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Abstract

This study investigated the toxic effect of TiO> NPs on blood and liver tissues of male Sprague Dawley rats. For
this purpose, 25 adult male Sprague Dawley rats of 200+5g weight were procured from the animal house of
Government College University Faisalabad, Pakistan. Rats were acclimatized for 7 days before the start of study
in ventilated cages at (25+2°C) with the approval of ethical committee of Government College University
Faisalabad. These rats were randomly divided in to 5 groups. First control (C) with no treatment, 21d placebo
injected with normal saline (S) and three treated groups (Gi, G2 and G3). The treated groups were
intraperitoneally injected with TiO- NPs @ 80 or 120 or 160 mg/kg BW of rats for 28 days on alternate day.
Animal's mortality, hematology and liver histology were evaluated. During the experiment no mortality was
found while TiO2> NPs exposure showed highly significant pathological changes in haematological parameters
and liver function test (p<0.05). The histological alterations were found severe in medium and high dose treated
groups as compared to low dose while Control (C) and (S) saline treated groups showed normal histology.
Treated groups showed different alterations such as vacuolation, damaging epithelial lining, karyolysis,
sinusoids and neutrophilic and lymphocytic infiltration were highly significant in both G2 and G3 treated
groups. This study explored the TiO- -NPs caused toxicity in blood and hepatic tissues. It is concluded from

present study that selected dose of titanium dioxide has negative impact on the health of living organisms.
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Introduction

Titanium dioxide nanoparticles (TiO-NPs), among
the most common metal oxide NPs, have received
attention due to their low production cost, ability to
form diverse structures and use in food, medicine,
personal care products and other industries (Vance et
al., 2015. During the last ten years a lot of research
work is going on using Titanium dioxide
nanoparticles (TiO= NPs) for many applications such
as air filter, soil filter, optical filters, photo catalysts
for solar energy conversion, biosensors and use as
photodegradation of organic pollutants as well as
different biological purposes like drug delivery and
immune-modulatory agent. High surface area and
size make nanoparticles unique with respect to
physicochemical properties. Nano particles show
different colors on the absorption of light due to
variety in their photolytic properties. They are widely
used in domestic and commercial level due to their
size, shape and structure (Khan et al., 2017; Rabhi et
al., 2019). Nanotechnology also gives solutions for
certain ecological problems (Younes et al.,, 2015;
Dudefoi et al., 2017; Hong et al., 2017; Shah et al.,
2017; Lim et al., 2018).

Now a days different industrial sectors are using the
TiO2> NPs in different fields like, environmental
protection and cosmetics (Hong et al., 2017; Lu et al.,
2018) as fertilizers in agriculture fields to enhance the
soil fertility for better growth of plants and crops and
as pesticides to protect the crops from pests (Lim et
al., 2015). TiO- NPs are used in biomedical sciences
like pharmaceuticals and medical equipment (Pandey
and Prajapati, 2017). On one side, the nanotechnology
improves the lifestyle of the people and on the other
side causes the contamination of environment and
becomes the serious threat to living organisms. NPs
are chemically more reactive than heavy metals
because of their small size, shape and concentration

(Thomas et al., 2018; Giorgetti, 2019).

TiO2 NPs are one of the most used nanoparticles.
TiO> NPs are considered amongst the top five
nanoparticles worldwide (Baldini et al., 2019). The

applications of these particles depend upon their size
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including ultrafine particles (size ranging from 1 to
10onm) (Swidwinska-Gajewska and Czerczak, 2014).
TiO2 NPs occur in three different forms: rutile,
anatase and brookite while in comparison of their
photocatalytic activity anatase has higher potential
than rutile and brookite (Allen, 2016; Samat et al.,
2016). Effectiveness of rutile-to-anatase of TiO.was
also checked in aqueous solution in many studies and
found that anatase were more reactive (Shakeel et al.,
2018; Rabhi et al., 2019).

Nanoparticles of TiO- have different properties, like
the solid oxidation potential and photocatalytic
activity. Materials composed of TiO. NPs and
procedures on a nano scale have an area of broad
research because of extensive variety of potential
applications in the optical, electronic and biomedical
field.

