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Nanoparticles have many characteristics that make them suitable for biological and medical
applications. These special features cause some adverse effects. Despite the widespread use of titanium
dioxide nanoparticles, few studies were conducted on the toxicity of these nanoparticles in biological
systems. In this study, the effects of intraperitoneal injections of TiO2 nanoparticles (30,50,70 mg/kg )
were investigated on kidney function and histology. The creatinine levels did not change but the
amount of urea and uric acid showed the significant changes in comparison with control group. But, by
passing the time, the uric acid changes back to normal. In kidney tissue, the changes such as deposition
of hyaline-like materials, the swelling, dilatation of Bowman's capsule and degenerations were seen. It
seems by passing time, The temporary disorders have been removed and the renal function has
returned toward normal. However, further investigations are needed to measure the oxidative stress.

INTRODUCTION
Nanotechnology involves the study, control, and
composition of materials at the nanometer scales (Biazar
et al. 2010). Reducing the size of the nanoparticles leads
to the increase in surface area and provides the
absorbtion possibility for further chemical molecules on
the surface and this increases the reactivity of the
particles, leads to increase in the effects of toxicity in
these materials (Donaldson et al. 2004). However, some
properties of nanoparticles are toxic but some of them
may be useful and enable them to fight against diseases at
the cellular level so that they can be used in treating the
disease (Buzea et al. 2007). However; it is necessary to
discover the characteristics of nanoparticles for a
successful development of Nano-drugs (Biazar et al.
2010). Among the metal oxide nanoparticles, titanium
dioxide nanoparticles due to optical, electrical and high
catalytic properties have important usages in various
industries; including in industrial pigments. It is also
used as photocatalist in environmental purging, in

sunscreen creams, in purifing the water, filteration of
gases, especially in air polution, destruction of cancer
cells, producing the cosmetic and health equipments,
providing the protective coating against ultra violet
(UVL) (Mital and Manoj 2011).
Recent studies show that nanoparticles such as TiO2
after entry into cells, by initiating inflammatory
mechanisms, apoptosis and to generate the oxygen free
radicals destruct the nucleus and DNA, and also alter the
functions of cell (Kang et al. 2009).
In general, given the numerous applications of
nanomaterials in various industries and existance of
many hypotheses on the destructive effects of
nanoparticles on living organisms, any research is very
important in this field. Due to the nanoparticles (between
5-20 nm) can have high usage in drug and gene delivery
and other applications in medicine and biology
(Bonnemain 1998), so in this study, the effect of titanium
dioxide nanoparticles on the kidney of male- wistar rats
were studied.
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MATERIALS AND METHODS
TiO2 nanoparticles
Titanium dioxide nanoparticles manufactured by Spain
Neutrino Company (Tehran, Iran) was purchased. The
results of X-ray diffraction (XRD) shows the nano-TiO2
which was used in this study, was mainly anatase and
crystal phase with the size of approximately 10-15nm
(Figure 1). And also the purity of nanoparticles was
calculated by using the test ICP-MS (99.986%). Table 1
shows the characteristics of the TiO2 nanoparticles.

the control group(without injection in order to achieve
the baseline of renal parameters), the placebo group
(received normal saline) and 6 treated groups. The
treated ones are follows: the treated groups in the first
stage included: 30-1-treated group, 50-1-treated group
and 70-1-treated group: intraperitoneal titanium dioxide
nanoparticle suspension (30, 50 and 70 mg/kg) was
injected respectively for 21 days an alternate day (11
times). Then the samples were taken blood one day after
the last injection.
The treated groups in the second stage included: 30-2treated group, 50-2-treated group and 70-2-treated
group: intraperitoneal titanium dioxide nanoparticle
suspension (30, 50 and 70 mg/kg) was injected
respectively for 21 days an alternate day (11 times). Then
the samples were taken blood 21 days after the last
injection.
In order to provide the desired dose, titanium dioxide
nanoparticle powder was placed in saline under
ultrasound for 20 minutes in the ultrasonic device
(Parsonic made in Iran) and before each injection the
suspension was physically shaken.

