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ABSTRACT 
Titanium salts are widely used in pharmacy and industry as intensely white permanent pigment with good 
covering power in paints, paper, toothpaste, plastics and food dyes. This ion is a redox-active transition 
metal and may cause oxidative damages to lipids, proteins and DNA molecules. In spite of abundant 
literature, questions about the side effects of titanium ions still remain to be answered. In this study, the 
effects of titanium on biochemical parameters related to lipid metabolism were investigated. Male Wistar 
rats were treated with different doses of titanium for a period of up to 60 days. Blood samples were then 
collected for analysis. Lipid-related parameters in plasma were measured by standard methods. It was 
shown that titanium reduced plasma VLDL and triglycerides concentrations but increase in LDL-C and 
cholesterol levels were seen in all experimental groups. Titanium also showed to inhibit lipoprotein lipase 
activity. The finding that titanium increases LDL and cholesterol concentrations should be considered 
seriously, especially in people exposing to titanium compounds for a long period. 
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Hypercholesterolemia is a risk factor for the 
development of many diseases including 
atherosclerosis, myocardial infarction, heart attacks, and 
cerebral paralysis [ 1, 2]. Thus, the normalization of 
serum levels of total cholesterol or low-density 
lipoprotein cholesterol (LDL-C) through diet therapy or 
drug administration has been shown to decrease the 
incidence of coronary heart disease [ 3- 5]. Agents that 
interfere with lipid metabolism may increase the 
susceptibility to atherosclerosis and are the subjects of 
widespread investigations. 

Titanium is widely used in industry as a white 
permanent pigment with good covering power in paints, 
paper, toothpaste, plastics and food dyes[ 6- 8]. It is also 
used as components of large systems, such as cement, 
dielectric mirrors, cosmetic and skin care products, 
surgical instruments, dental implants, pace-makers, 
bone-plates and screws and many other alloy products. 
Therefore, studies on the effects of titanium intake on 
body metabolism are of especial interest [ 9- 13]. In vitro 
Studies have demonstrated that similar to iron and 
copper, titanium acts as a catalyst in the formation of 
reactive oxygen species (ROS) leading to oxidative 
stress and consequent cell damage [ 14, 15]. Oxidants 

such as Cu, Fe and Ti are redox-active transition metals 
that may cause oxidation damage to lipids, protein and 
DNA metabolism. These elements catalyzes formation 
of reactive oxygen species through the Fenton and 
Haber-weiss reaction [ 16, 17]. These oxidants have been 
shown to increase formation of atherosclerotic lesions in 
animal models and epidemiological data suggest that a 
direct relationship exists between the intake of oxidant 
and the risk of coronary artery disease [ 18]. 

Titanium ingestion could initiate some series of 
events that result in oxidative stress and might enhance 
the adverse conditions and further damage in normal 
situation. Because the possible link among titanium 
intake, oxidative stress and dyslipidemic profile, it 
would be of interest to examine the effects of titanium 
intake on lipid profile in normal condition. We have 
already been shown that titanium increased in vitro 
lipoprotein oxidation [ 19], which is the key step in the 
progression of atherosclerosis. Whether this is likely to 
occur in vivo and if so, under what condition needs 
more investigation [ 15, 16]. We also showed that 
lipoprotein lipase activity [ 20] and liver contents of lipid 
fractions are changed following titanium treatment [ 20]. 
The present study was carried out to show whether  
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Table 1. The effect of acute dose of titanium (2.5 mg/kg for 10 days) on plasma lipid-related parameters 
% Change Treated group Control group Parameter 

+86.6* 132 ± 39.5 71 ±11.1 Cholesterol (mg/dl) 
-14.3* 61.25±9 71.5±15.45 Triglyceride (mg/dl 

-8* 128.25±13.3 139.75±42 Free Fatty Acid (μmole/lit) 
+15.5 31.75±10.9 27.5±11.9 HDLC (mg/dl) 
+200* 88.5+12.7 29.5±20 LDLC (mg/dl) 
-14* 12.25±1.71 14.25±2.22 VLDL (mg/dl) 

