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Abstract

Background and Aim: N-acetylcysteine, a glutathione precursor and reactive oxygen species
scavenger, is reported to be effective in reducing noise-induced hearing loss. Many workers in industry
are exposed simultaneously to noise and chemical pollutants such as carbon monoxide. We
investigated effectiveness of N-acetylcysteine in protecting the cochlea from simultaneous noise and
carbon monoxide damages.

Methods: Twelve rabbits were exposed simeltaneously to 100 dB sound pressure level of broad band
noise and carbon monoxide 8 hours a day for 5 days. One hour before exposure, experimental group
received 325 mg/kg of N-acetylcysteine while normal saline was administered for the control group.
The protective effect of N-acetylcysteine was evaluated 3 weeks after exposure by histological
assessment of the hair cells.

Results: Simultaneous exposure to noise and carbon monoxide resulted in a considerable damage to
the outer hair cells; however, the inner hair cells and the pillar cells remained intact. Use of N-
acetylcysteine in the experimental group significantly reduced the extent of outer hair cell loss.
Conclusion: N-acetylcysteine attenuates simultaneous noise and carbon monoxide induced hair cell
damage in rabbits.

Keywords: N-acetylcysteine, noise-induced hearing loss, carbon monoxide, hair cell, histology

Corresponding author: Department of Audiology, Faculty of Rehabilitation, Tehran University of Medical Sciences,
Nezam Alley, Shahid Shahnazari St., Madar Square, Mirdamad Blvd., Tehran, 15459-13487, Iran. Tel: 009821-22228051-
2 ext. 263, E-mail: pourbakht@tums.ac.ir



https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

WA oplodds Y095 - s sl s

9o b blojed apalse 51 (WU (2lgwd (290 sTghw ! I (6 Sy
Q¥ 3> D (3 )5 M gige

S92 055
Oyl el (S pole olKuiily o puisedlgr 0aSuiily ¢ polid ploids 05,5

245>

ol 15 1 ol GBli> 3 &8 sl ST claJ0al, 0uiiS 55 g Jobo S5 1T (igUslS oole sty ot Jitl o g9l 18 9 dine
adlas oyl )3 gy oyl 515yl )3 S anS gige dlen jl oliewd soos YT g lio lojen (o yxe 53 (63b; 33l Cato 3 sl o ,_,»,I)f)u Il s
A5 oy DUl )3 (S amSsige 5 lo (lojen arzlye 1 (36 sl Sl (4R )3 g Sl o (Bl 18

I e > lejer 9 SPL Jigd Voo sd 5 gy il sligg b bo (2500 1> sl A oy 305 59 0 (sl (3555 WY slasi om0 (sg
53,5 by o 39 kS b oS e VYO s St (] g (Kb iy ity dgelge ) U8 Celis S g0l g a0l 09,5 B S 8 S S gige
s ) il sy b dgalse 5 dny 42in ¥ it sl o) iblis

5 B ge gldshs bl g 0, dbul (26 50 cldsks 2 (es JB ] (S S gise g lao plojen agzlse cald 095 5 Al
S L 1) (28 90 sladshs (25 HB ysbar Condlsi s Sl o cogeil 09,5 5> ol e Mt (ol S i (gt sla b

DS 3mS ige 9 o b plojen dezlye 51 (U e ol ol | Bl Gettagm Sl o] (595> 45 amd o (L5 adlllas () gl 35 5 e

LS (S gl

ooliscdl (9o Jobo op S 1S gige diio I (36 2lgideS tiane Jutl o 2605 55 519

(AZINY = o ypdy AVYIVA :dllio ey po)

(Hearing  oleid cbls Jlwg cowl 039 550 NIHL
=S by Las g cuwl 034 Protective Device: HPD)
NIHL 3 05all jas folge 51 S5 sl olod a8 Jilog
Jeelge 8L comly b (o @i s b laee 3 >
2 o dop (slaosi YT oy Siore 1 (S (S b sige

9 29 oo Cgmxe oo slakae ) ob g Cu b
©9d gy Sy glie plai glio Sl ol 3 o b ag2lse
0 3 5 5 Oler S5 9 3Y5 8 gl e g al

.