To avoid the toxicity, biosafety of nanotechnology is
going to be the
nanotechnology that needs to be properly addressed

second most priority of
(Jasim et al., 2017; Shah et al., 2017; Hou et al., 2018,
2019). TiO> NPs have genotoxicity and induce
inflammation and oxidative stress. TiO- NPs can
reach in the hepatic tissues by crossing all the barriers
due to their small size.TiO> NPs have supplementary
capability of UV blocking and undoubtedly that is why
these are used in the production of sunscreen lotions
(Chen et al., 2014; Magdolenova et al., 2014;

Shinohara et al., 2009).

TiO. NPs are very toxic because of their reactive
properties and specifically affect the liver, lungs,
kidney, spleen, heart and brain. TiO- NPs can enter
the brain through the olfactory bulb and can
accumulate there in the hippocampus region which
causes oxidative stress and mitochondrial damages.
They can cause alterations in cells and organs of
living organisms (Krawczk et al., 2016; Yu et al,

2015; Gate et al., 2016; Pujalte et al., 2016).

The detoxifications and recovering functions of liver
tissue are affected by the penetration of TiO- NPs and

the NPs can cause severe damages. Keeping in view
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the hazardous potential of NPs on living organisms,
toxicity of TiO- NPs was examined in the current
study. The present study was planned to examine the
noxious effects of varied sub-lethal doses of TiO» NPs
on hepatic and blood profiles of male Sprague-Dawley
rats by histological and haematological profiles (Azim

et al., 2015; Abu-Dief et al., 2015;Hou et al., 2018).

Materials and methods

This study was carried out at the Muhammad Ali
Research Laboratory of the Department of Zoology,
Government College University Faisalabad, after the
approval of ethical committee of Government College

University Faisalabad, Pakistan.

Animals

Twenty-five healthy adult male Sprague-Dawley rats
weighing 200+5g were procured from the animal
house of Government College University Faisalabad.
The rats were kept in steel cages in the animal house
of Government College University Faisalabad. Rats
were randomly divided into five groups having 5 rats
in each group. Animal were given water and rodent
feed (KENT 16% proteins) and water ad libtium.
Moisture (35+5) temperature (25 + 2°C) maintained
in day and night cycle (12:12) were maintain during

the course of study.

Toxicity assay for the TiO: nanoparticles

Animals were acclimatized for 7 days before the start
of experiment. The rats of similar body weights (BWs)
were randomly divided into 5 groups, each having five
rats (Table 1). Control group (C) fed with usual food
and water, placebo group (S) was intraperitoneally
injected with 1ml normal saline for equivalency of
shock that may be gained by the injection. Treated
groups G1, G2 and G3 were intraperitoneally injected
with TiO. NPs@80, 120 and 160 mg/kg BW,

respectively on alternative days for 28 days (Table 1).

Sample collection

At the beginning and after 28 days of exposure, blood
samples were collected for haematological
examination. At 28% day animals were fasted

overnight, blood samples were taken from the caudal
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vein of individual rat in tubes (EDTA anticoagulant
tubes) and were analyzed by using haematology
autoanalyser  (Shanghaic
Instrument Co., Ltd and DW-TEK5000 Automated

Drawell Scientific
Blood Hematology Analyzer). These samples were
subjected for assessment of haematological variables.
Rats were anaesthetized with administering ketamine
hydrochloride (30 mg/kg BW) and sacrificed. The
hepatic tissues were taken and weighed with Sartorius
weighing balance, then separately dipped in fixative

for further process of histology (Shakeel et al., 2016).

Histological examination

Animals were sacrificed, and fresh portions of their
liver tissues from its lateral lobes of liver were taken.
These tissues were then dipped in (alcohol 55-60%,
formaldehyde 30-35% and glacial acidic acid 10-15%)
for 5—8 hr. After that, tissues were dehydrated in
different ethanolic grades (60, 70, 80, 90 and 100%).
After dehydration, liver tissues were placed in cedar
wood oil until become transparent and clear. When
tissues were clear, embedded in benzol and then
benzol+paraplast at 50°C for 12 hrs. After that,
embedded tissues were moved from molted wax in a
block. After removing the bubbles paraffin wax
became hardened. With the help of knife or scalpel,
blocks were trimmed from paraffin wax and after
that, tissues were fixed on wooden block for
sectioning. Sections of 5 um were cut by microtome
(MR-2258 Rotary Microtome Histoline Laboratories
Milan ITALY).After cutting, ribbons along with
tissues were stretched and then fixed to already clean
albumenized glass slides on Fischer slide warmer at
60°C.

