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Roleof Reactive Oxygen Speciesand Antioxidant Sysemsin the Pathogenesis
of OtitisMediawith Effuson

Deok Jun Kim, M.D., Sung Il Nam, M.D.

Department of Otolaryngology, Keimyung University School of Medicine,
Daegu, Korea

Abstract : Reactive Oxygen Species (ROS) are oxygen free radicals and oxygen derivatives
that are very unstable and highly chemically reactive due to the presence of a single unpaired
electron at the outer most orbit of the oxygen. Despite reports on the significance of ROS and
antioxidant enzymes in otitis media, a comprehensive study on the use of total antioxidant status
(TAS) in an animal model of otitis media with effusion (OME) has not been reported. Evidence of
free radical—induced cellular injury may be gleaned from an assay of by—products, such as
malondialdehyde (MDA), as the half—lives of free radicals are extremely brief. In this study,
animals were randomly divided into 3 groups: OME (O), Allopruino (A), and control (C). The O
group contained Eustchian tube obstruction (ETO) only. The A group contained ETO and
intraperitoneal injection of allopurinol. The C group contained unoperated middel ear disease—free
animals. The mean level of MDA, activities of xanthine oxidase (XO), catalase (CAT), and TAS
were evaluatied by biochemical assays of middle ear mucosa in experimental OME. Expression of
superoxide dismutase (SOD) and glutathione peroxidase (GSH—Px) was evaluated by semi—
quantiative reverse—transcription polymerase chanin reaction. Effect of allopurinol, an inhibitor of
X0, was also evaluated. The valued of MDA, XO, SOD, and GSH—Px exhibited a similar pattern
acorss groups, and were highest in O, and lowest in A. The value of GSH-Px in A did not
decrease more than C. However, the values of CAT and TAS exhibited a different pattern across
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groups, and were highest in C, but not significantly different in O and A. These results suggest 1)
oxidative stress status (OSS) plays a role in the pathogenesis of OME 2) Allopurinol can reduce
ROS production and oxidative tissue damage in OME 3) CAT and TAS may be predisposing
factors in the pathogenesis of OME. Further study is needed to determine the molecular

mechanism of ROS in OME.
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g4 Ak (Reactive oxygen species,ROS) &=
AR EAFE] H ) Ztel g o] FaL oA % KAt
(free radical) & 7}A|7] wj&ol 3z o7 u]e
REgAdo] a1 Eetyeh A S 7HA 2 9
= 4R AANY A AR A A S F
& Felol Y= A FEA T T4 &
] 4l (Aerobic organism) & AtAE Egsle] oy
A& =t ROSE &gl &g &7del wiztatrt,
ROSE Ata tiAbg ol E71a) st Al A7 = v
53] v|EZEg o] AxjolF Al et Ata e
Ao AR 1], 28y Aol = 24
gl A7) = FAbsAlE A YAl ol7] wEe
gatae HE W TAE do71A FAW(2]
Radical 3% 7 ¢} radical AAA S E4H 02 A
A ke Akt &4 (oxidative stress
status, OSS)T% %37]‘3% ol W AWy ¥
ol itt. B AFAEL FolelA A A
g5t MxELY o4 e HEas $toh(3]
a3y A3Aks Y E (Total antioxidant status,
TAS)E 2§ HE4F014 (Otitis media with
effuseion, OME) ¢ tfst L& Ql A& o}z K
15 A 9Skt). Free radicald W71+ =3 &
I AA A AA ] FET} ofF W] wite] A
oA free radical®] Y& A AZst7|= 01?3
t} . Free radicalel ¢ 3 A ¥ &4 2
Malondialdehyde (MDA)#-2 free radical®
/\}E_O_ x/\}rsloi o) _/I: oh;} xix ce Aa}ﬂzﬁ
OME E:JEI ]x%uloﬂ}q /\g:g],al;@ H}HE %—5—“
MDA level, xanthine oxidase (XO), catalase
(CAT), total antioxidant status (TAS)E 74
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3t% a1, Superoxide dismutase (SOD) $
glutathione peroxidase (GSH-Px) + W =4
AT T EAAA NS (semi—quantitative
reverse—transcription polymerase chain
reaction) & & FHalth. o] AN A=
oo 37HA Aol digetaal =9skltt. 1)
g4 i gAY 543 £ 0SS
(oxidant stress status) 7} OME2] A 7] ¢ &
&5 g st=7F 2) X0 9AA Q] allopurinol
o] OME® A 0SSE #2AZ 4 9l&7? 3)
OME®IA 0SSE #& Tt A F2 F4ts)
are quo 7]_9

