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. Given the importance of treating liver
fibrosis and the spread of nanoparticles
in medicine, the use of yttrium oxide
nanoparticles  (Y20s  NPs) seems
appropriate.

. Very few studies have evaluated the
therapeutic effects of Y-Os NPs on liver
fibrosis induced by CCla4 in rats.

. Y203 NPs alleviated liver fibrosis in
this experiment.

. Positive treatment effects of Y203
NPs in the fibrotic rats induced with CCL4
are due to increase antioxidant activities,
regulation of liver enzymes, TGF- and
a-SMA genes expression levels.

Background: Yttrium oxide nanoparticles (Y203 NPs) are known
as free radical absorbers. This study investigated the effects of
Y203 NPs on antioxidant activities, liver enzymes, expression of
alpha-smooth muscle actin (a-SMA) and transforming growth
factor beta (TGF-f) genes, and histopathology in rat liver
fibrosis.

Methods: In this experimental study conducted in 2019 at
Islamic Azad University, Qom, Iran, male Wistar rats (200—
220 g) were assigned to seven groups (n=8): Control, Vehicle,
carbon tetrachloride (CCls), Y203 45 mg/Kg, Y205 60 mg/
Kg, CCla+Y205 45 mg/Kg, and CClstY20s 60 mg/Kg. Liver
fibrosis was induced by CCls. Y203 NPs were administered
intraperitoneally for 4 weeks. Blood and liver samples were
collected for analyses. Statistical analysis was performed using
SPSS (version 21) by one-way ANOVA and Tukey post hoc test.
P<0.05 was considered significant.

Results: The findings indicated catalas (3.00+0.21 vs. 21.46+0.70,
8.96+20 U/min/mg, P<0.001), superoxide dismutase (3.13=0.21
vs. 44.36+£1.99, 37.59+0.77 U/mg, P<0.001), glutathione
peroxidase (135.25+4.02 vs. 492.00+27.87, 322.7548.75, U/mg,
P<0.001) activities increased, while malondialdehyde (1.29+0.86
vs. 0.32+0.03 , 0.49+0.06 nmol/mL, P<0.001), aspartate
aminotransferase (286.33+2.89 vs. 154.66+9.00, 178.00+7.35 U/L,
P<0.001), alkaline phosphatase (645.00+16.62 vs. 497.66+9.87,
321.75€20.03 U/L, P<0.001), gamma-glutamyl transferase
(619.00423.45 vs. 349.66+29.95, 299.25+2541 U/L, P<0.001) levels
decreased. TGF-p and a-SMA expression decreased in terated
groups (6.40+0.23 to 4.19+0.55, P=0.012, 2.70+0.46 P=0.009,
13.77 £0.44 to 7.94+0.54 P=0.002, 4.87+0.35 P=0.033). Histology
evaluatuons confirmed reduced inflammation, steatosis, and
collagen deposition in Y20s-treated fibrotic rats.

Conclusion: Y203 NPs can alleviate liver fibrosis in experiment.

Please cite this article as: Danesh Pajooh F, Oryan S, Mortazavi P. Effect of
Yttrium Oxide Nanoparticles on Liver Fibrosis Induced by Carbon Tetrachloride
in Male Rats. Iran J Med Sci. doi: 10.30476/ijms.2026.109288.4451.
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Introduction

The liver, as a vital organ, has various functions in the body such
as detoxification, vitamin storage, digestion, immunity, and help
support metabolism." It comprises around 2% of body weight
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in the adult.? When liver cells are exposed to
long-term damage, they cause abnormal cell
proliferation and accumulation of tough fibrous
connective tissue.® The most important factors to
the development of liver fibrosis are alcohol, fatty
liver, hepatitis B and C and infrequent diseases
such as hemochromatosis.* Liver fibrosis is a
result of a permanent wound-healing response
to chronic liver damage® and can lead to cirrhosis
and liver cancer.® Hepatic stellate cell (HSC)
activation, hepatocyte cell death, the release
of cytokines, chemokine, and inflammation
are important causes of liver fibrosis.” Fibrosis
can be mediated through Smad-dependent or
non-Smad pathways.® Increased production
of transforming growth factor-beta (TGF-B)
enhances the expression of alpha-smooth
muscle actin  (a-SMA) and collagen a1,°
resulting in the deposition of collagen fibers'
and contributing to liver fibrosis." The use of
traditional therapies, has always had inadequate
therapeutic effects and side effects.'’? Recently,
the use of nanotechnology for targeted liver
therapies has been considered by researchers."
4 By converting microparticles to nanoparticles,
some physical properties change,’® such as
increasing the surface area and quantum effects
of the particles.'® Scientists today are able to
produce nanoparticles as large as viruses,"”
and according to research, nanoparticles are a
more suitable option for intracellular or tissue
delivery of drugs.” In fact, nanoparticles are
good candidates for targeted therapies because
they can pinpoint patient cells and deliver the
drug to them.” This means that the drug can be
sufficient at lower doses and therefore fewer side
effects.?® Various studies have suggested the
therapeutic effects of yttrium oxide nanoparticles
(Y203 NPs) due to their attractive antioxidant and
antibacterial properties.?'

