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ABSTRACT: Background: Titanium dioxide nanoparticles (TiO2 NPs)
have widespread use in industrial and biological fields owing to their distinctive
physicochemical characteristics. Nonetheless, their growing prevalence raises
concerns over their possible toxicological impacts, especially on the functionality
of essential organs. Objective: The present work examines the subacute toxic-
ity of TiO2 nanoparticles on hepatic and renal function and modifications in the
lipid profile in a mouse model. Methods: Forty-eight adult female albino mice
were divided randomly into three groups (n=16 each). Two groups were treated
intraperitoneally with TiO2 NPs at 100 mg/kg and 400 mg/kg, respectively,
while the control group was treated with distilled water. The animals were
sacrificed after 7 and 21 days of treatment. Serum levels of urea, creatinine,
aspartate aminotransferase (AST), alanine aminotransferase (ALT), and lipid
profile parameters (cholesterol, HDL, LDL) were estimated. Results: Both
treated groups showed significant rises in urea, creatinine, AST, and ALT
levels (p<0.0001) compared to the control. These were more pronounced at
higher concentrations and longer exposure durations. Cholesterol level fell
after 21 days, with significant drops in HDL and rises in LDL (p<0.0001).
Conclusions: TiO2 NPs induce dose- and time-related alteration of liver and
kidney function, and lipid metabolism in mice. These findings highlight that
further toxicological research on nanoparticle exposure in environmental and
biomedical applications is needed.

KEYWORDS: Titanium dioxide nanoparticles; Nanotoxicology; Biochemical
markers; Liver and kidney functions; Lipid profile alteration

INTRODUCTION

N anomaterials are minuscule particles composed of metals, metal oxides, nonmetallic substances,
and ceramics, characterized by dimensions between 1 and 100 nanometers, or with at least one

dimension less than 100 nanometers [1]. Nanotechnology rapidly spreads, and it is found in around
1,300 consumer products. However, the potential hazards of nanomaterial exposure should not be
overlooked [2]. The behavior of nanoscale particles varies throughout chemical and biological reactions
due to their small size and dimensions; these materials behave differently from their usual large-sized
counterparts, which have dimensions more than 100 nanometers [3]. When bronchial endothelial
cells are exposed to carbon nanotubes under glass in vitro, they break down the oxygen-containing
DNA strand [4]. They also alter gene expression and mitochondrial function in vivo via the oxidative
stress mechanism [5]. Nanoparticles also cause inflammation and inhibit the immune system in the
body [6]. Titanium dioxide nanoparticles (TiO2 NPs) are an odorless, non-flammable white powder
that crystallize into three distinct polymorphs: brookite, rutile, and anatase, each with good chemical
stability. According to studies, TiO2 NP granules have a great capacity to absorb and saturate UV
radiation, giving items containing these particles a luster [7]. Based on these characteristics, they are
commonly used in cosmetics, salad dressings, confectionery, toothpaste, and sunscreens [8], [9].

The toxicity of titanium nanoparticles is governed by the pace at which they enter the body,
followed by the rate at which they are absorbed, distributed, metabolized, and excreted [10]. It is
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entered into the body by inhalation, ingestion, transdermal, intravenous, or intramuscular injections.
According to studies, excessive doses of nanomaterials produce considerable tissue alterations and
damage because nanoparticles migrate throughout the body regardless of the route of exposure [11].
Recent research has also shown that various pollutant nanoparticles, including titanium nanoparti-
cles, can pass the placental barrier and enter the fetal liver and brain [12], [13]. To better understand
the potential health risks associated with TiO2 NPs in biological systems, the current study assessed
the effects of TiO2 NPs on kidney and liver function by measuring urea, creatinine, aspartate amino-
transferase (AST), and alanine aminotransferase (ALT) levels, as well as their effect on lipid profile
levels.

MATERIALS AND METHODS
Characterization of (TiO2 NPs)

Titanium dioxide nanoparticles utilized in this investigation were acquired from Oma International
Trading, an Authorized Partner of Sigma-Aldrich (Germany). The company supplied the material in
a 100-g glass container with a particle size of <100 nm; the basis of mineral value is 99.9%; surface area
90±25 m2/g; bp < 136 m°; and density (1.2±0.05) g/ml at 25 °C. It had a white powder appearance
with nearly spherical morphology. The zeta potential of TiO2 NPs in phosphate-buffered saline 122
was measured using a combined dynamic light scattering/particle 123 electrophoresis instrument.
According to the manufacturer’s datasheet, the TiO2 NPs had a primary particle size of <100 nm
with no surface coating, and no further characterization was carried out. The dosing solution was
prepared by dissolving 1 gram of nano-titanium dioxide in a liter of distilled water and mixing it with
the Ultra device at room temperature. Subsequently, it was diluted to concentrations of 100 and 400
mg/kg and administered via intraperitoneal injection volume 0.2 ml/kg into the peritoneal cavity of
mice [14].