ERETE
1Mz 3 AA

1187} 9] SPF Sprauge—Dawley rats
(280—-300 g, any sex)= @dvjdog 7 A3
AAF ottt 497 #F ¢ A 5= Entoba
(pentobarbital 1 cc/kg) & H4U FAIE vtH &
3]_0:1 o].gﬁg]r LSL Hltﬂ o= o]s&% C\J_HZ—]OE
ol AEA ol (OME) 5 A
Al Al o] 2] O]CﬂHL A7 4%
JNEE FAAI7I L TB]’ H| 9l +&
QA & AzE mouth gags AE
A At Pterygoid plated] nlE FZo] 9=
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2. Grouping

49%

FA9F 3 groupl® YH AT
(Fig. 1). A2 45vHg] 9] o)do] 9l rats®
TA45 A3 (C group). OMEE F%317] 98 27
npe] o] S ETel A74azaS Agssit (0
group). YW A 28uld] o= ET obstruction®] H
o] A714a% £ A7)42F 4YF 7 W 2
A, ALY A S Adste FE&E 7R
allopurinol (30 mg)< intraperitoneal injection
Al THA group). 7 groupe A714%E A
fsg 2y4’7%_lzzﬁ x]/\ u]‘ﬁ O].Oﬂ ﬂﬂ]—7—]A}f’: }\]6“—6‘].03‘
th mpA o g RE A¥FES barbiturate
overdose (Entobar 100 mg/kg, IP) & AF&3l|A
A7 22 A1 794 (0,A group), A3 1144 (C
group) ol EAIA A&l A&
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Allopurinol, xanthine sodium salt, tris
(hydroxymethyl) aminomethane, reduced
glutathione  reductase,
NADH, NADPH,
thiobarbituric acid, dytochrome c, catalase,

glutathione,
dimethylsulfoxide,

glutathione peroxidase, superoxide dismutase,
trichloroacetic acid, uric acid and bovine
albumin< Sigma (USA) A#Fo|% 1, th& B&
AoorEL godor e fr4o] AFH:

Al ol SH.
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AEE2 wE Az el & %5 %3 bullae=
I o}A heavy scissors® 22U Qlt}h. Dissecting
microscopel ® HWHA Fo]ZHH Hu&
forceps@ HAWAT. Mucosa specimen
dissection?] 5 M A Ar 7 FA] YFsto] Algg
wl 742 gt 70 E¥#3gith. MDA, XO,
CAT, TASY biochemical analysis& 3l
mucosa®s A% 0.1 MY 300 gL TRIS-—
buffered saline (TBS), 0.15 M sodium
chloride with 0.1% Triton—X, 0.005%
deoxycholated] =%t} Specimen 717414, %
SupA 0w FAFA7 T, 5EEL 3000 golq 4
A SHglth thA] o] S A sto] A8t
ot @ A2 method of smith 5 W [4]
© % bovine serum albumin protein assay
(Pierce, Rockford, 1) & AHg-3fe] B A4 ek o

= 2459
5. MDA =7

ZF A& el MDA 92 thiobarbituric acid
(TBA) assay® 3433121 o= MDAS} TBA
7} Wh-g-3to] 535 nmolA ol FFHE Hols
red species® UERU = Ao 71 x3%th 7 Al
855 0.375% TBA, 0.25N hydrochloric acid,
4 15% trichloroacetic acid® T4 ¥ TBA
reagent$ 41tk W EFES 158 T
boiling water bathel] Yo+ & 58%<k 3000 g
oA dAEgsty A ds 532 nmelAH FFE
£ 4%t MDA 35+ 3744 1.56 x
10°M 'em ™' & AME-3to] AAbad o).

6. X0 538

XO activity= Xanthine% 7142 3 Rowed}
Wyngaarden method[5] e we} +33 %4 (DU
650, Beckman) & 439t} X0 activitys= 133
Gl 1 mgd FAH uric acidd) ¢oF T T
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7.CAT 53

Catalase activity= method of Nilson and
Kiesow (1972) [6]° w2} hydrogen peroxide<
71 AR o] g3le 41319111, hydrogen peroxide
degradation® %2 240 nmol|X FFFEAZ S
gl

