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Effect of Nitric Oxide (NO) or Hydrogen Peroxide (H-O,) in the Nickel Induced
cytotoxicity in RAW 264.7 Cdll

Gyung-Jae Oh, Keun-Sang Kwon®

Department of Preventive Medicine and Public Health, School of Medicine Wonkwang University,
Department of Preventive Medicine and Public Health, School of Medicine Chonbuk National University”

Objectives: Nickel (Ni) is present in many industrial working environments and consumer
products, and is one of the leading cause of allergic contact dermatitis, which is atypical delayed
(type IV) hypersensitivity reaction. However, the mechanism by which nickel causes this pathol-
ogy isnot well known. The contact dermatitis induced by nickel is mediated, primarily, through
macrophages. This property was similar to autotoxicity related nitric oxide (NO) production. NO
mediated cytotoxicity was dependent on both H,O, and peroxynitrite (OONO"). The purpose of
this study was to elucidate the role of NO/HO; in the cytotoxicity induced by nickel. Therefore,
this study was designed to examine whether nickel could modulate NO/H-O, production and
how the Ni may affect ATP production, intracellular GSH level, and cell viahility.

Methods: This study was based on the observations of cultures of RAW 264.7 cells, which
originated from a tumor in a Balb/c mouse that had been induced by the Abelson murine
leukemiavirus. RAW 264.7 cells were treated with either Ni, N-monomethyl-L- arginine
(NMLA), catalase, and DTT for 24-72 h. The cytotoxicity of the nickel was measured via the
cell viability and NOz, H,O,, GSH, and the mitochondrial function was evaluated by the adeno-
sine triphosphate (ATP) production in the RAW 264.7 cells.

Results: The NO, synthesis of RAW 264.7 cellsincreased with the increase in concentrations
of Ni up to 50-uM, after 24 and 48 h of exposure, but then decreased at concentrations greater
than 50-pM, and with time periods exceeding 48 h. In contrast, viability of cells and intracellu-
lar GSH level decreased in the presence of Ni in a dose and time dependent manner. However,
the H,O; synthesis of RAW 264.7 cells was not changed in the al experimental conditions.

The NO_- synthesis of the cells was higher than control, whereas ATP, GSH and viability
were lower than control in addition of Ni and the pretreatment of catalase or DTT prior to addi-
tion of Ni.

Conclusions: These results suggest that NO plays an important role in the cytotoxicity of Ni.
Cytotoxicity of Ni may exert through modulation of NO production and associate with a
decrease in intracellular GSH levels.

Key Words: Ni, NO, H,O,, NMLA, GSH, ATP, RAW 264.7 cell
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1996; Ermoli O, 2001). OO OO 0OOO OO
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O0OC0C 00000 oo ooo oo oo o
0000 000 000 nitric oxide(NO)O OO
0O 0000 00000 oooo Od(evans,
1993; Tiand Lawrence, 1996). 00O 0000
000 00 Dooooo, T-0000 oooo
IL-1, TNF 0O OO0 cytokines OO0 OO
00000 inducible nitric oxide synthase
(INOSY 00000 00 000 NOO OoOOo
0O 000000 00000 OOO0O(snyderd
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OO0Odd DOO0OO (activated macrophage)d 0O
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000 peroxinitriteQONO)Y! 00O 0O0O0O0O O
OO0 0000 0O0schiropoulus O, 1992;
Huid] Padmaja, 1993). OO0 OO0 "OONO
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000 (lipid peroxidation)d OO (Radi O,
1991a) O ironsulfur(Fe-3)000 OO OO
OO0 00000 o000 iron-sulfur-nitrosyl O
000 000000 000 000 00(Radi O,
1991b; KolbO Kolb-Bachofen, 1992; Snyder
0O Bredt, 1992)000 00000 0O0O0ODOOO
000 0000 000 000 00.000 0o
0O 0000 000 OO0 00000 oooo oo
0O J0o0ooogd, NOO Oooog ooNaioOd
superoxide dismutase(SOD)J OO0 O,;000
0000 hydrogen peroxide(H:O)O O ODOO0O
0O 00 oooo(Stamler O, 1992) 00, OO0
00 00 NOUOOO ODOD0O0OO L-argining O
00 0000 iNOS1 H,O,0 OO0 DOodoo
(Pou 0O, 1992)0 0000 OO NOO DOOO
00 0O- 00000 HO:0 D000 000 bo
o0 oo.