Figure 1. The XRD pattern of titanium dioxide nanoparticles

Table 1: Physical parameters of nano TiO2 used in present
study. These features is more important in chemical and
biological properties of TiO2 nano-particles

Blood analysis
Before taking blood, mice were weighed and then taking
blood was conducted directly from the heart of rats which
had been anesthetized by chloroform. Each blood
samples was slowly poured into a test tube. Then, they
were separated by a centifuge device of blood serum and
the renal factors such as urea, uric acid and creatinine
were measured by the kits of German Hitachi Company
(Hitachi Automatic Analyzer, Roche).
Histological studies
After anesthetizing the rats, the kidneys were placed in
10% formalin and after preparation of the tissue
sections, they were stained with hematoxylin-eosin and
were studied by an optical microscope equipped with a
camera.
Statistical analysis
In this study, the comparison of data was performed by
using one-way analysis of variance (ANOVA) and
Duncan's multiple range test to ensure over 95%. The
mean of body weight of rats was compared with
paired–t– test. To analyze the date, SPSS- 18- statistical
software was used.

The breeding, treating and classification of
experiments samples
In this study, 64 Wistar- adult- male rats were purchased
from School of Pharmacy at Isfahan university of medical
sciences with the average weight of 250±15g. These
animals were kept under identical conditions in order to
conform and adaptation with laboratory two weeks
before experiments. The samples were under 20c-25c
with natural light and randomly divided into 8 groups;

RESULTS
The results of changes in rats' body weight in
different groups
According to Table 2 one way-variance analysis (ANOVA)
showed that the mean of rats' body weight in different
groups at the beginning of the experiment (weight 1) was
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not significant. The average weight of rats in different
groups after treatment (weight 2) showed no significant
difference (P =0.96, F=0.255). Paired t-test showed that
body weight of rats in all groups before and after
treatment did not show any significant difference
(P=0.521, F= 0.604). This is due to the natural growth of
rats.
The changes of kidney factors
Table 3 shows the concentration mean of serum uric
acid in the first stage of treated groups (30-1, 50-1, 70-1)
or one day after the last injection had significant increase.
This increase depended on the concentration (P<0.05;
F= 2.741). Then the increased value of uric acids returned
to its normal value by passing 21 days after the last
injection in the second stage of treated groups (30-2, 502, 70-2).
Table 2: The mean of change in rats' body weight in
different groups

The mean of concentration of urea in the second stage of
treated groups (30-2, 50-2, 70-2) has significantly
increased (P<0.001; F=11.248). Of course, this increase
does not depend on concentration so that in the
concentration of 30 mg/kg; the 30-2-treated group with
the highest value (26.62±2.92mg/dl) and in the
concentration of 70mg/kg; the70-2-treated group with
lowest value have been measured (23.50±2.39mg/dl).
Mean of creatinine concentration of different treated
groups showed no significant difference (P =0.4; F =
1.044).
The Changes of kidney tissue
The results of the histopathological examination
revealed that in the different -treated groups, one day and
21 days after the last injection, changes including
deposition of hyaline-like materials in some proximal
tubules, swelling and dilatation of Bowman's capsule and
degeneration changes in epithelium of the proximal
tubules were observed. These changes have been
presented in Figures 2. However, in the morphological
characteristics of kidney were seen no difference.

DISCUSSION

The 30-1, 50-1, 70-1 groups are doses of 30, 50, 70 mg/kg 24 hours after the last injection.
The 30-2, 50-2, 70-2 groups are doses of 30, 50, 70 mg/kg 21 days after the last injection.
The results of paired t-test showed that injection of titanium dioxide nanoparticles has no
eﬀect on the weight of rats in diﬀerent groups.

