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Abstract
Tota joint prosthesis replacement has become one of the most common procedures to
treat arthritic patients in the clinical orthopedic practice. Titanium aloy (TigAl4V) is
one of the materials widely used in common orthopaedic practice. The use of Ti implant
results in the dissemination of soluble metallic corrosion products and particulate
metallic wear debris in the long run. Previous reports focused on the release of metal
debris that has been reported to be an important underlying mechanism for
prosthesis-related late complications, such as loosening of prosthesis, local osteolysis,
release of inflammatory factors. The first year usesin vitro cell culture model (easier to
control the experimental conditions). We have found that an increase in the levels of
elemental Ti in the blood and lung tissues of rats with an alloyed-Ti implant also has
been found. The cellular reaction to elevated elemental Ti in the circulation remains
unclear. We furth- er performed experiments to examine the changes of inducible nitric
oxide synthase iINOS expression in alveolar macrophages from alloyed- Ti-implanted
rats. The ele- vation of nitrite and iINOS expression induced by lipopolysaccharide
LPS was suppr- essed. The in vitro effect of a soluble form of Ti was further
investigated. Ti 0.01- 0.06 mM inhibited the LPS-induced nitrite production and iNOS
expression in ave- olar macrophages from normal rats without any cytotoxic effects.
LPS induced protein tyrosine phosphorylation, tyrosine-phosphorylation of lyn a
CD14-receptor-associa- ted-tyrosine kinase , and degradation of IxB-a protein
inhibitor of NF-xB in ave- olar macrophages. These events were inhibited by
co-incubation with Ti. These results indicate that elemental Ti may impair iNOS
expression in aveolar macrophages thro- ugh the alteration of protein tyrosine



phosphorylation and NF-¢B activation. The inhibitory action of Ti on cellular responses
of alveolar macrophages may be anti-inflammatory and thus may depress local defense
mechanisms related to microbial killing.

The second year uses anima model to investigate the effect of Ti on the lung
tissue. We have found that the Ti alloy implant enhanced lung injury rel ated to
endotoxin from Gram-negative bacteria (lipopolysaccharide, LPS), which was
characterized by lung edema and other histo- logical changes such as recruitment of
neutrophils, interstitial edema, and alveolar hemorrhage in the lung. In the presence of
endotoxin, an increase of nitrite production was shown in the plasma and bronchiave-
olar lavage fluid of rats implanted with a Ti aloy. Moreover, the Ti aloy implant fu-
rther enhanced the induction of inducible nitric oxide (NO) synthase (iNOS) protein
expression induced by LPS in the lung. These endotoxin-related responses in the pre-
sence or absence of the Ti aloy implant could be inhibited by aminoguanidine (an
iNOS inhibitor). These results provide the first experimental evidence that circulating
Ti released from Ti aloy implants has an ability to affect pulmonary iNOS protein ex-
pression, and enhance the pathogenesis of acute lung injury during endotoxemia.

Keywords: titanium aveolar macrophages inducible nitric oxide synthase protein
tyrosine phosphorylation titanium alloy, lung tissue, human endothelial cells, nitric

oxide synthase, endotoxin.
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Fig. 1. Ti content in the blood and various
tissues of titanium aloy implanted rats. Rats
were implanted with titanium alloy discs 4
weeks prior to measurement of Ti content.
Data are presented as means+SEM for four
to six animals. * P < 0.05 as compared with
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Fig.2. Alteration of LPS-induced iNOS protein expression
and protein tyrosine phosphorylation in aveolar
macrophages from titanium alloy implanted rats. Rats were
implanted with titanium aloy discs 4 weeks prior to
bronchoalveolar lavage to obtain alveolar macrophages.
Alveolar macrophages were exposed in culture to 10 pg/ml
LPS for 6 h prior to assay of iNOS and protein tyrosine
phosphorylation. (A). Tota cell lysates were prepared and
subjected to Western blot analysis for macrophage iNOS as
described in Methods. (B). Tyrosine phosphorylation of
multiple proteins  were detected using an
anti-phosphotyrosine antibody.
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exposed to various LPS doses for 24 h. (B). Effects of
increasing concentrations of Ti on production of
nitrite from macrophages in the absence or presence
of LPS (10 pg/ml) for 24 h. (C). Macrophages were
pre-stimulated (pre-stim) with LPS (10 pg/ml) for 24
h. After which LPS was removed, and macrophages
were subsequently incubated in medium containing Ti
for a further 24 h prior to measurement of nitrite
products in conditioned medium. Data are presented
as meanstSEM of 3-5 separate experiments
performed in triplicate. * P<0.05 as compared with
controls. ** P<0.05 as compared with LPS alone.
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L Fig.4. Western blot analysis of eNOS and COX-2
proteinsin HUVECs. HUVECs were
Tees co-incubated with Ti (0.06 mM) and LPS
f Sl (10p1g/ml) for 6 hr (A) and 24 hr (B). These
& ™ proteins were separated by SDS-PAGE and
analyzed by immunoblotting.
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Fig. 5. LPS-induced lung edema in titanium
dloy implanted rats. Lung edema was
measured as wet/dry weight ratio in rats
without or with Ti implants, which were
injected peritoneally with bacterial endotoxin
(LPS) for 6 h. Some rats were pretreated with
aminoguanidine (AG). Data are presented as
means+SEM of three experiments (three rats
per group in each experiment). *: P < 0.05 as
compared with sham control. * P<0.05 as
compared with LPS aone. # P<0.05 as
compared with Ti+LPS alone.
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Fig. 6. Ti implants enhance NO production
related to LPS in plasma and bronchoalveolar
lavage fluid (BALF). Rats without or with Ti
implants were injected peritoneally with bacterial
endotoxin (LPS) for 6 h to measure plasma (A)
and BALF (B) nitrite levels. Some rats were
pretreated with aminoguanidine (AG). Data are
presented as meanstSEM of three experiments
(three rats per group in each experiment). *: P <
0.05 as compared with sham control. *P<0.05 as
compared with LPS alone. # P<0.05 as compared
with Ti+LPS.
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Fig. 7. Alteration of iINOS protein expression in
the lung of Ti alloy implanted rats. Lung
samplesin rats without or with Ti implants,
which were treated intraperitoneally with LPS
for 6 h, were prepared and subjected to Western
blot analysis as described in Methods.
a-Tubulin served as control for sample loading
and integrity. Quantification of the expression
of iINOS protein expression was performed by
densitometric analysis. Data are presented as
means+SEM of three experiments. *: P< 0.05
as compared with LPS alone. # P < 0.05 as
compared with Ti+LPS.
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