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Role of Nitric Oxide in the Nickel and Cobalt Induced Cytotoxicity
in RAW 264.7 cell

Jung-Ho Youm, Gyung-Jae Oh, Young-Cheun Yoo

Department of Preventive Medicine and Public Health,
School of Medicine and Institute for Medical Science, Chonbuk National University

Objectives : The nickel and cobalt present in many industrial working environments
and consumer products. They are two of the leading causes of allergic contact dermatitis,
which is a typical delayed(type IV) hypersensitivity reaction. However, the mechanism by
which nickel and cobalt causes this pathology is not well known. The nickel and cobalt
induced contact dermatitis is mediated primarily through macrophages. This mechanism is
similar to the autotoxicity procedure for NO. Therefore, this study was designed to exam-
ine whether the metals could modulate NO production and how the metals may affect
ATP production and cell viability. In summary, the purpose of this study was to elucidate
the role of NO in the nickel and cobalt induced cytotoxicity.

Methods : This study is based on observations of cultures of RAW 264.7 cells which
are originated from a tumor of Balb/c mouse that was induced by Abelson murine
leukemia virus. RAW 264.7 cells were treated with either Ni, Co, Ni plus Co, or N-
monomethyl-L~ arginine(NMLA) for 24-72 h. The cytotoxicity of the nickel and cobalt
was measured by cell viability and NO2-, and mitochondrial function was evaluated by
adenosine triphosphate(ATP) production in RAW 264.7 cells. In addition, the morphology
of cells was observed using an inverted microsope.

Results : The NO,- synthesis of RAW 264.7 cells increased with increasing concentra-
tions of Ni and Co up to 50 M after 24 and 48 h of exposure to Ni and Co but then
decreased if the concentration was greater than 50 #M and the time period was greater
than 48 h. However, the viability of cells was decreased by Ni and Co exposure in a dose
and time dependent manner. Therefore, 50 #M Ni or Co and 48 h of treatment were used
in this study. A complete inhibition of NO2- synthesis by Ni or/and Co occurred when
iNOS inhibitor, NMLA, were pretreated prior to addition of Ni or/and Co, whereas Ni
or/and Co induced decrease of synthesis of ATP and viability completely recovered when
NMLA were pretreated prior to addition of Ni or/and Co. Ni or/and Co(50 #M) induced
the characteristic morphological features of cytotoxicity which is characterized by a
shrinkage of cytoplasm and irregular shape of the cells, but the pretreatment of NMLA
resulted in a recovered morphological change of the cells to their normal appearance.

Conclusions : These results suggest that NO plays an important role in the pathogene-
sis of the cytotoxicity of nickel and cobalt, and nickel and cobalt may exert their toxici-
ties by means of modulation of NO production. The results from this study may facilitate
further understanding the role of NO on nickel and cobalt induced immune and inflam-
matory processes.
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o 9 zFZAS doy|= gEAel %_%./_'h_oi’ e
< 95 9 Aokl M AMESTIR Q1 QA ER
7F ket A el § 0149*511_ 357t
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o] Ao o]&sln UE RAW 264.7 cell2
Balb/c vF$29 57| Abelson leukemia
virus(A-MuLV) & FYdste] 27 A x5
24 IL-1 =& INFy 53 22 ytokme«l 25
“Poi‘: 222 NOE Adske % < 7KK 9
‘_‘;:__4 51374@
MT/HLGWIS &, 1995;
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Fig. 1. The synthesis of NO,” from RAW 264.7
cells in DMEM containing 10 % FCS and
cytokines(IL-1e 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
mean=+S.D. of three experiments.
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Fig. 2. The viability of RAW 264.7 cells in
DMEM containing 10 % FCS and cytokines(IL-1«
40 U/ml and IFN-y 20 U/ml). Viability were con-
tinuously measured at 12, 24, 48, and 72 hours
after incubation. Values are expressed as mean=+
S.D. of three experiments.
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Fig. 3. The effect of NiCl, on synthesis of NO,
from RAW 264.7 cells which were cultured in
DMEM containing 10 % FCS, cytokines(IL-1a 40
U/ml and IFN-y 20 U/ml), and NiCl,. Synthesis of
NO,  were continuously measured at 24, 48, and
72 hours after incubation. Values are expressed
as mean®S.D. of three experiments.
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Fig. 5. The effect of CoCl, on synthesis of NO,
from RAW 264.7 cells which were cultured in
DMEM containing 10 % FCS, cytokines(IL.-1e 40
U/ml and IFN-y 20 U/ml), and NiCl2. Synthesis of
NO, were continuously measured at 24, 48, and
72 hours after incubation. Values are expressed
as mean+S.D. of three experiments.
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Fig. 4. The effect of NiCl2 on viability of RAW
264.7 cells in DMEM containing 10 % FCS,
cytokines(IL-1¢ 40 U/ml and IFN-y 20 U/ml), and
NiCl,. Viability were continuously measured at
24, 48, and 72 hours after incubation. Values are
expressed as mean=+S.D. of three experiments.
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Fig. 6. The effect of CoCl, on viability of RAW
264.7 cells in DMEM containing 10 % FCS,
cytokines(IL-1¢ 40 U/ml and IFN-y 20 U/ml), and
CoCl,. Synthesis of NO,  were continuously mea-
sured at 24, 48, and 72 hours after incubation.
Values are expressed as mean=*S.D. of three
experiments.
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Fig. 7. The effect of metals(NiCl, and CoCl,) or
NMLA (N“-monomethyl-L-arginine) on synthesis
of NO, from RAW 264.7 cells. Cells were incu-
bated with DMEM containing 10 % FCS(control)
and cytokines(IL-1¢ 40 U/ml and IFN-y 20 U/ml)
or NMLA(100 #M) for 6 hours and then treated
to NiCl2(50 M), CoCly(50 #M),
for another 48 hours. Values are expressed as

