¢
A 22 (8] R bR 2 fk mT B S 25 T B A0 e e
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R IE LT BN, 80 J& A2 fh 8t 2 3k 5] 2591, SR
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1 I AN — 2 sz ke g AR L g T B b2 T AT A
Hio 1 P9 A BFSECIEE SR BN, 5 (B BRI A B
FHEG, M2 EE N B % ABR T 0% B 5B R R4, 45 % 50
SERIA I, (AR XS], ABR Y PR I 2 4
i 1 R A, L R 7 B [ PR e L 1Y
o 2 [) AD P e A Y, L P T e s 7 st [) BG5S o g
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1.1 A BUEPE M 2018 4 7 A - 2020 42 6 A
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Bt B S R R} 1 B LR 2 A LA EE S S 55— F2 R
P56 9 A bR RGBS B 25 20 I R I SE X 525 AR IR
20~45 %, FF(31.85£7.4) % s A7 HG 9 6] (45% ), 72
H 11 191(55% ) s B 558 6 4~ 1 ~20 4F,
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AR UE : D5 M EMFE LM H S Qi FE>6 4~
H; 3125~8 000 Hz #5451 5 4l 3 I Wr -5 07 1 <
25 dB HL; @500~8 000 Hz H-7 & 5 (DPOAE ) & 4%
IEH A P E R g A A, ©ABR K 80
dB nHL H3 75 Ge 0% 5 i 51 b TV 3% H 42 4 B
ABR 51 H W 8 <35 dB nHL, HERRME : OB 57
RENINE P S G AR RS R B REN R OIE -9 Vil NEN IR
Q2 BT E RGN 2008 M Ir 80 5 SR
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1.2 #H&EZE A REIES A7 LR .
PAKS A B R G R MR G, i T B AR 7R L
B A5 DPOAE FHT ik B i (ABR )& o
121 SF9r A E RAN  FE7H AR A
55 S Al VT I, F I 3R 0.125 kHz .
0.25 kHz.0.5 kHz.1 kHz.2 kHz .4 kHz .8 kHz, i
85 R ARG FRVT 7131 (Astera 1066, 122 /K Wy
F/GN OTOMETRICS A/S)F7 BHATWT 7111 (AT235h,
P42 E BRUT 7 /Interacoustics ) o
1.2.2  DPOAE # Il DPOAE: i b {H f1/f2 .f1/f=
1.22, 4l 58 3 4 : L,=65 dB SPL.L,=55 dB SPL, £ i
SN 16 KL SR E R 90 s, 10 5% 0(2f1-2)1F
0.5 kHz .1 kHz.2 kHz.4 kHz.6 kHz.8 kHz Bl E M
{51 L (SNR), H HL 4 i) DPOAE &, DPOAE #)7]
BRI ME RS =3 dB SPL A3d kbR . W
R BN (Eclipse, 7} FE FRWT J1/Interacoustics ) o
1.2.3  ABR MK % LB B T A4 E bR, 42
MRS TRIA N AR, S5 RE TIHALE,
PR HLBH/INT 5 kQ o B R AL (click ), 257
B RN 211 s, B 1400 K. AHFFT H i E
H3% A 80 dB nHL B 1,111,V 3 A9 7R 4R IR . 0T
Wi & AL (EcliPse, 742 E BRIT F1/Interacous—
ties ) o MIRIRET : T A X350 70 P v o e 2 [ AR JPe Mg
/NTF 25 dB(A) 1,
13 Gt F o KEZRII N PHELRMEZ .
K SPSS 26.0 Ge it i A7 B i b BRI G 3537
TR GORHIR A IE 255075 F o K58, AS IR U 3R S50
5 THECFORH X2 K56, K35 7K I @=0.05 .
2 &R
2.1 #Fn9rer B4 DPOAE B4 f@FEXT B4 H-
ng, Bl g B 46 U T AE 0.125 kHz.0.25 kHz,
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W 25+ W g T S5 T P I B D AT 5

0.5 kHz.1 kHz.2 kHz .4 kHz .8 kHz &35 % (L <
25 dB HL, £ 41 AR X W 5K 2 [B] W ) 22 S AN B B, 6
G2 L (P>0.05), W3R 1 fdtHExs B 4H T 39 1F

B AR HM HAE 0.5 kHz .1 kHz .2 kHz 4 kHz .6
kHz .8 kHz ) DPOAE W IR{E ({FME L )3 =3 dB, 4%
AN AR Z R 22 A, B3 E L (P>