Each value is the mean ± SD of five separate experiments performed in duplicate. Percent changes are shown in parenthesis. Stars indicate that 
the values are significantly different from controls. *Statistically significant (p < 0.005) 

Table 2. The effect of chronic dose of titanium (0.75 mg/kg for 30 days) on plasma lipid-related parameters 
% Change Treated group Control group Plasma 

+67.2* 127.5±10 76 ±12 Cholesterol (mg/dl) 
-17.2* 60±12.9 72.5±16.6 Triglyceride (mg/dl 
-8.9* 125±16.7 137.25±11.9 Free Fatty Acid (μmole/lit) 
+16 36.25±11.93 31.25±8.5 HDLC (mg/dl) 

+155.7* 78.5+16.25 30.5±14 LDLC (mg/dl) 
-17.2* 12±2.6 14.5±1.73 VLDL (mg/dl) 

Values are the mean ± SD of five separate experiments performed in duplicate. Percent changes of each parameter are also indicated. 
*Statistically significant (p < 0.005) 

Table 3. The effect of chronic dose of titanium (0.75 mg/kg for 60 days) on rat plasma lipid and lipoprotein levels 
% Change Treated group Control group Plasma 

+67.7* 136.25±7.5 81.25±13 Cholesterol (mg/dl) 
-34.6* 50.5±12.93 77.25±11.62 Triglyceride (mg/dl) 
-12.5* 119.25±14.9 136.25±20 Free Fatty Acid (μmole/lit) 
+13.1 28±4.5 24.75±8.8 HDLC (mg/dl) 
+138* 98.25+16.1 41.25±20.55 LDLC (mg/dl) 
-34.4* 10±2.58 15.25±2.1 VLDL (mg/dl) 

Values are the mean ± SD of five separate experiments performed in duplicate. Percent changes in each parameter are also indicated. *Statistically 
significant (p < 0.005) 

titanium intake could induce dyslipidemic profile at in 
vivo condition. 

MATERIALS AND METHODS 

Male Wistar rats (200-250 g) were used for this 
study. They were kept under standard conditions having 
free access to food and water but were fasted the night 
before experiment. The experimental animals received 
daily intraperitoneal dose of 2.5 mg/kg body weight of 
titanium for a period of 10 days (acute dose) and 0.75 
mg/kg body weight of titanium for a period of 30 and 60 
days (chronic dose). In the day of experiment, animals 
were killed, bloods were collected and centrifuged at 
2000-2500×g and their plasma was separated from 
blood cells. Samples were used directly or kept 
refrigerated for the analysis. Free fatty acids were 
measured by the method of Felix [ 21] and plasma 
protein by the method reported by Lowry et al. [ 22]. 
Plasma cholesterol and triglyceride levels were 
determined by the enzymatic methods using commercial 
laboratory kits purchased from Ziest Chimie (Tehran, 
Iran). HDL-C was measured in the supernatant after the 
precipitation of the Apo-B containing lipoproteins (LDL 
and VLDL) using polyanions in the presence of a 
divalent cation [ 23]. LDL-cholesterol was determined 
by calculation using the Freidewald equation [ 24]. 

RESULTS 
Plasma levels of lipid related parameters were 

changed in animals treated with different doses of 

titanium (Tables 1-3). As indicated in Table 1, 
cholesterol and LDL-C increased significantly in 
animals treated with acute dose of titanium in short time 
whereas triglyceride and free fatty acids were decreased 
in this condition. Changes in lipid fractions in animals 
chronically treated with titanium for 30 and 60 days are 
shown in Tables 2 and 3 respectively. It can be seen that 
the pattern of changes is similar to acutely-treated 
animals. 

DISCUSSION 

The present results demonstrated that titanium 
interferes with lipid metabolism .This interference 
might be initiated by the changes in the activity of 
lipoprotein lipase, a key enzyme that plays an important 
role in the metabolism, transport and tissue uptake of 
lipid fractions. Our previous study showed that titanium 
reduced the activity of this enzyme by 19.6-36.1 percent 
(p < 0.005) [ 20]. The exact mechanism by which 
titanium inhibits lipoprotein lipase activity is not known 
exactly, however the activity of this enzyme depends on 
the presence of free SH groups [ 25]. It is probable that 
titanium by interacting with some essential SH groups 
in the active site of the enzyme reduces enzyme activity. 