LV RY-T

(Noise-Induced Hearing lus jl 36 _olond el
Cunl gimivo polgx )0 oles cél Lol Jle jl Loss: NIHL)
Ogthee (o 2935 9d 0 Cgue (i (5)lew (n FEld g
2 9o Sjlas ©ud waw (5500 )3 395 ) Jore )3 56
oy V8 aS Cowl 0 03 pmesd W) 1,8 NIHL aoes
» (disabling hearing 10ss) ouiiS gl olaids yialS 3)lg0
(Vew! ) oo (las g g 3 b Lid plad jo YL )5

Amd iy o 53 gy ot 1o 5 ol 2551
St 5 by 5l 9SG assl Lol canl ons anlllae 43

0955 (RS Sbp pole ol ( isesly euSiily ol anS ()l old apd GLLS ple e wleldyee lol ()l i gme Bt o)
E-mail: pourbakht@tums.ac.ir ¥8¥ JsIs YYYYA:D) =¥ 105 AOFAAVYFAY & sy 5 ¢ puolid ol g



https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

AR\ ._x.z.:)}:ro).fl

ol 35 1] i 23S lllaa 3 oS b
Ol ay oSS gise 9 o Glojon axalye Sl (23U (olptd
O P81 5T (91> &S 4o b oyl 0 g L gl oo
ol 3 Lo S (68l el Wl o s it
0955 093l (elid Bl (s 4 U mdgr ol 2 adllas
9o (oye 3 plejnn job 4 a S ola by S 5
el O )l agelye Sl i 5 485 )15 (S S gise
sbadobow (poyp Bob 5l g 43l w038 C8b > (puittunses
@S oS o ) (Blis Sl Gluia g 0n ol (290
2 cewlo (6)Kal) Hlaisds Wlg o dslllae oyl )d ool Cawday
Cmoi g o jl 3L 2)les aiss (gl Sl glacuner
o)y aS el 15 BB 5s,S sl p S S ige b
9 SBdsho it Baalie Glnl 13 )b oyl sl ()2
85 plmil (555 B 59y p (swlidl o) b

@2 0R9)

S 3 953 59y (075 P9y & U9
oSy g (Swgl dulee a3 Gl aS [pln] el g)
ol 09,5 90 4 Sllgs 8,3 pbxl widg 2k Preyer
pro d2lee 3 ey Aald 09,5 WD e (yge]] 5 Al
s 05,5 93 ym g 03,8 il )l geil 0g)S 5 (S
B)S )18 (n)S S gge 9 o o yme 3 (lojen

P9 035 8Ly (Sad ppw o5 Jllge ald o095
(0=F) 28,5 )18 (S dS 9390 5 o plojo (5500

C8l) et Sl o) & SUlg> 10905l 095
WB)S 58 (S S gige 9 Mo plejer (Byme 3 g 038
(n=*)

VYO 5o 1) ot il o cy903] 09,8 g
SuF Gub 3 e 2 iy eSS » ol pS ke
S Boyp 40, cély (Intrapretoneal: IP)  Slas g
L agalye pln j5) 0 9 b8 59y ¥) joy A Sdeds g 5oy 3 5k
gy 3 &S Cuwl S5 4 p¥ A plosil (S dnS gig0 5 1o

WA ol Y095 - wlisdh sl s

(V)2 2529 (sl 5 ()8 g el b (slac b
A5l Gl gdlie 53 (S S sige 5 1o b plojen (pelos
OIS ass L5 ygele il Jlio ) (5lomm )3 jlne
Yyb lieo G5 tme ]S « Sl olygelo ¢ Jimagi
Sl V)l 0k o)l o, Sinl 5 ol ] o) Lbes
ol 5l i e 4 S aeS i S ol i L5 LS
5 Moo lejp dgzlge Ll o)l ol b 4y 2lgid Copulus
(F)398 e NIHL ooy el ()5 38 gigo J5
slronyy Al ) (b Cd iy lblS and 9 b
bade slagg)g 9 9o sladobe Sye el o (alondsn
Sy i NIHL g8l 5 ol 005 Jools g5 s (2m ke
Sl 1 (86 (g sl A8k s (S jb
ol o 5l il oleiseS Cladlas (B)cwd 55 gl
el &5 gilinS] gl o > olideS & canl ol
(Reactive Oxygen il cla JLSoslyas jl ius a g
i Jolw ST 5 g o a5 Spieces: ROS)
et gl S sl (55 4y Y (V35 g oo Slox] clais 5
4o 58 oSS gige L dgalse 1y o I (L3U ol