F1 EZEWMERABMEx+s,dB HL)

2151 H¥r  0.125kHz  0.25 kHz 0.5 kHz 1 kHz 2 kHz 4 kHz 8 kHz
et B X FR 2 30 16.17£0.66  13.33%0.65 12.70+0.77 11.8320.66 10.670.79 10.67+0.92 13.67+0.63
T Js] 1 R L 20 15.50+0.83 12.00£0.81 12.50+0.77 10.2520.77  9.00£1.02  11.00+1.21 12.75+0.53
Wy 129 1F 3 A H g H- 20 17.50+0.69  14.00+0.81 13.00£0.73  10.50+1.03  9.00+0.85  10.00+1.23  14.75+1.78

#2 #&3ZE DPOAE HfE(x+s,dB)
45 HH 0.5 kHz 1 kHz 2 kHz 4 kHz 6 kHz 8 kHz

feERRE X B 20 30 4.35+1.35 12.96+1.68 13.17+0.99 12.76+1.11 10.49+0.75 11.54+1.46

My ) 1 &5 H-18 HL 20 3.99+0.99 11.48+1.19 14.70+1.19 14.64+1.46 9.53+1.28 9.61+1.16

W 1) 1R Al g H 20 4.28+1.22 10.96+1.16 15.10+1.26 14.52+1.30 11.70£1.28 9.90+1.31

0.05), W% 2,

2.2 ABR & 3Rt@ B /I #= V/I kg S{dE
XFHRZHAR LY, W g DE 5 Hong HORTEE By B ABR 1
PRIGWI TR, Gt A W& P22 7 (1=-2.621,P=0.012
Fl1=-2.087,P=0.042) ; H-ig H 5 H-1 HAH [k, ABR

TR TG B 225 41200 ABR 11V JEIRIH
JoHI 25 55 W OE R B H ABR IT/T 4R 1 L A
i TR A AR g H 22 R A Gt X
(1=3.512,P=0.001 1 1=2.585,P=0.014) ; fdExf i
SAEE M HAR IO 22 55 412 M) ABR V/I

%3 ABRIR1IE(80 dB nHL AR ) (x£s, V)

B ABR R (pV) ABR ¥R i
ZH 5] B4
1 111 v 11/1 V/1
Rl RE2H 30 0.2620.02 0.1920.01 0.59+0.04 0.83+0.06424 3.04+0.27
T (58 1 HER L 20 0.17+0.02" 0.21+0.03 0.48+0.04 1.3620.17 3.44+0.39
W 8 1 3 E-R - 20 0.19+0.02 0.15+0.03 0.54+0.03 0.84+0.12% 2.62+0.24

T+ T IR0 T T ORIV [55) 1E A R  H  f  IR 2 A, T IR IR 3 25 5, "P<0.05 ; T [38] 1E H -1 L5 it e ot TR 4
FTWT B8 1E 5 A E EE 0 B A, TI/L R IR A B3 22 5+, 2P<0.05, 44P<0.001 .

PRiE LI 22 5. W3k 3,

2.3 ABR &k i#RE ok R X2l #E ABR £
VAR A B il [ A T 0 A, e B0 -5 e X R 2 AT [
TE R AR EL AR b, W s 1 S ELAY T AR R

Wl i, geit A v 25 = (1=-3.715,P=0.001 F1I
1=-2.049, P=0.047 ) ; fE 5 X} AR 20 55 W7 (3 11 % S B0 H
I PRI b3 e i 35 22 55 LV L~ I~V I~V
BRI R 25 WLk 4,

X4 ABREXHI(80 dB nHL E5E#38 ) (x5, ms)

- TR 0% [) 4
21 5 A
I il % I~111 I~V I~V
el e o HE 20 30 1.54£0.02  3.70+0.02 5.56+0.03 2.16+0.02 1.86+0.03 4.02+0.03
T 58 1E B B L 20 1.40+0.04 3.79+0.07 5.59+0.08 2.38+0.10 1.80+0.06 4.180.10
W [59 1E % I H-g H 20 1.50+0.03" 3.79+0.04 5.58+0.06 2.29+0.05 1.79+0.05 4.08+0.08

