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Abstract
Titanium dioxide nanoparticles (TiO2 NPs) are considered one of
the top five nanoparticles used in consumer products. In the present
study, male albino mice were used to estimate the effect of (TiO2), us-
ing two doses (150, 600) mg/kg. The groups were divided according
to the time of exposure (one, fourteen, thirty day), control. The re-
sult showed significant increase (p<0.05) in White Blood Cell (W.B.C);
Mean Cell Volume (MCV); Mean Cell Haemoglobin Concentration
(MCHC), Mean Cell Haemoglobin (MCH) and Platelets (PLT), and a
significant decrease in Red Blood Cell (R.B.C.) and Haemoglobin (Hb)
after thirty day of exposure. However biochemical parameters in-
clude AST peak highest mean value after fourteen day of exposure to
the dose (600 mg/kg), while ALT and ALP significantly increased and
decreased, respectively. Creatinine and uric acid rose sharply while
urea, cholesterol, HDL and LDL decreased. Intra-gastric exposure
caused high accumulation in kidney, spleen and liver respectively. In
general the doses used caused histological alteration, such as con-
gested dilated portal tract with heavy inflammatory cells infiltration
and dilated central venule and glomerular congestion, tubular con-
gestion, atrophy, chronic inflammatory cells infiltration and dilated
tubules with flat atrophied lining epithelium of kidney. It is an indica-
tion of the different degree of organ injury due to the toxicity of NPs.
Keywords: bioaccumulation, titanium dioxide nanoparticles,

toxicity, oral.
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. INTRODUCTION

In the last decade, nanotech-
nology has received a lot of
attention from the media and
scientific community for its
amazing potential properties,
ranging from optical proper-
ties, flexibility, reactivity, and
impressive strength. Nanoma-
terials (NMs) have been widely
used in electronics, cosmetics,
drug delivery and antibacteri-
al materials [1]. Correspond-
ingly, titanium dioxide (TiO2)
nanoparticles (NPs), which are
a main ingredient in sunblock,
absorb (UV) light and effective-
ly shield skin from unsafe UV
light absorption. In addition,
they have amazing anti-micro-
bial and light-weight charac-
teristics. Regardless of amazing

commercial benefits, their es-
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sence in the nature may cause
hazardous biological impacts
[2]. On the other hand, the
communications of nanoparti-
cles with the delicate surfaces
of biological systems like cells
play key role in perform their
biomedical action and in toxic-
ity [3]. Regarding molecule size
and surface features, NPs are
enter the cell through different
pathways including phagocyto-
sis and pinocytosis. A few path-
ways rely upon size [4]. Animal
exposure to TiO2 NPs can be
estimated by measuring level
of chemical substances in vari-
ous body tissues, organs, blood
and biochemical test that
change according to the type
of exposure and dose. These
measurements are known as
stud-

biomarkers. Previous
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ies that assessed organ index,
cholesterol, triglyceride, high
density lipoprotein cholester-
ol, low density lipoprotein cho-
lesterol and organic lipid ratio
considered them as biomark-
ers. Thus, change in serum bio-
chemical test can take place
after mice were orally admin-
istrated with TiO2 NPs in addi-
tion to having their liver met-
abolic functions interrupted
[5]. To clarify the interaction of
nanoparticles with cell, as well
as their entry and transport
through the blood stream to
other organ, experiments were
carried out on red blood cells
(RBCs), which lack phagocytic
receptors. The outcomes show
that TiO2 NP smaller than
200 nm are able to enter red

blood cells, while bigger parti-

cles were only found attached
to the surface of RBC [6].
Nanoparticles that are larger
than six nanometer in diame-
ter cannot be excreted by the
kidneys and can accumulate in
specific organs, such as the liv-
er and spleen, until clearance
by the mononuclear phago-
cyte system take place [7]. Pre-
vious research was focused on
the toxicity of nanoparticles by
using different in vivo and in
vitro test methods to estimate
cell uptake and oral absorption
of TiO2 NPs [8]. Likewise, the
nephrotoxicity and pathology
change of kidneys also result-
ed from exposure to the same
type of NPs [9].