8. TAS &3

ol A dgdo] HA FAirs =
2,2azino—di—3—ethylbenzthiazoline sulfonate
(ABTS, Randox Lab. UK)& 71" & A}g-3}9l 1
milligram™ micromodel® ¥ &3} t) A8 2]
2]+ ABTS$ peroxidase (metamyoglobin),
hydrogen peroxidase? ¥h$-o o& YA ¥ =
radical cation (ABTS)©] 600 nmel] A&+ A
o™, A9 antioxidant= ©] F Xl vl #de] ¢
W35 Al

9. Protein &3

Lowry method[7]+& 7} AA8 A4 &9 &
T & AlAtsted o] g-¥ ). Spectrophotometric
assay kit (Sigma diagnostic) & AHE-&H 71&5
o} 490 FE%E nmo IIE FHugE G F
&

=
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10. Semiquantitative RT-PCRO{| 2|8t SOD2}
GSH-PR §H™ At &5

1) mRNAdm| 22| =

LiCl buffer [100 mM Tris—HCIl (pH8.0),
500 mM] & AHE3to] specimens A3 8 &
First—strand ¢cDNAE #4J3sto] PCRE Al¥3}Sl
t}. PCRe] 93] T3%¥ AHES 1.5% agarose gel
ol A 771953kl SOD, GSH-Px, GAPDH
bandsE A 93], 1 mL QX1 solution (Qiagen)
of ¥ &3 ¥ 10 mL scintillation &% &

st3to] 18 7F liquid scintillation couter
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(Packard 1600CA, USA) 4 Z4a3ict. 12
I 7 A7t el Al SOD/ GAPDHS} GSH/ GAPDH
o w&E R Ataih

A 7252 gel documentation systems AHS-
sk¢} SOD/GAPDHS} vlusto] 7k substance
(SOD, GSH-Px) & x4 &S g sl

1. SHXE|

Z- AT FAEke ¥ HAE mean E
S|
2

H7}= Student's t

%°] mucosa specimen?] %] Z+79] EAS&
Artat7)o] BEFE35t0] 6719 specimend 7
subgroup & 3to] 43kl om & subgroup
o % oA rkA AALE 7] witel 2 A¥79
subgroup® A & 7 subgroupd FTHT} W
k. o] A9 A= Table 19 RFs}SITY
MDA N,0v9 AolA 247} 55.62, 81.88,
40.09 nmol/gth(Fig. 1). XO#= N0 AT
oA z+z} 1.93, 3.03, 1.04 nmol/gSith (Fig. 2).
SOD#2 N0 9} AwellA 77 3.64, 4.38,
2.98 nmol/gtH(Fig. 3). 181 GSH-Px#<
N, 078 Aol A 742 0.65, 1.07, 0.98 nmol/g
Atk (Fig. 4). Catalase activity #h= N0+ AT+
|4 z+7} 8.15, 3.31, 3.39 nmol/g% tH(p<0.05)
(Fig. 5). TAS #& N0 Aol 72+7F 1.22,
0.44, 0.44 nmol/gith(Fig. 6). O %= CAT
o} TASE A9stas TR =& #%

t}h. (Fig. 5,6). A ¥ GSH-PxoA T Ao 1.
F& e BA A e TR 92 g
HAlth 449% 9 base pair band’} RT—-PCR of
SOD?] RT-PCR% 9 EE subgroup(Z} group%
371€] subgroup) elA] &A= gtk (Fig. 3A). 7}
Ao A2 SODY gene expressions WHE 3
3} o} (Fig. 3B). GSH—Px 489 base pair bands

—

o

o 32

rlo



Fol AF e w7l M o &gk 9} FAbsA o] o 267
Table 1. MDA, XO,SOD/GAPDH,GSH-Px/GAPDH,CAT,TAS from middle ear mucosa of otitis media with
effusion among noraml, OME and allopurinol group
Groups Normal group OME group Allopurinol group Unit

Substances (n=45) (n=27) (n=28)
Malonedial dehyde 55.62 + 3354 8188+ 37.83 4009 £ 2376  nmol/gtissue
(MDA) (n=18) (n=15) (n=13)
Xanthine Oxidase 1.93 £ 0.98 303 £ 156 1.04 + 054 nmol/mg protein/min
(XO) (n=3 subgr.*) (n=3 subgr.*) (n=2 subgr.*)
SOD/GAPDH 364+ 192 438+ 148 298+ 058  Arbitary Unit

(n=3 subgr.*) (n=3 subgr.*) (n=3 subgr.*)
GSH-Px/GAPDH 065+ 025 107+ 027 098+ 042  Arbitary Unit

