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Effect of Oxidative Stress and Glutamate Receptor Antagonist on
Cultured Rat Osteoblast and Osteoclast

Seung Taeck park'?, Seung Ho Jeon', Byung Chan Lee'
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It is well known that oxidative stress of reactive oxygen species{ROS) may be a causative factor in the
pathogenesis of bone disorder. The purpose of this study was to evaluate the cytotoxicity of oxidative stress. Cell
viability by MTS assay or INT assay, activity of glutathione peroxidase(GPx), lipid peroxidation(LPO) activity and cell
viablity. And also protctive effect of glutamate receptors against ROS-induced osteotoxicity was examined by protein
synthesis, alkaline phosphatase (ALP) activity and lactate dehydrogenase (LDH) activity in cultured rat osteoblasts and
osteoclasts. XO/HX decreased cell viability and GPx activity, protein synthesis and ALP activity, but increased LPO
activity and LDH activity. In the protective effect, N-methyl-D-aspartate (NMDA) receptor antagonists or AMPA/kainate
receptor antagonists such as 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), NMDA receptor antagonists but
AMPA/kainate receptor antagonists showed protective effect on xanthine oxidase (XO) and hypoxanthine (HX) in these
cultures by the increse of protein synthesis, ALP activity.
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1. Ao ¥

HOMIES} ThM 29 el W Takahashi S'9)
Holl wet Aldsidc dE 3 oE wWijdlA HE3 EESE
0.25% trypsin0] ZEFEl phosphate buffered saline(PBS)O. %
28t & 36, 5% COy/%PB%airZ RZHH &7] WolAl mis}
At i 2 & 10% fetal bovine serum (FBS, Gibeo)o]| %
g% Eagle’s minimum essential medium(EMEM, Gibco)2 & 3
3] AIA & Pasteur I CE AEZE BRAIRTE E2jE NEE
2 poly-L-lysine (Sigma)2F A Agj¥ 96-multiwello] 3%
10°%ells/well®] WETE AZE BFFIAc BFE AE= 3 Y

o OE

DHoE MEZ MYNLE wBlsle FUon 10 & S0t ul
U& & ol ALESIN

2. R M2

¥ Aslo)A] ALEEE oFA|Q] xanthine oxidase(XO, Sigma)i=
1U/ml, 100mU/ml, 10mU/ml % 1M, 100mM, 10mM9] A=}l
&, hypoxanthine (11X, Sigma), D-2-amino-5-phosphonovaleric
acid {(APV, Sigma), 7-chlorokynurenic acid (CKA, Sigma),
6-cyano-7-nitroquinoxaline-2,3-dione  (CNQX, Sigma) and
6,7-dinitroquinoxaline-2,3-dione (DNQX, Sigma)t> Z{Z} 1M,

2421
100mM, 10mM9] HEHGUES ddio] Bt & ARy
A% ST S460 ABSHAL AE BRE U2 ekl

Hrisld AHgsIICk

3. XO/HX9 &

XO/HX7} oM 32 Q} TR ol n]Xj @ake RRI6)
flglod AEAIZE HAEQ) MEE 06% D-glucosert ZF}
minimum essential mediun(MEM, Gibco)2& 33 A&

Ol
b rkﬂ N

0.1mM HXoll ®2] 559 X071 ke s olA] MAME
£ 1~7 A7} B¢ eiyst & XO/HX7} A 2ol v )&= 4 F
E ZARKCL

4. Glutamate 8% A9 HE)

A AT O uiedo] SEE FolMES sl EE PBS
2 3 3] A&7 T 20~50 MY 5T 22 8 20 uM
APVL} 20 uM CKAOHA] 2417} 0 BAzIeh D}% o]g 20
mU/ml XO/0.1 mM HXoll 5 A]7F £QF L Z4}7] & 0]9] ¥gk
g ZAlskct

b. A ZNEE A

2,5-diphenyl-2H-tetrazolium bromide (MTS, Sigma) 24931}
INT(p-iodonitrotetrazolium violet (INT, Sigma) 24182 ZO}E
o BMZE LHAIT IYE PBSTE 3 3] £AISH THS wellld
2E h’-‘:7} 50 ul ¥ FTF MTSLE INTE 'do] 242} 3 Ajztat
4 A|17F S0t &27|olA viUBIct uiek 2E & ELISA reader
£ 08 8}04 217} 203 nm} 540 nmollA EEEE EHBINC