Measurements levels of oxidative stress
markers, such as reactive oxygen species (ROS),
lipid peroxidation (LPO), total thiol molecules
(TTM), and total anti-oxidant power (TAP)
and catalase enzyme in the brain, heart, lung,
kidney, liver, and spleen showed that diazinon-
induced oxidative stress was reduced in rats
treated with Y203 NPs, but it should be noted
that higher doses have the opposite effect.?? On
the other Y20: NPs improve fulminant hepatic
failure through anti-inflammatory activity by
inhibiting cellular reactive oxygen species and
modulating NF-kB activation.?® Y203 NPs can be
considered as an important therapeutic option
in the treatment of diseases due to its high
biocompatibility and reactivity.?

Given the importance of treating liver fibrosis
and the spread of nanoparticles in medicine, the
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use of Y203 NPs seems appropriate. This study
was designed to assess the effects of Y203 NPs
on antioxidant enzymes, TGF-B and a-SMA
gene expression on liver fibrosis induced by
carbon tetrachloride (CCla) in rats.

Materials and Methods

Reagents

CCla (Sigma-Aldrich, USA), Y20: NPs (llia
Sanat Asan, lIran), catalas (CAT) (Zellbio,
Germany), superoxide dismutase (SOD) (Zellbio,
Germany), malondialdehyde (MDA) (Zellbio,
Germany), glutathione peroxidase (GPX) (Zellbio,
Germany), aspartate aminotransferase (AST)
(Zist Chem, Iran), alanine aminotransferase(ALT)
(Zist Chem, Iran), alkaline phosphatase (ALP)
(Zist Chem, Iran), gamma-glutamyl transferase
(GGT) (Biorex Fars, Iran), Total RNA extraction
Kit (Parstous Zist Fanavar, Iran), cDNA synthesis
kits (Parstous Zist Fanavar, Iran), SYBR Green
Real-Time polymerase chain reaction (PCR)
Master Mixes (Parstous Zist Fanavar, Iran) and,
Primers )Pishgam Tehran, Iran) were purchased
from the mentioned companies.

Animals

In this experimental animal study, conducted
in 2019 at the laboratory of Islamic Azad
University, Qom Branch, Qom, Iran, eight to ten
week old male Wistar rats, weighing 200 to 220
g (n=8) were obtained from the Pasteur Institute,
Tehran, Iran. The animals were housed under
standard conditions with temperature of 21 °C
under a 12:12 hr light/dark cycle with free access
to food and tap water. All animal procedures
and care were performed in accordance with
the Guide for the Care and Use of Laboratory
Animals.?®> The experimental protocol was
approved by the Research Ethics Committee of
Islamic Azad University, Science and Research
Branch, Tehran, Iran (Ethics code: IR.IAU.SRB.
REC.1402.203).

Preparation of Y203 NPs

Yttrium oxide nanoparticles were phosphated
before use as follow. Since Y-Os NPs are air-
stable white solids and insoluble in water,?¢ 10 g of
Y203 NPs were added to 500 mL of tripotassium
phosphate (KsPO.) at a concentration of 20%
and refluxed for 6 hours at 80 °C. The precipitate
was separated by a centrifuge (12000 rpm)
and dried in a 60 °C oven for 24 hours.?” Then
concentrations of 45 and 60 mg/Kg in saline
were prepared for injection.

Rat Model of Liver Fibrosis
In order to induce liver fibrosis, rats received
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2 mL/Kg of CCl. intraperitoneally (diluted in olive
oil, 1:1 ratio) twice a week for 4 weeks.

