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Nickel (Ni) is contained in various alloys, which are widely used in accessories and biomaterials, and causes
inflammation and allergy. However, little is known about the regulation of Ni release from alloys in vivo. In this study, we
established a novel in vivo model in which the release of Ni from metal wire could be analyzed quantitatively. A Ni wire
(99.9 %; 0.8 mmx5 mm) was implanted subcutaneously in the dorsum of mice. Ni ions in the skin tissue (diameter : 14
mm) on the wire were extracted and quantified by the fluorometry using Newport Green. The content of Ni ion in the tissue
was significantly increased from 8 h. When lipopolysaccharide (LPS, 1 pg) was injected into the same site immediately after
the implantation of Ni wire, the content of Ni ions in the tissue was significantly increased. These results suggest that the
release of Ni from metal wires in vivo was enhanced by LPS-induced inflammation. The findings were confirmed by in vitro
model using a macrophage-like cell line RAW264. RAW 264 cells (1 x10” cells/mL, 0.2 mL) were seeded on a Ni plate (5
mm square) and incubated for 24 h in the medium containing LPS (0.1, 0.3 and 1.0 pg/mL). LPS enhanced the release of Ni
by RAW 264 cells in a concentration-dependent manner. Interestingly, the enhancement was observed only when the cells
were attached with Ni plate. The inhibitor of lysosome chloroquine (10 uM) and the V-ATPase inhibitor bafilomycin A: (1
nM) but not the Na'/H" exchanger (NHE) inhibitor amiloride inhibited partially the elution of Ni by unstimulated RAW264
cells. In contrast, chloroquine, bafilomycin A1 and amiloride potently inhibited that induced by the LPS-stimulated RAW264
cells. These results suggested that LPS-stimulated RAW264 cells caused the release of Ni ions via the release of lysosome
and via the activation of V-ATPase and NHE. In conclusion, we established the novel models for the release of Ni from
metals in vivo and in vitro and demonstrated that the activation of inflammatory cells apparently enhanced the release of Ni.
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Figure 1. Ni wire-induced inflammation

(A) A Ni wire was implanted subcutaneously in the dorsum of each
mouse. The mice were sacrificed 8, 24 and 72 h after the
implantation, and the skin around the wire was photographed.

(B) The skin tissue (diameter: 14 mm) on the wire was excised and
the weight of tissue was measured. The values are the means of four
mice with S.E.M. shown by vertical bars. Statistical significance;

**P<0.01 vs. the O h group.
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Figure 2. Erosion of the surface of Ni wire
The surfaces of untreated and implanted Ni wire
(72 h) were analyzed by scanning electron
microscope.
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Figure 3. Increase in release of Ni by lipopolysaccharide-
induced inflammation
(A) Ni wire was implanted subcutaneously in the dorsum of
each mouse. Lipopolysaccharide (LPS) was injected into
the same site immediately after the implantation. Twenty-
four hours after the implantation, the mice were sacrificed
and the skin on the wire was dissected. Paraffin section of
the tissue was prepared and stained with hematoxylin-
eosin.
(B) The skin tissue (diameter: 14 mm) on the wire was
excised 8, 24 and 72 h after the implantation of Ni wires
and Ni in the tissue was quantified by the fluorometry. The
values are the means of five mice with S.E.M. shown by
vertical bars. Statistical significance; *P<0.05, **P<0.01
vs. the Saline group at the corresponding point.
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Figure 4. Enhancement of elution of Ni ions from Ni plate by
lipopolysaccharide-stimulated RAW 264 cells
(A) RAW 264 cells (1 and 3x10° cells/mL, 0.2 mL)
seeded on a Ni plate (5 mm square) and incubated for 24
h in the presence (closed columns) or absence (open
columns) of LPS (1 ug/mL). The values are the means of
five samples with S.E.M shown by vertical bars. Statistical
significance; *P<0.05 vs. the corresponding unstimulated
group.
(B) RAW 264 cells (1 X10° cells/mL, 0.2 mL) seeded on
a Ni plate (5 mm square) and incubated for 24 h in
containing LPS (0.1, 0.3 and 1.0 yg/mL). The
concentration of Ni in the supernatant was determined after
the 24 h incubation. The values are the means of five
samples with S.E.M. shown by vertical bars. Statistical
significance; *P<0.05 vs. the unstimulated group.
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Figure 5. pH in the culture medium of lipopolysaccharide-stimulated