Il. MATERIALS AND METH-
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a. Animals

Adult male albino mice at age
of six to eight weeks and av-
erage weight 2515 g were ob-
tained from Iragi center for
genetics and cancer research.
The healthy mice were housed
in polypropylene cages under
special maintained condition
1243 hours light / dark cycle
and temperature of 25+5°C
and 60+10 relative humidity.
Food and water were available.
The animals were treated and
housed in the animal house of
Iraqi center for genetics and
cancer research / al- Mustan-
siriyah University.

b. Doses

In the current study, two differ-
ent concentrations were used.

Suspension was prepared by

26 e

adding a specific amount of
nanoparticle (anatase 58.00
nm characterized by scan-
ning probe microscopy) with
de-ionized distilled water un-
der sonication for one hour.
The first dose was 150 mg/
kg while the second dose was
600mg/kg.

c. Treatment

The animals were orally ad-
ministered every two days
with (0.1ml). Groups were sub-
divided according to exposure
time in to three groups: expo-
sure for one, fourteen and thir-
ty day. The two doses in each
group were chosen according
to a previous paper [10] and

pre-experiment study.

d. Procedure

One day after the last treat-
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ment, blood samples were col-
lected from animal by heart
puncture and placed into an
EDTA tube to determine blood
parameters. The blood sam-
ples were analysed by using
hematology auto analyzer. The
other amount of blood was
centrifuged at 3000 rpm for
ten minute. Serums were col-
lected, frozen and stored until
used for assessment under var-
ious biochemical test via (Co-
bas C111 Biochemical Analyz-
er). Subsequently, mice were
anesthetized (by injection with
ketamine hydrochloride and
xylazine) then dissected. The
liver, kidney and spleen were
quickly removed for two dif-
ferent purposes. Some organs
were placed in Formaldehyde

for histopathological exam-

ination [11] while others were
subjected for study of bioaccu-
mulation of NPs using atom-
ic absorption flame emission
spectrophotometer.

1. STATISTICAL ANALYSIS

In order to determine the im-
pact oral administration of
TiO2 for three times ( 1 day, 14
day and 30 day ) between two
doses (150 mg/kg, 600 mg/kg)
and control for all parameters.
This study utilized analysis of
variance, F-test, and t-test. To
explain the differences be-
tween means, least significant
differences ( LSD ) at p< 0.05
were utilized and expressed as
( mean + SEM ) [12]-[13].

IV.  RESULTS AND DISCUSSION
a. Biochemical tests

In order to evaluate the toxic-

ity of nanoparticles exposure,

....................................... 27
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the oral route was chosen for
experimental animal studies.
The groups were divided ac-
cording to time of exposure to
one, fourteen and thirty days.
The result was shown in table
(). The mean value of AST en-
zyme 640.80 + 12.76 (U/L) was
higher in the exposed dose
of (600mg/kg) for fourteen
day exposure and was low-
est 198.30 + 6.58 (U/L) in ex-
posed dose (150mg/kg) for the
same exposure time. The value
in control group was 150.00
+ 3.86 (U/L). Because of the
small size and difficult clear-
ance via oral administration of
TiO2 NPs, previous studies re-
ported that retention half time
of TiO2 in vivo was long. In ad-
dition to variations in hepatic
enzyme ALT, AST and ALP as

28

a result of deposition of NPs,
there was also hepatic dam-
age [14]. Furthermore, ALT
levels in serum rose after one
day of exposure for the two
applied doses. The mean val-
ues were 211.60 + 1.50 (U/L)
and 137.65 + 5.05 (U/L). The
mean value of control group
was 53.10 + 2.31 (U/L) and de-
creased in serum after thirty
days of exposure to first dose
(150mg/kg) which had a re-
corded mean value of 46.35
+ 0.77(U/L), compared to the
mean value of control group at
53.10 + 2.88 (U/L). The result
was considered an indicator
of liver disease or destruction
in organ [15]. Were ALP de-
clined as compared with con-
trol group except after 24 hour

of exposure the mean value



Bioaccumulation and toxicity of titanium dioxide nanoparticles after oral
ingestion to male mice