T < W 5 T 0 L e R 2R RT3 I AR Y R 1 R AT BB 25 %, 7P<0.05, " P<<0.001
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N () & A 5 Z2 R ARG, 25 FAIL I AT ULE T
TEH 0 iR ENG BRI, TS 45 A 0 2 fid
T 28 A R 0D R B S 5 I AMEATI AR R
Mg % e () —Rh Al REML . ASBFIRES R R, IEF T
1 f74) -0 EL R H 0 H 5 fg ot BRZHAH LG, ABR T
P O W REAK, {2 ABR V PR IR P & TG B 22 5%
ABR T AR F W bt 25 19 2425 TR 8l , AR [R) B [
{18 E i Wt 2 £ A 5 R 5 o 5 P9 B 0 A%
W Aoh 25 2F 2 R sl 2 fidos A2 AT 515 ABR T JIE A1
WU, BTSRRI A Y M R R R RN e ]
S U g Vo 2 2T 4 A 0 2 i) ) 5 ki 2 W
Bk, T B AN AR B AN 25 AR ARt 10 330 o 2 filfg A%
AT LA M e R i S 7 R R A L ) T PN 200 )
Sl 2 fioh B G SR At 22 £ 2 5 ik 44 2 A IX 38R 02, Bt i
A M A A R S S 18R Ak . HRAIK SR 2R 4t
VPR T S S Ml A8 I , W P2 2T 4 e A A F S I
PRSI T MERE, BT SR ML YE Y e
PE AR I AN 23 U TE R T - {H HR AR SR 4T 4k
() U0 T W s i 2 b 0 B B i, X RP R o 1%
AN SPEUT B ARy - IR T T A TR, AT
ol /L0 ey 400 K R B, 5RT AR S S R AR T B
I BT O B SR 0 R D TR S I R N S | S
BURIIE5 ABR VI HLAO AE R K ARXT R, 1R
X T U FL AR M T e e U, DRIk, AR AF 5 4 ot
FH G ABR 1 AR T B A RE 51K SR #l & 27 4 &
R fluofpg A5 25 YIAE OC

T3 H0  ABIEGE S I H-NG H 5 R HE HL Y TR
T 22 53X 5 E AMIF R 45 R — 80 (B
WAL TIN5 A FATTA N v] B85 SRS B s
Z%i (lateral olivocochlear system, LOC)HI 5, #F5E1
FW] LOC AJ P 99 E 22 (] (9 B p 22 5 1, 24418
W 5645 AL A8/ I, LOC 8715 4% H 58 il i 2. Bt IR
B 22 T g PR RT3, DN T S5 5 £ ] 000 - s - g e
PG AT L) H R AR 2R T X E g
AL AR Z LT YT R AR/, DL 45 b 28 0 ] i
(RS , HCRT A H B0 E R 5 S R Y 1 IR e
25 AR EMLTIRHMIER AR, ENA 5
SERFWIH NG EAY 1R AR FAEE g 0 g
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SFARMF A JE N T R 5 H0G R A A bR i R
AR G, HoA ik — 2o .

AR FE S TR I H AR B0 HA L, B AR
G FUEENS ELTIT 8 4R AR 1 9% (I 3R s H ) B 2
Hagg , HIF N ATEES BRI % (ventral cochlear
nucleus, VCN) BYIHT5 B UIAI G, WH5EK W], ABR 111
U2 VON B 3KIE A 40 (spherical bushy cell,
SBC) ™A [, 11 V R H 4552 F SBCs Y EAE S
(RRR 220 A 1 91 an P b RORE (MSO ) Y 32 B 22
JCHST RN T FEICT(MSO 4 58 422k [ B 05 i I
Wy miAE M) SBCs), X4 SBCs F 24557 H A%
SR LR 1 i A, S S o 2 W, H- 0 R
SCC(small cell cap) X382 73 A E K SR Wi i 221
A 43310 TI/T 4R Lb e A 250 i A R AR A i o 220
BN TE SBC 3 6 1) o SLRF 1A (43 2 T S e AR . A
T B 2 AR PR RO L S R T R RIS VN
SBC 24 AT MG MG AAAED . S35 s , 5 R Hng
(258K R ER REAE VON b 3eik— S AL A& A il i pf
ZoUBCE RN, F W] VON A 00 04y i ke,
I, A 5T 4 EE 0 R 2 1T/ 4R e B 38 i 2 i T
SBCs T Zh 3 i A4 52 SBC i A Y 25 50 (9 15 1 T+
e, AT o8 45 BRI IG SR A 20 2 2k 4 H 14 i 2 72 SBC
IR AR B T AMEE T LR R AR i e
A5G T r ) R 3 £5 2NN A = T ) E R A
NG {14 P AE R S BIL T2