(n=3 subgr.*) (n=4 subgr.*) (n=4 subgr.*)
Catelase 815+ 119 331+ 083 339+ 106  xmol/mg protein/min
(CAT) (n=3subgr*)  (n=2subgr*)  (n=2subgr.*)
Total Antioxidant 1.22 = 0.26 0.44 = 0.35 0.44 = 0.19 mmol/g protein
Stetus (TAS) (n=4subgr*)  (n=4subgr*)  (n=4subgr.*)
Average == SD, OME; otitis media with effusion, SOD; superoxide dismutase, GSH-Px; Glutathione
peroxidase, GAPDH; Glyceraldehyde 3-phosphate dehydrogenase, *;each subgroup contains 6
specimens (ears), a;p<0.05 vs normal group, b;p<0.01 vs normal group , ¢;p<0.001 vs normal group.

< [8]&

9] RT-PCR A3} = Fig. 49 JeQet, S & Ao g A1 tk[8-12]. Parks
A% CAT, TASY o]l th&43 s &
S wolu AAE A3 vws] & u 0, A

AOMS] 79d FolutelA MDASH lipid
hydroperoxide7} Z7}8H 0. 2 Fo]dL oxygen

Aol A ZHAaskelth(Fig. 5,6). Control#t &= radical &7 o3ttty sttt & A¥A

243+ AAbE 7ZF substance ] A3} v i Fig. 7 TAME g4 FAd s FEe e

Qokstolt, Streptococcus pneumoniae®] IAW FY& B

o] Abg3sty Q= [9-11], 4EA ToldY T2

i 9 sl o|# 75 & bYA= Fef

o & 7 of & AF-elx= o] A7) 42 53

HEA FoldE TEAZloH, 54 Folde B

MEATOIH (OME) & fraotol A SR =7} QA A & Aol AYAIZY. Free radical

obFF F& AT sholAN FES AR & & A& olF 1 A AxE 7H7 w5 WA
=0

5
1 OMEY] 2t 4l

=

=
T-3F ofA Tt 7] ¢
ATh ROSE 22 free radical®] 1990t x4t
HE Folde sy AFES Yo s st

k37 o] -
a9 3

ROS+ superoxide free radical (Oz¢), hydroxyl

(¢}
L.
did, eshg, dat, A

84 WMo oJste] 237 EAHS op7] sttt
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Fig. 1. Maondialdehyde (MDA) level in rats with OME. OME :otitis media with effusion, N : normal
group, O : OME group, A : dlopurinol group.
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Fig. 2. Xanthine Oxidase level in rats with OME.
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Fig. 3A. Detection of the expression for SOD mRNA by RT-PCR.
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O Noma group
0 OME group
| Allopurinol group

Fig. 3B. Superoxide dismutase (SOD) level in rats with OME.

S NIN2NBO1 CR 0B CH Al A2 A3 At

GAPDH
Fig. 4A. Detection of the expression for Glutathione Peroxide (GSH-Px) mRNA by RT-PCR.
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Arbitrary Unit

AA = w mitochondrial respiratory chain® &
288, cytochrome® P-450 system?
detoxifying reaction, phagocytosis, pro—
staglandin A4, signal transduction & & 7}

@ Normal group
o0 OME group
B Allopurinol group
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mol/mg protcin/min

AR

& Normal group
o OME group

B Allopurinol group
*;P<D.05vsN

Fig. 5. Catalase activity level in ratswith OME.

O Normal group

O OME group
® Allopurinol group

mimol / g protein

a;P<0DD5vs N
b; P<0.001 vs N

Fig. 6. Total Antioxidant status (TAS) level in rats with OME.

MDA XO

Il OME group
B8 Allopurinol group

SOD GSH-Px CAT TAS

Fig. 7. A comparison of the results for each substance offset by controls value is summarized.