000 00000 RAW 264.7 cellD DD OO
0O 00, iNOSO competitive inhibitord N°-
monomethyl-L-arginine(NMLA)(Hibbs 0O,
1987; Moncada [0, 1991; Greend Nacy,
1993), antioxdantl catalase, 000 GSH O
o000 DTTO OO0 D000 ODOO0OO NO O
HO, 000 0000 O OO0 00O ATP OO,
00 0 GSH O 000000 OoobOoo ooo
000 000 00000 0000 ooo ooog
O000o0ooooo og.
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1. 0000

0O 0D00O0DO NOO 000DOO0O OO0 RAW
264.7 000 ODOOOO.

0 0000 0000 OO0 RAW 264.7 celld
Balb/c 0000 O0OOO Abelson leukemia
virus(A-MulL\f) 0000 0000 oDOogoo
OO IL-1 00 INFy OO OO0 cytokingl OO
o000 000 NOO 0000 oDoo gooo o
0 0ODO00O0O 00000 00 0000 oogo
0 00 0000 oooo 00 (kewis O, 1995;
Wang O, 1995; Hon O, 1997).
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2.0000

1) RAW 264.7 00O OO

000000 RAW OODO 37—3810 O0O0OO
0000 0O0000 oo oooooo 20 mli
DMEMI OO0 00O O 0O0O0O0 O0O0O 20 0O0O
00, 10% FCs-DMEMO 000 OoOOOoOd 1x
10/mi0 000 2—30 00 000 O 000 O
oooo.

00000 00 00000 10% FCsO OO0
DMEMOJOOO, O0O0O0 00O NO OOO O
000 000 oOooOoogdo 40 U/mId inter
leukin-t(rMu IL-10, Sigma Chemical Co.)O
20 U/ml 00O interferon-y(rMu IFNy,
Sigma Chemical Co.)J O0O0O0O0O.

2) 0000

0000 RAW 264.7 000 ODO0OOOODOO,
000 OO0 000 cytokines(IL{1 IFNy) O
O O(NiC}k, Sigma Chemical Co.)dJ 00O OO
(0, 25, 50, 100, 150 yMD)O OOOO 12, 24,
48, 72 000 0O0OO0OO.

iNOS inhibitord N°®-monomethyl-L-argi
nine(NMLA, 100 pM, Sigma Chemical Co.)
0 antioxidants catalase(400 U/ml, Sigma
Chemical Co.), GSH protectord DTTO 6 O
000 0000 O oodGo ) 0oOoOd 480
o0 ooooo.

3) 00000 OO

00O 00 O RAW 264.7 000 OOOO
trypan-blue dye exclusion OO (Phillips,
19731 OO ODOOOO.

4) NO;O OO0
Hibbs 0(1987)y OO0 OO ODO0O OO OO
O0OO0. 000 50 OO OO0 microtiter plated

000 O- NO O H:0.0 000 00000 000 00

000 100 pld Griess reagents(1:1 mixture
of 0.1% N-1-naphthylethylenediamine dihy-
drochloride in 60% acetic acid, and 1% sul-
fonilamide in 30% acetic acid) 0000 OO
OO0 000 0,000 000 0000 543 nmO
0O 0000 ooooog, 0—100 MO sodium
nitrate(NaNgQU 0000 00O0OO OO0 OOO
00000 NG 000 ODODO.

5) H.0.0 OO

H,O.0 Heinzel 0(1992Y] OO0 OO0 OO
OO0 ODOooOo.dooog Hew oo oo o
10 mM ferrous ammonium sulphate 20 plO
2.5 M potassium thiocyanate 30 0 0O OO
100 O 0000 O 495 nmO0 0000 OO0

oo.
6) GSH O O
Ooo00 GSHOO OO0 GSH assay

kit(Calbiochem, USA; cat. #354102)00 OO 0O
0 0ooooob ooobo ooobo.ooo o
00 O0ooo 500xkg, 4000 500 O0O00O0O0O
0 0oodboob oboob Dob booo oo
10,00 g, 4000 1000 OOOOOOO. OO
0 0000 OO0 10% metaphosphoric
acid(MPA) 0000 OO 10,006 g, 4000
800 0O0D0DO0O OO 00000 GSH assay kit
00000 GsHI oDooog.

