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Abstract

The aim of the study was to examine the liver tissue damage induced by nanosizedTiO
2
 in mouse.

The biochemical parameters of liver, namely glutamicoxaloacetic transaminase, glutamicpyruvic

transaminase and alkaline phosphatase were enhanced approximately 18%, 35% and 69% by

exposure to nanosizedTiO
2
, respectively. The nanosizedTiO

2
 accumulated in the periphery of

sinusoid in liver when the ultrastructure was examined through transmission electron microscopy.

Enzymes, such as superoxide dismutase, catalase and aldehyde dehydrogenase were significantly

inhibited by 22%, 38% and 15%, respectively, whereas glutathione peroxidase was constant

following exposure to nanosizedTiO
2
.
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Introduction

The liver plays a central role in the process of

digestion and metabolism. This organ has a number of

functions in the body, including detoxification, plasma

protein synthesis, glycogen storage, and production of

biochemical metabolites necessary for digestion. It is difficult

to discuss the mechanisms of hepatotoxicity of

nanoparticles when only few limited studies exist. The earlier

studies investigating the toxicity of nanoparticles have

focused on the oxidative stress, which is known to play an

important role in the toxicity of many chemicals and drugs

(Chen et al., 2006; Gopee et al., 2007). For example, several

nanoparticles, including quantum dots, carbon nanotubes

and fullerenes have produced reactive oxygen species (ROS)

in-vivo and in-vitro (Li et al., 2003; Nel et al., 2006). The

cellular damage and oxidative stress of nanoparticles in the

liver cells were related to the particle size and chemical

compositions of nanoparticles. Nanoparticles that enter the

rat liver induced oxidative stress locally (Hoet et al., 2004).

Intravenous administration of nanoparticles resulted in

depletion of reduced glutathione and oxidized glutathione,

as well as these nanoparticles were distributed in the

hepatocytes. The literature on rodent models in-vivo

strongly indicates that most nanoparticles tend to

accumulate in the liver (Zhou et al., 2006; Kamruzzaman et

al., 2007; Sadauskas et al., 2007). They have been shown to

be retained by the liver leading to tissue injury in mice (Wang

et al., 2007).

Nanosized-TiO
2
 is used in widespread applications

such as cosmetics, food colorant, white pigment as well as

in the environmental decontamination of air, soil and water.

Recent evidence, however, suggest that nanosized-TiO
2
 can

cause inflammatory response in airways of rats and mice.

The hepatocyte apoptosis and DNA cleavage of the mouse

liver occurred by nanosized-TiO
2
. However, the information

on the biochemical and histopathogenesis by which

nanosized-TiO
2 
could induce toxicities liver are limited.

For this aim, we investigated the biochemical

parameters of liver functions and microscopic structures
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and histopathological changes in the nanosized-TiO
2

treated mice.

Materials and Methods

Particle size measurement of nanosized-TiO
2
: The

nanosized (< 25 nm) TiO
2
 obtained from Sigma-Aldrich was

characterized for dynamic light scattering (DLS)

measurement on a Zetasizer-3000 particle size analyzer

equipped with a 659 nm laser under a detection angle 90°.

The nanosized TiO
2
 was suspended in phosphate-buffered

saline solutions (PBS) at a concentration of 1 mg ml-1, and

then shaken and dispersed through ultrasonic vibration for

10 min. The suspension was then characterized by DLS

analysis (Allen, 1997; Joralemon et al., 2004).

Treatment of animals  :Male ICR/CD-16-week-old mice

obtained from Orient Bio Co. Ltd., Seoul, Korea were kept in

a separate animal room, maintained at 20±2°C and 60±10%

relative humidity, with a 12 hr light-dark cycle. Nanosized-

TiO
2
 (Sigma-Aldrich), composed of the crystallographic form

of TiO
2
 (anatase) and with an average diameter of < 25 nm,

was mixed with PBS, and the suspension was then

ultrasonicated for 10 min in a sterile tube. The mice were

randomly divided into 2 groups of control and treatment.

The mice of treatment group were injected intraperitoneally

(ip) with 1.5 mg of nanosized-TiO
2
 suspended in 0.2 ml of

PBS for every day during the 7 days. The mice of control

group were injected with 0.2 ml of PBS. After 10 days, all

mice were sacrificed, and their livers were stored at  70°C

until next experiments.