Then placed these glass slides in incubator at 65°C
about 12 hours for removal of bubbles if any bubble
were left.Then stained by the haematoxylin—eosin

staining technique (Shakeel et al., 2018).

These stained tissues of control and exposed animals
were observed under the light microscope (Nikon
ECLIPSE Ci-200 with digital camera fixed with
microscope and monitor) and images were taken for

histological investigation (Shakeel et al., 2016).
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Statistical analysis

The data were statistically analyzed by means of
Minitab 17 software through ANOVA in general linear
model to find out the effect of TiO. NPs on different
parameter of hematology.Tukey test was performed
to compare the mean of different groups at P<
0.05.The histological alterations in treated groups
were compared with the control and treated groups
with the conventional grading system (-- no
abnormality, + less abnormality, ++ moderate
abnormality, +++ severe damage (Noureen et al.,

2019).

Results

General observation

The general behavior, health condition and change in
body weight of animals were observed during the

study. The control and placebo group animals were

Table 1. Division of rats into different treatment groups.
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normal in behavior and showed usual weight gain
during the course of study. It was also observed that
animals treated by medium and high doses
(@120mg/kg and @160mg/kg of TiO2-NPs) after two
weeks of exposure showed abnormal behavior
cannibalism. No significant changes were observed in
the body weight of rats in all groups (control and
treated) during first two weeks (P> 0.05), while
significant (P< 0.05) reduction in body weight was
observed in medium (@120mg/kg BW) and high
doses (@160mg/kg BW) during 3¢ and 4tweeks of
exposure compared with control, placebo and low
dose treated (@8omg/kg BW) groups. Moreover, the
significant differences in hepato-somatic index were
also obtained in a doses dependent manner, least
weight of liver was observed at high dose as compare
with body weight in the control and treated groups
(Table 2).

Groups Treatments
Control (C) (no treatment)
Placebo (S) (injected with Normal saline intraperiotionally)
G1 TiO. NPs @8omg/kg BW( intraperiotionally injected)
G2 TiO. NPs @120 mg/kg BW (intraperiotionally injected)
G3 TiO. NPs @160 mg/kg BW (intraperiotionally injected)

Table 3 shows the means ofhematological parameters
of Sprague Dawley rats in control and treated groups
after 28 days of trial. There was a dose-dependent
alteration in various hematological parameters in rats
treated with different doses of TiO. NPs. In current
study RBCs, WBCs, LYM, Hb, MCH, MCV, HCT and
PLT were significantly increased (P< 0.05) in Group
G2 and Group G3 treated with medium and high
doses of TiO> NPs (@120mg/kg BW and @160mg/kg

BW), respectively as compared to the control group

(Group C) and placebo group (Group S) as well as
Group G1 (treated with the low dose, i.e., @8omg/kg
BW). The highest mean values for RBCs, WBCs, LYM,
Hb, MCH, MCV, HCT and PLT were observed in G3
(treated with 160mg/kg BW of TiO. NPs) as
12.40+0.04, 10.05+0.06, 89.91+2.05, 19.06+0.54,
64.47+3.47,
990.9+60.46, respectively as compared to control

22.86+0.74, 26.50+1.97 and

groups (Group C and S).

Table 2. Mean+SE of weekly body weight (g) and hepato somatic (H-S) index of rats in control and treated

groups.
Groups
Duration Control Placebo G1 @80 mg/kg G2@120 mg/kg G3@160 mg/kg
Initial weight 201.4+.97A 201.60+.814 201.80+.864 201.80+.96A 201.80+.914
15t week 214.8+.584 215.12+.7174 215.07+.854 215.10+.8714 215.40+.604
ond week 246.80+.374 246.60+.8714 246.20+.734 246.80+.7344 247.00+£1.0484
3rdweek 276.62+.384 277.10+.744 276.69+.8924 220.40+.9278 227.60+.812B
4th week 203.48+.2814 2093.68+.6804 285.87+1.1304 218.20+.583B 213.96+.678C
H-S index 1.758 1.758 1.788 2.314 2.324

(Means bearing the different latters in rows are significantly different P<0.05).
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Table 4 shows the mean + SE ofliver function profile
of Sprague Dawley rats in control and treated groups
after 28 days of trial. In this study alterations in
various liver function profiles in rats treated with
different doses of TiO» NPs were observed. In current
study ALT, AST, LDH and ALP were significantly
increased (P< 0.05) in Group G2 and Group G3,
treated with medium and high doses of TiO. NPs
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(@120mg/kg BW and @160mg/kg BW), respectively
as compared to the control group, placebo group and

low dose treated group (Group 1).