Tuga Adnan Abdulkareemi ... Adel Mashaan Rabel J

has slightly increased 104.50 +
2.66 (U/L) , the mean value of
control group was 91.10 £ 1.73
(U/L) which record non-signif-
icant p <0.05 difference as
compared with control group.
Statistically there were signifi-
cant differences p<0.05 among
means in different groups. The
calculation of uptake, disper-
sion, and biological effects of
ingested NMs is complicated
in vivo due to inter-individual
differences in the composition,
pH, thickness of the mucus lay-
er, gastrointestinal flora, and
gastrointestinal passage time
[16]. In general, TiO2 NPs is a
type of nanoparticles with a
low absorption rate when ad-
ministered orally and few of it
were detected in tissue while

the remaining were spotted

in feces [17]. The finding of
this study is in agreement with
that of previous studies which
indicated that TiO2 NPs make
different toxic effects on young
and adult rats .These includ-
ed liver edema, minor injury
in the liver and kidney in ad-
dition to decreased intestinal
permeability [18]. In mice that
were orally administered with
a single dose of TiO2 NPs (25,
80, and155 nm, 5 g/kg), after
14 days there were changes in
serum biochemical
ters (ALT/AST, LDH) and pathol-
ogy (hydropic degeneration

parame-

around the central vein and
the spotty necrosis of hepato-
cytes) of liver which indicated
that the hepatic injury was in-
duced after exposure to mass
different-sized TiO2 particles

....................................... 29
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[19]. On the other another
hand, nephrotoxicity follow-
ing TiO2 NPs exposure were
assessed by measuring creati-
nine, urea and uric acid level in
the serum of experimental an-
imals. The results which show
that the highest mean value of
creatinine 0.45 + 0.866 (mg/dl)
in two weeks after exposure to
TiO2 NPs (600mg/kg) through
oral route, with the control
group having the lowest mean
of creatinine level which was
0.1 +£0.02 (mg/dl). Urea is a ni-
trogenous compound contain-
ing a carbonyl group attached
to two amine groups with os-
motic diuretic activity. In vivo,
urea is formed in the liver via
the urea cycle from ammonia
and it is the final end product

of protein metabolism. Urea

30 e

level decreased in all groups
after oral exposure compared
with control group except af-
ter two weeks of exposure to
second dose (600mg/kg). The
result shows that the mean
value was 38.46 + 0.05 (mg/
dl), while control group mean
value was 35.50 + 1.62 (mg/
dl). Overall, this increase is not
significant (p<0.05) compared
to control group .This result
is due to rapid elimination of
NPs from kidney. Other studies
show that despite the gradual
rise in creatinine level, there
were non-significant differenc-
es at lower doses. However,
there was a gradual reduction
in urea, which may be due to
toxicity to the rat’s kidney [20].
The results in table (I). On an-

other hand, the change in the
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level of lipid between exposed
and control groups are shown
below in table (I I). Cholester-
ol had a role in reducing the
tissue membrane permeabili-
ty to neutral solutes [21]. The
level of serum cholesterol was
varied among groups, with
lowest mean value at 84.93 +
0.72 (mg/dl) and control group
mean value at 114.00 + 1.73
(mg/dl) after fourteen days
of exposure to second dose
(600mg/kg). According to the
result of other studies, the
change of total cholesterol in
mice after intra-gastric expo-
sure daily during one month
was significantly increased
with increasing dose [22]. High
density lipoproteins was low-
est at mean value 66.44 + 0.13

(mg/dl) following exposure to

600mg/kg after two week of
exposure, while mean value of
control group was 74.00 £ 1.15
(mg/dl). The results were sim-
ilar to previous studies- there
was a significant elevation in
the cholesterol level after 14
days of exposure to TiO2 NPs
while HDL level was non-signif-
icant in 50 mg/kg group and
steep elevation was found in
the 100 mg/kg group com-
pared with that of control [14].
Low density lipoproteins had
the highest mean value after
one day of exposure to the
first dose (150mg/kg) and one
month of exposure to second
dose (600mg/kg). The mean
values were 25.20 + 0.17 (mg/
dl) and 22.48 + 0.09 (mg/dl),
while control groups mean
values were 15.51 + 1.73 (mg/

