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ABSTRACT

This study aimed to explore the ameliorative effect of Coenzyme Q10 (CoQ10) on Titanium
dioxide nanoparticles (TiO» NPs)-induced hepatotoxicity. Sixty adult male albino rats were
divided into four groups, with 15 rats in each group. Group (A) was administered only a
vehicle (1% Tween 80). Group (B) was administered TiO2NPs daily by gastric tube (100
mg/kg.bwt) for three months. Group (C) was administered TiO>NPs (100 mg/kg.bwt) and
simultaneously administered CoQ10 (10 mg/kg.bw) daily by gastric tube for the same period.
Group (D) was administered CoQ10 only. At the end of the experiment, serum samples and
tissue samples from the liver were collected for the detection of liver enzyme markers and
histopathological examination, respectively. The TiO> NPs-intoxicated >NPs-intoxicated
group showed elevation in the liver enzyme markers aspartate aminotransferase (AST) and
alanine aminotransferase (ALT). Also, the histopathological results revealed vascular and
parenchymatous changes. The vascular changes were in the form of congestion and
thrombosis of the blood vessels. The parenchymatous changes were vacuolar degeneration
of hepatocytes, necrosis, apoptosis, hyperplasia of the bile duct epithelium and hepatic
fibrosis. TiO2NPs and CoQ10 treated group revealed a decrease in the levels of AST and ALT
and an improvement of the histological architecture of the liver tissue. It was concluded that
chronic toxicity of TiONPs induced histopathological alterations in the liver. The
administration of CoQ10 ameliorated the liver damage induced by TiO2NPs via its
antioxidative and anti-inflammatory properties.
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INTRODUCTION

With advances in nanotechnology,
nanoparticles (NPs) are being used
extensively in a wide variety of industrial
and biomedical products. However,
titanium dioxide nanoparticles (TiO2NPs)
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are considered among the top five most
hazardous NPs (Luo ef al., 2020; Cornu et
al., 2022 and Rajaiah et al., 2022). They are
being used in widespread applications to
provide whiteness and opacity to products
such as paints, plastics, papers and inks
(Trouiller et al., 2009). They are also used
as a food colorant and white pigment in
many products, including sauces, cheeses,
skimmed milk and ice cream (Dudefoi et
al., 2017 and Baranowska-Wojcik et al.,
2020).
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TiO2NPs induced toxicity in various organs,
such as hepatotoxicity (Wang et al., 2007;
Hassanein and El  Amir, 2017),
nephrotoxicity (Hassanein and El Amir,
2018), pulmonary toxicity (Oberddrster et
al,, 2000), testicular toxicity (Hassanein
and El Amir, 2017) and neurotoxicity
(Zhang et al., 2023).

It has been reviewed that TiO>NPs can
initiate several critical events in the liver,
such as the formation of reactive oxygen
species (ROS), induction of oxidative stress
and inflammation (Brand et al., 2020).
Previous work reported that oral
administration of TiO2NPs and deposition
of these particles in the liver induce several
histopathological  alterations in  the
hepatocytes (Wang et al., 2007; Dhawan
and Sharma, 2010; Jeon et al., 2013; Fadda
et al., 2018; Javaheri et al, 2023 and
Choobchian et al., 2024).

Coenzyme Q10 (CoQ10) is a vitamin-like
benzoquinone compound, found in most
eukaryotic cells, especially in the
mitochondria. It acts as a cofactor, a
component of the electron transport chain
and participates in aerobic respiration and
generating energy in the form of ATP
(Lenaz et al., 2007; Ghule et al, 2009;
Garrido-Maraver et al., 2014 and El-
Bassouny et al., 2023).

CoQI10 acts as a powerful antioxidant that
scavenges free radicals, prevents the
initiation and propagation of lipid
peroxidation and acts as a membrane
stabilizer for the cell membrane and all
intracellular membranes (Crane, 2001 and
El-Bassouny et al., 2023).