The reduction in the plasma levels of free fatty acids 
could be attributed to either the lowered activity of 
lipoprotein lipase in the presence of titanium or the 
inhibition of adenylate cyclase system leading to the 
reduction in intracellular levels of cAMP and the  
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inactivation of HSL [ 26]. Although the concentrations 
of different lipid and lipoprotein fractions are changed 
following the administration of titanium, the main 
clinically-important consequence is the significant 
increase in LDL levels of titanium treated animals. This 
effect of titanium should be considered seriously. It is 
well documented that there is a relationship between 
lipoprotein levels and the incidence of cardiovascular 
disease [ 27]. There are many reports indicating that the 
progression of atherosclerosis is well correlated with 
high plasma LDL/HDL ratio [ 27- 29]. So, our results 
that titanium elevated the ratio of LDL/HDL should be 
considered seriously in patients taking this drug for a 
long period of time. 

Our results also showed that the liver content of 
triglycerides decreased following the administration of 
titanium. Triglycerides are synthesized from the 
esterification of glycerol phosphate and acyl CoA. 
Glycerol phosphate in cells is partly maintained by 
glycolytic reactions, and titanium probably inhibits 
glycolytic enzymes. Therefore, the intracellular level of 
glycerol phosphate is limited. Titanium, on the other 
hand, inhibits lipoprotein lipase and lowers the plasma 
levels of free fatty acids. It is probable that the 
limitation of triglyceride synthesis may result in lower 
levels of liver triglycerides. Substrates that could not 
reach the triglyceride synthesis pathways may 
contribute to phospholipid synthesis. Our results 
showed that titanium increased phospholipid contents of 
liver. 

Considering our data, it is concluded that the 
systemic changes in plasma lipid parameters, at the 
cellular level, may induce changes in cell membrane 
and metabolism and this could be the start of metabolic 
disorders in patients who are using titanium for a long 
period of time. 

REFERENCES 
1. Key A. Seven Countries: A Multivariate Analysis of Death and 

Coronary Heart Disease Cambridge: Harvard University Press, 
1980. 

2. Wald NJ, Law MR. Serum cholesterol and ischaemic heart 
disease. Atherosclerosis 1995; 118:S1–5  

3. Hertog MGL, Poppel GV, Verhoeven D. Potentially 
auticarcinogenic secondary metabolites from fruit and 
vegetables. In: Tomas-Barberan F A, Robins R J (eds). 
Phytochemistry of Fruit and Vegetables. Oxford, UK: Oxford 
Science Publications, 1997: 313–29. 

4. Leake DS. The possible role of antioxidants in fruits and 
vegetables in protecting against coronary heart disease. In: 
Tomas-Barberan FA, Robins RJ (eds). Phytochemistry of fruits 
and Vegetables. Oxford, UK: Oxford Science Publications, 
1997: 287–311. 

5. Yamamoto A, Tembal H, Horibe H, Mabuchi H, Saito Y, 
Matsuzawa Y, Kita T,Nakamura H. Life style cardiovascular 
risk factors in the Japanese population-from epidemiological 
survey on serum lipid levels in Japan 1990. Part 1: Influence of 
life style and excess body weight on HDL-cholesterol and other 
lipid parameters in men. JAT; 10:165-75. 

6. Wells AF. Structure in organic chemistry. 1984; Chapter 7:312-
9. 

7. Mintz EA. Titanium. Organometallic chemistry 1994; 8:4206-
24. 

8. Mcauliffe CA, Bricklebank N. Titanium. Inorganic and 
coordination chemistry. 1994; 8: 4197-206. 

9. Habashi F, Leval U. Titanium compound. 1998; 6:4969-81. 
10. Lance F. Titanium dioxide: environmental white knight? 

Environ health perspect 2001; 109:245-67. 
11. Wang K. The use of titanium for medical application in the 

USA. Mater Sci Engineer 1996; 213:134-7. 
12. Silwood CJ, Grootveld M. Chemical nature of implant-derived 

titanium (IV) ions in synovial fluid. Biochem Biophys Res 
Commun 2005; 330:784-90. 