(Aol 0as 031y Canns gl o ol i) 58l

oyl i35 (V490) o)Ken ¢ Yamane o5 gloj jl
e 955 e el 1) o 5l sl Sglie g5lass]
sty NIHL ()ley> g (6t sl (255 Oliiog 53,8
il (2l e Gk Sl 5 Slop> syl (8l
Ol Juiwol ol g ly ol 51 (SOl i asgio ]
S 5 S lgieds o8 cul (N-acetyleystein: NAC)
3)9 giwelivnl Ly Cuganne (loyd 53 9l cplicul glase
(Food and Drug Association: it g g3 duuwpe Aol
4SS eslolS i (gl slosle Liw @8ly )3 5 cuwl FDA)
2 b o i (R)8 o oblyd e e i
P sl g el oy Gl & cllges > NIHL (¢ uSio
015 03, JLSay NIHL 5l (6,5 sl (Il 2ol
(M) )l


https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

o29e e Jolw T Sl (s puSiy VY.

I o ol 5 & (5,65 OB, rb sled Y S

(B P (BB (a9 gl Vb a4 owb

8315 luled pguw 9 093 gl i3y (2B (290 SBIslw
KH X

laazdly
witans 5anlio o wlicdl Lbg, ;) adlhs oyl 5
2 &S ek plen b oslital (5955 Gesls (a9e S5k
CeSwgSee i RS g ead odb gl Vs
i) BB USS ol o el el smlie LB ciu)gigls
(GBI e gladsbe 5l aile YU 4 uly ) e cul
sladsbe ) ) (2B (90 oo (g sla]sle
5l sladoke & dy ()l (290 ol ) s, 5yl
Al sbadobe o Vo) ()b (age ladshe ¥ oo,
B 5 090 sl poogMe 58 o o Y i,

Jol 3,

2955 13 0ol )93 i (S (ewlidcdl gloi - UK

M:Wsm‘) i M‘bf)‘wu.\bu

b plsl dlye I S cole N g)ls 5)55 dalye

Sligg b gl (2520 )3 4l 390 (slaog)S > Uil
O Cdody Jo owd Voo IS il Gl g 5y VeV il
2 Olejee Sllges a5 515 joy 0 celo Ay ol o)
0555y 0 Cslio A Sdody B+ PPML )S S 535035 15 420
i8)5 )13 2l j9)

0SS gge 9 o b dgalge jlan aidn ¥ la j2e5 )5
B35 48 SIS 5 ool Sl sl b Gpas e
5,5, e oy (A 7yl LQ(:l J‘)?‘“"" Ol95‘:“’1 alolBMW,
2 doyd ¥ oasille gl 8l b Solad o slad g s b
O 9 b Gy el SO gl VIS pH 2 0.1M clawd
Sl diwg i plool adgcuns 0.1IM clawd 8L L
Triton Jaloee )0 4By O e 4y diged g Mb aliby yojl>
O 5 3w 355 nids e Joho oLt b 13 gebos X-100
Rhodamine phalloidin L 488> &+ Gaeds  J)s8 55,1 S
oS g 50 Jobo B3gums b ad 8] el g5l
S slie (el S5y 5l am (W)aes  Lasuie U]
Sloiwl (oule dag b auily (tectorial membrane)
ilobia 5l ogil slaygd g bl Wby (s by oo
Sy Psls CgSwgSee oj oY g S 03 )3 pY ()
LS sdalie ).31).3 ¥e. u.s‘.o.uj)).: l;

1A ) o plouds V- 098 o uoliuds sl g


https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

—— e

et ERRLS

-

Assrsa s ST

RO e
]

Wloawd CBlis 09,5 (w55 (95 ds B gl 39ud o0 8udlite a5 yob ylod L4905 89,5 13 (4o I, =€ IS