....................................... 31
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dl) and 16.71 + 0.63 (mg/dl)
respectively. Any elevation
of LDL may be worrisome be-
cause LDL play a main role in
causing and manipulating the
progression of atherosclerosis,
especially coronary sclerosis
[23].

b. Blood parameters
Hematological parameters are
important for the assessment
of the animal and human phys-
iological status. Hematological
indices are closely linked to
the animal’s response to the
environment. Any change of
hematological indices is sug-
gestive of possible effects on
the hematological character-
istics exerted by the location
where the animal live [24]. The
highest mean value of WBCs

recorded in blood sample ex-

32

posed to first dose (150mg/kg)
after four weeks while, lowest
mean value was found in blood
sample subjected to the same
dose after one day of exposure
to TiO2 NPs orally as compared
to control blood. The platelet
number showed significant in-
crease .whereas RBC and Hb
decreased in most cases. The
decrease in RBCs can be ac-
credited to the decrease iniron
within erythrocytes or its con-
tent of hemoglobin and this
causes the decline of oxygen
carrying capacity by blood [25].
In addition, this decrease can
be attributed to intoxication
[26]. The decrease in Hb may
diminish its formation by the
decline of pool of succinyl in
addition to the pool of glycine
[27]. Otherwise the decline in
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Hb resulted from the accumu-
lation of metal inside RBC and
stopped the formation of Hb,
or may prevent linking iron to
globin protein by inhibition of
ferrochelatase enzyme [28].
With respect to MCV, which
is the indication of the status
or size of RBCs, there was an
increase during the experi-
ment except after one day of
exposure, in mice exposed to
(600mg/kg) of TiO2 NPs during
4weeks. MCV value increased
significantly (p<0.05), which
had the highest mean value
46.80 = 0.81(FL) compared to
control and other doses. The
results of hematological pa-

rameters were showed in table

().

c. Bioaccumulation

The study of bioaccumulation
following TiO2 NPs exposure
during 14 and 30 days and sub-
sequent analysis of titanium in
tissue samples of organs (kid-
ney, liver and spleen) by Atom-
ic absorption flame emission
spectrophotometer  (NovAA
350) in illustrated in table (VI).
Titanium dioxide nanoparticles
can accumulate in organs with
The
highest mean value in liver was
152.78 + 1.14 (ppm) after thir-

ty days of exposure since oral

different concentration.

administration takes longer
time post-treatment to reach
organs [29]. The accumulation
in spleen was higher than liver
with the mean value at 200.26
+ 1.02 (ppm) since spleen can

mount complex adaptive im-

33
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mune responses, as well as

effectively clear pathogens
from the blood, remove older
erythrocytes and cellular de-
bris [30]. Furthermore, titani-
um dioxide could accumulate
in kidney and has the highest
organ accumulation in com-
parison with liver and spleen
with the highest mean value
at 205.07 £ 3.27 (ppm). All
bioaccumulation in the three
organs recorded highest mean
value after thirty day of expo-
sure to second dose (600mg/
kg). Study of TiO2 nanoparti-
cles in spleen, kidney and lung
of female mice after 14 days
following exposure to the test
substance by gastric gavage
showed significant difference

with control group [9].

34

d. Histopathology

The elevation in organs func-
tion tests and accumulation of
titanium dioxide nanoparticles
were coordinated with histo-
pathological change. In this
study, the histopathological
change of liver and kidney ap-
peared in groups of exposure
after 14 and 30 days. The liver
is the target organ of toxic sub-
stance, thanks to its function
in biotransformation and ex-
cretion of xenobiotics [31]. The
control liver of mice shows nor-
mal cords of hepatocytes, as
shown in figure (1). The histo-
pathological change of groups
that were orally exposed to
TiO2 NPs show dilated portal
tract with chronic inflamma-
tory cells inflammation. Fig-