Histology of liver: A small piece of liver from each animal of

treatment and control groups fixed in 10% (v/v) formalin

was embedded in a paraffin block, sliced into 5 μm thickness

and placed onto glass slides. The slides were stained with

hematoxylin and eosin (H and E) for light microscopic

observations (Duchen et al., 1972). A piece of liver tissue

from each treated animal of treatment and control groups

was fixed in 3% glutaraldehyde in 0.1 M cacodylate buffer

for 3 hr, and then washed three times with Millonig’s

phosphate buffer and post-fixed for 3 hr in 1% osmium

tetroxide (OsO
4
). After fixation, the tissues were dehydrated

by a graded series of ethanol solutions (85%, 95% and

100%), treated with propylene oxide for 30 min, and then

embedded in a graded araldite mixture. The serial ultrathin

sections (100 nm) were cut using a DuPont diamond knife

for the ultrastructural analysis. The sections were collected

onto copper grids and stained with uranyl acetate followed

by lead citrate. A JEOL-1010 transmission electron

microscope was used to examine the ultrastructures of the

stained sections in the liver (Dirksen and Satir, 1972).

Analysis of biochemical parameters: Blood samples were

drawn from the animals at the end of the experiments for

biochemical examination. The blood serum was obtained

by centrifugation of the whole blood at 2,500 rpm for 20 min.

The activities of glutamic-oxaloacetic transaminase (GOT),

glutamic-pyruvic transaminase (GPT) and alkaline

phosphatase (ALP) were measured by commercially

available reagents (Siemens, USA) using an ADVIA 2400

automatic analyzer (Siemens, USA) (Cooper and McDaniel,

1970). Liver tissue was powdered in liquid nitrogen and

further homogenized in 50 mM sodium phosphate buffer

(pH 7.0). The extract was centrifuged at 12,000 rpm for 25

min at 4°C, and the supernatant was used for analysis of

catalase (CAT), superoxide dismutase (SOD), glutathione

peroxidase (GPx) and aldehyde dehydrogenase (ALDH)

(Paglia and Valentine, 1967).

Statistical analysis: For statistical analysis, data were

presented as the mean ± standard deviation (SD).

Comparisons between groups were performed using one-

way analysis of variance (ANOVA) followed by Duncan’s

multiple range test. p<0.05 was considered statistically

significant.

Results and Discussion

Characterization of nanosized-TiO
2
: Dynamic light

scattering (DLS) measurement showed the aggregation or

agglomeration of nanosized-TiO
2
 in PBS. The DLS results

demonstrated that the mean hydrodynamic diameter of

nanosized-TiO
2 
increased immediately due to the

aggregation or agglomeration of the particles in PBS. The

hydrodynamic diameter was 429 nm (Fig. 1). The

hydrodynamic diameter of the nanosized-TiO
2
 in aqueous

media was similar to those of other studies, which indicated

that much TiO
2
 particles were clustered and aggregated in
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Fig. 1: Size distribution obtained from DLS measurements performed

on PBS suspensions of TiO
2
 with an average diameter of < 25 nm
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solution (Wang et al., 2009; Liu et al., 2010).

The histopathological changes in liver of mice

treated with TiO
2
 were aggregations of TiO

2
 particles in the

periphery of sinusoid. Microscopically, liver tissues of

control mice composed of several types of cells including

hepatocytes, perisinusoidal cells and Kupffer cells. On

electron microscopy, the precipitations of the particles were

heavily accumulated within some of Kupffer cells near the

sinusoidal space. Few responses were observed in other

cell types of the liver. Particularly, intracellular localization

of the particles was associated with lysosomes.

The activities of GOT, GPT and ALP in the sera were

determined to evaluate the liver function. Serum GOT, GPT

and ALP levels in the control group were 5±0.15, 2.3±0.11

and 4.3±0.32 U dl-1, respectively. The serum levels of GOT,

GPT and ALP in the treatment group were 5.9±0.29, 3.1±0.21

and 6.9±0.64 U dl-1, respectively, indicating approximately

18%, 35% and 69% increase in the treatment group. The

elevated enzyme activities showed that the liver might be

injured after exposure to nanosized-TiO
2 
 (Fig. 3).