105 edalde 28 s (903l 09,5 )3 ol (¥ JSL2) g
D9 gos odnlie ool (B pge slaJobo Caidy g
255 3 g sbadobe oRgh olaidy la ol )
D)5 el & 5D
(BN (S B (el (e BSRe
Db el 00 (SSd g (S
ol @galge SIS gyl 5l edlatul 0g)3 cpl g
2550 Josds (555l (2B 290 sloshe

S5 09 lsd age sbdshe yob> Adlas
HE ol S aSsige 5 bo b plojen dealse Sl an
Jewol ol gy Bpas &5 Jb o b i 4oy
conl il ey BB e U agalse Sl i Ot
e 3Ske B cbla ol 55 @pS
Bolo st loicds o>yl g o pul gyl opl Sl ]
| it oty 5 25 o ot s 815 ] (s
S o S BB 1 3058 Jglo 31> s 13
plye 38 1 g il o s Bl
ol a1l 51 6 S aSgige 5 o b plojen
cdb 4 NIHL cawl )5 punilSo g3 8l 05l S5 0 g5l
predins (Sl w0 ol grlae (Lo (255 (ae (e

1A ) o plouds V- 098 o uoliuds sl g

(Y JSC5) d90 sliie 35 1y S lgi g0 0l 035 pb
o b 55 B ol el ial 05,5 5
RS PR vC JL S JC RU PR PS S K| IR
Tr a5y o)l 4wy BB ] by O2)S S 550

t3)5 2

S JB canl 2B Lge slaole iy, o
ol it V) (2B (290 ook e e otalie
lodgle ¥ o Y (slacind) 4 (g8 ol 5 dimd o ol
ol 0 3)lg ()5 ge

sdnlie (ol B (50 slodslo i, 5 L
o osge sbs ohad lutdy sl s jd g o3
T ol (s LS50 )3 098 o il 4 (IS i
Db g03 003 (NSl (S ((ASDL ¢ SAD

o> &S ol ol dllae pl )3 a8 conl S5 & pjY
Olesd Al awsh plelis bB JiS5eS doto 5 (Jol
Sl S5 55 i ol sla b
ok Slg; huwy wp 4 | &S (aie formation)
o 3 sl 31 el el g dgmga (¥ JS) jglome 2251
(VENY)As )5 L s 43,

oS ab el ot Jtl o b ooy (i90l 09,8
dlye dx o 1) ol iyl &5 (2B g0 sl sk
bias sodd Wdg odb LS S auSgige g lo b lojen

(scar


https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

o29e e Jolw T Sl (s puSiy WY

ol 31 538 3 o 1 31 5 (V) NIHL ) (58
bug (SamSgse 9 lho b pljer dealse j1 S50
ol L ol s ol (Y0)cul 00 )5 DPOAE
D9y bl oSS gige g lho plejan S5l cpRKiy 55 o)
(RS RSP g o b pljen dealye 350
S cud oy ol cllss ggy oad pbol il
Slgie Lol 09d 00 (lsideS el 2ol 4 (S duS 5ise
cal L(YVYEF)n S e 1 b oladeS Cogll cogo
Vo e ) S deS e g lho lojen SI 1 (AL (aleid
b T bawgie jobdy (Sl A gl VO -+ ppmg (o
o3 ()l 2 4 e S5l B olend 8l ) iy
MYV 9y oin 3 G0)IF 38 Gl cldlae > (YA)cwl
o3> Ui s Canl 0ad yuizie US> Jlo V¥ b 5
boglejen daloe » & SIS alss cél el
e sy lodgy b (w3 A Sl Gl slho 9 (25 0S990
o oy p» hid & cuwl JISK ple i b
Ay el ol (bl mls 4 drg b cnlply (F)uleds,
2 S eblis g b Ll L gk
iy booss slo 5381 b olyan 5 Loy y clolams
b
w8)5 ploml (B985 59y (278 Cygods ol ddlllas
Sby wlg e Gllgs ST o8 cwnl S5 a4 p3Y Ll
iy 1 e gl 5 sl ALl lgid nswy (S 3
Sl blas 51 (s g ditud dud lusl olaid 839050 & jlows
L;)FYL uwlfp sblis > .&u]yua L;.’.Li)J O‘)]Mt:“‘i alos>
Fay bwy calisve Ollges wilS )3 83gae Ngidy 35 )
0d9de pl (595 3 3y90 y3 (YA)Cuwl ok (¢yglaenr (VAMA)
3 adlas ol 3 Lo (¥ )cwl 0ld LS e YE-FY..
Sldlas > M3 e ol Ly welod,S oolizul seS s
Bagame &S Cax cpl g Cuwl oad edlatul (559)gs udg xSl
8 B3giome b (gmwg yobds (S5 5 algd (il