Experimental Groups

Rats were randomly assigned to seven
equal groups using a blocked design (n=7). The
control group had access to a normal diet for
four weeks. The vehicle group rats that received
K3PO4 solution (0.5 mL/Kg, IP) daily for 4
weeks. The CCls group induced liver fibrosis
model. The CCls+Y203 groups that received the
Y20: NPs (45 and 60 mg/Kg, IP), respectively,
daily for 4 weeks in liver fibrosis model rats. The
Y20 groups that received the Y203 NPs (45 and
60 mg/Kg, IP), respectively, daily for 4 weeks.
Twenty-four hours after last treatment, rats were
anesthetized by ketamine 10% and xylasine1%.
The blood sample collection from the heart
were maintained for 20 min under laboratory
conditions and then centrifuged (15 min at 5000
rpm). For the measurement of hepatic enzymes
level, serum was collected. The livers were
removed later and washed by saline. A slice was
kept in 4% formalin for histological analysis. The
remained part was frozen at -80 °C for advanced
analysis.

Measurement of Oxidative Stress Markers

First, frozen liver tissues were homogenized.
Then, they was centrifuged at 40000 rpm for 15
min (4 °C) to separate the supernatant. Oxidative
stress markers levels were measured, including
CAT, GPX, SOD, and MDA, according to the
manufacturer’s instructions (Zellbio, Germany)
by an Eliza reader.

Liver Enzymes Levels

AST, ALT, and ALP levels were measured
using an autoanalyzer (HITACHI 917) according
to the manufacturer’s instructions (Zist Chem,
Iran). GGT enzyme was measured by kit (Biorex
Fars, Iran) in agreement with the manufacturer’s
method.

Liver Real-Time PCR Analysis

YTzol reagent was used in accordance
to the kit manufacturer's instructions for
total RNA isolation (Parstous Zist Fanavar,
Iran). Then quantification procedure was
done on the extracted samples by NanoDrop

2000C spectrophotometer (Thermo, United
States). Reverse transcription of total RNA to
complementary dna (CDNA) was performed
using synthesis kit (Parstous Zist Fanavar,
Iran). Quantitative real-time PCR (QRT-PCR)
reactions were then finalized by SYBR Premix
Ex Taq Il (Parstous Zist Fanavar, Iran) in the ABI
7500 System. Glyceraldehydes 3-phosphate
dehydrogenase (GAPDH) was used (Pishgam
Tehran, Iran) as internal control. The specific
primer sequences for TGF-B, a-SMA, and
GAPDH are presented in table 1. Finally, results
were calculated based on the 2722°T method.

Hematoxylin and Eosin (H&E) and Masson’s
Trichrome (MTC) Staining

For histopathological examinations, fixed
samples were dehydrated and embedded in
paraffin. Samples were then cut, mounted
on slides, and stained with H&E and MTC
methods.?® The stained slides were studied by
an expert pathologist blind to the experiment
with a Leica DM500 Biological Microscope.

Statistical Analysis

The results were analyzed using SPSS
software (version 22.0, SPSS Inc., Chicago, IL,
USA). Data were expressed as meanzstandard
error of the mean (SEM). Statistical differences
between groups were determined by one-
way analysis of variance (ANOVA) followed by
Tukey’s post hoc test. A P value of less than 0.05
was considered statistically significant.

Hepatic Analysis of Oxidative Stress

The activities of catalase (CAT), SOD, and
glutathione peroxidase (GPX) were markedly
altered among the study groups, CAT 251.620,
P<0.001; SOD 479.606, P<0.001; GPX 191.871,
P<0.001; MDA 20.634, P<0.001). CAT, SOD
and GPX activity were substantially decreased
in CCls group as compared to control (CAT:
3.00+0.25 vs. 10.05+0.79; SOD: 3.13+0.21 vs.
14.02+0.49; GPX: 135.25+8.06 vs. 281.75+9.18;
P<0.001 for all) (figure 1A-C). Administration of
Y,O; nanoparticles (45 mg/Kg and 60 mg/Kg)
markedly improved antioxidant enzyme activities
in fibrotic animals. In the CCI,+Y,03; 45 group,

Table 1: Primers used for the real-time PCR reaction analysis

Reverse sequence

Gene Size (bp) Forward sequence
a-SMA 334 GTTTGAGACCTTCAATGTCCC
TGF-B 239 GACTCTCCACCTGCAAGACC

