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Silica dioxide nanoparticles (SiNPs) are common nanoparticles used in in-
dustry, particularly in cosmetics, food, and other applications. However, 
exposure to high doses can induce toxicity and pose a significant risk. This 
study was designed to assess potential toxicity caused by SiNPs in vivo. In 
this study, twenty-eight male rats were consumed and set into four groups 
(eight rats per group) as follows: first group (CON), which received no 
treatment, served as the control group, while the remaining groups were 
exposed to a single oral dose of silica nanoparticles (2000 mg/kg). Rats 
in group SiNPs-1were sacrificed after one day, rats in group SiNPs-7 after 
seven days, and rats in group SiNPs-14 after fourteen days of exposure. 
Blood serum was collected for serological biochemical tests, and liver ex-
tracts were collected to assess oxidative stress. A significant increase in 
peak toxicity, including liver function biomarkers, acute oxidative shock, 
and intense release of serological pro-inflammatory cytokines in SiNPs-1 
rats, was observed compared to unexposed control rats. In SiNPs-7, the 
toxic response was less pronounced, while in SiNPs-14, the liver function, 
oxidative, and inflammatory indicators were significantly reduced, resem-
bling those of the control group. A single exposure to high concentrations 
of silica nanoparticles disrupts liver function markers, oxidative stress, and 
pro-inflammatory cytokines. However, this damage improves gradually in 
a time-related manner. 

INTRODUCTION
In general, liver represents a vital organ and 

body’s detoxification center, it processes foreign 
compounds (xenobiotics), converting them into 
less toxic substances that can be eliminated [1,2]. 

This physiological function also leaves the liver 
highly vulnerable to toxicity, with exposure to 
chemicals or toxins capable of causing cellular and 
functional damage [3]. Hepatotoxicity has risen 
significantly alongside rapid industrialization and 
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technological development [4]. 
One contributing factor is the unprecedented 

influx of environmental and industrial pollutants, 
especially nanoparticles that enter and spread 
through the environment [5,6].

Currently nanotechnology integration into 
medical fields changing the medical sector 
by improved diagnostic accuracy, enhanced 
treatments, and increased drug efficacy [7,8]. 
Because they have several distinctive physical 
and chemical advantages as small size (1-100 nm) 
relative to their surface area [9] and this allows 
them to penetrate cell membranes more easily and 
rapidly, delivering doses that induce dysfunction 
and toxicity [10]. Silica nanoparticles (SiNPs) are 
among the generality widely manufacture and 
used nanoparticles; their stability and low cost 
have made them a regular part of consumer 
industries [11]. They are also used in medical 
applications such as drug delivery, cosmetics, 

printer inks, and food [12]. Humans and animals 
are potentially exposed to these nanoparticles in 
the environment, whether through high doses or 
continuous exposure [13].

 Several previous in vivo studies have shown that 
nanoparticles, once they reach the bloodstream, 
tend to accumulate in the liver, inducing severe toxic 
damage [14,15]. Thus exceeds the liver’s capacity 
to resist oxidation inducing lipid peroxidation, 
DNA damage, and protein destruction, ultimately 
leading to hepatocytes necrosis and impaired 
liver function [16]. In addition, hepatocellular 
damage activates the immune system and sets off 
an acute inflammatory response [17]. The effects 
extend throughout body and appear as serum 
abnormalities as pro-inflammatory cytokines rise, 
while anti-inflammatory cytokines are suppressed 
or impaired and this imbalance can sustain the 
inflammation, causing further damage to liver 
tissue [18].

 

 

 

  

  

Product Silicon Oxide Dispersion 
Mol. formula SiO2 
Mol.-weight 60.09 g/mol 

Form Liquid 
Solvent DMF, IPA Ethanol, Water, ethyl 

Concentration d25 wt% 
APS 5-35nm 

Purity 99.99 % 
PH 8-11 

Color Translucent 
 
  

Table 1. Basic specifications of SiO2-NPs dispersion.

Fig. 1. SiO2-NPs size according to SEM assay.



5799J Nanostruct 16(4): 5797-5805, Autumn 2026

A. Raheem et al. / Time-Dependent Toxicity of SiO2 NPs

Accurate risk assessment of silica nanoparticle 
use in the food and pharmaceutical industries 
remains a challenge due to the need for more 
conclusive evidence of its safety [19]. Despite 
increasing scientific research on nanomaterial 
toxicity, acute toxicity following oral exposure 
and its pathological progression are still not fully 
understood [20]. Therefore, this experiment was 
designed to estimate the time-dependent acute 
hepatotoxicity of silica nanoparticles in a rat 
model.

