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A Study on the Mechanism of Oxidative Stress, Screening of Protective
-Agents and Signal Transduction of Cell Differentiation in Cultured
Osteoblast and Osteoclast Damaged by Reactive Oxygen Species

Seung-Taeck Park' and SeungQHo Jeon

Department of Anatomy, School of Medicine, Wonkwang University, Jeonbuk 570-749, Korea

It is well known that oxidative stress of reactive oxygen species (ROS) may be a causative factor in the pathenogenesis
of bone disorder on osteoblast or osteoclast. The purpose of this study was to evaluate the cytotoxicity of oxidative
stress, protective effect of glutamate receptor antagoinst against ROS-induced osteotoxicity, secretion of tumor necrosis
factor (INF)-o and the expression of c-fos gene in the cultured rat osteoblasts and osteoclasts. Cell viability by MTS
assay or INT assay, activity of glutathione peroxidase (GPx), lipid peroxidation (LPO) activity, protein synthesis by
sulforhodamine B (SRB) assay, alkaline phosphatase (ALP) activity, lactate dehydrogenase (LDH) activity, MTS assay
for NMDA (N-methyl-D-aspartate) receptor antagonist or AMPA /kainate receptor antagonist, measurement for TNF-q,

and c-fos gene expression were performed after these cells were treated with or without various cocentrations of xanthine
oxidase (XO), hypoxanthine (HX), D-2-amino-5-phosphonovaleric acid (APV), 7-chlorokynurenic acid (CKA),
6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) and 6,7-dinitroquinoxaline-2,3-dione (DNQX), respectively. In this study,

XO/HX showed decreased cell viability and glutathione peroxidase (GPx) activity, but it showed increased LPO activity

s

TNF-a secretion and c-fos expression. APV and CKA incresed protein sythesis and ALP activity. While, CNQX or
DNQX did not show any protective effect in LDH activity or cell viability. From these results, XO/HX showed
cytotoxic effect in cultured rat osteoblast or osteoclast, and also NMDA receptor antagonist such as APV or CKA was
effective in blocking XO/HX-induced osteotoxicity in these cultures.

Key Words: Reactive oxygen species, Osteoblast, Osteoclast

M B
ToqEst HBATE BRAIA FYY} el o)
She AEEA Tuklel 8 482 sk glon vl ol
o) thabel FHol AmEAY FYMoI SAFLo| B
gol Yon} AT FukgFont 3a, Injvst 2o AN