or their mixture

mean+S.D. of three experiments. Significant dif-
ferences(p<0.05) in NO2- levels between the
groups were determined using a Student’'s t-test.
‘Significantly different from the control.
"Significantly different from group given:
cytokines. ‘Significantly different from group
given: Ni. “Significantly different from group
given: Co. ‘Significantly different from group
given: Nit+Co.
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Fig. 8. The effect of metals(NiCl, and CoCl,) or
NMLA (NG-monomethyl-L- arginine) on synthesis
of ATP from RAW 264.7 cells. Cells were incu-
bated with DMEM containing 10% FCS(control)
and cytokines(IL-1¢ 40 U/ml and IFN-y 20 U/mi)
or NMLA(100 #M) for 6 hours and then treated
to NiCly(50 #M), CoCly(50 #M),
for another 48 hours. Values are expressed as

or their mixture

mean+S.D. of three experiments. Significant dif-
ferences(p<0.05) in ATP levels between the groups
were determined using a Student’'s t-test.
‘Significantly different from the control.
"Significantly different from group given:
cytokines.
given: Ni.
given: Co. ‘Significantly different from group
given: Nit+Co.

‘Significantly different from group
‘Significantly different from group

w
X
=
o
e
=
N

mln
i)

R A )

>

i)
%0
o 58
:L

olv

™
_>.*_'
E

2 H7Vsl7] A RAW 264.7 Al
aneam v we 2w
A A7) e AEAL Gole B

279



tigtardelstslXl A 183 M 3 = 20014

100

Viability (%)
= 3

e
(=}

[
(=]

+ cybokines

Fig. 9. The effect of metals(NiCl, and CoCl,) or
NMLA (NG-monomethyl-L-arginine) on viability
of from RAW 264.7 cells. Cells were incubated
with DMEM containing 10 % FCS(control) and
cytokines(IL-1a 40 U/mi and IFN-y 20 U/ml) or
NMLA(100 #M) for 6 hours and then treated to
NiCly(50 #M), CoCly(50 #M), or their mixture for
another 48 hours. Values are expressed as mean+
S.D. of three experiments. Significant differ-
ences(p<0.05) in viability between the groups were
determined using a Student’s t-test. “Significantly
different from the control. "Significantly different
from group given: cytokines. “Significantly differ-
ent from group given: Ni. “Significantly different
from group given: Co. ‘Significantly different
from group given: Ni+Co.
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Fig. 10. Inverted microphotographs of RAW 264.7 cells. Cells were cultured in medium(DMEM and 10
% FCS). cytokines(IL-1a 40 U/mi and IFN-y 20 U/ml), and absence or presence of metals(NiCl2 and
CoCly). A. Cytokines supplemented group without metals. B. Cytokines and NiCl,(50 #M) supplemented
group. C. Cytokines and CoCly(50 #M) supplemented group. D. Cytokines, NiCly(50 #M), and CoCl,(50 #
M) supplemented group. Magnification x400.
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28-S AT Axz ATP A A9t AE&]
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Fig. 11. Inverted microphotographs of RAW 264.7 cells. Cells were incubated with DMEM containing 10
% FCS and cytokines(IL-1a 40 U/ml and IFN-y 20 U/mi) or NMLA(NG-monomethyl-L-arginine, 100 #M)
for 6 hours and then treated to NiCly(50M). CoCly(50 #M), or their mixture for another 48 hours. A.
No treatment with chemicals. B. Pretreatment of NMLA prior to the addition of NiCl,. C. Pretreatment

of NMLA prior to the addition of CoCl,.
CoCl,. Magnification x400.
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D. Pretreatment of NMLA prior to the addition of NiCl, and
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iNOSY 718 483t dAEd= 484 Ut
(Moncada %, 1991: Green® Nacy, 1993). ¥
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RWA 264.7 AlxZe] =& NOy, 2 ATP A0
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