GAPDH 234

GATGCTGGTGCTGAGTATGTCG

CGATCTCACGCTCAGCAGTGA
GGACTGGCGAGCCTTAGTTT
GTGGTGCAGGATGCATTGCTGA

a-SMA: Alpha-smoot muscle actin; TGF-B: Transforming growth factor beta; GAPDH: Glyceraldehyde-3-phosphate

dehydrogenase
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Figure 1: Effects of Y,O3; nanoparticles on hepatic oxidative stress markers in different experimental groups. Hepatic oxidative
stress markers were assessed. (A) Catalase (CAT) activity, (B) Glutathione peroxidase (GPX) activity, (C) Superoxide dismutase]
(SOD) activity, and (D) Malondialdehyde (MDA) levels. CCl, administration markedly reduced CAT, SOD, and GPX activities
and significantly increased MDA levels compared with the Control group (P<0.001), indicating enhanced oxidative stress,|
Treatment with Y,O3; nanoparticles at both 45 and 60 mg/Kg significantly restored antioxidant enzyme activities and reduced
lipid peroxidation in fibrotic rats compared with the CCl, group (P<0.001). No significant differences were observed between the|
Control and Vehicle groups in CAT, SOD, or MDA levels.

Control (healthy rats), Vehicle (healthy rats treated with K[IPO(1), CCI[] (healthy rats treated with CCI[] to induce fibrosis),
CCITI+Y 1O 145(fibroticratstreatedwith45mg/Kg Y [IO1NPs),CCIT1+Y 1O [160(fibroticratstreatedwith60mg/KgY IO INPs), Y10 145
(healthy rats treated with 45 mg/Kg Y[1O[1 NPs), YIIO[] 60 (healthy rats treated with 60 mg/Kg Y[1O[] NPs).

CAT: Catalase; GPX: Glutathione peroxidase; SOD: Superoxide dismutase; MDA: Malondialdehyde; Y,O3; NPs: Yitrium oxide]

nanoparticles; CCl,: Carbon tetrachloride; K;PO,: Potassium phosphate.

the values increased to (CAT 21.46+1.00,
SOD 44.36+2.82, and GPX 492.00+39.42, all
P<0.001 vs. CCl,). Similarly, in the CCl, + Y,0;
60 group, CAT 8.97+0.41, SOD 37.59+1.55, and
GPX 322.75+17.50 were significantly higher
than the CCl, group (P<0.001). CAT, SOD and
GPX levels were remarkably higher in Y20360
group than those of the vehicle (16.00+0.53,
16.92+0.60 vs. 306.25%£5.32 vs. 8.65+0.31,
10.50+0.40, 192.00+6.97; P<0.001). There were
no significant differences between control and
vehicle groups in CAT, SOD, and MDA values,
whereas GPX was slightly lower in the vehicle
group (192.00+13.95 vs 281.75£9.17; P<0.001)
(figure 2B). Rat serum values for CAT, SOD,
and MDA ratio showed no differences between
vehicleand controlgroup (8.65+0.31, 10.50+0.40,
0.99+0.59 vs. 10.5+0.39, 14.01£0.24, 0.66+0.21)
(figures 2A, C, and D), Malondialdehyde (MDA),
the lipid peroxidation marker, was significantly
reduced by nanoparticle treatment (0.32+0.02
and 0.49+0.06 vs. CCl, 0.70+0.05; P<0.001).
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Serum Biochemical Analysis of (ALT, AST, ALP,
and GGT) in Different Experimental Groups
Serum enzyme activities reflected
hepatocellular damage induced by CCl,. ALT,
AST, and ALP increased significantly in the
CCla group compared with control animals (ALT
93.00+2.54 vs. 65.75£2.83; AST 286.33+2.89
vs. 166.50+10.15; ALP 645.00+16.62 vs.
392.75+23.43; P=0.001, P<0.001, P<0.001,
respectively). (figure 2A-C). There were no
significant differences in ALT levels between
Y20345+CCla  and  Y20360+CCls  groups
compared with CCls group (86.33%4.51 and
75.75+4.85 vs. 93.00+2.54, respectively).
Co-administration of Y,03; nanoparticles
remarkably improved these levels. ALT was
reduced to (50.00+5.68 and 56.00+1.52 in
Y-03:45 and Y20360 groups as compared to
CCla+Y20345 group 86.33+4.51; P<0.001). AST
also declined in Y20345+CCls and Y20:60+CCla
groups compared with CCls group (154.66+9.00
and 178.001£7.35 vs 286.33+2.89; P<0.001).
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Figure 2: Serum biochemical analysis of liver injury markers in different experimental groups. Serum activities of liver injur

markers were measured, including: (A) alanine aminotransferase (ALT), (B) alkaline phosphatase (ALP), (C) aspartate]
aminotransferase (AST), and (D) gamma-glutamyl transferase (GGT) activities. CCl, administration caused a significant
increase in all measured liver enzymes compared with the control group, indicating hepatic injury and functional impairment.
Treatment with Y,O3; nanoparticles at 45 and 60 mg/Kg significantly reduced the elevated enzyme activities in CCl,-treated
rats, with the higher dose showing a greater protective effect. Y,O; nanoparticles alone did not significantly affect serum

enzyme levels in healthy rats. Values are presented as meantSD. Different letters indicate significant differences among
groups (P<0.05).