Table 3: Effect of titanium dioxidenanoparticles (TiO2
NPs) on kidney parameters in different groups (One-Way
ANOVA)

Hypotheses which have been proposed about probable
damages resulted from nanotechnology are threatening
the development of nanotechnology. Unless the correct
information about what the risks are and how to avoid
them to be published (Zhang et al. 2010). Nanotitanium
dioxide is one of the nanoparticles which is frequently
used with different capabilities and wide ranges in
sciences including; pharmaceuticals, cosmetics,
medicine, engineering, and on such things as water
treatment, purification and filtration of gases, especially
air, decolorization, neutralizing and destroying the
cancer cells (Mital and Manoj 2011). On the other hand,
the survival of TiO2 nanoparticles in environment and in
food chain causes the continued poisoning resulted from
it (Ahamed et al. 2010). Thus, up to now, despite
numerous studies about the use of titanium dioxide in
various sciences, few studies on the toxicity of titanium
dioxide nanoparticles have been performed in biological
systems (Mital and Manoj 2011).
As the measure of plasma concentrations of creatinine,
urea and uric acid is usually a marker of kidney function
and its other conditions (Ahamed et al. 2010), so in the
present study, in order to state any comment about
nephrotoxicity, we investigated the above factors and
also renal tissue structure. Because kidney is one of the
organs to collect and disposal of waste materials.

The 30-1, 50-1, 70-1 groups are doses of 30, 50, 70 mg/kg 24 hours after the last injection.
The 30-2, 50-2, 70-2 groups are doses of 30, 50, 70 mg/kg 21 days after the last injection.
*Signi icant increase in the mean of value of urea in 3 treated groups in the second stage
αSigni icant increase in the mean of value of uric acid in the 3 treated groups in the irst
stage.
Each number is the mean of 8 blood samples in each group.

Eradication of creatinine in the blood stream is done by
the kidneys , so to measure creatinine in the blood can
indicate the function of kidneys (Palm and Lundbland
2005) and if there is a failure in renal function, the
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Figure 2. Sections of rat's kidney were prepared with staining of hematoxylin-eosine and enlarged 400×. Fig. 1. shows
control groups and placebo which includes (a): Bowman's capsule (b): Glomeruli, Fig. 2 showing treated group receiving
30mg /kg in both stages;including (c): swelling and dilatation of Bowman's capsule, (d): In lamed glomeruli, (e):
deposition of hyaline-like materials, Fig. 3 indicates treated group receiving 50mg/kg in both stages, including (f):
degeneration changes, (g): deposition of pink materials,(h): swelling of Bowman's capsule. Fig. 4 showing treated group
receiving 70 mg/kg in both stages and includes(I): degeneration changes.

creatinine level of serum rises (Abdelhalim and Jarrar
2011). Thus, as shown in Table 3, serum creatinine level
did not change in the two-stage study and showing the
normal renal function and lack of effect of TiO2
nanoparticles on creatinine excretion by kidneys.
Regulation of urea by kidneys is a vital part of the rats
body metabolism. In addition, to the role of urea as a
carrier of waste nitrogen, it plays some interactions in the
system of nephrons (Zhang et al. 2012). Serum urea level
in the first stage of treatment groups in each 3 doses of 30,
50 and 70 mg/kg one day after the last injection, had no
changes in comparison with the control and placebo
groups. But, 21 days after the last injection, serum urea
level in the second stage of the treatment groups in each 3
doses 30, 50, 70 mg/kg showed the significant increase
(p<0.001).While serum uric acid levels in the first stage
showed the significant-dose-dependent increase
(p<0.05) but in the second stage after 21 days, uric acid
level return to normal. However, the factors such as
kidney disease, renal failure, cancer and gout can cause
the increase in uric acid (Lewinski et al. 2008). Thus, the
increase of uric acid one day after the last injection may
cause the renal failure, kidney disease and the toxic
effects of titanium dioxide nanoparticles on kidney. In