Researchers have discovered several
biological activities of CoQ10, rather than
its use as an antioxidant and a free radical
scavenger. These biological activities
include hepatoprotective effects, reduction
of the endothelial cell impairments and anti-
apoptotic, anti-fibrotic and anti-
inflammatory properties (Colak and Uysal,
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2017; Mohamed et al., 2019; Abdeen et al.,
2020 and Alhusaini et al., 2022).

This study evaluated the liver function
activities and histopathological changes
induced by chronic toxicity of TiO2NPs on
the liver of male rats and evaluated the
ameliorative effects of CoQ10.

MATERIALS AND METHODS

1. Materials

1.1. Drugs and chemicals:

Titanium dioxide nanoparticles (TiO2NPs)
and Coenzyme Q 10 (CoQIl0) were
purchased from Sigma Aldrich, Germany.
The TiO:NPs used in this study were
titanium (IV) oxide and anatase with a
purity of 99.7%, with a nanoparticle size of
21 nm. AST, ALT kits were obtained from
Bio Diagnostic Co. Giza. Egypt. The
additional chemicals were all analytical-
grade compounds purchased from standard
commercial sources.

1.2. Animals:

Sixty adult male albino rats (weighing 180
+ 20 gm at 12-14 weeks of age) were
purchased from the Animal House of the
Faculty of Veterinary Medicine, Assiut
University, Egypt. The study protocol was
authorized by the Animal Ethics Committee
of the Faculty of Veterinary Medicine,
Assiut University, Assiut, Egypt, according
to the OLE standards for the use of animals
in research under No. 06/2024/0209.

1.3. Experimental design:

Sixty adult male albino rats were assigned
into 4 equal groups (n= 15 rats / group) as
follows:

Group (A): Administrated the vehicle in a
dose of (1% Tween 80).

Group (B): Administrated CoQ10 in a dose
of (10 mg/kg.bw) daily dissolved in (1%
Tween 80) by a gastric tube, according to
(Fouad and Jresat, 2012). Rats were
administered CoQ10 in advance, starting
from day 1 till the end of the experiment.
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Group (C): Administrated TiO>NPs from
day 16 till the end of the experiment in a
dose of (100 mg/kg.bw) dissolved in (1%
Tween 80) daily by a gastric tube,
according to (Rajaiah et al., 2022 and
Kamal et al, 2023). Rats were initially
administered CoQ10 in advance, starting
from day 1 till day 15 and continuing till
the end of the experiment.

Group (D): Administrated TiO>NPs as
group B +CoQ10 in a dose of CoQ10 daily
from day 1 till the end of the experiment in
a dose of (10 mg/kg.bw) dissolved in (1%
Tween 80) by a gastric tube, according to
(Fouad and Jresat, 2012).

All rats were monitored for any clinical
signs or mortality. At the end of the
experimental period (105 days), rats were
sacrificed under anesthesia with isoflurane
4% for sampling.

1.4 Blood and tissue sampling:

At the end of the experiment (day 105), the
blood samples were collected from the
medial canthus of the eyes, then the serum
samples were collected and kept at -20°C
for liver function markers. Tissue samples
were collected from the liver for
histopathological examination.

2. Methods

2.1. Biochemical analysis:

Determination of liver function markers
(AST& ALT):

The levels of AST and ALT enzymes were
estimated by the colorimetric method,
described by Reitman and Frankel (1957).

2.2. Histopathological examination:

Liver tissue specimens were fixed in 10%
neutral buffered formalin, dehydrated in
ethyl alcohol, and then embedded in
paraffin wax, according to Bancroft et al.
(1996). Microscopic examinations involved
5-u-thick sections stained with hematoxylin
and eosin (H&E) and Masson’s Trichrome
stain. The slides were examined
microscopically with an Olympus CX31
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microscope and photographed with an
Olympus SC30 camera adapted to the
microscope. The histopathological lesion
score is based on the incidence of lesions in
30 examined sections of 15 rats in each

group.