9 &5 Bl by bShe 4 5Vl lacad > oS
y oS Jlb i i 1y S ) Saseass 5SS
2ot |y s Slgie g 29800 Splie Sl 4 joxte
Fols 2> 5l Gl Sgilie S50 08T e oSl b cdge
.\Jyuuw).)i{.\wb u.»wy.» Mil)b‘)@@ w‘us.mc
oo Syo cge g g 3 a2y LB ST (sla IS0,
-9

b 5 ollas > NTHL 5 oljf cla JI00]y cuonl
Pgdis

sy JB bt o b agale Sl ae il la S0,
gaw (V)ewl 03,8 by Gl o b oles 5l an (Bgpe
IVSITICI VPSR SOSUNIE AN o)
a B st 5T maw ials (F)cwl el i il
ole 3 dms (V5 5V0) sl 005 NIHL sloy] sy 55655 b
obis GRlBl ol (2B ojled 3 (ebslS aw dao L
Oliwe calizes dmolw@j L cdbo 5l am (VW)cwl ol
2 Jole (L3 gl LMA-YY)cwl ooy lis el NIHL
ol 3 g dsdiee plml (sslsls Lawg Sl (sl S0, a5
2 Spe pb ok oo gl ol Bl st lyisay
plosl NTHL 5 ¢,y (sl ool olillas 31 gla JLus
el 1y 393 loys (55l oliies §) g8 5 ol 85
5 aile,S ol (5bslS) LIl a1l s Lyl
o) dlizl ) w535 Adllas & g e lilas oyl dles
cowl I exSels (Sl elislS alis) Ebselen
ol oo 35 adlas cul )3 (YV)3)S 0)il (a9e sla sk
095Ul odlosiny &5 C8F S8 (qwyp dy9e (i il
Z.\A.Su...o Olgsas Qi ot Oldlas I gluw g cul
Jocblis elisls oge il ol IS,
o (ypbyy W Jole pyg8 9 aj9ySS 5l 63Sday 9 (68 gie
2 gl cpl Bl Sllas (g9, daxie Sldllas ) (YY)Cw!

WA oplodds Y095 - wlivd sl s


https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

2 By ditd polie T (sVh ©ad maw b wled 4 by
ab) om il (2B e sledsbe S5l slis I ladai
A quas Glayd g BB o5 slasle ol (Ses il
aelse gaw )3 (2S4S P90 5 g b dxzlye )3 Soy (o ]

SER| N W Jppvon) I oS DUV T PN WIS T US| B9y

S 35 42

D555 el o=l 25k sl el el ()
Olyedn Sy &5 €85 )5 (wld Bl (g 3j90 (g
&Sdnid 5 oLl 8552 )3 15 5ee Slilllas p (g5lel s
B 9 sbadsbw pob ddllas >0l il ol
DS dS gige 9 liao b (lojen daalge Sl an (555 5 (g5l
O oyl Grae a5 Jls s lis ey BB el
ol ol g BB s> b caglge ) Gy e it
Dy9l Jostr (55 5k>

JWSa NIHL ey 5o od olajlyls o o)l ol
ST 5T oy il 3,018 aalllan ol by il 005 43 5
319 o 2lgidnS 5l 6y ) it Juitl ) (9l
2 3l o gyly cpl L edly iled Jase daaie (sl g ]
b e i b S gt o] 350
(33,5 ety S S ign 5 25

S5l ol

(5 xS1 e GBI Gl Blaeo )Son I oL
pole oliily isuly oaSih ele ol pyxe gac
SS9 laiges ol J8 Jlasl 3 bl (ol (Sdn
s 1y (o)l sl 9 )Sts JLeS 039 5LET )5 (il oy

REFERENCES
1. Nelson DI, Nelson RY, Concha-Barrientos
M, Fingerhut M. The global burden of
occupational noise-induced hearing loss.