Experimental Animals and Study Design
Adult female albino mice, weighing 25±10 grams and aged four to six weeks, were supplied by the

Iraqi Center for Genetics and Cancer Research (ICCMGR) / Mustansiriyah University. Healthy mice
were maintained in polypropylene enclosures with a temperature of 25±5 °C, a relative humidity of
60±10 %, and a 12±3-hour light/dark cycle. There was an unlimited supply of food and beverages.
The animals were housed and cared for at (ICCMGR). Three groups (n=16) were randomly assigned
to forty-eight albino female mice. Groups were administered TiO2 NPs intraperitoneally (IP): one of
them was administered at a dose of 100 mg/kg, while the other was administered at a dose of 400
mg/kg. The final group was administered an intraperitoneal dose of distilled water as a control. The
mice were sacrificed at varying time points (7 or 21 days after treatment). Serum was obtained by
centrifuging blood from the orbital vein of each rodent at 3000 rpm for 15 minutes.

Biochemical Analysis
The biochemical parameters in mice’s serum were assessed using the Cobas C111 Biochemical

Analyzer, as follows: (1) Liver function marker: Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST), (2) Renal function test: creatinine and urea, and (3) Lipid profile parameters:
cholesterol, high-density lipoproteins, and low-density lipoproteins.

Statistical Analysis
The data were presented as the mean±standard error (mean±SE). Fisher’s test was employed

to analyze the data for numerous comparisons following one-way analysis of variance (ANOVA). A
regression analysis was conducted using the analysis of combined variance (ANCOVA). The data anal-
ysis for all experiments was performed using Stat View 5.0. The differences were deemed significant
when the P-value<0.05.

RESULTS AND DISCUSSION
These results show the effects of two different concentrations of TiO2 NPs, high (400 mg/kg) and
low (100 mg/kg), in different consumption duration points (7 and 21 days) on some body systems,
the kidney function in Table 1, liver function in Table 2, and lipid profile changing in Table 3. The
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results of urea and creatinine (mg/dL) of groups treated with high and low concentrations of TiO2
NPs compared to the control for 7 and 21 days of consumption are shown in Table 1. The level
of urea and creatinine significantly increased (P<0.0001) in both treated groups compared to the
control for 7 and 21 days, and this was especially true for the group treated with a high dose of
TiO2 NPs concentration, as their concentration was significantly higher (P<0.0001) than that of the
group treated with a low concentration. Moreover, it was found that the TiO2 NPs concentration
influences kidney function, as well as the consumption duration, since urea and creatinine levels were
significantly higher (P<0.0001) for 21 days compared to 7 days of consumption in the treated groups,
but not in the control group.

Table 1. Serum urea and creatinine levels in control and TiO2 nanoparticle-treated groups after 7 and 21 days

Group
Urea (mg/dL) Creatinine (mg/dL) P-value
Day 7 Day 21 Day 7 Day 21 Urea Creatinine

Control 37.0±0.2c 37.2±0.3c 0.51±0.06c 0.55±0.04c 0.69 0.58

Treated Low
(100 mg/kg)

43.5±0.4b 48.7±0.3b 1.46±0.03b 2.51±0.12b 0.0001 0.0001

Treated High
(400 mg/kg)

48.2±0.2a 53.2±0.5a 2.25±0.11a 3.09±0.04a 0.0001 0.0001

Means (±SD) in each column with different superscript letters differ significantly (P ≤ 0.05) by LSD test and exact P-values for
pairwise comparisons are shown within the Table

Comparable results in AST and ALT (mg/dl) levels of groups treated with high and low concen-
trations of TiO2 NPs compared to the control for 7 and 21 days of consumption were found (Table 2).
AST and ALT levels significantly increased (P<0.0001) in both TiO2 NPs treated groups compared
to the control for 7 and 21 days, especially in the group treated with a high concentration of TiO2
NPs, since their concentration was significantly higher (P<0.0001) than the group treated with a low
concentration. Additionally, it was discovered that the TiO2 NPs concentration was an influence on
liver function and its consumption duration since the AST and ALT levels were significantly higher
(P<0.0001) for 21 days compared to 7 days of consumption in treated groups but not in the control
group.