RAW 264 cells

(A) RAW 264 cells (1 and 3% 10° cells/mL, 0.2 mL) seeded on
a Ni plate (5 mm square) and incubated for 24 h in the presence
(closed columns) or absence (opened columns) of LPS (1 ug/mL).
The pH of the culture medium was determined with pH meter. The
values are the means of five samples with S.E.M shown by vertical

bars.

(B) RAW 264 cells (1 x10° cells/mL, 0.2 mL) seeded on a Ni
plate (5mm square) and incubated for 24 h in containing LPS (0.1,
0.3 and 1.0 ug/mL). The pH in the culture medium was
determined with pH meter. The values are the means of five

samples with S.E.M. shown by vertical bars.
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Figure 6. Requirement of cell attachment
Enhancement of elution of Ni ions from Ni plate by
lipopolysaccharide-stimulated RAW 264 cells
RAW 264 cells (1 x10° cells/mL, 0.2 mL) seeded
on a Ni plate (5 mm square) and incubated for 4, 8,
and 24 h in the presence or absence of LPS (1.0
ug/mL). The concentration of Ni in the culture
medium was determined. The values are the means
of five samples with S.E.M. shown by vertical bars.
Statistical significance; *P<0.05, **P<0.01 vs. the
corresponding unstimulated group.
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Figure 7. Enhancement of elution of Ni ions from Ni plate by lipopolysaccharide-stimulated RAW 264 cells

on Ni plate

(A) Experimental scheme of culture condition of RAW 264 cells.

(B) RAW 264 cells (1 x10°cells/mL, 0.2 mL) seeded on (attached condition) or under a Ni plate (non-
attached condition) were incubated for 24 h in presence or absence of LPS (1.0 ug/mL). The
concentration of Ni in the culture medium was determined. The values are the means of five samples with
S.E.M. shown by vertical bars. Statistical significance; **P<0.01 vs. the corresponding LPS (-) group.
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Figure 8. Effects of drugs on elution of Ni ions from Ni plate
by unstimulated RAW 264 cells
RAW 264 cells (1X10 5 cells/mL, 0.2 mL) were seeded
on a Ni plate (5 mm square) and incubated for 24 h in
the medium containing chloroquine (CQ ;10 uM),
amiloride (Ami ; 100 uM) and bafilomycin A, (Baf ;1
nM). The concentration of Ni in the supernatant was then
determined. The values are the means of five samples with
S.E.M. shown by vertical bars. Statistical significance;
**P<0.01 vs. medium alone (None) group, "P<0.05 vs.
unstimulated RAW 264 cells group.
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Figure 9. Inhibition of elution of Ni ions from Ni plate by

lipopolysaccharide-stimulated RAW 264 cells by
chloroquine, amiloride and bafilomycin A,
RAW 264 cells (1x10°cells/mL, 0.2 mL) were seeded on
a Ni plate (5 mm square) and incubated for 1 h in the
medium in the presence of chloroquine (CQ ; 10 uM),
amiloride (Ami ; 100 pyM) and bafilomycin A, (Baf ; 1
nM). Then the cells were stimulated with LPS (1.0 pg/mL)
for 8 h. The concentration of Ni in the supernatant was
then determined. The values are the means of five samples
with S.E.M. shown by vertical bars. Statistical significance;
“*P<0.01 vs. unstimulated RAW 264 cells, **P<0.01 vs.
LPS control.
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