o

2817 BT} (Takahashi et al,, 1988; Hong et al., 2002). T

oJste] w2 =RIRIVF AA TUIEl e o2 g T

tESeluh o A el 2e Aghdne] NnE FUkA
[AW'S

TAE oPIEHA Ao

HomA =11 2
I AT Age) S 9_01321 Aoy Yt 2
< IR A8 s S7HE 2 AFHE A

= & A 920059 3¢ 12

4 xﬂ%j# 200549 99 25¢

TR G4, (9) 570749 % SLOA] ABE 3442,
°J*a‘EHﬂ" ,qu 355t

Tel: 063-850-6859, Fax: 063-255-2874

e-mail: stpark@wonkwang.ac.kr

(McCall, 1992; Camerone et al,, 1993). o|& T T}F
EollA Rk opg} #77} o el QM= EY
2 A3 FEFY FTHEAel glo] A d=e o
I3l glo] AAM oz wst HlLS A
(Mosmann, 1983; Hong et al,, 2002). < IT&Z0
of SR FAaATE AAEHHEAS ALY ALEA
oA EthEEe XEH PTS A=t Urh (Taka-
hashi et al., 1988; Pellegrini-Giampietro et al., 1990). 53], =t}
T2 TFS el #FAEkAL Q7] witol] o]9] oo
A E E=F ool e AF7E] 43l oo BE
A gRlow 4EFd Z2 f78vE vEse] 289 4
Atol, @RI, SAER, $55% 50 €8A Ut} (Boren-
freund et al., 1988; Hong et al., 2002). /34 AtaEio) 7zt
= AR AxEee] AFFAtsNkEE vjRste] XY &
A glutathioned B]5%3}4] catalase, superoxide dismutase
(SOD)Y] EAAAE WIFEo] (Kim et al, 1991; Park, 1995),
A Eoll EASE3L )= N-methyl-D-aspartate (NMDA) 583
o] #gAg B]%3t (Dumuis et al,, 1988; Park, 1995), ]}
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d#e MAEY ZEH<, Ca¥'-dependent protein kinase C
(PKC) &% 7}, c-fostt cAMP, cGMP, G-protein®} 22 Al
sAgAA e Edst, Mo Fe|ut £l Bl &
284 2 cytokine?] FH]9} tAl Toll FEE Fowx A
T AR Iap AP E 20 b (Kontos et al,
1985; Jain, 1989; Uemura et al., 1991). b &XAd4k4A0] 213}
Y E4E SR A A AlZAIEe] rlHow
&xon olo wolg 9ste] ANHAS uEsl] Z4A
A, AR LA AR, AA/AA ol aFH Aog B
31 vt At} (Halliwell, 1992; Jang et al., 1995). 2ol A=
d7lse] 28 BEEEA 4% AEE AP WM o)
Ho uistHM APEA 2 AAEE o] 3l
st oS o)&9) Ha A 9] o]q. Z
71971 B o)E o83 ¥e) X
i’\i 3'?.3}?—1% 7‘<]eg1k;<Hg] s} &
RS T3] ATE Al=Edlm
2} (Mosmann, 1983; Niki et al., 1984; Hohman et al., 1989;
Bracco et al,, 1991). ¥ A7 A4t4r) SolAze} o2
Aol n|x= Akl GAlAAo] AgA Akl olof] izt
glutamate 83 DA FFE IS $15he], WA
oA e} HZTHEE H 5‘} . xanthine oxidase (XO)$}
hypoxanthine (HX)&] =4 &7} tiste] A4 2418 n|F
3}e] TNF-q, c-fos e@% ZARIR oW FAlo) XO/HXS A
540 digk NMDA 849} AMPA/kainate <+&A] 23
Aol gt FaFg ZAFSIA

1. M =B

ZolMEe} FHEM T B2l A3 E Takahashi et al
(1988)2] whof whe} Al&SHATE AF 3 AE WA oA A
Z3 NEZL 0.25% trypsin®] E3HF phosphate buffered sal-
ine (PBS)2.2 A g F 36T, 5% COy/95% airZ 4 H &
27] el el gEIct vl 97 3 10% fetal bovine serum
(FBS, Gibco)®] Z 3%l Eagle's minimum essential medium
(EMEM, Gibco)2 2 3 8] M2 3 pastewr W3 07 HELE
ARG 22" AZELS poly-L-lysine (Sigma)o. & A ]
¥ 96-multiwellol] 3x10° cellsywelld] DEZ AFS 25
solth 24 Hlﬁi 39 HHoE AR wigdoz W
#ato] Flom 10 A B uig $ B Ao ARk

2. UMM =

2 g ARES 29 xanthine oxidase (XO, Sigma)

£ 1 U/ml, 100 mU/mi, 10 mU/ml 2 1 M, 100 mM, 10 mM2]

;{}-on (<]

%=, hypoxanthine (HX, Sigma), D-2-amino-5-phosphono-

_>i

valeric acid (APV, Sigma), 7-chlorokynurenic acid (CKA, Sigma),
6-cyano-7-nitroquinoxaline-2,3-dion (CNQX, Sigma, St. Louis,
MO) % 6,7-dinitroquinoxaline-2,3-dione (DNQX, Sigma, St.
Louis, MO)= 212} 1 M, 100 mM, 10 mM2] AAR-g whso]
dAgad] BE ¥ AUYY AF $E2 SN ALgHA
oA Bes ke wiepelel Wksel AL s

