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Abstract
The potential to cause tissue damage by metal ions is the matter of widespread
investigation. Titanium salts are widely used in industry for ceramic painting, in pharmacy
for tablet coating and making chemical sunscreens and in medicine as photo catalysts with
bactericidal activity. This may address the idea that the exposure to these salts could play a
role in metabolic disorders. In this study the effect of Ti on liver contents of lipid fractions
was investigated.
Male Wistar rats (200-250 g) were used for the experiments. Groups of animals were
injected for 10 days with 2.5 mg/kg of titanium chloride, as acute dose and for 30 and 60
days with 0.75 mg/kg as chronic doses. At the end of the experimental period animals were
anaesthetized, the abdomens were opened and the livers were perfused with appropriate buffer.
Livers were then removed immediately and used fresh or kept frozen until the analysis. Livers
were then homogenized and their contents of triglycerides and phospholipids were determined.
Blood samples were also collected before killing to measure the lipid levels.
Titanium led to a significant increase in phospholipid content of the liver (about 66 %)
whereas triglycerides decreased by about 25 to 30 percent in all treated animals. Titanium also
reduced plasma free fatty acids and triglycerides significantly but cholesterol and LDL levels
were increased in all treated animals. Lipoprotein lipase activity was also inhibited in titanium
treated animals.
In Conclusion This study is significant because it shows that chronic inhalation or exposure
to titanium at workplaces is associated with changes in liver lipid metabolism. Plasma
lipid-related parameters were also affected. Although less information is available concerning
the mechanism of toxicity but the induction of reactive oxygen species production may be
responsible for this effect.
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Introduction
The environmental and health risk of exposure
to some commonly used trace metals is under
widespread investigation. Drugs and chemical
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agents that contain any metallic substance may
also undergo in vivo degradation which could
then affect the intracellular metabolism and also
the biological response of cells and tissues. The
change in biological responses vary with the
metal itself, the dose and the duration of the
exposure.
One of these elements is titanium which is
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widely used in industry, pharmacy and medicine.
In pharmacy, titanium salts are used for tablet
coating and in sunscreen preparations (1, 2).
Titanium salts are also used in medicine as
photo-catalysts with bactericidal activity (3).
Ceramic painting is one of its applications in
industry. Its use in surgery as dental implants,
screws, plates and prosthese is also getting
ubiquitous. Some plants and foods such as
black pepper, cloves, thyme, lettuce, chicken
and margarine have high contents of titanium
(4). Taking titanium for a long period of time
may accumulate in skin, lung, liver and heart
(5). The widely usage of this element beside
its toxic potential, justify any investigation
about the biological and biochemical changes,
induced by titanium salts. However, although
it has been made clear that titanium could
affect many aspects of cell metabolism, the
exact mechanism of its effect is not very well
characterized.
It has been reported that following absorption
and entrance to blood circulation titanium binds
strongly to transferring molecules and is carried
to the cells and tissues (6). Titanium may then
exert its effect through some intracellular
signaling pathways leading to expression of
certain protein and biomolecules (7). Various
studies also indicate its potential to activate free
radicals and also the role of reactive oxygen
species in the process of toxification of this
element (8).
In the course of in vivo search for the toxicity
screening of chemicals on liver function,
different aspects of metabolic reactions have
been chosen to examine their adverse effects.
Liver is actively involved in the manufacturing
of many blood biomolecules, therefore its
metabolism and functions are susceptible to
alteration as a consequence of interaction with
foreign particles.
Due to the importance of lipid metabolism
in liver, this study describes the interaction of
titanium with the levels of triglycerides and
phospholipids.
Although the effect of titanium on the
alteration of lipids in isolated cells has recently
been reported (9) but searching the literature
shows very little information about the in vivo
effect of titanium on lipid metabolism especially

in liver.
Experimental
Male Wistar rats were used for the
experiments. They were kept under standard
conditions having free access to food and
water and their weight were 200-250 g at the
time of experiments. Different groups of rats
were chosen, 5 animals in each group. To study
the acute effects of titanium in short term, a
group of animals was injected for 10 days with
2.5 mg/kg of titanium chloride intraperitoneally.
In long term study animals were injected with
0.75 mg/kg of titanium chloride for 30 and 60
days. Another group of animal was treated with
normal saline and considered as control. At the
end of the experimental period, animals were
anaesthetized, their abdomens were opened and
the livers were first perfused with appropriate
buffer. Livers were then removed immediately
and used fresh or kept frozen until analysis.
Livers then were homogenized using Heidolph
homogenizer (Model RZR3, type 50113) and
their contents of phospholipids and triglycerides
were determined. To do this, first total lipids
of each liver was separated by the method of
Norman (10) using a mixture of chloroform/
methanol (2/1: v/v) which then was washed with
calcium chlorides solution. The upper aqueous
layer was discarded. The lower chloroform
layer contained most of lipid fractions of the
liver which then were used for the separation
of triglycerides and phospholipids. Norman
method for separation of lipids is preferred
because washing with calcium chloride avoids
removal of some lipids that may be excluded
if water were used for washing. Phospholipids
were separated by the method of Rose et all.
(11), which is based on the surface absorption of
phospholipids by activated silisic acid and then
removing them by appropriate solvents, which
were then measured by phosphomolibdate
method. The remaining triglyceride in the
solution was measured by enzymatic methods
using commercial kits based on lipase
hydrolysis of triglyceride. For some preliminary
experiments blood samples were also collected
before killing of animals and their plasma were
separated to analyze the lipid levels and also to
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Table 1. The effect of acute dose of titanium (2.5 mg/kg) on liver lipid contents in animal treated for 10 days. Figures are Mean ± SEM of
5 experiments performed in duplicate. Percent changes are also indicated in the table and stars show that the changes are significant.
Control