Control (healthy rats), Vehicle (healthy rats treated with K;PO,), CCl, (healthy rats treated with CCl, to induce fibrosis),
CCl,+Y,0:45 (fibrotic rats treated with 45 mg/Kg Y,O3 NPs), CCl,+Y,060 (fibrotic rats treated with 60 mg/Kg Y,O3 NPs), Y,0345|
(healthy rats treated with 45 mg/Kg Y.O3; NPs), Y,0360 (healthy rats treated with 60 mg/Kg Y,Os; NPs).

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; GGT. Gamma-glutamyl

transferase; Y,O3; NPs: Yttrium oxide nanoparticles; CCl,: Carbon tetrachloride; K;PO,: Potassium phosphate

In CCla+Y20360 group, ALT level was not
significantly differences than that of Y20360
group (75.75+4.85 vs. 56.00+1.08; respectively)
(figure 2A). CClatY20345 and CCla+Y20360
groups improved liver injury and decreased
the elevation of AST and ALP compared with
CCls group (154.66+9.00, 497.66+9.87 and
178.00+7.35, 321.75+20.03 vs. 286.33+2.89,
645.00+£16.62, P<0.001) (figures 2B and C).
CCla+Y20360 groups showed a significant
AST decrease as compared to Y20345 group
(133.00+£38.06 vs. 241.00+7.09; P<0.001,
respectively) (figure 2C). In the present study,
Y20360 and CCls+Y20360 groups significantly
decreased the activity of ALP compared
CCla+Y20345 groups (311.00+17.52 and
321.75£20.03 vs. 497.66+13.96; P<0.001,
respectively) (figure 2B). Increase in the levels
of GGT was observed in rats exposed to CCls
compared with the control, vehicle, Y20345,
Y20360, CClat+Y20345 and CCla+Y20360 groups
(619.00+£33.17 vs. 337.75+32.58, 311.00+43.00,

349.66+42.36, 299.25+25.41, 344.00+26.31,
and 294.33+24.25; P<0.001, respectively)
(figure 2D). Data presented no significant
differences in ALT, AST, ALP, and GGT between
control and vehicle groups (65.75+ 2.83,
166.50+10.15, 392.75+23.43, and 337.75+32.58
vs. 83.50+11.50, 155.00+20.00, 315.50+11.50,
and 311.00+43.00, respectively) (figures
2A-D). There were no appreciable changes in
ALT, AST and ALP in Y20345 and Y2060 rats
relative to control (50.00+5.68, 241.00+7.09,
370.66+18.88, and 56.00+1.52, 232.3319.83,
311.00+£17.52 vs. 65.75+2.83, 65.75+2.83, and
392.75+23.43, respectively) (figure 2A-C). ALP
showed a strong improvement (497.66+9.87
and 321.75+20.03 vs. 645.00+23.51; P< 0.001).
Gamma-glutamyl transferase (GGT) activity
was high in CCl,-treated rats (619.00+33.17) but
markedly attenuated inboth nanoparticle-treated
groups (344.00+26.31 and 294.33+24.25; P<
0.001). No significant differences were found
between control and vehicle values.
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significant differences (P<0.05).

Control (healthy rats), Vehicle (healthy rats treated with K;PO,), CCl, (healthy rats treated with CCl, to induce fibrosis), CCl,+Y,03
45 (fibrotic rats treated with 45 mg/Kg Y,03; NPs), CCl,+Y,0560 (fibrotic rats treated with 60 mg/Kg Y,O3 NPs), Y,0345 (health
rats treated with 45 mg/Kg Y,O3 NPs), Y,O3 60 (healthy rats treated with 60 mg/Kg Y,O3 NPs).