3. XOMHXe| &

XOMX7} Fopi|Eet shEAEe] w|X|i= JFS 28}
7] 918te] d7g AlZh wjkEel AEE 0.6% D-glucose”t
¥ minimum essential mediun (MEM, Gibco) 2.2 3 3] A|H
59 XO7h E3e vl ol A
AZE Bk wjFEt  XOMX7F AlEd] T

A SHEHE 2AET,

4. Glutamate =& Z&H <9 M2

A ARE R dge] EuE FohdEel T4
PBSZ 3 & A& t} 20~50 pMe] x 2 Zbz}
APV, CKA, CNQX, DNQXol| A 7}z 2 A7t &
3 ©]& 20 mU/ml X0/0.1 mM HXell 5 A2t
7§ ol &S AT
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5. MEMEE 24

2,5-diphenyl-2H-tetrazolium bromide (MTS, Sigma, St. Louis,
Mo) 417} INT (p-iodonitrotetrazolium violet (INT, Sigma, St.
Louis, Mo) 412 Folx| Lo} FTMEE UA A7 vk
% PBSE 3 3 AT t2 welld HF %71 50 wl A

55 MTSH INTE 9ol 244 3 A7) 4 A7F 53t &
7)ol wjekstich. vk 9+ 3 ELISA reader® ©]-83}
o Z¥z} 203 nme} 540 nmol A EFHEE AT

6. Glutathione peroxidase (GPx) &4 &%

I mM EDTAZ} 3H5+% 0.1 M Ol&%‘r%—%“ﬂl 100 pl gluta-
thione reductase®} A&, 10 mM GS
7¥eto] 37CoAA vkgAIZ T W %g
340 nmolA 3 & 50k NADPHY FE#HIE :
@9 B 239 NADPH 1 umole2 1 unit®) 4840
2 G

T
mlo

A A B4kalE o] g2 thiobabituric acid (TBA)R ol 2J3}
o ZAsloith &, vilekae) FZ A0l 0.1 mlo 0.1% sodium
dodecylsulfate -84 0.2 ml, 20% acetic acid®} tribabituric acid
5 Zegon )\-101 Z E33 95 TollA 1 A)7F ¢ vk

AR §HE 4 E F n-butanol¥} pyridineel]l ThA] HHEA]171

- 320 -



Table 1. Effect of xanthine oxidase (XO)/hypoxanthine (HX) on
glutathione peroxidase (GPx) activity

Table 2. Effect of xanthine oxidase (XO)hypoxanthine (HX) on
the content of lipid peroxidation (LPO)

Glutathione peroxidase (U/mg/protein) MDA content (nmole/g)
XO/HX (mU/ml/mM) XO/MHX (mU/ml/mM)
Osteoblast Osteoclast Osteoblast Osteoclast
Control 3.121+0.09 2.36x0.06 Control 47.3%+0.64 41.610.54
20 2.2340.05 1.73+0.02° 20 83.410.98™ 68.7+0.72"

Cells were incubated with 20 mU/ml xanthine oxidase (XO) and
0.1 mM hypoxanthine (HX) for 5 hours. These results indicate
the mean * SD for 6 experiments. *P<0.05

g°ﬂ*1 AAXZ e BFBEARE 532 nmol| A
A3l

8. SRB (sulfohodamine B) £%

< ke oM E L) SEFMEE PBSE 3~
4 3 A& 3 04% SRBE welld 200 pl ¥ H7psle] A2
ol A 1 AIZF F<k ¥HA g T8 10 mM Tris buffer® A3
2l t}2 ELISA reader®Z =A3] thzat3¢