The highest mean values for ALT, AST, LDH and ALP
(treated with 160mg/kg BW of TiO. NPs) was

141.064+0.40, 55.48+0.37,
2635.91+23.11 and 61.33+0.26, respectively (Table 4).

observed as

Table 3. Mean + SE of Hematological parameters of Sprague Dawley rats in control and treated groups after 28

days of trial.
Blood Parameters
Groups RBC WBCs LYM % Hb (g/dD) MCH (pg) MCV ({1) HCT (%) PLT (X103/ul)
(X106/M) (X103/pl)
C 7.57£0.74¢  6.06£1.30C 77.61£0.62€¢ 13.47+0.60° 15.44+1.10° 55.88+0.76¢ 26.43+1.230 406.6+78.78E
S 7.85+0.61¢  6.01+1.30¢ 77.57+0.66C¢ 13.60+0.650 15.67+0.630 55.76+£0.32C 26.50+0.590 486.9+76.27P

16.51£0.20¢ 56.58+0.37¢ 27.49+0.84¢ 575.1+£26.61C
20.64+0.268 60.64+0.608 36.68+0.774 857.2+80.688
22.86+0.74% 64.47+£3.47F 26.50+1.978 990.9+60.464

G1 7.79£0.59¢  5.95+0.55¢ 77.724£0.47€¢ 14.51+£0.39°€
G2 9.70+0.318  8.77+1.988 85.60+1.078 16.81+0.608
G3 12.40+0.044 10.05+0.64 89.91+£2.05% 19.06+0.544

(Means bearing different letters in Columns are significantly differefent at P< 0.05.).

Histology results

Fig. 1 represents the histology of liver tissues of
Sprague Daweley rats. In current study a dose
dependent alterations in liver histology was found
(Table 5). Liver histology in Control (C) and Placebo
group (S) showed normal histology with central vein
(CV), G1 group treated with low dose of TiO. NPs
@80 mg/kg BW showed vacuolation (V), epithelial
line damages (ELD), dilation of central vein (DCV)
and multi nuclei (MN). G2 Group exposed with
medium dose of TiO. NPs @120mg/kg BW showed

hemorrhage (H), epithelial line damages (ELD),
lymphocytic infiltration (INF), mild neutrophils
(MN), vacuolation (V) and dilation of central vein
(DCV). G3 grouptreated with high dose of TiO. NPs
160 mg/kg of BW showed sever alterations like
vacuolation (V), hemorrhage (H) and degeneration of
central vein (DCV), pyknosis (P), severe necrosis (N)
and apoptosis (A) lymphocytic infiltration (INF)
karyorrhexis and karyolysis(KRL), karyolysis (K) and
multi nucleated (MN) cells.

Table 4. Mean + SE ofliver function profile of Sprague Dawley rats in control and treated groups after 28 days of

trial.
Parameters Groups
C S G1 G2 G3
ALT 13.45+.170 13.46+1820 46.71+.241¢ 134.29+.5478 141.064+.4064
AST 44.32+.19P 46.58+.32¢ 47.63+.41° 52.35+.388 55.48+.374
LDH 1337.99+2.260 1336.17+.83P 1442.56+1.88€ 2128+11.688 2635+23.114
ALP 46.17+.1020 46.64+.066P 54.36+.25€ 58.07+.208 61.33+.264

(Means bearing the different latters in rows are significantly different P<0.05).

Discussion

Studied Parameters

The present study was designed to evaluate the toxic
effects of anatase TiO, NPs on mortality, behavioral

changes, blood parameters (CBC and liver functions

test), hepatosomatic index and liver histology of male
Sprague Dawley rats. TiO, NPs were administered to
rats at doses of 80 mg/kg, 120 mg/kg and 160 mg/kg
for 28 days on alternate days. Results showed zero

mortality rate among the rats of all groups but
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behavioral changes were observed e.g., cannibalism,
loss of appetite and aggressive behavior in G2 (120
mg/kg) and G3 (160 mg/kg) while G1 (80 mg/kg)

group showed normal behavior. The behavioral
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changes of present work were similar to the
observance of Rihane et al. (2015) and Amara et al.
(2015), who examined pathophysiological and

emotional changes in rats induced with TiO. NPs.