Treated

Changes (%)

Phospholipids (mg/g)

0.21± 0.05

0.34±0.08

+62%*

Triglyceride (mg/g)

0.31± 0.08

0.24±0.06

-25%*

measure lipoprotein lipase activity.

should be considered seriously due to the
growing application of its products in medicine
and industry. We have studied some biochemical
properties of this element and the binding
behavior of titanium and its potential to oxidize
some lipoproteins have already been published
(12, 13).
Reports also indicate that some aspects of lipid
metabolism is affected in workers of titanium
magnesium producers (14). There is no need to
emphasize that any change in lipid metabolism
and related parameters may affect whole body
metabolism leading to serious consequences.
Although it is not exactly known how titanium
exerts its toxic effects on cells and tissues but
there are suggestions that it may interfere with
intracellular signaling pathways (7, 15), including
cell cycle regulatory pathway, apoptosis pathway,
the chemokine pathway and complement
cascade as well as G-protein-coupled receptors
(16). Titanium has also been suggested to play a
role in the production of reactive oxygen species
(ROS) in affected cells and tissues (17, 18). This
property could pose a risk to many biological
targets such as liver, brain and lung that are
sensitive to oxidative stress damage (19). There
is a bulk of reports indicating that reactive oxygen
species interfere with lipid metabolism (20, 21)
the out-come of which is changes in lipid storage
and/or consumption. Liver is an important site
for synthesis, sorting, packaging and secreting
lipids. Putting together it is concluded that the
production of reactive oxygen species, induced
by titanium may contribute to the changes seen

Results
Preliminary experiments revealed that
titanium affected plasma lipid parameters,
the result of which is going to be published
elsewhere. Thus plasma cholesterol and LDL
were increased whereas free fatty acids and
triglycerides decreased in all treated animals.
Titanium could also affect plasma lipoprotein
lipase activity and this effect showed to be
inhibitory.
Results regarding lipid changes in the liver
are shown in Tables 1 and 2. Table 1 shows the
effect of acute dose of titanium on triglycerides
and phospholipid contents of liver. As shown,
phospholipids were increased by 62% in short
term treated animals which was significantly
different from controls. Triglyceride contents of
the liver decreased by 25% under this condition.
Chronic effects of titanium on liver lipids
are shown in Table 2. Again phospholipids
were increased and triglycerides decreased in
chronically treated animals.
After 30 days of treatment, 52 percent increase
in liver phospholipids and 30 percent decrease
in triglyceride were observed whereas after 60
days, phospholipids increased by 62 percent and
triglycerides decreased by 25 percent.
Discussion
The biochemical side effects of titanium

Table 2. Changes in phospholipids and triglyceride contents of liver following a chronic dose (0.75 mg/kg) of titanium for 30 and 60
days. Figures are Mean±SEM of five experiments performed in duplicate. Percent changes are indicated in brackets and starred figures
are significantly different from control animals.
Treated

Control

30 days

60 days

Phospholipids (mg/g)

0.23±0.05

0.35±0.07 (+52%)*

0.38±0.08 (+66)*

Triglycerides (mg/g)

0.30±0.10

0.21±0.09 (-30%)*

0.25±0.06 (-17%)*
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70A: 347-353
(10) Norman SR. Preparation of lipid extracts. In: Methods
in Enzymology J.M. Lowenstein (editor) Vol. 14,
Academic Press, London (1969) 245-250
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in lipid contents of the liver.
The reduction in triglyceride level seen in this
study may also be attributed to the unavailability
of free fatty acids for triglyceride production
in the liver. We showed that titanium inhibited
plasma lipoprotein lipase activity and reduced
free fatty acid concentrations (unpublished
data). On the other hand phospholipid contents
of liver in titanium treated animals increased
significantly.
It is well known that the synthesis of
triglycerides in the liver is achieved by transfer
of an acyl group to a diglyceride molecule
which is the product of phosphatidate phospho
hydrolase enzyme. When fatty acid is limited,
diglyceride molecules so produced are diverted
to phospholipid synthesis. This explains why the
reduction in triglyceride levels is accompanied
by the elevation of phospholipid contents of the
liver.
In brief it may be suggested that titanium
by interfering with cAMP-dependent signaling
system (15) and decrease in lipolytic pathways
leads to a reduction in free fatty acid supply so
that lipid storage in the liver is affected.
Apart from titanium effect on lipid metabolism
and liver function, many other interactions have
been reported. For example titanium is shown to
affect DNA and gene expression (22). Induced
changes in gene expression are associated with a
broad range of cell functional activities. Titanium
is also reported to cause cell hyperplasia (23) and
alter cell metabolic behavior even at sub toxic
concentrations (24).
In view of this experimental results it can
be concluded that workers in industry as well
as all subjects who are exposed to titanium
salt products for a long period of time should
be checked occasionally, and even any minor
changes in the levels of biochemical parameters
and abnormality in liver and kidney function
test should be considered serious to prevent the
biohazards of this toxic elements.
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