074 Az
J

protein stainS %
EEA L]
9.ALP 2d =4
ALPS] 34 EA2 Sipma kitS
HjoFEel FobAl Tt A E 20 wE 4 mM Mg, man-
nitol 274 uM buffer (pH 10.2)7} 3] Trﬂ Sigma %""Oﬂ &4 &
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1%6}04 450 nmell Al %ch—;: é—zga}gidr, Tl o] 4o
Sigma kitZ &A% o™ o]
_protein®.Z FABIoH o]F WEER Fslgivt

AXEE A4 AgE Rl Mejst 3 wigd vie] LDH &
/42 LDH kit (Atron lab, Japan)oll 213t} FAslc) =,
LDH kit®] &£47]14% 1.0 mla‘r Al §AE gof 37T
& T°ﬂ 3.0 mi 3[AEREAA] A
EAZ 570 nmoll A &F
s nicotinamide adenine di-
nucleotide (NADH)E E/\}ﬁ}ﬁiﬁfﬁ My g2 galsigch

TNF-02] ¥4 8% enzyme-linked immunosorbent assay
(ELISA)Ol st} BA&T) = M I E PBSE 3~43] A
% rabbit anti-TNF-0.2} phosphatase-conjugated goat anti-rabbit
IgG (Cambridge, MA)oF BE-S-A1Z] Tha 405 nmoll A 385

g =49,

AR Etel ZAlolT. 3,

Cells were incubated with 20 mU/ml xanthine oxidase (XO) and
0.1 mM hypoxanthine (HX) for 5 hours. These results indicate
the mean = SD for 6 experiments. *P<0.05; **P<0.01

AZE B35t vl g FE3 T olE AFFs|glon
A2k 45 T well'd 50 pg A loadingd THe- SDS geloll &
= ©]& blocking 3} TF. NC membrane monoclonal
anti-c-fos (Oncogene Science)Z 1 Al7F F9F Aol 4] W] A|
71 & o]& Y}A| biotinylated® o} X}gA|o| ¥E-SAl7| T W
t}2- NC membrane< enhanced chemilumiescene kitE ©]-&35}
o] MH-SAl7| L Xeray DEO] 733 & fdasisioh

74
=

b

1. Glutathione peroxidase (GPx) &4 ZA}

K

20 mU/ml X0/0.1 mM HX7} E3g vjFAo|a] wiag]
o xS} HEAEE 5 A TUX =E2AI F GPxo
f‘é% A% A FolEAAE tlERTY 100% (3.12%

.09 U/mg/protein)ol] H|SF] XOMHX HEo)AE 71.5% (2.23
40.05 U/mg/protein) (P<0.05)2 YebFon] ohZA Eol| A=
GPx #Ao] thZF12 100% (2.3610.06 U/mg/protein)ol] B}
o] 73.3% (1.73+0.02 U/mg/protein) (P<0.05)% L}EFSTH (Ta-
ble 1).

g (LPO) & =%

20 mU/ml XO/0.1 mM HX7} E3H8 ufjekloflA] WA e]
Tt} HAZAEE 5 ARE B¢ =EA7 F LPOoY F
S BT A3 Foh Tl ME diETl 100% (47.310.64
nmol/g)dll ¥lEte] XOHX HEollA+= 176.3% (83.4%0.98
nmol/g) (P<0.01)E el v sl A|Fof A= LPOS e
o] T2 100% (41.610.54 nmol/g)ell H]3ted 165.1% (68.7
10.72 nmol/g) (P<0.05)& WEFsTH (Table 2).