2.3. Acridine orange stain for detection of
apoptosis:

The procedure of Acridine orange stain
(fluorescent  stain) was  performed
according to Abd-Elhafeez et al. (2020).
The sections were analyzed using a
microscope (model Letiz DM 2500) with
external fluorescent units (Leica EL 6000).
Apoptotic cells stained with Acridine
orange stain emit red and orange
fluorescence, while normal and viable cells
emit green fluorescence.

2.4. Statistical analysis

Statistical analysis was conducted using
SPSS version 26 (SPSS Inc, Chicago, IL,
USA) according to Borenstein et al. (1997).
The data were expressed as mean + standard
error (SE). One-way ANOVA and the post-
hoc Tukey HSD test were used for multiple
comparisons. A difference of P <0.05% was
considered statistically significant. Graphs
were plotted using GraphPad Prism 9.4.1.

RESULTS

1. Biochemical results

Liver function markers:

There was no significant difference in the
level of ALT between the CoQ10 treated
group and the control group. TiO2NPs
treated group showed a significant
increased AST and ALT levels, compared to
TiO>NPs + CoQ10 treated group, CoQ10
treated group and control groups. The level
of AST and ALT was significantly
decreased in TiO;NPs + CoQI10 treated
group, compared to TiO2NPs treated group.
The level of AST was numerically increased
in both TiO,NPs +CoQ10 treated group,
compared to CoQ10 treated group and
control group. (Fig. 1).
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Fig. 1: Liver function markers in different treated groups. A) AST and B) ALT. Means with different
superscripts are significantly different at P<0.05. Data are expressed as mean + S.E., withn=15.

2. Histopathological findings lesion present in 7- 14 sections, + + + lesion
The histopathological grades based on present in 15- 22 sections, + + + + lesion
incidence of lesions in 30 examined present in 23-30 sections) were summarized
sections of 15 rats in each group (- No in Table (1)

lesion, + lesion present in 1- 6 sections, + +

Groups Group (A) Group (B) Group (C) Group (D)
Control CoQ10 TiO2 NPs TiO2NPS +
group treated group treated group CoQ10
Hepatic lesions treated group
1- Vascular changes:
» Congestion of blood vessels - - tH++ ++
» Thrombosis - - ++ -
2- Parenchymal changes:
» Vacuolar degeneration of - - ++++ + +
hepatocytes
» Lytic necrosis of hepatocytes - - ++ +
> Bile duct hyperplasia - - ++ -
» Kupffer cell activation - - +++ +
» Mononuclear cell infiltration - - ++++ +
> Fibrosis - - + + + -

Table 1: Lesion score of the histopathological results of the liver in all studied groups
(- No lesion, + lesion present in 1- 6 sections, + + lesion present in 7- 14 sections, + + + lesion present in
15- 22 sections, + + + + lesion present in 23-30 sections / 15 rats in each group).

The histological architecture of the liver hepatocytes; they were polyhedral cells
tissue sections stained with H&E stain in with vesicular nuclei and prominent
the control group and CoQ10 treated group nucleoli, arranged in cords and interspersed
revealed normal histology of the liver. The by hepatic sinusoids (Fig. 2).

sections showed normal appearance of
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Fig. 2: Liver, A) Control group and B) CoQ10- treated group, both showing normal histological

architecture of the liver (H&E stain).

The microscopical examination of liver
tissue sections stained with H&E stain in
TiO2NPs treated group showed vascular
and parenchymatous changes. The vascular
changes were in the form of congestion of
central veins, dilatation and congestion of
hepatic sinusoids and portal blood vessels.
Some blood vessels showed thrombosis,
which consisted of fibrin threads,
erythrocytes and leukocytes. Hyperplasia of
the epithelial lining of the bile ducts, portal
fibrosis and perivascular fibrosis were also

noticed (Fig. 3). Fibrosis was confirmed by
Masson’s Trichrome stain, in which the
fibrous connective tissue appeared blue in
color against a reddish background (Fig. 4).
There were several parenchymatous
changes, including vacuolar degeneration
of hepatocytes, a moderate increase in
binucleated hepatocytes, Kupffer cell
activation, focal area of lytic necrosis and
focal necrosis infiltrated with mononuclear
cells (Fig. 5).
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Fig. 3: Liver, TiO>NPs treated group showing A)