ure (1) displays the cross sec-
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tion in liver of mice a month
after exposure to 600 mg/kg.
This result is with agreement
of that report which included
significant  histopathological
variations and abnormalities
in the liver including inflamma-
tory infiltration, congested he-
patic veins, and dilated blood
sinusoids. Swollen hepatocyte
besides dilated central blood
vessels and blood sinusoids
showed that the TiO2 NPs may
alter the cell permeability in
the hepatocyte and blood ves-
sel [32]. Conversely, in the con-
trol group of mice, the renal
tissue showed normal glomer-
uliand tubules, as shown in fig-
ure (2). The same figure shows
the histopathological examina-
tion of kidney in which there

was glomerular congestion in

addition to tubular congestion
and atrophy among the group
of mice exposed to 600mg/kg
of TiO2.

35
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Table- I: mean value * standard error (SE) of biochemical test of

mice exposed to acute doses of titanium dioxide nanoparticles

1 Day
Dose
AST(U/L) ALT(U/L) ALP(U/L)
Control 170.90£5.77 b 53.10+2.30c 91.10*1.73 a
104.50 + 2.66
150 mg/kg 578.30+ 1.1a 211.60+t1.5a
a
103.30 +25.98
600 mg/kg 579.90 + 22.86 a 137.65+5.05b
a
LSD P < 0.05 47.16 11.50 52.29
14 Day
Dose
AST ALT ALP
Control 150.00 *+3.86 ¢ 53.60+2.30c 98.10+2.30a
150 mg/kg 198.30+6.58 b 69.60+2.77 b 86.95+2.22 b
600 mg/kg 640.80 +12.75 a 101.00+1.15a 69.90+3.46 c
LSD P < 0.05 29.7 7.56 9.42
30 Day
Dose
AST ALT ALP
104.80 +3.23
Control 153.90 +2.31¢c 53.10+2.88 b
a
150 mg/kg 201.50+1.44b 46.35+0.77 ¢ 89.50+2.36 b
600 mg/kg 317.25+6.52a 60.50 +0.28 a 71.20+1.73 ¢
LSD P < 0.05 14.12 6.00 8.72
1 Day
Dose
Creatinine mg/dl Uric acid mg/dlI Urea mg/dl
Control 0.10+0.02b 26%+0.05b 37.27 +0.69 a
150 mg/kg 0.20 £ 0.003 a 5.95+0.03a 34.29+0.33b
600 mg/kg 0.20 +0.0003 a 2.85*+0.14a 29.61+0.23 ¢
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1 Day
Dose
AST(U/L) ALT(U/L) ALP(U/L)
Control 170.90+5.77 b 53.10+2.30c¢c 91.10+1.73 a
104.50 * 2.66
150 mg/kg 578.30 +1.1a 211.60*1.5a
a
103.30 £25.98
600 mg/kg 579.90 + 22.86 a 137.65+5.05b
a
LSDP < 0.05 47.16 11.50 52.29
14 Day
Dose
AST ALT ALP
Control 150.00 +3.86 ¢ 53.60+2.30c 98.10+2.30a
150 mg/kg 198.30+6.58 b 69.60 +2.77 b 86.95+2.22 b
600 mg/kg 640.80 +12.75 a 101.00+1.15a 69.90+3.46 c
LSDP < 0.05 29.7 7.56 9.42
LSD P < 0.05 0.04 0.31 1.60
14 Day
Dose
Creatinine mg/dl Uric acid mg/dI Urea mg/dl
Control 0.10+0.02 ¢ 2.20+0.05b 35.50+1.62a
150 mg/kg 0.20 £ 0.000 b 1.50+£0.06 c 31.47+1.04b
600 mg/kg 0.45 +0.866 a 3.8+0.00a 38.46 +0.05 a
LSDP < 0.05 0.18 0.15 3.84
30 Day
Dose . : :
Creatinine mg/dI Uric acid mg/dI Urea mg/dI
Control 0.10+0.02b 2.6+0.05c¢ 37.27 +1.25a
34.38 £ 0.76
150 mg/kg 0.20 +0.003 a 3.40+0.06 a b
a
600 mg/kg 0.20 +0.0026 a 3.02+0.02b 33.88+0.20b
LSD P < 0.05 0.04 0.16 2.96