3. NEYEE 58

1) MTS x-l Et

XOHX di3 AEAEEE 2AE7] 8k 0.1 mM
HXl XO7F 5~40 mU/mle] 552 247F T3 wjoralio] A
FolHEE 5 ARt B wide A2 MEZAYEEC] 5 mU/
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Fig. 1. Dose-dependent response relationship of xanthine oxi-
dase (XO) in cultured osteoblasts and osteclast of rat. Cytotoxicity
was measured by MTS assay. The results indicate the mean= SD
for 6 experiments. *P<(0.05; **P<0.01

mio] 4] 2l Z9 gzl vj3te 78%E Jelton 10
mU/ml XOAIZE vl e 63%= Webdth 23 20 mU/
ml®t 40 mU/ml XO A2l M= 22t 51% (P<0.05) 2 37%
(P<0.01)E YERStT) 3HE, SZA X9 A9 A EYEE0)
5 mU/mlol A A2t A-$ dizgel v)ste] 79%2 Vel
ou 10 mU/ml XOA)ZF v <ol M= 72%5 Ve, =3k
20 mU/ml2} 40 mU/ml XO Aol M= 2+t 56% (P<0.05)
2 42% (P<0.01)Z YEFIT} (Fig. 1).

2) INT ®2f

XO/HXo)] W3 AxAEsS VLA}SP] 939 0.1 mM
HXoll XO7F 10~60 mU/ml®] & Zyzt 3y wjgtdo)
Al ZoMIEE 5 AIZF B¢ HH"WL A AEZAEE] 10
mUmlo| A Agsk 29 iz Hjghe] 83%2 YEGte
™ 20 mU/ml XOAIZE 8ol s 72%2 Uebdeh 3 40
mU/mI$}t 60 mU/ml XO Aol M= Zzh 47% (P<0.05) 2
25% (P<0.0))E WEbHTE S, S XY H9- AEYE
£o] 10 mUml A st A dizTel viste] 75%=2
YER2 W 20 mU/ml XOA) 7} Blekol)l e 6292 VENG:
3 40 mU/mISh 60 mU/ml XO Xl s 2k 520 (p<
0.05) 2 31% (P<0.01)Z et (Fig. 2).

4. THEE

[y g

A bS|

(=]

9
i)

gZAEe} o EE 22} 20 mU/ml X0/0.1 mM HX
5 AZF <t AEsty] Al NMDA &3 A=A Apv
S} CKAE 20 pM S=0A 47 2 Al 59 AAEs &
SRB assayll 9|3 27} D‘rﬁﬁé‘% Joll Pl AFE 2A}
SATE O A ZolME Y] A9 XOHXTH] Mol
Gl o] ozt v o}O% 37.4%% VERGH] H]EH
APV AHZ M E 79.6%2 YERY o] XOHXTHe] X0

120

[ Osteoblast Osteoclast

Live Cells (%)

Control 20 40 60

Concentration of XO (mU/ml)

Fig. 2. Time-dependent response relationship of xanthine oxi-
dase (XO) in cultured osteoblasts and osteoclast of rat. Cytotoxi-
city was measured by INT assay. The results indicate the mean +
SD for 6 experiments. *P<0.05; **P<0.01

160
150 1 [__1control [IXO/HX

140 ] [CJ20uMmAPY BN 20 pM CKA

130}
120 -
110 1
100
90:
80
70
60
50 1
40 4
30-_1
20 1
10

0

Protein Synthesis (%)

Osteobiast Osteoclast

Fig. 3. Dose-dependent response relationship of NMDA rece-
ptor antagonists in protein synthesis. Cells were treated with 20
UM APV or 20 uM CKA before treatment of 20 mU/ml xanthine
oxidase oxidase (X0)/0.1 mM hypoxanthine (HX) for 5 hours.
The results indicate the mean * SD for 6 experiments. *P<0.05;
**p<0.01