Table 5. Comparison of histological alterations in control and TiO- NPs treated male Sprague Dawley rats after

28 days of trial.

Parameters Groups
C G1 G2 G3
Vacuolation (V) - - i Tt
Central vein dilation (CVD) - + T+ Tt
Multi nuclei (MN) - + ++ Tt
Hemorrhage (H), - - ++ Tt
Pyknosis (P), - - + Tt
Necrosis (N) - + ++ it
Necrosis (N) and apoptosis (A) - - ++ T+
Degeneration of central vein (DCV), - - T 4
Karyolysis (K) - - + -+
Lymphocytic infiltration (INF) - - + T+
Epithelial line damages (ELD), - - i 4

Growth Parameters

In current study, body weight of rats was decreased
by enhancing concentration of TiO. NPs but
hepatosomatic index was increased. Our results were
in accordance with the findings of Shrama et al.
(2015) who reported effect of intravenously
administered TiO- NPs on rats. Similar findings were
evaluated by Amara et al. (2015) who worked on
reproductive systems and emotional behavior with

biochemical changes in rats, respectively.

The body weight reduction might be due to
interruption of exposed chemical in the metabolism
and absorption of essential nutrients. Similarly, Hu et
al. (2010) investigated effect of studied nanoparticles
on neurons and spatial memory and also observed
increase in hepatosomatic index. Xu et al. (2013)
reported that increase or decrease in hepatosomatic
index was caused by accumulation or excretion of

TiO2 NPs which leaded to liver damages.

Hematological Studies

In current study hematological analysis showed
enhancement in WBCs, RBCs, LYM, HB, MCH, MCV,
HCT and PLT. Our results are in accordance with the

findings of Xu et al. (2013) and Grissa et al., 2016

who also assessed acute toxicity caused by TiO» NPs
and noted increment in all above blood parameters.
Wang et al. (2016) investigated the effect of TiO> NPs
on bone replacement and repair and noted similar
increase in blood parameters. Shakeel et al. (2016)
demonstrated that increment in WBCs was due to
stress condition which regulated immune system
while MCV enhancement was due to disturbance in
mitotic division. Younes et al. (2015) also evaluated
subacute toxicity by TiO-. NPs and recorded same

changes in hematological parameters.

Liver Function Studies

Liver function test showed significant enhancement
in ALT, AST and ALP enzymes in dose dependent
manner which is similar to results of Abbasi-Oshaghi
et al. (2019). They reported oxidative stress and
apoptosis in liver and intestines of rats induced by
TiO= NPs. Vasantharaja et al. (2015) and Amara et al.
(2013) also demonstrated that increment in these
enzymes were due to rupture of liver membrane and
leakage of enzymes in blood. Alarifi et al. (2013)
evaluated apoptotic and histological changes in
hepatic tissues by TiO- NPs and noticed enhancement
in liver enzymes similar increment was also reported

by Morgan et al. (2018).
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Fig. 1. A photomicrograph (40X) of haematoxyline-eosin stained sections of liver tissuesof Sprague Daweley rats.
Liver tissue sections in C and S groups showed normal histology with central vein (CV), G1 group treated with low
dose of TiO- NPs@80 mg/kg BW showed vacuolation (V), epithelial line damages (ELD), dilation of central vein
(DCV) and multi nuclei (MN), G2 Group exposed with medium dose of TiO. NPs@120mg/kg BW showed
hemorrhage (H), epithelial line damages (ELD), lymphocytic infiltration (INF), mild neutrophils (MN),
vacuolation (V) and dilation of central vein (DCV). G3 group treated with high dose of TiO- NPs 160 mg/kg of BW
and found the high injury of vacuolation (V), hemorrhage (H) and degeneration of central vein (DCV), pyknosis
(P), severe necrosis (N) and apoptosis (A) lymphocytic infiltration (INF) karyorrhexis and karyolysis(KRL)
karyolysis (K) and multi nucleated (MN) cells.
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The capacity of TiO, NPs to cross blood barrior and
distributed in liver, lungs and spleen. TiO, NPs
produced severe effects in liver of rats and raised the
level of ALP, AST, ALT enzymes and LDH activity also
caused change in WBC and produced histological
alterations in hepatic tissues of rats like inflammation
of hepatic tissues, necrosis, apoptosis and vacuolation
(Elgrabli et al., 2015; Heringa et al., 2016; Morganet
al., 2018).