6. Glutathione peroxidase (GPx) &4 &&

1mM EDTA7} g 0.1 M Q141ek50H0) 100ul glutathione
reductase®} A]&, 10 mM GSHE €& ;c's_ NaN;E #7185l 3
7TCOA BIBAIZICE HIS 25 %F EBBEAR 340 nmojjA 3
2 &0 NADPHY =TH3E 8010 U= By Asle
NADPH 1u mole€ 1 unitd] §A84OZ 3IRICt

7. AFislE (LPO) 8 &3

A2 25120} 312 thiobabituric acid (TBA)Hol 8k
o ZH3INCE &, uigolo] FAMO) 0.1 mioj 8.1% sodium
dodecylsulfate 8% 0.2 ml, 20% acetic acid®} tribabituric acidZ
SEOE 4l0] ZF Z3g & 95T ollA] 1 A7 &9 HkSAIZIC) vt
S YEZ n-butanol} pyridineo] T}A] ER2ATZ] T4 800 x goll
A QEAT] TR EFETAE 532 nmollA] T E SHEICT

8. SRB(sulforhodamine B) £&
UHAZ SOt wikSt ZolM ZL) THEAMEE PBSE 3~43]
AHB & 04% SRBE welld 200404 H71sle] U204 1417

Siel,
S0 BAISH k& 10mM Tris bufferf ZEE protein staing =
Q! Th2 ELISA reader® ZEdW] tiE2 T vl ZFAMGKICE

9. ALP g4 84

ALPY] RS Sigma kitE AFESKH EHEIYCL F,
HQFEQ) ForEL) IHZME 20 ulE 4 mM Mg™, mannitol
274 uM, buffer (pH 10.2)7} &+F2 Sigma SN0 & E¢k510
30TolM 1~28 &¢t 218417 g EFZETAE o183
450 nmollA EBEE SF3IRIC) tlE o) 582 Sigma kit
8o em o] ml ALP €42 nmol/min/mg protein2 & I
AISIR 0] ol WMESE BRIEINCE
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10. LDH &4 84
MEE AF AIRE okl HE2IsH & vlgkoliol LDH 2
LDH kit (Atron lab, Japan)oll 9}5l0 Z&3Ict &, LDH

oS A

212 o] 37 TollA] & B
Foll 30 ml HUNSHAAS ol ¥R

kxu 472N 1.0 mlet 20l £
Silct. 28 10 2

H=

ue

e

HEAZ 570 nmollA] EBZTE SH5I¥CE 4
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Jun’
g4 ERIF nicotinamide adenine dinucleotide (NADH)Z X
AlBlRen MEERE giisiict
4 3

1. Glutathione peroxidase (GPx) &4 XA}

20mU/ml XO/0.1 mM HX7} Z£8Hgl o ettol 4] wix o] &
ORI ZES} BHEHZE 5 AIZE 8 LEAIY £ GPxY) 8de &
A% Ad ZoMEoME tiEFQ! 100%  (3.1210.09

U/mg/ protein)ol] 8]l XO/HX Ag|o|Ale 71.5% (2.23+0.05
U/mg/ protein)(p<0.05) 2 LIENt Om] Tk M| ZollA]E= GPx &4
o] AR 100% (2.36+0.06 U/mg/protein)oll HI5kH 73.3%
(1.73+0.02 U/ mg/protein)(p<0.05)2 L}ERGTHTable. 1).