Hlsted fo gk F7HE v en (P<0.01), CKAS] 2 E]d]
e 685%% UENL o] Al XOMXRH Aol nlsie]
o3t 7H8 YERATH (P<0.05). 3, T A E] lojA)
T XOHX®e] AMulojds dhaldstgdo] dizTol vt
34.7% % JYERGH H)3te] APV Aol E 72.1%3 e
ol XOMHXTe) Hgel nldle] $93 k2 Yehyh
(P<0.05). =3+ CKA9] HPoNMe= 65.9%2 Vel oA
XOMHXHe] Azl njste] fog F712 vehdn} (<
0.05) (Fig. 3).
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Fig. 4. Dose-dependent response relationship of NMDA receptor
antagonists in ALP activity. Cells were treated with 40 UM APV
or 40 uM CKA before treatment of 20 mU/ml xanthine oxidase
oxidase (X0)/0.1 mM hypoxanthine (HX) for 5 hours. The results
indicate the mean £ SD for 6 experiments. *P<0.05; **P<0.01

5 ALP &d 54

ZA| xS} FobHEE 22 20 mU/ml X0/0.1 mM HXO
5 Az &<t A7) Aol NMDA 484 439l APV
S} CKAE 40 pM F=oA 22} 2 A1k 59t Axele &
ALP &30 mRE QTS A 1 Aa} FopA| 29
749 XOMXEHY] Aol e ALP EAdo] tztol H]s}e]
41.4%% LFERG) v)Ete] APV H oM s 82.8% = LER]
ol XOHXruHe] AMzlel] Hlgte] fodt /e vehie
(P<0.01), CKAS] 2o AE 71.9%E e} o] HA] X0/
HXREe] Aol H]ste] fod F7H8 vhERRITh (P<0.05).
S, FAFAE glojME XOHXTe] AolME v
AgA o] =Tl Hlste] 356%= YERGHE H)8le] APV
A= 60.6%= LERHH B3 CKAY AP oM e
53.0%%, APVSF CKA A gl A= XOHXRH] Aol v]a}
of tha FIEIgl ot o fiiTh (Fig. 4).

6. LDH & &H

=AM 29} ol EE ZHz}; 20 mU/ml X0/0.1 mM HX
5 AIZF B9t AEs}7] Ao AMPA/kainate &4 A3

1 CNQX<} DNQXE 30 pM s=olA Zkzh 2 Aj7r B4t
2% ¥ LDH &4} nAe J¢E 2ABIch o1 4
ZobAE ] A XOHXTe) A gdA= LDH 84 o]
Zatol] H|&te] 145.8%= VERGE HSle] CNQX =] 7o
A 1212%2 Ebg o™, DNQXS AT s 134.6%%
LEpstTE ghE, gEAE glojAlE XOHXHe] AE A
£ LDH &40 tlzxall Hlste] 151.3% % VERdd) H]se]

o
A

_.4_4

&-Erzi

220
200 A
180 4

C—Icontrol [ XO/HX
30 uMCNOX I 30 1M DNOX

-
[0
o

L

-
N B O O O N
o O O O O O o o
JETI BT SRS BEFEN BErV GAT N

LDH Activity (%)

Osteoblast Osteoclast

Fig. 5. Dose-dependent response relationship of AMPA/kainate
receptor antagonists in LDH activity. Cells were treated with 30
pM APV or 30 nM CKA before treatment of 20 mU/ml xanthine
oxidase oxidase (X0)/0.1 mM hypoxanthine (HX) for 5 hours.
The results indicate the mean % SD for 6 experiments.

140
130 1 [JcControl I XOrHx

120 EZE 50 uM CNOX I 50 1M DNOX

110
90 1
80 4
70
60 -
50 1
40
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10-_

Live Cells (%)

Osteoblast Osteoclast

Fig. 6. Dose-dependent response relationship of AMPA/kainate
receptor antagonists in cell viability by MTS assay. Cells were
treated with 50 pM CNQX or 50 uM DNQX before treatment of
20 mU/ml xanthine oxidase oxidase (X0)0.1 mM hypoxanthine
(HX) for 5 hours. The results indicate the mean + SD for 6 experi-
ments.

CNQX Aol 4= 130.1%2, DNQXS] Aol &
2 7+ Yeht (Fig. 5).