MATERIALS AND METHODS
Nanoparticles 

Silicon oxide nanoparticles (SiO2-NPs) aqueous 
dispersion amorphous with particle sizes ranging 
from 5 to 35 nm (Fig. 1) purchased from Nanoshel 
UK Limited Company, with specifications reported 
in Table 1. 

Experimental rats
In this experiment, twenty-eight adult male 

albino rats, weighing between 195 and 205 grams, 
were consumed. They were taken from a privet 
laboratory animal center at an Iraqi university. The 
experimental protocols were consistent with the 
approach approved by the National Institutes of 
Health in 1978 for laboratory animal research. They 
were housed in suitable cages with appropriate 
ventilation, humidity, temperature, and lighting, 
and provided with standard food and water. After 
they had been acclimated to ideal environmental 
conditions for seven days, and to ensure accurate 
comparisons across time periods, the laboratory 
animals were set into 4 groups (8 rats per group) 
as illustrated in Table 2.

Following experimental period ended, all rats 
were dissected; blood was collected by cardiac 
puncture and samples were placed into tubes 
containing no anticoagulant for biochemistry 
analyses. The anesthetized rats were autopsied, 

livers separated, and kept until used to assess the 
level of hepatic oxidative stress biomarkers.

Statistical analysis
All data were processed by GraphPad Prism 

program (version 9.0), and were displayed as mean 
and standard deviation. The differences between 
groups were detected by applying ANOVA followed 
by Duncan’s post hoc test. A p-value of less than 
five percent was adopted as significant. Different 
superscript letters (a-d) were used within different 
groups to indicate significant variations.

Biochemical Analysis
Blood drawn from each rat was carefully 

prepared by cardiac puncture, and the serum 
was separated by centrifugation at appropriate 
speed and time. This was done to perform assays 
for liver function biomarkers such as aspartate 
aminotransferase (AST), alanine aminotransferase 
(ALT), and alkaline phosphatase (ALP) levels in 
the serum using a spectroscopic approach with 
kits from specific manufacturers, according to 
the manufacturer’s protocol and with customized 
reagents.

Oxidative stress parameters
Liver homogenate extracts were prepared as 

previously described using commercial ELISA kits. 
Malondaldehyde (MDA) levels were 

determined colorimetrically according to the 
thiobarbituric acid reactants substances protocol 
described by Draper and Hadley [22]. Reduced 
glutathione (GSH) levels were determined using 
a modified procedure by Ellman [23] based on a 
spectrophotometric absorption approach. The 
concentrations of catalase enzyme (CAT) were 
measured by hydrogen peroxide decomposition 
analysis according to Aebi method [24], superoxide 
dismutase (SOD) was assessed, as previously 
mentioned by Marklund and Marklund [25].

Groups Treatments 

CON Rats were administration of vehicle only by gavage tube (g.t.) and dissected after 24 hours for control. 
SiNPs -1 Rats were administration of SiNPs by g.t. at 2000 mg/kg once and dissected one day later [21]. 

SiNPs -7 Rats were dosed with SiNPs by g.t. at 2000 mg/kg once and dissected after seven days. 

SiNPs -14 Rats were intoxicated with SiNPs by g.t. at 2000 mg/kg once and dissected after fourteen days. 

 

Table 2. Experiment design and treatments of study groups.
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RESULTS AND DISCUSSION
The results showed a sharp excess in serum 

levels of hepatic biomarkers (ALT, AST, and ALP) 
in SiNPs-1 group (112.6 ± 10.5;245.8 ± 18.4; 
310.4 ± 22.1) compared to CON group (35.4 ± 4.2; 
92.1 ± 7.8; 130.5 ± 11.2). In SiNPs-7 group (85.3 
± 8.1; 180.4 ± 14.2; 235.6 ± 17.8), these markers 
gradually decreased compared to the SiNPs-1 

group, while the SiNPs-14 group (48.7 ± 5.6; 115.3 
± 9.5;158.2±12.4) demonstrated a marked return 
to normal levels as explain in Fig. 2.

Regarding oxidative stress biomarker, lipid 
peroxide (MDA) levels were significantly elevated 
in rats exposed to SiNPs, peaking on SiNPs-1 rats 
(7.8 ± 0.9) compared to control rats (2.1 ± 0.3). By 
day 7 (5.4±0.6), the elevation stabilized, and by day 

 

 

 

 
  
Fig. 2. Effect of single high dose of silica nanoparticles on 
liver function indicators (ALT, AST, and ALP) post 1, 7 and 

14 days of exposure.
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14 (3.2 ± 0.4), a clear decline began, approaching 
normal levels.