TGF-B: Transforming growth factor beta; a-SMA: Alpha-smooth muscle actin; GAPDH: Glyceraldehyde-3-phosphate

dehydrogenase; Y,03; NPs: Yttrium oxide nanoparticles; CCl,: Carbon tetrachloride; K;PO,: Potassium phosphate

Analysis of Hepatic TGF-B and a-SMA mRNA
Expression

TGF-B and a-SMA evaluation followed by
a statistical analysis indicated that there were
no notable differences between the control
and vehicle groups (1.00£0.20, 1.0040.20, vs.
1.26+0.15, 1.17+0.09; respectively) (figure 3A and
B). CCls group induced the increase of TGF-8
and a-SMA expression in contrast of the control
and vehicle groups (6.40+0.23, 13.77+0.44 vs.
1.00£0.20, 1.00£0.20, and 1.17£0.98, 1.26+0.15;
P<0.001; respectively) (figures 3A and B). The
result showed that the expression of TGF-f
and a-SMA had no significant difference in
both Y20s:45 and Y-0s60 groups as compared
with control and vehicle groups (1.76+0.43,
1.55+0.31 and 1.66+£0.38, 1.86+0.49 vs.
1.00£0.20, 1.00+0.20 and 1.26+0.15, 1.17+0.98;
respectively) (figures 3A and B). Although
TGF-B and a-SMA expression is increased in
CCla group, but these increases were obviously
decreased in CCls+Y20345 and CClat+Y20360
groups (6.40+0.23 (CCla) to 4.19+£0.55, P=0.012
and 2.70+0.46, P=0.009, 13.77£0.44 (CCls)
t07.94+0.54, P=0.002 and, 4.87+0.35, P=0.033)
(figures 3A and B).

Hematoxylin and Eosin (H&E) and Masson’s
Trichrome (MTC) Staining Analysis

In this experiment, we used both H&E and
MTC staining. An expert pathologist, blinded to
the experiment, performed the histopathological
evaluations to determine the hepatic injuries.
Histological analysis was performed the liver
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of control and vehicle groups showed a normal
tissue with a portal vein, central vein, sinusoids,
and hepatocytes (figure 4A-P). Our findings
showed extreme lipid vacuole accumulation
(empty spaces in the figure), cellular ballooning,
and lobar inflammation in CCls group mice
(figures 4C-Q). However, steatosis, edema, and
inflammatory cells (Kupfer cells) were decreased
in the CCla+Y20345 and 60 groups (figure 4F-U).
A normal liver tissues were also observed in the
Y20345 and 60 groups, only very small quantity
of steatosis was observed in the 60 group
(figures 4D-S).

In the first and second rows (H&E staining),
the Control and Vehicle groups exhibit normal
hepatic architecture with intact hepatocytes,
clearly defined central veins (CV), portal veins
(PV), and preserved sinusoidal spaces (yellow
arrows). Hepatocyte nuclei are distinctly visible
(yellow arrowheads). In contrast, the CCls-treated
group shows severe histopathological alterations
characterized by extensive macrovesicular
and microvesicular steatosis (red arrowheads
indicating  lipid vacuoles), hepatocellular
ballooning, marked lobular inflammation, and
increased numbers of Kupffer cells (black arrows).
Treatment with Y20Os nanoparticles at 45 mg/Kg
markedly improves liver histology, as evidenced
by reduced steatosis, decreased inflammatory
cell infiltration, and restoration of near-normal
hepatocyte morphology. The CCls+Y20360 mg/
Kg group demonstrates moderate amelioration
of histopathological changes, although mild
steatosis and occasionalinflammatory foci persist.
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Figure 4: Histopathological evaluation of liver tissues in different experimental groups using Hematoxylin and Eosin (H&E) and
Masson'’s Trichrome (MTC) staining. Representative photomicrographs are shown at x100 and x400 magnification.

H&E: Hematoxylin and eosin; MTC: Masson’s trichrome; PV: Portal vein; CV: Central vein; Y,O3z NPs: Yttrium oxide nanoparticles;
CCl,: Carbon tetrachloride; K;PO,: Potassium phosphate.
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The Y20345 and 60 mg/Kg groups show liver
architecture comparable to the Control group,
with only minimal steatosis observed in the
60 mg/Kg group. In the third and fourth rows
(MTC staining), the Control and Vehicle groups
display minimal collagen deposition (light blue
staining), confined mainly to vascular walls.
The CCI, group exhibits extensive collagen
fiber accumulation (light blue) in periportal and
pericentral regions, indicating established liver
fibrosis.BothCCIL+Y [ OL treatmentgroupsshow
a significant reduction in collagen deposition
compared to the CCIL group, with the 45 mg/
Kg dose demonstrating a more pronounced
antifibrotic effect. The Y 1OL-only groups show
no abnormal collagen accumulation, confirming
the biocompatibility of YOI nanoparticles atthe
tested doses. Scale bars represent [insert value,
e.g., 100 ym].