this regard, it can be noted to the studies that
nanoparticles of TiO2 have increased the levels of urea
(Tang et al. 2010, Guo et al. 2009), creatinine (Tang et al.
2010, Zhao et al. 2010) and uric acid (Zhao et al. 2010, Liu
et al. 2009). On the other hand, there are some studies
that nanoparticles of TiO2 have reduced the level of urea
(Liu et al. 2009, Zhao et al. 2010) and creatinine (Wang et
al. 2009). The difference in the results obtained from
animals treated with nanoparticles may be due to the
type of animal, different physical and chemical properties
of nanoparticles, the use of nanoparticles in oral,
respiratory, dermal and number of injections (Shubayer
et al. 2009). Histopathologic examination of kidney, as in
Figure 2 was showed some deposition of hyaline-like
materials, degeneration in the number of proximal
tubules and swelling of a few glomeruli were observed.
Regarding the effect of nanoparticles of titanium dioxide
in the kidney, Wang et al. believe that nanoparticles of
TiO2 have been stored in the cells of kidney and caused
the pathological changes and nephron-like toxicity in the
form of inflammation of the glomeruli of the kidney. And
also particles of 25 nm TiO2 can significantly increase the
urea level of serum compared with the control group
(Wang et al. 2007). However, the investigations show that
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gold nanoparticles increase the amount of urea, but urea
level return to normal after some time. This is due to the
initial shock of kidney that gradually overcome and the
renal function returned to normal (Zhang et al. 2012). In
the present study, the uric acid level returns to normal
gradually and possibly changes of kidney tissue are
compensated. It might be due to the gradual disposal of
nanoparticles which had been accumulated in the body.
One of the reasons confirms, it is that the titanium dioxide
nanoparticles get hunk in the abdominal cavity in both
phases of the research. In other words, disappearing the
properties and features of nanoparticles after entering
the body, is one of the factors that justifies the effects of
slight toxic or non-toxic nanoparticles. In animals, many
of nanoparticles due to binding to body organic
molecules are changed into hunks. So, many special
properties such as size, shape, surface charge, and the
ability to penetrate into most organs and tissues
disappear (Garcia et al. 2005). In relation to the lack of
toxicity of nanoparticles can mention to studies that
suggest by passing time and after one month that the
density of nanoparticles is reduced in the liver, spleen,
kidneys and lungs, also, the distinctive changes have not
been reported in the enzymes level which have been
measured in blood serum and no toxicity in the organs
which confirms the nanoparticles of titanium dioxide can
be safety used in low doses (Fabion et al. 2008). In
another study, the researchers injected intraperitoneally nano-titanium dioxide (20 mg/kg) with
different sizes to the mice. After one week, they did not
find any clear toxicity, mortality and distinctive changes
in liver and kidney (Han et al. 2009). According to Han et
al. 2009, titanium dioxide nanomaterials, without any
toxicity, are excreted through the digestive system and
urinary. As Borm et al. stated in his study; when
nanoparticles enter the blood, they may be removed by
different mechanisms depending on the path of
absorption and character of their surface. The most
common way to remove the nanoparticles is through the
kidneys. This process involves filtration of blood in the
glomeruli of the kidney nephron (Borm et al. 2006).

CONCLUSION
Finally, with regard to the use of nanoparticles of 5-20 nm
in the medicine and biologic fields (Bonnemain 1998)
and the results of the present study suggested that the
lack of change in rats' body weight during the
experimental period, no change in creatinine level and
returning the increased uric acid into the level of control
group within 21 days after the last injection, and no
change in the appearance of kidneys in different groups

and reports from other researchers, can conclude that
the in vivo use of titanium dioxide nanoparticles in small
amounts in the medical fields, probably does not cause
any toxicity and certain disturbances in the body. Though,
more researches are necessary on the effect of these
nanoparticles on the organs and other blood factors. Also,
additional studies should be treated in different periods
and number of injections by examining oxidative stress.