7) ATP OO

000 OO0 000 oooOo pPBS(pH 7.4)0 O
OO0 0,000 6%30 trichloroacetic acid(TCA)
200 IO OOODO OO0O0O0O0O(ultrasonicator)
0000 000 0ooDoo. oo 40, 1,200 rpm
0O 0000 1000 0000 00 000 20 gOo
100 mM glycine 80 yiID O OO OO, HEPES
buffer 2 mIO 00O luciferase 5 mgd O0O0O0O
luciferasel ATPO 000 OO0 0OO0OOO
luminometed OO0O0O.

3. 0000

000000 OO0O0OO0OO0 OO0 sPss(ver.
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1. 00000 RAW 264.7 OO0 NGOy O H0O:
uoog ooodo

RAW 264.7 000 0000000 cytokines
0 0000 0000 O, NO; 0000 00 O
4800000 0DO0O000 00 00000 0000
000, 00 1200 00 0000 00 4830 O
0 0000 20 0000 0000 000000,
4800 0000 0 0000 0000 00 1200
000000 000(Fig. 1). 000 H,O0, OO
00 00 000 0000 00 00000 000
0O00.00 00 000000 000000 487
0000 00 90% 000 000000, 4800
000 0000000 O 0000 000 000
00 (Fig. 2).
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Fig. 1. The synthesis of NO, and H,0, from RAW
264.7 cells in DMEM containing 10% FCS and
cytokines (IL-1a 40 U/ml and IFN-y 20 U/ml).
NO; were continuously measured at 12, 24, 48,
and 72 hours after incubation. Values are
expressed as meant S.D. of three experiments.
*Significantly different from the corresponding
valuesfor 12 hr at p<0.05 by t-test.
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2.00 000 00 RAW 264.7 JODO NGO, O
HO, OO0, 000000 OO0 GSH OO
oog

O 0O0ODO0O DODOO OO0 000 cytokined
ugood oo ob oobbo bbb ob oo
O 0bob O NO,y QO bODbdo bo oo
(data not shown).

00 cytokinesl OO0 0ODO0OOO OO OO
(0—150 M) OO(NICKHO OOO00 00 OO0
0 NG, 0O00OoO 50 M OO ODODOO ODOOO
0 OO0 OO Oooobobboo oooog 100 pM
000 00000 OobO0o booo ooo ooo.
oo0 0ooo HO.0 0000 0O0b oooo
ugo0od Oobob boo 0o bbb booo oo
0 000O@g. 3). 00 0000 ODODOOOO 50
MO O 80% OO0 OOOO ODOO , 100 M O
00 OoOogob 70% 000 ODOOno gobooo
(Fig.4). 00 OO DOOOO DOO GSH OO
os50uyM 000 OO0 ODDOOOO ODOD OOOO
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m' - - - -
12 29 44 72

Timeihr)

Fig. 2. Theviability of RAW 264.7 cellsin DMEM con-
taining 10% FCS and cytokines (IL-1a 40 U/ml
and IFN-y 20 U/ml). Viability were continuously
measured at 12, 24, 48, and 72 hours after incu-
bation. Values are expressed as meant S.D. of
three experiments. * Significantly different from
the valuefor 12 hr at p<0.05 by t-test.
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Fig. 3. The effect of NiCl, on synthesis of NO, and
H,0, from RAW 264.7 cells which were cul-
tured in DMEM containing 10% FCS, cytokines
(IL-1a 40 U/ml and IFN-y 20 U/ml), and NiCl..
Synthesis of NO; and H,O, were measured at 48
hours after incubation. Values are expressed as
mean+ S.D. of three experiments. * Significantly
different from the corresponding values for 12 hr
at p<0.05 by t-test.
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OO0 NOSO competitive inhibitord
NMLA(N-monomethyl-L-argining) H,O.O
H.O 0 O.00 000 0000 catalasél 00O
Oo0O0O, lipid peroxidationd 00O 0O00O0O0O
000 0000 o0ooo oo oo ooooo o
0 glutathione(GSH) 00000 dithiotre
itol(DTTY OOO0OODO.