Histopathological Studies

In current study, histological changes in liver e.g.,
vacuolization, central vein damage, multinucleation,
hemorrhage, pyknosis, necrosis, apoptosis, dilated
central vein, sinusoidal dilation, karyolysis and
epithelial damages were observed in G2 and G3 group
which were more severe at 160 mg/kg dose while low
dose group showed only necrosis, central vein
damages and multinucleation. The results of current
study is in agreement with Shakeel et al. (2016) who
investigated effect of TiO-NPs and bulk salt on liver
histology and observed necrosis, hemorrhage,
vacuolization, sinusoidal dilation and karyolysis in a
dose dependent manner. Another study by Abu-Deif
et al. (2015) also revealed similar changes in liver e.g.,
sinusoidal dilation, infiltration of inflammatory cells
and apoptosis in TiO. NPs treated rats and also
investigated prophylactic effect of milk thistle seeds.
Valentini et al. (2019) also noticed hepatotoxicity and
renotoxicity by TiO- NPs and exhibited necrosis,
pyknosis and lymphocytes infiltration which is also
similar to our results. Some previous scientists also
found similar damages in liver hepatocytes and
confirmed that TiO NPs are toxic for the normal
histology (Shrivastava et al., 2013; Elgrabli et al.,

2015; Fadda et al., 2018). In current study swelling of

the cells may be due to leakage of lysosomal

hydrolytic enzymes (Sharma et al., 2014).

The vacuolated portion in cytoplasm of hepatic
tissues of rats may be due to the exposure of TiO-
NPs. The

hepatocytes in treated rats increased in the dose-

apoptotic and necrosis effects in
dependent way. Necrosis was also observed in TiO-

NPs treated rats tissues that might be caused by
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oxidative stress (Gui et al., 2013). After the entrance
of TiO= NPs in the liver it become difficult to clean it
from the body. Clinically it was found that TiO> NPs
caused infection to hepatic tissue due to rising
activities of serum enzyme. TiO= NPs after entrance in
circulatory system by inhalation, intravenous, dermal
and can reached different organs like kidney, liver,
spleen, heart, ovary and brain (Bamidele et al., 2013).
It is known that TiO. NPs of 25 to 80 nm caused
histopathological alterations like damage central vein,
necrosis, apoptosis and hydropic (Wang et al.,
2015).The finding of this experimental study are
comparable with the results of other research works
where exposure of TiO» NPs intraperitoneally caused
cancer and study is also in good agreement with other
studies who observed the same findings after
exposing living organisms to TiO- NPs (Alarifi et al.,
2013; Fakhar-e-Alam et al., 2014). Apoptosis was also
found in rats treated with TiO- NPs. Damaged central
vein, dilation of central blood vessel, vacuolization
and blood sinusoids, showed that TiO- NPs may alter
the membrane penetrability and affected the

endothelial lining of blood vessels.

At high dose more histopathological alteration were
observed. Degeneration of liver tissue, necrosis was
also reported. Some others scientist found the similar
results which supported this work (Liu et al., 2014;
Cui et al., 2014). Histological alteration due to NPs
has been found in number studies (Fadda et al., 2018;

Shakeel et al., 2018; Fadda et al., 2019).

It was revealed that the TiO. NPs administration in
hepatic tissues persuaded certain oxidative stress.
TiO> NPs have shown to cross through cell
membranes and intermingled with hepatic tissues.
The exposure of TiO. NPs induced significant
alterations in blood parameters and histopathological

effects.

Conclusion

It was concluded that exposure of TiO- NPs induced
hemato- and hepatotoxicity in male Sprague-Dawley
rats in a dose-dependent manner. TiO-» NPs decreased
increased  the

the physical activities and
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haematological and histological alterations. Current
study revealed the significant harmful effects of TiO-
NPs on liver function, hepatic tissues and blood

parameters of rats.
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