Congestion and dilatation of the central vein (arrow),

B) Dilatation and congestion of the portal blood vessels (arrow) with fibrosis in the portal area
(asterisk), C) Thrombus in the central vein (arrow). D) Hyperplasia of the epithelium lining of

the bile duct (tailed arrow) (H&E stain).
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Fig. 4: Liver, TiO;NPs treated group, (A) Perivascular fibrosis (tailed arrows); (B-D) Portal fibrosis
(asterisks) that appears blue in color (Masson’s Trichrome stain).
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Fig. 5: Liver, TiO,NPs treated group, (A) Binucleation of some hepatocytes (circle), Kupffer cell
activation (red arrow heads) and hepatic sinusoidal dilatation (tailed arrows). (B) Dilatation and
congestion of hepatic sinusoid (arrow), single-cell necrosis (black arrow heads) and vacuolar
degeneration of hepatocytes (wavy arrows). (C) Focal area of necrosis infiltrated with
inflammatory cells (yellow arrows) and sinusoidal dilatation also exists (tailed arrows). (D)
Focal area of lytic necrosis (circle) (H&E stain).

153



Assiut Veterinary Medical Journal

Assiut Vet. Med. J. Vol. 71 No. 187 October 2025, 148-160

The examined H&E-stained liver tissue
sections of TiO2NPs and CoQ10 treated
group showed improvement of the general
architecture of the liver with mild hepatic
lesions. These lesions consisted of vascular

changes, such as mild congestion of the
portal blood vessel, moderate central vein
congestion, hepatic sinusoidal dilatation
and slight mononuclear cell infiltration

(Fig.6).

Fig. 6: Liver, (A- D) TiO,NPs + CoQ10 treated group, (A) Congestion of the portal veins (red arrows),
vacuolar degeneration of hepatocytes (wavy arrow) and perivascular mononuclear cell
aggregation (yellow arrow heads); (B) Mild congestion of the central vein with slight normal
appearance of hepatocytes (C) Focal aggregation of mononuclear cells (arrow head); (D)
Congestion of central veins (arrows) with normal appearance of hepatocytes (H&E stain).

3. Acridine orange findings:

The apoptotic changes and also the
lysosomal activity in the liver were detected
by acridine orange stain, in which only
green fluorescence was presented in both
the control and CoQ10 treated group
respectively (Fig. 7 A, B). TiO2NPs treated
group showed red and orange fluorescence
that indicated high DNA damage, an
increase in the number of apoptotic cells
and lysosomal activity (Fig. 7 C, D). There
was a reduction in the DNA damage and
apoptotic cells, with an increase in the green
fluorescence in TiONPs and CoQ10
treated group (Fig. 7 E, F).
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DISCUSSION

Nanoparticles have numerous properties
that make them appropriate for usein a
wide range of applications, such as
biological and medical applications. Due to
the quick growth of nanotechnology,
different metal oxide nanoparticles are now
used in a variety of industries and titanium
dioxide nanoparticles are one of those metal
oxides. Numerous investigations have
demonstrated that the accumulation of
TiO2NPs in parenchymatous organs can
cause inflammatory responses (Attia et al.,
2013 and Kumar et al., 2016).
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Fig. 7: Liver, acridine orange-stained paraffin section of the liver. A, B) CoQ10 treated group and the
control group showing normal green fluorescence appearance of the hepatocytes. C, D) TiO,NPs
treated group showing red and orange fluorescence, which indicates apoptotic hepatocytes, DNA
damage and lysosomal activity (white arrows). E, F) TiO2NPs + CoQ10 treated group showing
normal green fluorescence with the presence of some hepatocytes with orange fluorescence

(arrow heads).