The present study demonstrated, for the
first time, that treatment with yttrium oxide
nanoparticles (Y,O; NPs) at doses of 45 and
60 mg/Kg significantly attenuated CCl,-induced
liver fibrosis in male Wistar rats. The liver, as
a vital organ responsible for detoxification and
metabolism," 2 is susceptible to chronic injury
leading to fibrosis.® Liver fibrosis results from
persistent wound-healing response to damage*
and can progress to cirrhosis and hepatocellular
carcinoma.> & The hepatoprotective effects
observed in this study were evidenced by
enhanced antioxidant enzyme  activities
(CAT, SOD, GPX), reduced lipid peroxidation
(MDA), decreased serum liver enzymes (AST,
ALP, GGT), downregulation of fibrogenic
genes (TGF-B and a-SMA), and improved
histopathological features including reduced
inflammation, steatosis, and collagen deposition.
To the best of the authors’ knowledge, this study
is the first to report the treatment effects of Y203
NPs on liver fibrosis in Wistar rats. To date,
many in vivo and in vitro studies have reported
the biological effects of Y203 NPs, including anti-
oxidant,?® anti-inflammatory,?” antibacterial,?®
and reduction of oxidative stress.°

CAT, SOD and GPX are the critical
representative  elements of endogenous
antioxidant systems that mainly participate in
the scavenging of free radicals.®! In this study, a
substantial decrease in the activity of CAT, SOD,
and GPX was noted in the CCls-model of liver
fibrosis in rats; thus suggesting harmful metabolic
liver injury.®" The study revealed the therapeutic
effects of Y203 NPs against CCls-induced liver
fibrosis by significantly increasing CAT, SOD,
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and GPX activity. Moreover, CAT, SOD, and
GPX remarkable incretion by the administration
of 60 mg/Kg Y203 NPs in non-fibrotic rats, were
confirmed its potential regenerating biological
antioxidant.2®

In the same context, Kassem and others.
demonstrated the potent antioxidant activity of
Y203 NPs against hydroxyl and oxygen radicals
as well as reduction in hydrogen peroxide
concentration, rescuing the ROS damage
effect and decrease in MDA concentration
in environmentally stressed groups.?® Our
study revealed a significant increase in MDA
concentration by CCls administration in rats.
Considerable evidence suggests that CCla
administration caused high levels of liver
oxidative damage, significant elevation of ROS
production and MDA concentration in the liver. 3
Moreover, our results showed that serum MDA
level changes were significantly reduced upon
treatment with Y203 NPs in CCla rats.

Hepatic hypertrophy and toxicity are
biologically responsible to the ALT, ALP, and
AST liver enzymes increase.*? In the current
in vivo study, transaminases and transferase
increasing directly linked with liver fibrosis
caused by administration of CCla. Increase in
biochemical enzymes indicated the potential of
CCla after injection to induce liver fibrosis.3? 33

Recent study reported that Y20s: NPs
decreased the liver enzymes towards
normalization; indicating its liver protective
effects as a free radical scavenger, antioxidant,
and anti-apoptotic.3* This demotion of enzymes
activities would reverse hepatocyte damage,
fibrosis and inflammatory reactions.’®* Our
results demonstrated that serum ALP, AST
and GGT enzymes decreased significantly in
both CCla+Y203 groups. We also did not find
any significant changes in ALT, ALP and GGT
level between the control and Y203 NPs groups.
These results confirmed Y20s nanoparticle
nontoxic and rescue cell effects that has been
reported earlier.®*

A growing body of evidence indicates that
TGF-B1/SMADS signaling mediates fibrogenesis
in CCls rat model.*® Our findings demonstrated
that CCls-induced liver fibrosis highlighting by
the significant increase in TGF-f and a-SMA
expression. Interestingly, repeated Y203 NPs
administration (45 and 60 mg/Kg) significantly
decreased the TGF-B and a-SMA expression
indicating inhibition of hepatic fibrosis in CCla
rats.