Table 2. Serum AST and ALT levels in controls and TiO2 nanoparticle-treated groups after 7 and 21 days
Group AST (mg/dL)

Day 7
AST (mg/dL)
Day 21

ALT (mg/dL)
Day 7

ALT (mg/dL)
Day 21

P-value
(AST)

P-value
(ALT)

Control 21.4±0.2c 22.2±0.4c 15.3±0.1c 14.8±0.3c 0.13 0.12

Treated Low
(100 mg/kg)

33.2±0.5b 39.8±0.6b 19.5±0.2b 24.96±0.5b < 0.0001 < 0.0001

Treated High
(400 mg/kg)

42.5±0.5a 50.6±0.4a 24.6±0.3a 30.3±1.1a < 0.0001 < 0.0001

Means (±SD) in each column with different superscript letters differ significantly (P ≤ 0.05) by LSD test and exact P-values for
pairwise comparisons are shown within the Table

The results in Table 3 show a significant increase p<0.0001 in both cholesterol and LDL levels
of the groups treated with (100/400) mg/kg TiO2 NPs after (7/21) days compared with the control
group. Conversely, HDL levels significantly decreased in the groups treated with 400 mg/kg TiO2
NPs for 7 and 21 days compared to the control, while in the group treated with 100 mg/kg TiO2 NPs
its level significantly increased for 21 days but there was no difference after 7 days.

Table 4 shows the results of correlation between the kidney and liver enzymes (urea, creatinine,
AST and ALT) with each other and with lipid profile parameters. There was significantly positive
correlation between liver enzymes with kidney enzymes (P<0.0001) and with lipid profile parameters
(P<0.01) and between kidney enzymes with lipid profile parameters (P<0.05).

Website: https://mjs.uomustansiriyah.edu.iq DOI: https://doi.org/10.23851/mjs.v36i4.1742

https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v36i4.1742


Volume 36, Issue 4, 2025 48

Table 3. The effects of TiO2 Nanoparticles on lipid profile parameters (LDL, HDL and Cholesterol) after 7 and 21 days
of exposure

Group Day LDL (U/L) HDL (U/L) Cholesterol (U/L) P-value
Control Day 7 15.3±0.5c 76.1±0.8b 112.2±0.5c 0.15

Treated Low (100 mg/kg) Day 7 26.1±0.4b 78.8±1.4b 117.6±0.5b 0.12

Treated High (400 mg/kg) Day 7 28.2±0.4a 66.5±0.8c 123.8±0.6a < 0.0001

Control Day 21 16.8±0.3c 75.7±0.6b 102.5±10.1c 0.35

Treated Low (100 mg/kg) Day 21 25.8±0.8b 80.3±1.2a 117.3±0.6b 0.73

Treated High (400 mg/kg) Day 21 33.7±1.0a 68.5±0.8c 121.3±1.5a 0.13

Table 4. Correlation between liver and kidney enzymes and lipid profile parameters
Parameter 1 Parameter 2 r P-value
Urea AST 0.947 < 0.0001

Urea ALT 0.888 < 0.0001

Creatinine AST 0.912 < 0.0001

Creatinine ALT 0.845 < 0.0001

LDL Urea 0.581 < 0.0001

HDL AST 0.120 0.007

Chol. ALT 0.122 0.0062

As is well known, nanoparticles have entered many fields, including food, medicine, and cosmetics,
including many types such as titanium nanoparticles. Many studies have focused on studying the risk
of these nanoparticles, suggesting that TiO2 NPs exposure could induce apoptosis in many cells or
organs, such as the liver, spleen, and kidneys [13]–[15].

The arrival of nanoparticles into the living body can deliver them to the bloodstream and then move
to various organs. Kidneys are considered one of the organs sensitive to foreign bodies due to their
high blood supply and function in removing toxins and getting rid of xenobiotics [16]. The kidneys
remove excess creatinine from the bloodstream; hence, measuring creatinine levels in the blood can
reflect renal function [17]. As a result, if renal function fails, the serum creatinine level increases [18].
Nanoparticles diffuse into the kidney and reach the mesenchymal cells of the glomerulus, which affects
kidney function after their accumulation [19]. Liu indicated an increase in creatinine levels of 50, 100,
200, and 300 mg/kg of body weight, which he attributed to the nanoparticles stimulating oxidative
stress [19], [20]. The reason is their stimulation of oxidative stress, lipid peroxidation, and the pro-
duction of inflammatory cytokines IL-12, TNF-α, and TNF-4 [21], [22]. When treating human kidney
Glomerular IPIS cells line and mesenchymal HK-2 cells line with titanium nanoparticles, zinc oxide
nanoparticles, and cadmium sulfide nanoparticles in vitro, the release of Reactive oxygen species,
inhibition of glutathione levels, and activation of a type of protein NF-αb causes oxidative stress [23].
Urea is a by-product of protein metabolism that is eliminated through the kidneys. Therefore, any
increase in urea concentration indicates significant damage to the kidney [24]. So, this evidence could
explain the significant increase in urea and creatinine levels in groups treated with TiO2 NPs.