123.3%

XOMXel gt AEAYEELS MTS assayoll 2J3le] 2A}s}
7] #3ted 0.1 mM HXO 20 mU/ml XO7} 39 ajetde)

A FolAl X A2 Bk Agstr] Aol CNQXY DNQX
50 pM< 2 A7 B9t 2k A s A3 XOHXTHe] A

oAM= AEAEG] 2Tl vt 535%2 et
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Fig. 7. Dose-dependent response relationship of xanthine oxi-
dase (XO) and hypoxanthine (HX) in TNF-a activity. Cells were
treated with 20 mU/ml X0/0.1 mM HX for 2 hours. The results
indicate the mean £ SD for 6 experiments. *P<0.05; **P<0.01

=5

H|3lod CNQXE A3 A9 624%2 Vhelron K3
DNQX2| ¢ AEAEE] 554%% el ¢4, #&
Az A% XOHXT A= NEAEEC] xd
o Hlate] 462%= YERAd] Blste] CNQXE AF 4+
59.4%2 VEREe™ 5 DNQXSY A$ AIZAEE] 53.1%
2 Yelgd (Fig 6).

ﬂ.

p

XOMX7} FollEet sZAE oA TNF-a2] &2l vA|

= ges zAE] 98kl 20 mU/ml X0/0.1 mM HXE 5
A7F B9 AT)3 3 TNF-02] FHAss S Ax Fo}

AFZoME el vlste] TNF-ao] YA Hs7T 1302%%
el #2371 JERAT (P<0.05). T3 TS Xl
91014 = TNF-a] %2317} 157.6%2 UERt of Al of
z7d v5te] F-23HA 718t (P<0.01) (Fig. 7).

9. c—fos Y&

XO/MHX7} Zold|Ze} FTATE c-fos?] THel mX+=
Aake zALE7) ¢ste] Zzbel MEe 20 mU/ml X0/0.1

mM HXE 2 AlgE 52 A2 g F c-foso] 2HES AR 2
3 ol ES FTATANA BF cfoss] Wo] ekt
(Fig. 8).
inf. i
wane A MEHe] Pt HEFH e 24

1L Ut} (Camerone et al,
1993; Jang et al,, 1995). 3 Akl FHEZY AT

43K

Fig. 8. c-fos expression in osteoblast and osteoclast. Cells were -
treated with 20 mU/m] X0O/0.1 mM HX for 2 hours. Lane 1 in-
dicate control, lane 2, osteoblast and lane 3, osteoclast, respectively.

A BT ST Helo R WA AHEA FAZ
ol Bk AbalA St gk A7t I yEL Q)
t} (Takahashi et al., 1988; Hong et al,, 2002). Wb ] & A
Ay BAALT} FAE viAE EHAAE A
A3ke] wWix 9] oM e}t dEAlFel 0.1 mM hypoxanthine
(HX)°ll xanthine oxidase (XO)7} 5~60 mU/mto] F== 247}
F3hg wfokaloll ] 5 AlZE Bt wloker A3 HElEel ¥
#sle] FAE BN AEAEES s BRI
B Aol o] 22 A¥E XOHXZH WAle] TAHE =
AEANE ML 9SS =931 91 oW (Takahashi et al.,
1988; Halliwell, 1992), ]21g @42 ofnbz XOHX7t &
Ao} gikstAle] Fae] o Fo FAe] & A st
o3k A F&AE 2SS JMEAel & Aos "JV#EW}
(Niki et al, 1984; Kim et al,, 1991). WehA] £ Agolx=
kel o] &3l glutathione peroxidase (GPx)9] E4dol U]
K= XOMHXY 933rs ZAMSE 23 20 mU/ml X0/0.] mM
HXOlA 5 Az Bt Melet A3 GPxe] 848 s A
o2 yehdth ol BAqtae] AketH &do] Fabstalet
DA #Ho) Y& THEIL Tt (Jain, 1989). FH, XO/
HX7t BAIEe] AAIAE (LPOYY] ol ulAe F3dS
ZAs7] €18k 20 mU/ml XO/0.1 mM HXO A ZolH| T2}
FZMEE 5 A7 BoF AP e 23 )zt Hlske] =A)
¥ 25 LPOg] o] A3 FrIEISith ol 4hshA
&apo] A AN FrEdtie B A7 Aaet
Ax)3-e ¢k = It} (Jain, 1989). T, NMDA T4 2
Bl
=