WA ol Y095 - wlisdh sl s

ey iy omaolio Jte Canl et el oo

IS 53 g Gl odiomy () i SS9 O3>
4 s gbdsbe 5 e gladole 08l b5l
P lr 0l Sl Cuopad cwl s o
55,1655 2j ggtes slo gl sl (5900 SitaogST S s
2 gy ol bl G ol g 039 ()8 6] Lol
2 g Comlan p a4 29 dalsd by clid il cud
b agaloe 5w )15 o il ool dilate o Sl S's8
o bdole cowl aid Yooy > V00 g
Somb o il maw Job ddlles ) .Cuwl odd sdali
ol JS5 0o b 5l 0391 gt sla gl ol s>
S (oo 25 | Lo ol

S5 S Stusi b g glrssl el Wlgio o
ool Sl 6551 b anl By e slis b S JLail
309 b g WS by G gJU ST S g
ras Jobo 4 ) JiKe g oad o) Jole eanly
oduid (gloliss S 5e 4y wold Cowl b wlaalie j» aiw )3 o
S apY a3 4l ol pie lgiea Xlgs o oS Cnd]
salin lp (G9pSUl CoSwgSue b (owyp by &5 el
cyouds sl 0355 anlllas ] a3 3,90 45 sl yiaslio S50
aalse o Sloj Aold )0 aS o)l 3959 i opl sl &5yl
Bl dgy LS Je paiie JSb e owliddl () g
il

w9 bl & ol opyiin pol ddle )
e Shdske w7 b (lon g 0ad B)ly ()1
sk & bl jlsizm (g3l 5> Jshos o 5l (26
Comslucs o 3 S o0 el oo g sLie & ()5 90
B 29 gladsbe pe Yoy (58 OB S5 er g

Am J Ind Med. 2005;48(6):446-58.
2. Cullis CF, Hirschler MM. Man's emission of
carbon monoxide and hydrocarbons into the


https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

o29e e Jolw T Sl (s puSiy VY

10.

11.

12.

atmosphere. Atmos Environ.
1989;23(6):1195-203.

Fechter LD, Chen GD, Rao D. Chemical
asphyxiants and noise. Noise Health.
2002;4(14):49-61.

Fechter LD, Young JS, Carlisle L.
Potentiation of noise induced threshold
shifts and hair cell loss by carbon monoxide.
Hear Res. 1988;34(1):39-47.

Slepecky N, Chamberlain SC. Distribution
and polarity of actin in sensory hair cells of
the chinchilla cochlea. Cell Tissue Res.
1982;224(1):15-24.

Yamane H, Nakai Y, Takayama M, Konishi
K, Iguchi H, Nakagawa T, et al. The
emergence of free radicals after acoustic
trauma and strial blood flow. Acta
Otolarygol Suppl. 1995;519:87-92.
Ohlemiller KK, Wright JS, Dugan LL. Early
elevation of cochlear reactive oxygen
species following noise exposure. Audiol
Neurootol. 1999;4(5):229-36.

Rao D, Fechter LD. Protective effects of
phenyl-N-tert  butylnitrone on the
potentiation of noise-induced hearing loss
by carbon monoxide. Toxicol Appl
Pharmacol. 2000;167(2):125-31.

Zafarullah M, Li WQ, Sylvester J, Ahmad
M. Molecular mechanisms of N-
acetylcysteine actions. Cell Mol Life Sci.
2003;60(1):6-20.

Kopke R, Bielefeld E, Liu J, Zheng J,
Jackson R, Henderson D. N-acetylcysteine
(NAC) and acetyl-L-Carnitine (ALCAR)
show different effects in protecting the
cochlea from noise in chinchilla. Assoc Res
Otolaryngol Abs. 2004;27(686):231.

Lynch ED, Kil J. Compounds for the
prevention and treatment of noise-induced
hearing loss. Drug Discov Today.
2005;10(19):1291-8.

Raphael Y, Altschuler RA. Scar formation
after drug-induced cochlear insult. Hear Res.

13.

14.

15.

16.

17.

18.

19.

20.

21.

1991;51(2):173-83.