Fig. 4 shows the differential levels of defense-related

enzymes, named CAT, SOD, GPx and ALDH following

nanosized-TiO
2 
exposure. The levels of CAT, SOD and

ALDH decreased by 38, 22 and 15% respectively due to

nanosized-TiO
2 
treatment while that of GPx was similar to

control group.

Generally, TiO
2
 has been known to have low toxicity

and show no carcinogenic effect to animals and humans.

Liver damage by nanosized-TiO
2 
in mouse

Fig. 2: Histopathological changes in liver tissue after exposure to TiO
2
 NPs. (A) Photomicrographs of the mouse liver to show, left, typical

liver tissue composed of hepatocytes and sinusoids, and right, numerous aggregations (arrows) of TiO
2
 particles within the tissue. Each scale

bar on the figures represents 50 µm (H-E stain). (B) Transmission electron micrographs of Kupffer cells in experimental mouse liver

exposed with nanosized-TiO
2
. It is clearly visible that TiO

2
 particles (arrows) are distributed within or near the lysosomes in the cytoplasm

(left). The Kupffer cells on the right have also recently phagocytosed a red blood cell (RBC), showing the process of degradation. Nu;

nucleus, Li; lipid droplet. Each scale bar on the figures represents 1 µm

(A1) Nanosized-TiO
2

(A) Control

(B1) Nanosized-TiO
2

(B) Nanosized-TiO
2



286

Journal of Environmental Biology, March 2013

But, recently, the International Agency for Research on

Cancer (IARC) classified pigment-grade TiO
2
 as possibly

carcinogenic to human beings (group 2B) in 2006. Recently,

differences in particle dispersion, aggregation and

agglomeration were reported to be important factors for

determining the degree of potential toxicity of nanoparticles

(Scown et al., 2009). The TiO
2
 nanoparticles (20 nm)

penetrated more easily into the pulmonary interstitial space

than the fine particles (250 nm) at equivalent masses (Ferin

et al., 1992). Recently the separation of small and large

aggregates of titanium dioxide nanoparticles was achieved

by centrifugation, and the larger aggregates were found to

induce more toxicities and modifications of gene expression

in macrophages and human bronchial epithelial cells than

small aggregates (Okuda-Shimazaki et al., 2010).

In this investigation, the 25 nm particles aggregated

extensively to form 429 nm of mean hydrodynamic diameter

estimated by DLS, upon addition to PBS. Exposure of mice

to nanosized-TiO
2
 resulted in their uptake and accumulation

in the liver. Aggregated TiO
2
 particles were clearly seen in

the sinusoids of liver. Kupffer cells are macrophages that

inhabit liver sinusoids. The major role of Kupffer cell is the

phagocytosis of particulate matter (Okaya et al., 2012). In

our experiment, ultrastructually, nuclei of the Kupffer cells

were characterized by much heterochromatin and the

swelling of nuclear envelope. The precipitated particles were

localized at lysosomes of Kupffer cells near the sinusoidal

space. The accumulation of the nanoparticles at lysosome

might be related with nonspecific defense mechanisms

against foreign materials (Ma et al., 2011).

The damages of liver function occurred by

nanosized-TiO
2
, as evidenced by the increased activities of

GOT, GPT and ALP. When the liver is in dysfunction, the

levels of the enzymes rise, and their elevated levels show

that the liver might be injured and severe inflammatory

responses occurred (Wang et al., 2007; Chen et al., 2009). It

has been speculated that part of the reactive oxygen species

(ROS) generation might be due to the catalytic properties of

nanosized-TiO
2
. The overproduction of ROS would break

down the balance of the oxidative/antioxidative system in

the liver, resulting in the lipid peroxidation via ROS and

malondialdehyde (MDA) production and the hepatocyte

apoptosis, which may be closely related to the reduction of

antioxidative enzymes. In our study, antioxidant enzymes,

named SOD and CAT were significantly inhibited, after

exposure to nanosized-TiO
2
. In addition, ALDH was reduced,

whereas GPx was constant. The inhibition of ALDH was

reported to be associated with the enhanced oxidative stress,

mitochondrial dysfunction, and toxicity (Allen et al., 2010).

In conclusion, the toxicity of nanosized-TiO
2
 in

mouse liver was demonstrated by the enhanced activities

of liver damage-related enzymes, alterations of defense-

related enzymes, accumulation of nanoparticles as well as

histopathological changes.
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