o

i=

A2l APV} CKAZ} XOMHX 2] 4baha &2 djst g

TAZE oz Gl ALP B4 vAE
S ZARIIT 2 AT 20 pM APVE} 20 uM CKAE XO/
HX2 AgA 2 AlZE B¢t Axel & A7 SAXE T4
XOHXTS Agstel & Agtel vlsto] frojgh At
Aee 2718 Bk a8y, ALP 43¢ ol aAl
Frr} ZolyEe glolA APVE CKAT} §-93 ALP 4
o] & el olgid A% A XOHX7E SAHE
o] At A e} ALPY] F&g vH 2N MEFFE
vbeld AE o 4= 20T} (Kontos et al., 1985; Botenfreund et
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al., 1988). I3t NMDA 587 2=
&4 dolsle GBS AT

-2 XOHX2] AtghA
Q0] XO/HXS] &4ke

25H AEE B3e 2o AZhETh (Dumuis et al, 1988).

HA, AMPA/kainate =84 2847} XOHX 28] 244y
< AE] g JEe A g8kl 30 M CNQX S}
30 pM DNQXE 20 mU/ml X0/0.1 mM HXE ZA|¥d| X7
at7] 2 Az Aol "A 3 tg o]Eo] LDH &4dl| )X
= ATE RAGE uF FobAl e fTAE BFA] XOMHX
Tho] X)) Bl3le] thA LDHY 84S 7HAsiglont §o
3L YERA] ekskeh upebs) 2 Adde] Aale Aok
A H s 2go] NMDA 2371 AMPA/kainate <& )
Boh o 23 #Ado] 3182 AAEI vt (Dumuis et
al., 1988; Jain, 1989). MTS assay°ll 2|3t AMPA/kainate &
A A g AEYEE FA JdojdE FopEe
74 XOHXTre] A7} hzgol] vlate] 535%%2 vEbd
o] B35k 50 uM CNQX S DNQXOIA 242t 62.4%9} 55.4%
2 yeht ok 3oy fol e ek w3 5kEa)
T} A% XOHXTH] X2 46.2%9) Hlake] 50 uM
CNQX2F DNQXo A 2}z 59.4%9) 53.1%2 e} Tha
7kl e frode JehgA] kst ol g die
AMPA/kainat 783 Z3A|7} NMDA &4 Z3A o] v
8}04 o Est HEAEY FAAkae] AbslE &t o)
F ol &7} U8k g8 9u)sla lu) 39, TNF«

e BA0] 9lojA 20 mU X0/0.1 mM HXS] A& oA

= 2Tl viste] FolMlEe} SFAFAA ZHE 130.2%
(P<0.05)2} 157.6% (P<0.0D)E 5-2l8}A 2718 Aoz et
ol S ofos BH FAM)A XOHXE # g ZolAxE
o HEAEAA BF ddHo] el B A3d9= Xo/
HX7} TNF-a2} 22 cytokineott c-fos®} 22 Az A&
AEAA FgE vtk AL AAsL AUt (Hohman
et al, 1989; Uemura et al,, 1991). o]} H&Az= A&
&l WMo ZAEo MEEAS 7FX 1 glom ek
NMDA &4 A7} Absbd Eadof tigh Wol gz 1}

Wo o o) _/r: 9\}\9’\-11:}.

MEa= =2

=
o] =L 20023 % $&tL7

1 A tho
ATH NS (KRF-2002-041-E00160).

Z) ol efs}o]
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