OO0, NOO 00O 000 Ooooo ATP OO
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Fig. 4. The effect of NiCl, on viability of RAW 264.7
cellsin DMEM containing 10% FCS, cytokines
(IL-1a 40 U/ml and IFN-y 20 U/ml), and NiCl2.
Viability were measured at 48 hours after incu-
bation. Values are expressed as mean+ S.D. of
three experiments. * Significantly different from
the control value at p<0.05 by t-test.

3. NMLA, catalase O DTT 0000 OO NGOy
goo oo

RAW 264.7 000 0O0OO0OO0OO cytokines
(IL-T0 IFN+y), NMLA00 pM), catalase(400
U/ml), DTT(@0 pM)Jd 0000 O 00 (B0 uM)
O 0000 OO0 NOODOOO Oooo ooooo
NOO 00000 OO0OD0OO0 000 cytokines
000 NOUOOO OpoUoOoOo oooooao
cytokinesl OO0 NOOOO O0OO OOO0O O
OO0 NOOOO U0 0ODO0dOo. NMLA OODO
0O NO OODO NOOOO 00oono oo ooo
0000 0OO0O0b0Oo0Og, catalase 00O OO0
cytokinesl 00 O0O0O0O0O 0O0O0OO OO O O
O 000 000 D00oDO0ooo ooo ooo o
J000O. 00 DT O00oobOo NoO Ooooo
000000 O00 000000 cytokine OO
000000000000 oooo0d((Fig-6).
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Fig. 5. The effect of NiCl, on the production of GSH
from RAW 264.7 cellsin DMEM containing
10% FCS, cytokines (IL-1a 40 U/ml and IFN-y
20 U/ml), and NiCl2. The production of GSH
were measured at 48 hours after incubation.
Values are expressed as mean+ S.D. of three
experiments. * Significantly different from the

control value at p<0.05 by t-test.

4. NMLA, catalase O DTT OOO0O0 OO0 HO.
goo oo

H.0. 0000 OO0 000000 O 000 O
0000000 000000 000 (Fig. 7)

5. NMLA, catalase O DTT O0O0O0O OO OO
O GsHOOD OO

o0b0 GSH OOO NO OOO 00O NMLA
obobO0 GsH OOOOO DTTO O0O0OO OO0
U obob0 o0 ooo oobb ooo, NoO O
OO0 oOooOo oo, O, cytokineD OO0 OO
0000 0O 00000 OO0 O catalasel OO0O
00000 00000 OO0 oDoDOgoFig- 8).

6. NMLA, catalase 0 DTT OO0O0O OO OO
O ATPOOO OO

000 ATP OODODOO cytokinell OO O O
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Fig. 6. The effect of NiCl,, NMLA (Né-monomethyl-L-
arginine), catalase, and DTT (dithiotreitol) on
synthesis of NO; from RAW 264.7 cells. Cells
were incubated with DMEM containing 10%
FCS (control) and cytokines (IL-1a 40 U/ml and
IFN-y 20 U/ml), NMLA (100 yM), catalase (400
U/ml), or DTT (30 uM) for 6 hours and then
treated to NiCl, (50 uM) for another 48 hours.
Values are expressed as mean+ S.D. of three
experiments. * Significantly different from the
control value at p<0.05 by t-test.

0000 OO0 O catalas€l 00O NOJ 00O
0 0000 0000 00000 000000, O
0O, 0000 OO0 catalased 0000 OO
cytokine§ 0 00O 0000 ATPOOO O O
00O00. 00, NMLADO DTTD 0000 ATP
000000 0000 00000 (Fig. 9).

7. NMLA, catalase 0 DTT 0000 OO0 OO
oooo oo

000000 NO OO(Fig. 6)00 OOO
cytokingl 00O O OO0 OO O catalasé 0O
00 0000 OO0000 00D Dbooo ooo,
000 000 cytokine O OODOOOO O OO
O00. 00, NMLA OO DTTO O0OOCO OO
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Fig. 7. The effect of NiCl,, NMLA (Né-monomethy!-L-
arginine), catalase, and DTT (dithiotreitol) on
synthesis of H,O, from RAW 264.7 cells. Cells
were incubated with DMEM containing 10%
FCS (control) and cytokines (IL-1a 40 U/ml and
IFN-y 20 U/ml), NMLA (100 pM), catalase (400
U/ml), DTT (30 uM) for 6 hours and then treated
to NiCl2 (50 pM) for another 48 hours. Values
are expressed as meant S.D. of three experi-
ments.