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

Glutathione peroxidase (U/mg/protein)

XO/HX (mU/mi/mM)

osteoblast osteoclast
control 3.12+009 236006
20 223+005* 1.73+002*

Cells were ncubated wih 20 mU/ml xanthne oxdase (XO) and 0.1 mM hypoxanih.ne
(-I¥) for 5 hours. These resuits ndcate the meanxSD for 6 expenments. *p(005

2) XA 4IEE (LPO) &)

20mU/ml XO/0.1 mM HX7 } FZERE uj oo
O | 2o} BRI EE 5 A7t &¢t
Aol At Fopd Lol oA FQ! 100% (47.3+£0.64 nmol/g)
ol Bigld XO/HX HelolMe 176.3% (83.4%0.98 nmol/g)
(p<0.05)2 LIERG S A ZolAl= LPOS] gfo] thE Q!
100% (41.6+0.54 nmol/g)oll HIBKA 165.1% (68.7%0.72 nmol/g)
(p<0.05)& LIERGTHTable. 2).

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

MDA content (nmole/g}

XO/HX (mU/mi/mM)

osteoblast osteoclast
control 4731064 416+054
20 834+0.98" 68.7+0.72*

Celis were ncubated wih 20 mU/mi xanthne oxdase (XO) and 0.1 mM hypoxanthine
(%) for 5 hours. These resuits ndcate the mean + SD for 6 expenments. *p<0.05,
p{001

3) NzdgEs 55

(1) MTS B
XO/HXoll thot MEAUEEE AT §161 0.1 mM HX
oll XO7} 5~40 mU/mlY S5 T 2tz E3HE vitdlofA] Zo}
AEZE 5 A7 SO ul st Zit N EZYEZ0] 5 mU/mioflA] A
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2l 42 a0 sk 78% 2 LIERG M 10 mU/ml XOA|
7H il ME 63% 2 LIERGTE B8 20 mU/mi9} 40 mU/ml
XOXejolate 24zt 51%(p<0.05) L 37%(p<0.01)E LIERICE b
¥, TZHNEY A2 NEMEE0] 5 mU/mlolA] Hgist 22
thE T} HI8kd 79% &2 LERG ST 10 mU/ml XOA| 7} Hi kol
AE 72%Z LIERGTE K3} 20 mU/mIS} 40 mU/ml XOX{2jol

AE Zh2} 56%(p<0.05) X 42%(p<0.01)2 LIERGTHFig. 1).
120
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g
]
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concentration of X(O(mU/mb

Fig. 1. Dose-dependent response relationship of xanthine

oxidase(XO) in cultured osteoblasts and osteclast of rat. Cywotoxcity
was measured by MTS assay. The results indicate the mean+SD for 6 expenments.
<005 =pL001

(2) INT &g

XO/HXoll th$t MEZQYEE S ZABIZT 2I6Kd 0.1 mM HX
o XO7} 10~60 mU/mlS] =5 & z}2} Eake wjerololi] Zo}

HZE 5 A7 E0F uist 23 M ZAZEE0] 10 mU/mlollA]
RHelsh A2 7ol 15k 83%E LIER 2 20 mU/ml XO
A ool A= 72% &2 ViERTE B8 40 mU/mle} 60 mU/ml
XOR el A& ZH2} 47%(p<0.05) & 25%(p<0.01) 2 LIEhGT B
H, JENEY Z2 HNEYER0] 10 mU/miofA] Keist 2L
ol Higkd 75% & LIERdSm 20 mU/ml XOA|Z} i 2ol
AE 02% 2 LIERITY 59 40 mU/mi9} 60 mU/ml XOA ol
A= Zh2} 52%(p<0.05) B 31%(p<0.01)Z LIERGTHFig. 2).
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Fig. 2. Time-dependent response relationship of xanthine
oxidase(XO) in cultured osteoblasts and osteoclast of rat.
Cytotoxcly was measured by INT assay. The resulls indicate the mean+SD for 6
experments, *p¢0.05 *p(001
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A9 ier ZotM LSt ShEM Eol thE A1ePY £413 Glutamate 87 2N Fa