Engstrom H, Ades HW, Andersson A.
Structural pattern of the organ of Corti: a
systematic mapping of sensory cells and
neural elements. Stockholm: Almgqvist and
Wiksell; 1966.

Bohne BA. Healing of the noise damaged
inner ear. In: Hirsh SK, Eldredge DH, Hirsh
IJ, Silverman SR, editors. Hearing and
Davis. Essays honoring hallowell davis. St
Louis: Washington University press; 1976.
p- 85-96.

Ohinata Y, Yamasoba T, Schacht J, Miller
JM. Glutathione limits noise-induced
hearing loss. Hear Res. 2000;146(1-2):28-
34.

Yamasoba T, Harris C, Shoji F, Lee RJ,
Nuttall AL, Miller JM. Influence of intense
sound exposure on glutathione synthesis in
the cochlea. Brain Res. 1998;804(1):72-8.
Yamasoba T, Nuttall AL, Harris C, Raphael
Y, Miller JM. Role of glutathione in
protection against noise-induced hearing
loss. Brain Res. 1998;784(1-2):82-90.
Seidman MD, Shivapuja BG, Quirk WS.
The protective effects of allopurinol and
superoxide dismutase on noise-induced
cochlear damage. Otolaryngol Head Neck
Surg. 1993;109(6):1052-6.

Quirk WS, Shivapuja BG, Schwimmer CL,
Seidman MD. Lipid peroxidation inhibitor
attenuates noise-induced temporary
threshold shifts. Hear Res. 1994;74(1-
2):217-20.

Hu BH, Zheng XY, McFadden SL, Kopke
RD, Henderson D. R-
phenylisopropyladenosine attenuates noise-
induced hearing loss in the chinchilla. Hear
Res. 1997;113(1-2):198-206.

Yamasoba T, Schacht J, Shoji F, Miller JM.
Attenuation of cochlear damage from noise
trauma by an iron chelator, a free radical
scavenger and glial cell line-derived

WA oplodds Y095 - wlivd sl s


https://journals.tums.ac.ir/aud/article-1-87-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-22 ]

ARIA

itk

22.

23.

24.

25.

neurotrophic factor in vivo. Brain Res.
1999;815(2):317-25.

Pourbakht A, Yamasoba T. Ebselen
attenuates cochlear damage caused by
acoustic trauma. Hear Res. 2003;181(1-
2):100-8.

Aruoma OI, Halliwell B, Hoey BM, Butler
J.  The antioxidant action of N-
acetylcysteine: its reaction with hydrogen
peroxide, hydroxyl radical, superoxide, and
hypochlorous acid. Free Radic Biol Med.
1989;6(6):593-7.

Salehi N, Akbari M, Motallebi Kashani M,
Haghani H. A survay on the protective
effect of N-acetylcystein on the hearing of
rabbits exposed to noise and carbon
monoxide.  Audiol.  2011;20(1):36-46.
Persian.

Kopke R, Biclefeld E, Liu J, Zheng J,
Jackson R, Henderson D, et al. Prevention
of impulse noise-induced hearing loss with
antioxidants. Acta Otolaryngol.

WA ol Y095 - wlisdh sl s

26.

27.

28.

29.

30.

2005;125(3):235-43.

Young JS, Upchurch MB, Kaufman MJ,
Fechter LD. Carbon monoxide exposure
potentiates high-frequency auditory
threshold shifts induced by noise. Hear Res.
1987;26(1):37-43.

Chen GD, McWilliams ML, Fechter LD.
Intermittent noise-induced hearing loss and
the influence of carbon monoxide. Hear Res.
1999;138(1-2):181-91.

Fechter LD, Chen GD, Rao D, Larabee J.
Predicting exposure conditions that facilitate
the potentiation of noise-induced hearing
loss by carbon monoxide. Toxicol Sci.
2000;58(2):315-23.

Fay RR. Hearing in vertebrates: a
psychophysics databook. Winnetka, IL:
Hill-Fay Associates; 1988.

Heffner H, Masterton B. Hearing in glires:
domestic rabbit, cotton rat, feral house
mouse, and kangaroo rat. J Acoust Soc Am.
1980;68(6):1584-99.


https://journals.tums.ac.ir/aud/article-1-87-fa.html
http://www.tcpdf.org