00 000 0000 0000 90% 000 000
0 00000 (Fig. 10).

| U

000 00000 000 0O oooooo oo
OO0 00O 000 OUo00 oo ooo oo
0O 0000000 Oo0b0 ooo To0ooo o
OO0 00000 00000 opooo ooogo
0 O (Stoh&l Bagchi, 1995; Veronesi [, 1998)
0000 000 0000 Doooo oooog o
O 0000 00 o0o0.000 000 ooog o
OO0 000000 000 ooo oooo ooo
OO0 NO ODOO OO0OD0OO(Tiand Lawrence,
199610 OOOOO OO NOOOO oOoOO
L-argining OO0 OOOO iNOSI HO.0 O

000 O- NO O H0.0 OO0 00000 000 00
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Fig. 8. The effect of NiCl,, NMLA (N®-monomethyl-L-
arginine), catalase, and DTT (dithiotreitol) on the
production of GSH (glutathion) from RAW
264.7 cells. Cells were incubated with DMEM
containing 10% FCS (control) and cytokines (IL-
1o 40 U/ml and IFN-y 20 U/ml), NMLA (100 p
M), catalase (400 U/ml), DTT (30 uM) for 6
hours and then treated to NiCl, (50 uM) for
another 48 hours. Vaues are expressed as mean
+ S.D. of three experiments. * Significantly dif-
ferent from the control value at p<0.05 by t-test.

GSHUM)

o

OO0 00O0O00@Pou O, 1992)0 OOO0O OO
Oo00O 00 000000 NO DO HOO OO O
goo 0. 0Obbbob o000 00 oooo o
oD 00.000 000 00 NO O H0, O
ugb ooodo, b0 obo oboooog boo
ATP 00O, 00 0 GSH OO OO bDOOO OO
U oooob bobo ooooo bobooob oo o
gooobD 00000 oo bob bo b DO
oo0o.

O oooooog,1soum OO0 ODO ODO
cytokine§ 0000 OO 00O OO0, 0 0000
0 ooob00 00 Ooboboo ooo ooo o
NO O HO, OO0 000 OO0 OOoo, 00O
OO0 cytokinell OO0 RAW 264.7 00O O
oo00 ooDb0 000 0DhO000 NooOoo
goooo ob 00 480000 00o0b booo
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Fig. 9. The effect of NiCl,, NMLA (NG-monomethyl-L-
arginine), catalase, and DTT (dithiotreitol) on
synthesis of ATP from RAW 264.7 cells. Cells
were incubated with DMEM containing 10%
FCS (control) and cytokines (IL-1a 40 U/ml and
IFN-y 20 U/ml), NMLA (100 pyM), catalase (400
U/ml), DTT (30 uM) for 6 hours and then treated
to NiCl; (50 uM) for another 48 hours. Values
are expressed as mean+ S.D. of three experi-
ments. * Significantly different from the control
value at p<0.05 by t-test.

00000. 000 HO, 0000 00 0000
00 0000 000 000 0000 000. O
00 OO0 00000 NO OOO 000000
H.0, D000 OO0 000 000, 000 OO0
NO 0000 cytokines 0000 000 000
0000 0000 000.00, 000000 O
048 0000 U000 OO0 0000 NOJ O
0 720000 000 0000 OO0 O 000 O
000 000 000 00000 0000 00 O
0 00000 NOOOOD 000000 000
000 00 0O0O00 0000 000 000. O
000 000 000000 0000 0000 O
0 NOO 00000 00000 0000 OO0
(Greeril Nacy, 1993)000, 00 00O NOO
0000 0000 0000 000 00 0000
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Fig. 10. The effect of NiCl,, NMLA (NG-monomethyl-
L- arginine), catalase, and DTT (dithiotreitol)
on viability of RAW 264.7 cells. Cells were
incubated with DMEM containing 10% FCS
(control) and cytokines (IL-1a 40 U/ml and
IFN-y 20 U/ml), NMLA (100 pM), catalase
(400U/00), DTT (30 pM) for 6 hours and then
treated to NiCl, (50 M) for another 48 hours.
Values are expressed as meant+ S.D. of three
experiments. * Significantly different from the
control value at p<0.05 by t-test.