13. Beder DE, Eade G. Tissue tolerance to titanium metal implants 
in dogs. Surgery 1956; 39:470. 

14. Yamamoto Y, Imai N, Mashima R, Konaka R, Inoue M, Dunlap 
WC. Singlet oxygen from irradiated titanium dioxide and zinc 
oxide. Methods Enzymol 2000; 319:29-37. 

15. Ani, M; Moshtaghie, AA; Ahmadvand, H. Comparative Effects 
of copper, iron, vanadium and titanium on low density 
lipoprotein oxidation in vitro. Iran Biomed J 2007; 11:113-8. 

16. Gaetke LM, Chow CK. Copper toxicity, oxidative stress, and 
antioxidant nutrients. Toxicology 2003; 189:147-63. 

17. Lynch SM, Frei B. Mechanisms of copper-and iron-dependent 
oxidative modification of human low density lipoprotein..J Lipid 
Res 1993; 34:1745-53. 

18. Van Reyk DM, Jessup W, Dean RT. Prooxidant and antioxidant 
activities of macrophages in metal-mediated LDL oxidation. 
Vasc Biol 1999; 19:1119-24. 

19. Ani M, Moshtaghie AA, Ahmadvand H. Comparative effects of 
copper, iron, vanadium and titanium on low density lipoprotein 
oxidation in vitro. Iran biomed J 2007; 11:113-8. 

20. Ani M, Moshtaghie AA, Ahmadvand H. Changes in liver 
contents of lipid fractions following titanium exposure. Iran J 
Pharmaceut Res 2008; 7:179-83. 

21. Felix W. Lipase photometric assay. In: Bergmeyer HV. Methods 
of enzymatic analysis. Vol. 3, 2nd ed., Academic press, London, 
1974; pp. 819-27. 

22. Lowry OH, Rosenbrough NJ, Forr AL, Randall RJ. Protein 
measurement with the folin-phenol reagent. J Biol Chem 1951; 
193:256-75. 

23. Warnick GR, Cheung MC, Albers JJ. Comparison of current 
methods for HDL quantification. Clin Chem 1979; 25:596-601. 

24. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
concentration of LDL-C in plasma without use of the preparative 
ultracentrifuge. Clin Chem 1972; 18:499-502. 

25. Tornqvist H, Belfrage P. Purification and some properties of 
monoacylglycerol- hydrolysins enzyme of rat adipose tissue. J 
Biol Chem 1976; 251:813-9. 

26. Mulder M, Stenson L. Hormone Sensitive lipase, the rate 
limiting step enzyme in triglycerids hydrolysis. Diabetes 1999; 
48:228-32. 

27. Parthasarathy S, Barnett J, Fong LG. High-density lipoprotein 
inhibits the oxidative modification of low-density lipoprotein. 
Biochem Biophys Acta 1990; 1044:275-83. 

28. Tall AR. Plasma high-density lipoproteins: metabolism and 
relationship to atherosclerosis. J Clin Invest 1990; 86:379-84. 

29. Bonnefont-Rousselot D, Therond J. HDL and the oxidative 
hypothesis of atherosclerosis. Clin Chem Lab Med 1999; 37:939-
48. 

CURRENT AUTHOR ADDRESSES 
H. Ahmadvand, department of Biochemistry, faculty of medicine, 

Lorestan University of medical science, Lorestan, Iran. E-mail: 
hassan_a46@yahoo.com (Corresponding author) 

M. Ani, Department of clinical Biochemistry, School of pharmacy, 
Isfahan University of Medical Sciences, Isfahan, Iran. 

A. A. Moshtaghie, Department of clinical Biochemistry, School of 
pharmacy, Isfahan University of Medical Sciences, Isfahan, Iran.

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

pt
.iu

m
s.

ac
.ir

 o
n 

20
25

-0
7-

15
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               3 / 3

mailto:hassan_a46@yahoo.com
https://ijpt.iums.ac.ir/article-1-210-en.html
http://www.tcpdf.org