Since the CCls-induced liver fibrosis
ameliorates via suppressing the TGF-f/
Smad3 signaling.’” And on the other hand,
Y20: NPs are cytocompatible, antioxidant and
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anti-inflammator, also alleviate oxidative stress,
inflammatory response, and subsequently liver
injury.®® These findings imply that probably Y203
NP, administration could be used for modulating
TGF-B and a-SMA overexpression in liver
fibrosis. Our findings also revealed that TGF-3
and a-SMA expression in non-fibrotic rats after
45 and 60 ug/Kg of Y20:NPs administration were
similar to control group; which further confirmed
antioxidant activity.*®

Inflammation plays a critical role in hepatic
pathology and failure, and chronic inflammation
in the liver can lead to fibrosis, cirrhosis, and
potentially cancer. Chronic liver inflammation is
a primary driver of fibrosis, which can eventually
lead to cirrhosis and hepatocellular carcinoma.
Persistent injury activates Kupffer cells and
hepatic stellate cells, initiating a cascade of
fibrogenic responses that promote liver tissue
damage.*° Actually, the excessive accumulation
of lipid in the liver leads to the activation of
Kupffer and stellate cells,*® and the release of
cytokines and chemokines from them, finally
inflammation and fibrosis in the liver.#' Song and
others have proved that Y203 NPs represented
anti-inflammatory activity by inhibiting cellular
reactive oxygen species-mediated NF-kB
activation in vitro. A single intraperitoneal
administration of Y203 NPs (30 mg/Kg) improved
antioxidant status, reduced oxidative stress,
inflammatory response, cell apoptosis, and
liver damage in rats with fulminant hepatic
failure.?® In contrast to the above study, Panyala
and others reported that oral administration
of Y203 NPs (480 mg/Kg) for 28 days caused
multifocal centrilobular necrosis with infiltration
of inflammatory cells in liver tissue.*? Findings of
this study showed that treatment with Y203 NPs
(45 and 60 mg/Kg) decreased inflammation,
steatosis, cell edema, and collagen deposition,
also the general structure of the liver was
significantly normalized. However, analysis of
the liver tissue shows that the rats receiving the
Y20: NPs (45 mg/kg) had a better treatment.
Based on mentioned points, Y203 NPs in higher
doses seem to have less therapeutic effects and
even cause injury in the liver tissue.

The superior efficacy of the 45 mg/kg dose
compared to 60 mg/Kg in several parameters,
including antioxidant enzyme activities and
histopathological scores, suggests a non-linear
dose-response relationship. This phenomenon
may be explained by the hormesis concept,
where low doses stimulate beneficial biological
responses while higher doses become inhibitory
or toxic. This biphasic response has been
previously documented for various nanoparticles
and warrants further investigation to establish
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the optimal therapeutic window for Y,O; NPs
in liver fibrosis. This discrepancy highlights the
importance of dose in determining the biological
effects of nanoparticles. The doses used in our
study (45 and 60 mg/Kg, intraperitoneal) were
substantially lower and demonstrated therapeutic
effects without evident toxicity, as confirmed by
normal liver histology in healthy rats treated with
Y,O; NPs alone. This suggests that Y,O; NPs
exhibit a narrow therapeutic window, where low
to moderate doses confer hepatoprotection,
while high doses may induce toxicity. Similar
dose-dependent effects have been reported for
other metal oxide nanoparticles.®*

Despite the promising findings, this study has
several limitations that should be acknowledged.
First, the study duration was limited to 4 weeks,
and longer-term studies are needed to assess
the sustainability of the therapeutic effects and
potential chronic toxicity. Second, while we
demonstrated downregulation of TGF-f and
a-SMA, the precise molecular mechanisms
particularly the involvement of the Smad-
dependent pathway is not elucidated. Third, only
two doses were tested, limiting our ability to fully
characterize the dose-response relationship.
Fourth, the biodistribution, pharmacokinetics,
and long-term fate of Y,O3 NPs in the body were
not assessed.

Conclusion

In conclusion, this study provides the first
evidence that Y,O; NPs at doses of 45 and 60
mg/Kg effectively attenuate CCl,-induced liver
fibrosis in rats through multiple mechanisms:
enhancement of antioxidant defense systems,
reduction of oxidative stress, normalization of
liver enzymes, downregulation of fibrogenic
gene expression, and improvement of
histopathological features. The 45 mg/Kg dose
demonstrated superior efficacy in several
parameters, suggesting a non-linear dose-
response relationship. These findings position
Y,0O3; NPsas promising candidatesforliverfibrosis
therapy, though further studies are warranted to
establish the optimal dosing regimen, elucidate
precise molecular mechanisms, and evaluate
long-term safety and efficacy before clinical
translation can be considered.
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