AR 5 S U N i A R E R T T g0 OR300 24
WA, T RE S N B AN A2 S fih X A3 2R 14 3
JERE AT 28 R MR R T, DTN Rl
AR . HETA WA BRI ok 8 1k
TN S5 45 5 2 R ) S R A DR, A R i B e
OS2 RG24 TR EAR T THC X802, 5y B
I B2 E o 28 21 4 11 UK g AN 3R35 5 1 R K i AH [+ 1Y)
AMPA RIS SRR SZ K 5 i HAY 2R o BE R0 5 240
FEICAMAL A 5 fok DX Bk 48 B 400 KBS 257 (Ca® )
PR, 51— R G2 N, IR T e 5,
LRRLIAR U Ca® 2 0 HE 77 A SRR TR RO, T LA 75 2k
TR MK SR £F4E H & SRR 2 10 55 SR £F 45 %)
eeifi, HAE SR 421 2 ol HL 8 il 25 I, A
B0 AT 3E o F AL, xR A A 3R Bh AL
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I R E A 28 DT 5 2 LA H B LAR B I [R] A" 25 2248
ABPOPNE SIS =g Pk =S LI (S = A PN L L
THC 2 fiil i 25 2 W did KT MR ot 2 1 &t L i) 25 128,
X R, B AIR SR 21 4 K 5% fips A5 T R 2 5
BN AR AR SCPEWT g 458 2% Dy Be 461 75 A HL 0 ) 32 22
J DR o (2) T A0 A A &/ MO BSOS B 22 G2 A 1 6 Wy
I 45 S VR HLG ABR (1) S Hh AT e H R T VR .
e 5t % 9 58 PHIE I H B n] ORI - 0 21
A H g A% v oRE S A B A TS PR T R B 5 g vh
WPT i AR RE 7, DT B8 T 7 5 7T LASR = A
225 35 N T BDNF Hll GAP-43 31k, GAP-43 J&—
T 55 S ) 2 IR 1, TE P o0 & B AR 2ok
FErh 2 500 28 50 A A K K 53 Ml T ORI A 25 200 B 1Y
FHAERO, H AT Bl 52 56 A UE 55 S KREAS 11 R 00
G%, DU B A ) 7 H 157 R AR P 22 1) 195

B2k

[1] £2, 20, 5k E1 7. BRA 0 et & 75 16 77 % 50 i
FONF I BESUE T AT (T]. =/ b B2 B2z il
2012,35(5):37-40.

[2] CRUMMER R W,HASSAN G A. Diagnoslic approach to
tinnitus[J]. Am Fam Physician,2004,69(1):120-126.

[3] KUJAWA S G,LIBERMAN M C. Adding insult to injury:
cochlear nerve degeneration after “temporary” noise—in—
duced hearing loss[J]. J Neurosci,2009,29 (45):14077 -
14085.

[4] SERGEYENKO Y,LALL K,LIBERMAN M C,et al. Age—
related cochlear synaptopathy:an early —onset contributor
to auditory functional decline[J]. J Neurosci,2013,33(34):
13686-13694.

[5] LOBARINAS E,SALVI R,DING D. Insensitivity of the
audiogram to carboplatin induced inner hair cell loss in

chinchillas[J]. Hear Res,2013,302:113-120.

(6] REMS , DR¥S AT, 5. W7 7 111K o -0 A8 5 Y B e T
T3« FENGE IR AR IR AR [T]. e PR S A o Sk ST  2%
,2013,27(7):362-365.

(7] 550, 21585, 2 44, A5 W IR0 0 0 0 3 W A i
RGN B A A B e PR L)), AR H R A4, 2019, 17
(2):209-213.

[8] DON M,PONTON C W,EGGERMONT J J,et al. Auditory
brainstem response (ABR) peak amplitude variability re—
flects individual differences in cochlear response times|J].
J Acoust Soc Am, 1998,96(6):3476-3491.

[9] DON M,PONTON C W,EGGERMONT J J,et al. Gender
differences in cochlear response time:an explanation for
gender amplitude differences in the unmasked auditory
brain —stem response[J]. J Acoust Soc Am,1993,94(4):
2135-21438.