: 2075 - 2954 (Print)
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TABLE- Il: MEAN VALUE = STANDARD ERROR (SE) OF LIPID FUNCTION TEST

OF MICE EXPOSED TO ACUTE DOSES OF TITANIUM DIOXIDE NANOPARTI-

CLES
1 Day
Dose Cholesterol(U/L) High density lipoproteins Low Density Lipo-
(U/L) proteins (U/L)
113.67+2.30a 77.05+1.73 ab 15.51+1.73b
Control
115.73 +1.01 2.22 +2, 25.20+0.17
150 mg/kg 5.73 Ola 8 09a 5.20+0.17 a
98.90+6.49 b 68.11+4.47 b 13.68+2.74 b
600 mg/kg
LSDP < 0.05 13.93 10.46 6.49
14 Day
Dose Cholesterol High density lipoproteins Low Density Lipo-
proteins
114.00+1.73 a 74.00+1.15a 16.00 £ 0.63 a
Control
92.78+3.65 b 76.23 +3.29 13.25+0.77 b
150 mg/kg a
84.93+0.72 b 66.44+0.13 b 9.80 + 0.05
600 mg/kg ¢
LSDP < 0.05 8.21 6.97 2.00
30 Day
Dose Cholesterol High density lipoproteins Low Density Lipo-
proteins
114.00+1.73 a 71.88+1.15¢ 16.71+0.64 ¢
Control
38 ISSN: 2075 - 2954 (Print)
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1 Day
Dose Cholesterol(U/L) High density lipoproteins Low Density Lipo-
(U/L) proteins (U/L)
113.67+2.30a 77.05+1.73 ab 15.51+1.73 b
Control
115.73+£1.01 2.22 +2, 25.20+0.17
150 mg/kg 5.73 Ola 8 09a 5.20+0.17 a
.90 + 6.4 11 +4.47 13.68+£2.74
600 mg/kg 98.90+6.49 b 68 b 3.68 b
13. 10.4 4
LSDP < 0.05 3.93 0.46 6.49
101.16 £ 0.782 b 79.83+0.39b 19.01+0.57 b
150 mg/kg
117.74 £ 0.63 92.32 £ 0.05 22.48 £ 0.09
600 mg/kg a a a
4.00 2.44 1.72
LSD P < 0.05

.......................................................... 39
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Table- VI: mean value # standard error (SE) of titanium accumulat-
ed in liver, kidney and spleen of mice exposed to acute doses of

titanium dioxide nanoparticles after 14 and 30 days

o
§ Liver Kidney Spleen Liver Kidney Spleen
14 Day 30 Day
280c+ | 040b* | 1.90c* | 2.80c* 0.40b * 1.90ct
Control
0.43 0.09 0.08 0.43 0.09 0.08
70.95a* [ 43.01a* | 54.07b+ | 38.88b+ | 570b+ | 36.98b*
150 mg/kg
13.05 1.18 2.08 6.55 3.29 2.05
38.85b+ | 52.91a*| 60.00a+ | 152.78a | 205.07a* | 200.26 a
600 mg/kg
2.21 11.51 1.96 +1.14 3.27 1.02
LSD P < 0.05 26.45 23.11 5.72 13.31 9.27 4.58

Fig. 1- Histological section representing hepatic tissue show dilated portal tract
with chronic inflammatory cells infiltration (white arrows). On the right (control
group), cross section in liver of control mice represents hepatic tissue with normal

looking cords of hepatocytes, (H&E) (X40).
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Fig.2- Histological section representing renal issue show glomerular congestion

(yellow arrows) & tubular congestion & atrophy (white arrows). On the right (con-
trol group), histological section shows normal looking renal tissue (Glomeruli yel-
low arrow, and Tubules white arrow) (H&E) (X40)

CONCLUSION

On the basis of the result of blood and biochemical tests, titanium
dioxide nanoparticles were found to be responsible for induced
marked alteration in many blood parameters, liver and kidney
function of exposed mice. In most cases, they appear to increase
the level of badCholesterol, which may increase the risk of heart
diseases. Generally, it might be toxic towards man and the envi-
ronment, especially at high doses.
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