XO/HXTo| RElollAls wheialstdo] thEol Hiskd 37.4%
2 ekl unislod APV Aelolile 79.6%E2 VERT ol
XO/HXTH] Azloll vlgld FASH 5718 LERR 2H (p<0.01),
CKAS FejollAl= 68.5% 2 LIEWLL o] &A] XO/HXTH A
ofl uiglel Fald B7HE L}E}""D}(p<0 05). 8k, ThEA o U
olAlE= XO/HXuR MElofjAli= thilZlakdo] t ol vlok
34.7% 3 LlERAE] H1Bl] APV KZlollAE 721% & LERY o=
XO/HX7re] Aelol ulsiad |8t 718 WERITHp<0.01).
S CKAY] HElof A 65.9% 2 LJERG O ZA1 XO/HXTH] AE)

o ¥l §93 £718 LIERSTHp<0.01)(Fig. 3).
160
150 {7 Jcontrot W XO/HX
140 4 VZ7220iM APV E==3 20uM CKA

protein synthesis (%)

Fig. 3. Dose-dependent response relationship of NMDA receptor
antagonists in protein synthesis. Ceiis were reated wih 20 uM APV or 20
uM CKA before treatment of 20 muU/ml xanthne oxdase oOxdase(XQ)/01 mM
nypoxanthre (4X) for 5 hours. The results ndcate the mean+SD for 6 experments,
<005 *pc00

5 ALP g€ 5%

DA ZEQL 220bH EE Z7H2F 20 mU/ml XO/0.1 mM HXoll
5417 £0F A28kl Kol NMDA £8X Zael APVY
CKAE: 40 uM ETolA) Zizk 2 A17F S0 MAg)s & ALP &
Holl R}z FEE AT

150 [~ "Jcortrol M XOMX
140 VZZ4 40uM APV = 40uM CKA

ALP activity (%)
2

' =

osteoblast osteodast

Fig. 4. Dose-dependent response relationship of NMDA receptor
antagonists in ALP activity. Ceils were treated wih 40UuM APV or 40uM CKA
pefore treatment of 20 muU/ml xanthne oxdase oxdase(X0)/01 mM hypoxanthne (HX)
for b hours The resuits ndcate the mean+SD for 6 exper ments. *p<005 (001

I1L A ol ALY F S XO/HXTHY AElolAl= ALP &
o] thagrol 15k 41.4% 2 LiEhH vldled APV XglolA
£ 828%E LIER} ol XO/HXZHY Al viste] /st &
7He: VIERR 27 (p<0.01), CKAQ] HElollAe 71.9% 2 VIERL} 0]
4] xomxmu Aelol vIskd {FAS 578 UEMW E}
(p<0.05). H#, 224l Eof] Qo]A 1= XO/HXTH] Aol
ﬁ“’-“?‘“m iR toll BlBked 35.6% % LIENAT] Hlslo] APV x%
ZlolA s 60.6% % LIERAH digkd CKAQ] AMelollA{+= 53.0%
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2, APVS} CKA HeglollAls XO/HXBo) B8l tia E718k8
2u Y82 fATHFig. 4).

6) LDH &4 =3

THSH ES SO EE 212} 20 mU/ml XO/0.1 mM HXoll

5X17F &9t Aelshy] Fol AMPA/kainate 4&A] ZgA|Ql
CNQX$S DNQXE 30 uM oA 282} 2 A17 S0 ARz
& LDH &40l vl &S ZARBINCE 11 23 S0 29

£ XO/HX{] AHelolAlE LDH g4o] Xl Bldldd
1458% %2 LVIERAT] B15ld CNQX RglolAe 121.2% 2 Uiehd
o, DNQX9] AHElolAlE 134.6% 2 LIERITE oF, ShEHE
ol QUofAlE XO/HXTEY AMElolile LDH &40o) tiZol vl
Blod 151.3% 2 VERSH HISld CNQX HelollAl:s 130.1% 2,
DNQX$} AzlolAE 1233% 2 2t UERITHFig. 5).

C__Jcontrol R XO/HX
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Fig. 5. Dose-dependent response relationship of AMPA/kainate
receptor antagonists in LDH activity. Cefis were treated with 30 uM CNQX
or 30 uM DNQX before treatment of 20 mU/ml xanthine oxdase oxdase(XOMG1 mM
hypoxanthine (HX) for 5 hours. The results indicate the mean+SD for 6 experments
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