000 000 00 O000b0 OO0 NoOoo O
0000 o0oooooo.

00 000 00 Ooog ATPO OOO OO,
NOO 0000 0D0O00 0o, O, cytokined O
00 000000 0 00000 00 d catalase
0 0dd oobo bbb bbb ouob o
O,NOO OO OO0 ooo ATPOUOO OO0
000 000000 0000 (KolbO Kolb-
Bachofen, 1992; Castrol, 1994)0 O OO O
Ogoooo ooo oobo oboood.
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NOO 0000 0O HOGO00 00000 Oood
000 iNOSI competitive inhibitorl NMLA
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0O NOOOOO 000 oooo ooooog,
HO, 000 OO O NMLADO 0OOO0OO OOOO
oo0 000 ocooo0. 00 oog oo oo
OO ATP O O0OO0O0OOO ODUOOO OO OO O
000 0000 00000 oooo ooo. o
O0O00 0OO0OO0O0 OO00OO0 NMLA(NG-
monomethyl-L-argining) NO OO0 O0O0O
subsratél L-argining 0O 00O (analogues)
O iNOS] competitive inhibitorD0 0O0O0O0O
in vitro, in vivoO O NO 000 O00O00O0 NOO
oo b0obbob 00 0o oo oooa,
cytokinell 00 0000 OOOUOCOO OOOO
iNOSO 00O 000 DODDOOooOO ooo oo
(Moncada 0O, 1991; Greenl Nacy, 1993). O
0O, H:O0.0 H:O O 6,00 OO0 000D cata
lasd] 00000 000 OO0 HO.0 OO0 OO
0 00000 Oo0 ooo, Noooo ooo o
0000 00000 O ATPOODO OOO OOO
0O 0000000 0000 OO0 cytokines O
O 00000 ODO0OO0 ooo ooo ooo o
0,0 NOO HO:O OO0 OO DbOO0OO OO
goob0o bbb oo ouob bo.

000 HO,O NI OO0OO0O OO OoOo O
OO0 OoOo, 00 DOoog(stamler O, 1992)0
0O 000 NOO 00000 HO0.0 00 00O
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0O 00000 00000 ATPO OO OODOOO
NMLADO OOO0 OO0 OO0O0O oOoOo ooog
0000 00000 NOO 00O Ooooooo oo
0O oooo.

Oo0OC0O 0OOoo0O0 00 00 0o oo ooo
00 U0 000 OO0 O00oO0OOoOo(perox
idative chain reaction)d 000 O0O(Halliwell
0 Gutteridge, 1985) 00O 0O OO (lipid peroxi-
dation) 00 000DO0O (Maracine 0 Segner,
1998). OO0 O0O0O0O OO0 OO0 oo ooo
OOd0Od(ree radical) OO0 OO0 OO0 OOO
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O OO0 OO0 0Uo0OoOo oo gooog oo
0odoo oooo glutathione(GSH) OO O
(Meister, 1983, Singhal O, 1987) GSHO glu-
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000 O- NOO H0,0 000 00000 000 00

tripeptide 0 OO0O0O OO OO0 sulfhydryl
compoundsd 00000 (Meister, 1983,
Singhal O, 1987). 00, 000 GSHI 0O0OO
0000 D000 000 0000 OO0 GsHIO
O 0000000000 -sHOO oooo oo
00 00 -sHJO 0000 00 00ooo oo
00 0000 00000 oooboo oooo o
0 0 GSHO 0000 OO0 OO0 dithiotre
itol(DTTY 0O0O0OO0OO0 GSHI OO0 0OOOO
O 0000 0oo.