Ay FEdYE B o] Qv [2,15-21].
ROS7F M E™9 polyunsaturated fatty acids$}
S5kl H W, lipid peroxide’} A 1
membrane fluidity®} barrier function<e 743}
Ao A 24 sl AZALE 26k @
o} [8]. MDA 2 lipid peroxide$ lipid
hydroperoxide (LPO)+ oxidative cellular

damageE Ut = 97| Q= EA Ao TH[2,8].
Bk gaksl ‘Who]’ AA|= free radical o 9%
MEE ] s dvke &8-S ot otk TASE
ROSel A@at= /HA9] s8& Uehdd. TASE
enzymatic¥ nonenzymaticg ¥38rel= EE £
9 antioxidant2A] o] Fo# 9l&d SOD,
CAT, GSH-Pxi= antioxidant system®] % &3t
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enzymatic component®]t. Vitamin C¢ E,
beta—carotene, uric acid, bilirubin, albumin,
DNA repair enzyme¥ 49 o}42} metal binding
proteing! ceruloplasmin, transferrin, ferritin,
lactoferrin® nonenzymatic antioxidant
systemell E3gth A4 A A sl A A%
ot kst Al A= ROSE Al2=54& AIAT + 3
=

ROS= #2717} ob 7] wieol &<1dt7] of
Hi AN gZFstetr] ol Hoh ey A
IHOHH ROS }@/ﬂg] Z:ﬂl—_ = H/\]_%gq HM
= &3l dold = Qlvk. MDAS] &l 43}
i oxidative stress status®] A EA| &fom A
shako] 7H Aol A AFo] 11 lipid peroxidation
AFelA 2ol 7Hg &8t 4 F shuoltt
Superoxide free radical< hypoxanthine—XO
pathway el A XOol ¢J3l A== 3 HA ROSO]
t}. SOD+= superoxide free radical®] hydrogen
peroxide®¢] dismutations Zuljstm, o= tjF
i CATS} GSH-Pxel 93] thAl¥ o] non—toxic
watert} oxygen® 2 2 & Qlth T 18 ¢
> 79 o} 798 hydroxyl radical 2 W3t}

B A9 A= OMECIA oxidative tissue
damage”} F7FsF9 12, X0 inhibitor<l
allopurinolo] A4 Z 2 &AM 7HAAZ 4= ok
2otk O wollA MDAS] S7k= AHEA ol
A oxidative tissue injuryZb 3tk A& YER)
1, O ¥l X0, SODE F7H= OME|A ROSAY
dol 7Haw< dnlsth. A TellA GSH-Px&
AL g EdFo] A4A obdE FaT A
allpurinol®] o] EAEE& 4FA ofdl2 A
S5 9]ttt Allopurinol®] GSH-Px2] 44
ARG AN TIA EgE el st Ao EE
& 9xtE0] GSH-Px9 activity® 731
alllopurinols = J& A 7] wjzolzta A
Zteoh, e aavt okl vHste] A
7] W&o OME®|A XO07] 23} hypoxanthine 2]
<7k} ole] mE XO activity®] % 7F= xanthine,
superoxide free radical, hydrogen peroxide]
s7tE of71dt. 9% e A5 9

w2 r
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nuclear fragment® 4=l hypoxanthine? %
7Fe atetth o o AR Allopurinol®) XOof tf
3k A8 242 xanthine, superoxide free radical
9] substrate, sequential ROS (hydrogen
peroxide, hydroxyl radical) & #AaA1Z = 9l
t}. O oA MDA, XO, SOD, GSH-Px?] $7}+=
ROS7} oxidative tissue damage& & V|3t
OMES] ¥ 7| A o3 d8dS S 7

O MR E A
O F A7tHFIt CATS £33 TASE ROS9
AT} activityE AAIZA = 7] vl 0SSe
A F 23t ROSY JJr‘jr{E J/J o] antioxidant 9}
TASY A activityE #aAZ & o= A
& 2 4EA
0 9 A TolA CA
ROS HYBAF = E}%
9 activityE ZHAA 7] 7)
E ti W}Et’ﬂ wAFol9e SOD %7 H
v A
H

—_— .

1“ U‘“"ﬂHL 1*44 HEol
34 gt 37 17wl o
A ol EdE et o Ht.
OME?] Ha 7] ™A 0SS9 0SS Oﬂ?foka T

GPA]-:Q]_E/\_/] oﬂoﬂ r,HgH 7]%3}0&;} ROS-J
XS A 4 & allopurinole] MDA, XO,

SOD%k-% A7 oM ROS7F OMES ¥Wg 7] 4

100w}z ¢] SPF Sprauge—Dawley rats
(280-300 g, any sex) 9 o]#S WA x2&EE

ALNA R dop A4 FolA (OME) & FHAIA
Ade Ay g5 428 At

1. 0SS+ A& 5ol 7| doA T2
g5 gt

of

fus gli =22 7
2. Allopurinol:> &4 Fol el A EdAatA 9
A2k} oxidative tissue damages 7 AAlZITh
3. SOD9 GSH- PXL HEAFTIE
oxidative tissue damageE 7} E& LA =
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