In the current study, the TiO>NPs-
administered rats showed a marked increase
in the levels of AST and ALT liver enzymes,
compared to the TiO2NPs and CoQ10-
treated group and the control group. Many
researchers reported that TiO2NPs raise the
oxidative stress indices, which
consequently increases the liver function
markers (Hassanein and El Amir, 2018;
Fadda et al., 2018 and Javaheri et al., 2023).

Histopathological examination of the H&E-
stained liver tissue sections in TiO2NPs
treated group revealed congestion and
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thrombosis of the central vein and portal
blood vessels, vacuolar degeneration and
lytic necrosis of hepatocytes, Kupffer cell
activation, perivascular and periportal
fibrosis and focal mononuclear cell
infiltration. Similar results were reported by
(Valentini et al., 2019; Javaheri et al., 2023
and Choobchian et al., 2024).

The liver is the primary organ for the
accumulation of TiO>NPs, which produce
oxidative stress and excessive release of
reactive oxygen species (ROS) (Zhao et al,,
2021). Mohammed and Safwat, (2020)
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concluded that oxidative stress is the
principal mechanism by which TiO>NPs
induced hepatotoxicity. Subsequent to liver
injury generated by TiO:NPs, Ito cells
(Hepatic stellate cells, HSC) exhibit smooth
muscle a-actin, signifying their activation
into myofibroblast-like cells, which is
directly linked to experimental liver
fibrogenesis (Li et al., 2025).

Liver fibrosis was confirmed by Masson’s
Trichrome stain, in which the fibrous
connective tissue appeared blue in color.
TiO> has recently reclassified by the
International Agency for Research on
Cancer (IARC) as a group 2B carcinogen:
“possibly carcinogenic to humans” (IARC,
2006). DNA damage and apoptotic
hepatocytes in liver tissue were confirmed
by acridine orange stain, TiO>NPs treated
group showed a significant increase of
apoptotic cells, compared to other groups.

CoQ10 is a naturally occurring hydrophobic
substance that is a potent antioxidant, in
addition to being an essential part of the
mitochondrial respiratory chain (Sohet et
al., 2009). CoQ10 has attracted significant
study interest due to its role as a dietary
supplement in producing cellular bioenergy
and preventing tissue damage caused by
oxidative stress (Akbari et al., 2020).
TiO2NPs and CoQ10 treated group revealed
a marked decrease in the levels of AST and
ALT liver enzymes. Histopathological
examination of liver tissue in TiO,NPs and
CoQ10 treated group showed minimal
histopathological changes and also an
improvement of the histological appearance
of the liver was observed. There was only
moderate congestion of the central vein,
minimal vacuolar degeneration and slight
inflammatory  cell infiltration.  This
improvement in histopathological changes
could be attributed to CoQ10 demonstrating
anti-inflammatory properties by lowering
the release of pro-inflammatory cytokines
during the inflammatory injury (Schmelzer
et al., 2008).
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In liver tissue sections stained with acridine
orange stain in TiO2NPs and CoQ10 treated
group, there was an increase in the green
fluorescence with only a few hepatocytes
with an orange fluorescence, which
indicates a great improvement in the DNA
damage, apoptosis and lysosomal activity
of this group. Papucci et al. (2003) reported
that CoQ10 inhibited the DNA fragment-
ation caused by all apoptotic triggers,
significantly decreased apoptotic cell death
and attenuated ATP decrease. The authors
added that cytochrome C release, caspase 9
activation and mitochondrial depolarization
were all inhibited by the action of CoQ10.

CONCLUSION

The current study showed that rats treated
with TiONPs for 3 months have strong
hepatotoxicity of the liver, demonstrated by
elevation of liver enzyme markers and
histopathological  alterations. =~ CoQ10
improves the deleterious effect associated
with TiO2 NPs administration. This
ameliorative effect may be due to their
strong antioxidative activities.
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