0 0000 ODO0bOOoD oboob NoOoOoo o
O00O 00, O cytokines O OO0 OO OO O
000, 000 catalase 000 OOOO OOO
GSHO 0000 OO, NOO 00O GsH OOOO
0 OO0 ODOOO00(Kronke O, 1994; Misra
0, 1996; Wakulichl Tepperman, 1997)0 0O
00 000 Oboooobo, 00 Doooboooo o
00000 DO0O0O0O00 ATPOOO OOO0OOO.
000 DTTO 0000 OO0 0O GSHO 0000
NO 000 0000 000, 0 0oo ooooo
O ATPOOO O0O0O0O ODOOOO OO0O0O OO
0.000 0000 NMLAOODOODO NO OOO
000 0O00O0 OO0 OO0 0DO00 oooo
00,000 OO0 O0OO0O0O0 NOO OO ooOo
GSH O0O0O 000 000 ooo oD oo.

000 0O0O00O0 000 OO0 oogooo og
00 0000 NOO 0000 Ooog gooao,
ATP 00O 00 O ODO0OO ODODO 0OOOO DO
000 NOO 0000 OoDDOog OONCGI OO
000 0 00 obg oogdgdddschiropoulus
0, 1992; Huied Padmaja, 1993)0 OOO0O
00 000 OO0 00000 oooo oood
(activated macrophage)l 000 OOOO NO
0 superoxide(®O OOOO OOO OONCI
00 0000 000 ooog, NOO oooono
ooo H0.0 O00O0O0 bOobO 0O bo
(Stamler 0, 1992)00 000 HOO0 ODOO O
oo0o00o 000 000 00 0oog ooogd.
00,000 00 00000 NOODOOOOoO OO
000 GSHOUOO 000 000 OO0 ooo o
goo.
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oooooooo 0150 0 10 20030

g g

OO0: 0 00000000 NOO H0, 00
0 0000, 00 OO0 Oooooo ooo ATP
00,00 0 GSHOO OO0 0000 OooOg O
000 000 0oooooD oooo oo o ogo
OO0 000oUo ooooo.

O00: RAW 264.7 000 O0OOOO OO,
NMLA, catalase, OO0 DTTO OO0 O0O0OO
o000 NODO HO, OODO ODOOO O bOoO O
00 ATP OO, 00 0 GSHO ODODOOOO O
0000 O00O0OO0.O00oogg trypan-blue
dye exclusion OO0 JOOO0OO NOO Hibbs
0(@ae87) OUO0OO OO 0O OOOOO
nitrite(N@)O OO0 OO0 OO OO0OOOO. O
O, ATPO 0000 OO0 O luciferase ATP
O OO0 OO0 00000 luminometer OO0
0o, HO.0 0000 HCW OO0 OO O 10
mM ferrous ammonium sulphate 20 00O 2.5
M potassium thiocyanate 30 OO O0O0O0O 10
O 0 0000 0 495 nm0O0 0000 OoOOO
O.000 GsHIO OO0 GSH assay kitdl O
000 000OU0o0o o000 ocoooo.

O0: 0000000 00 000 000 ooog
oo, 5 uM, 48000 O0OOO NOOOOO O
0000 000 OO0 DOooOoooOo ooooo
0 000 00 0 obob bob boboo
0,00 00000 o0 oDoo DO ooQg GsH
000 00000 OO0 000 00O 0ODoo oo
0 0000 000 000.000 HO, D000
000 OoU0oU0b0 o000 ooobo oo o
00.

OO0 00000, NMLA, catalase, DTTO O
000 0o ogGouyv) OoO0 oo ooog,
00 0000 O catalase OO0 OOOO NO O
000 U000 OO0 OO0 oooooo oo
0O GSH OO, ATPOOO 0O O0OOO0OO OO
god obo bobob . 0o bbb boboo
O NMLA OOOO NO O ATP OO0O0O, 00O
GSH OO0 0O 000000 000 oooo od
ooo.

OO0, DTTO 0000 OO0 NOOOO OO
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0 0000 boboobo booo, ooo GsSH
oo, ATPOUOO O ODO0O0O0O0O0O OoOoOo ooo
0 oooog.

ooo HO, 0000 OO Doboood o o
00 0000 oooo ooo boob booo.
go: o000 ouoo ooo oo oboobd
NOO OO0 O0oO, b0 OD0bo oo oooo
00000 OO0 DOD0OO NOO superoxide
(OHO OO0 OONOOU OO0 OO0OOo ooo O
O000. 00 000 Oob0 obobod NoOoooo
000000 GsHOODO OoOo ooo oo o
00 ooobo. 0ooo HOO 000 ooodo
0000 0ooooobooooo.
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