The result of elevated AST and ALT, it is shown in this study, could reflect liver dysfunction
because of the toxicant effects of TiO2 NPs. The reason for this is the retention of nanoparticles
in the liver, which is the organ for removing toxins from the body, including nanoparticles. These
results agreed with Nouri’s findings when injecting rats intraperitoneally at two concentrations [18].
Previous studies have shown the effect of TiO2 NPs at various concentrations in causing pathological
tissue changes represented by congestion and expansion of the hepatic cells with the infiltration of
inflammatory cells [25]. The accumulation of nanoparticles in the liver likely triggered this response,
as evidenced in other studies where it led to Kupffer cell activation, which make Kupffer cells perform
their inflammatory function against foreign bodies, as the surface area of the nanoparticles helps
them reach the cells or organs, either through passive diffusion in the liver, which causes the release
of quantities of Reactive oxygen species and activates the inflammatory response and interferes with
the defense mechanism of antioxidants [26].
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The findings of this study also agreed with Aboulhoda et al. (2020) when treating rats orally
with different concentrations of nano zinc oxide, as histological and biochemical examination of the
liver showed, when treated with concentrations of 400 mg/kg of body weight, an increase in liver
enzymes [27]. The increase in the ALT and AST enzyme ratios in the groups treated was attributed
to the effect of messenger nanoparticles in stimulating gene expression of ribonucleotide and ribonu-
cleotide mRNA, and increasing the protein levels of a many inflammatory cytokines, respectively:
L-10, IL-4, CRP, IL-1B, IL-6, TN-β, MIF, and NF-kB, which increases the level of inflammatory
response, cell death, and the infiltration of enzymes into the bloodstream [28]. Titanium nanopar-
ticles may stimulate oxidative stress in the liver since they are small in size and large surface area,
which affects the cellular mechanism and stimulates inflammatory reactions and breakdown of hep-
atic cells [29]. The toxicity of nano titanium dioxide on the liver is due to the release of a high
percentage of enzymes. The high activity of the two enzymes led to a decrease in the activity of
antioxidant enzymes when exposed to nano titanium particles [30]. This was attributed to the effect
of the particles in stimulating ROS, which affects the balance of oxidizing and non-oxidizing factors,
stimulating lipid peroxidation, reducing the level of antioxidant enzymes, and causing cell death [26].
Kalas et al. indicated that liver dysfunction occurs due to the increase in enzyme levels due to the
effect of nano-crystalline anatase titanium oxide particles in raising the level of Natural Killer cells,
reducing the proliferation of B and T lymphocytes and the effectiveness of inflammatory cytokines,
which causes liver dysfunction [31].

Our study revealed that TiO2 NPs exposure (100,400 mg/kg) significant disorder in lipid profile
due to induced the overproduction of reactive oxygen species (ROS) in the cytoplasm, which subse-
quently upregulated the expression of receptors for advanced glycation end products (AGEs) leading
to lipid accumulation in the adipocytes and hepatocytes with a higher level of Reactive Oxidative
Species [32]. The accumulation of TiO2 NPs in the hepatocytes causes oxidative stress, liver inflam-
mation, characterized by increased levels of enzymes. Many studies have shown that the accumulation
of TiO2 NPs activates intracellular oxidative stress, with a massive release of ROS and lipid perox-
ides [33]. Abnormal induction of ROS leads to dysregulation of other metabolic activities in cells,
such as lipid metabolism and apoptosis [34]. Previous study reported that lipid overaccumulation
in the primary adipocytes under exposure to TiO2 NPs was impaired to the normal level with the
application of the antioxidant at a concentration of 10 mM [35].

CONCLUSION
In the present study, we revealed that exposure to (100, 400 mg/kg) of TiO2 NPs size <100 the
crystalline form is a mixture of rutile and anatase; showed a significant increase in creatinine, urea,
AST, and ALT levels not only in the groups treated with high concentrations but also with low
concentrations of TiO2 NPs compared to the control group, and for both periods of 7 and 21 days of
titanium dioxide exposure. This could prove the high toxicity of these nanoparticles, resulting in an
inability to manage accumulated waste products from metabolic processes. Moreover, an imbalance
in the natural ratios of lipid profiles disrupts the normal lipid homeostasis in the body. Our research
highlights the importance of reevaluating and comparing the effects of TiO2 NPs, especially those
used in foods.
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