[10] LAUTER J L,LOOMIS R L. Individual differences in
auditory electric responses:comparisons of between—sub—
ject and within —subject variability. II. Amplitude of
brainstem vertex—positive peaks[J]. Scand Audiol, 1988,
17(2):87-92.

[11] FURMAN A C,KUJAWA S G,LIBERMAN M C. Noise—
induced cochlear neuropathy is selective for fibers with
low spontaneous rates[J]. J Neurophysiol ,2013,110(3):
577-586.

[12] LIBERMAN L D,SUZUKI J,LIBERMAN M C. Dynamics
of cochlear synaptopathy after acoustic overexposure[J]. J
Assoc Res Otolaryngol,2015,6(2):205-219.

[13] HICKOX A E,LIBERMAN M C. Is noise—induced coch-
lear neuropathy key to the generation of hyperacusis or
tinnitus?[J]. J Neurophysiol,2014,111(3):552-564.

[14] SHIM H J,AN Y H,KIM D H,et al. Comparisons of au—
ditory brainstem response and sound level tolerance in
tinnitus ears and non-tinnitus ears in unilateral tinnitus
patients with normal audiograms[J]. PLoS ONE,2017,12
(12):e0189157.

[15] DARROW K N,MAISON S F,LIBERMAN M C. Cochlear
efferent feedback balances interaural sensitivity [J]. Nat
Neurosci,2006,9(12):1474-1476.

[16] ADAMS J C. Ascending projections to the inferior col-
liculus[J]. J Comp Neurol, 1979,183(3):519 -538.

[17] SMITH P H,JORIS P X,YIN T C. Projections of physio-

logically characterized spherical bushy cell axons from

27



2023 4F

=R P EA R R

i 46 %

the cochlear nucleus of the cat:evidence for delay lines
to the medial superior olive[J]. ] Comp Neurol, 1993,331
(2):245-260.

[18] CANT N B,CASSEDAY J H. Projections from the an—
teroventral cochlear nucleus to the lateral and medial
superior olivary nuclei[J]. J] Comp Neurol,1986,247(4):
457-476.

[19] RYUGO D K. Projections of low spontaneous rate,high
threshold auditorynerve fibersto the small cell cap of the
cochlear nucleus in cats[J]. Neuroscience,2008,154(1):
114-126.

[20] VOGLER D P,ROBERTSON D,MULDERS W H. Hyper—
activity in the ventral cochlear nucleus after cochlear
trauma[J]. J Neurosci,2011,31(18):6639-6645.

[21] ZHENG Y,SEUNG LEE H,SMITH P F,et al. Neuronal
nitricoxide synthase expression in the cochlear nucleus
in a salicylate model of tinnitus[J]. Brain Res,2006,
1123(1):201-206.

[22] SCHAETTE R,MCALPINE D. Tinnitus with a normal
audiogram: physiological evidence for hidden hearing loss
and computational model [J]. J Neurosci,2011,31 (38):
13452-13457.

[23] WALCT-, B2, 2224 . T P i 4 iR - 4 2l Bk RO
FR]. A B GRS, 2005,29(6) : 326~

28

328.

[24] LIBERMAN L D,WANG H,LIBERMAN M C. Opposing
gradients of ribbon size and AMPA receptor expression
underlie sensitivity differences among cochlear —nerve/
hair—cell synapses[J]. J Neurosci,2011,31(3):801-808.

[25] ISSA N P,HUDSPETH A J. Clustering of Ca®>* channels
and Ca’" —activated K* channels at fluorescently labeled
presynaptic active zones of hair cells[J]. Proc Natl Acad
Sci US A,1994,91(16):7578-7582.

[26] SZYDLOWSKA K,TYMIANSKI M. Calcium,ischemia
and excitotoxicity[J]. Cell Calcium,2010,47 (2):122-
129.

[27] COMIS S D,LENG G. Action of putative neurotransmit—
ters in the gulnea pig coehlealJ]. Exp Brain Res, 1979,
36:119-128.

[28] LIBERMAN M C,KUJAWA S G. Cochlear synaptopathy
in acquired sensorineural hearing loss:manifestations
and mechanisms[J]. Hear Res,2017,349:138-147.

[29] ZEF M. AT H O KB E R B W% . T AT B
JZH SOD FIKAYFZMA[D]. 51 i M E"#BE , 2013.

[30] DENNY J B. Molecular mechanisms, biological actions,
and neuropharmacology of the growth— associated protein

GAP-43[]]. Curr Neuropharmacol,2006, 4(4):293-304.