REFERENCES
Abdelhalim MAK and Jarrar BM (2011) The Appearance of Renal Cells Cytoplasmic
Degeneration and Nuclear Destruction Might be an Indication of GNPs Toxicity. Lipids
Health Dis 10 : 147.
Ahamed M, AlSalhi MS and Siddigui MKJ (2010) Silver Nanoparticle Applications an
Human Health. Clinica Chimica Acta 411 : 1841-1848.
Biazar E, Rezayat SM, Montazeri N, Pourshamsian K, Zeinali R, Asefnejad A and et
al (2010) The Effect of Acetaminophen Nanoparticles on Liver Toxicity in a Rat Model.
Int J Nanomedicine 5 : 197–201.
Bonnemain B (1998) Superaramagnetic Agents in Magnetic Resonance Imaging:
Physiochemical Characteristics and Clinical Applications. J Drug Target 6 : 167-174.
Borm P, Robbins D, Haubold S, Kuhlbusch T and et al (2006) The Potential Risks of
Nanomaterials: a Review Carried Out for ECETOC. Part Fibre Toxicol 3 : 1-35.
Buzea C, Pacheco II and Robbie K (2007) Nanomaterials and Nanoparticles: Sources
and Toxicity. Biointerphases 2 : MR17-MR71.
Donaldson k, Ston V, Tran CL, Kreyling W and Borm PJA (2004) Nanotoxicology.
Occup Environ Med 61 : 727-728.
Fabion E, Landsiedel R, Ma-Hock L, Wiench K, Wohlleben W and Ravenzwaay Bv
(2008) Tissuedistribibution and Toxicity of Intravenously Administered Titanium
Dioxide Nanoparticles in Rats. Arch Toxicol 82 : 151-157.
Garcia MP, Parca RM, Chaves SB, Silva LP and et al (2005) Morphological Analysis of
Mouse Lungs after Treatment with Magnetite-Based Magnetic Fluid Stabilized with
DMSA. J Magn Magn Mater 293 : 277–282.
Guo LL, Liu XH, Qin DX, Gao L, Zhang HM, Liu JY and Cui YG (2009) Effects of
Nanosized Titanium Dioxide on the Reproductive System or Male Mice. Zhonghua Nan
Ke Xue 15 : 517-522.
Han W, Wang YD and Zheng YF (2009) In vivo Biocompatibility Studies of Nano Tio2
Materials. Adv Mat Res 79-82 : 389-392.
Kang SJ, Kim BM, Lee YJ, Hong SH and Chung HW (2009) Titanium Dioxide
Nanoparticles Induce Apoptosis Through the JNK/p38-Caspase-8-Bid Pathway in
Phytohemagglutinin-Stimulated Human Lymphocytes. Biochem Biophysi Res communi
386 : 682-687.
Lewinski N, Colvin V and Drezek R (2008) Cytotoxicity of Nanoparticles. Small 4 : 2649.
Liu H, Ma L, Zhao J, Liu J, Yan J, Ruan J and Hong F (2009) Biochemical Toxicity of
Nano-Anatase Tio2 Particle in Mice. Biological Trace Elem Res 129 : 170-180.
Mital GS and Manoj T (2011). A Review of Tio2 Nanoparticle. Chinese Sci Bull 56 : 16391657.
Palm M and Lundblad A (2005) Creatinine Concentration in Plasma from Dog, Rat, and
Mouse: a Comparison of 3 Different Methods. Vet Clin Pathol 34 : 232-236.
Shubayev VI, Pisanic TR and Jin S (2009) Magnetic Nanoparticle for Theragnostic. Adv
Drug Dlivery Rev 61 : 467-477.
Tang M, Zhang T, Xue Y and et al (2010) Dose Dependent In vivo Metabolic
Characteristics of Titanium Dioxide Nanoparticle. JNanosci Nanotechnol 10 : 85758583.
Wang J, Zhou G, Chen C,Yu H and et al (2007) Acue Toxicity and Biodistribution of
Different Sized Titanium Dioxide Particles in Mice after Oral Administration. Eur J
Toxicol Hyg Environ 168 : 176-185.
Wang JX, Fan YB, Cao Y, Hu QH and et al (2009) Tio2 Nanoparticle Translocation and
Potential Toxicological Effect in Rats after Intraarticularingection. Biomaterials 30 :
4590-4600.
Zhang XD, Wu D, Shen X, Liu PX, Fan FY and Fan SJ (2012) In vivo Renal Clearance,
Biodistribution, Toxicity of Gold Nanoclusters. Biomaterials 33 : 4628-4638.
Zhang XD, Wu HY, Wu D, Wang YY and et al (2010) Toxicologic Effects of Gold
Nanoparticles In vivo by Different Administration Routes. Int J nanomedicine 5 : 771781.
Zhao J, Li N, Wang S, Zhao X and et al (2010) The Mechanism of Oxidative Damage in the
Nephrotoxicity of Mice Caused by Nano-Anatase Tio2. J Exp Nanosci 5 : 447-462.

Submit your next manuscript to IJLS with a 1. Convenient online submission,
2. Rapid editorial review followed by peer review,
3. Immediate publication on acceptance.

69

© International Journal of Life Sciences
NOTE: Authors/contributors are responsible for originality,
contents, correct references, and ethical issues.