On other hand, antioxidant levels (GSH, CAT, 
SOD) in SiNPs-1 rats were lowed (18.5 ±2.1; 
15.6±1.8; 5.2 ± 0.8), indicating severe depletion 
compared to the control rats (45.3 ± 3.8; 42.5 ± 
3.4; 16.8 ±1.5). However, recovery was observed 
in the SiNPs-7 group (27.4 ± 2.6; 24.1 ± 2.2; 8.7 ± 
1.1), and in the SiNPs-14 group (38.2 ± 3.1; 35.8 ± 
2.9; 13.4 ± 1.2), these antioxidants regained their 
activity and normal levels (Fig. 3).

Otherwise, serological inflammatory cytokines 
(TNF-α, IL-1β, and IL-6) exhibited a sharp and 
significant increase on day 1 (78.5 ± 6.4; 62.8 ±5.5; 
85.4 ± 7.2) compared to the control group (14.2 ± 
1.6; 12.1 ± 1.3; 18.5 ± 2.1). 

On day 7 (45.3 ± 4.8; 38.6 ± 3.7; 52.1 ± 5.3), a 
relative decrease from the peak was observed, 
although inflammation persisted. However, by 

day 14(22.6 ± 2.3; 19.5 ± 2.1; 28.4 ± 2.9), serum 
cytokine levels had returned to near-normal levels 
as shown in Fig. 4.

Liver toxicity is extremely dangerous because 
it develops slowly and can accumulate without 
warning, and clinical symptoms may not appear 
until a considerable proportion of liver tissue has 
been damaged [26]. When a single, high, non-
lethal dose of SiNPs is administered orally, it is 
absorbed via the intestine, trans-located via the 
hepatic portal vein to the liver and engulfed by 
Kupffer cells [27]. 

On the first day after exposure, the peak of acute 
toxicity and inflammation was observed, indicated 
by a very significant increase in serum liver function 
parameters compared to the control group. This 
demonstrates the immediate destruction and 
direct toxic effect of the nanoparticles on the 
cell membranes of hepatocytes (hepatocyte 

 

  

  

Fig. 3. Effect of single high dose of silica nanoparticles on liver oxidative markers (MDA, GSH, CAT, and SOD) post 1, 7 and 14 days of 
exposure.
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necrosis/lysis), leading to a massive leakage of 
these enzymes into the bloodstream [28,29]. 
These results are in same line with a similar study 
by Mehdi and Al-Husseini that demonstrated 
silica nanoparticle-induced liver toxicity in rats, 

manifested in elevated liver enzymes as well as 
inflammation and damage to liver cells [30]. Also, 
Zhou et al found that SiNPs penetrated liver tissue 
on the first and seventh days after mice were 
exposed to these nanoparticles, causing serious 

 

 

 

 
Fig. 4. Effect of single high dose of silica nanoparticles on serum 
cytokines (TNF-α, IL-1β, and IL-6) post 1, 7 and 14 days of exposure.
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damage [31].
As for the significant increase in 

malondialdehyde levels, it is a definitive indicator 
of lipid peroxidation in cell membranes resulting 
from the aggressive proliferation of free radicals 
and reactive oxygen species (ROS) due to 
acute oxidative shock induced by nanoparticle 
exposure [32,33]. These finding are agreement 
with previous in vivo studies that confirmed 
the major role of oxidative stress in silica NPs 
caused hepatotoxicity [34,35]. In a other study 
by Ali et al on white rats, both male and female, 
exposure to pure crystalline silica nanoparticles 
resulted in 95% alteration in hematological and 
serum liver function parameters, oxidative stress, 
and antioxidant levels in hepatic tissue, leading 
to hepatotoxicity [36]. In other experiment by 
Aouey et al they concluded that ROS-activated 
caspase signaling pathway plays a key role in SiNPs 
-stimulated apoptosis in hepatocytes in adult male 
rats [37].

Conversely, a marked decrease in reduced 
glutathione levels and the activity of antioxidant 
enzymes (superoxide dismutase and catalase) 
was observed, due to their rapid and intensive 
consumption by cells in a futile attempt to 
neutralize the oxidative storm [38].

In general, GSH represents a master 
endogenous antioxidant, has a vital role in 
preserving cells from oxidative stress by directly 
scavenging free radicals or by acting as a substrate 
for certain antioxidant enzymes through hydrogen 
atom acceptance or donation [39]. Hamdiken et 
al demonstrated cytotoxicity and oxidative stress 
caused by SiNPs in laboratory rats, with raise 
lipid peroxide concentrations and alterations in 
antioxidant shielding apparatus, along with a 
sharp decrease in antioxidant enzyme levels in 
liver tissues exposed to these particles at toxic 
doses [40]. A significant spike occurred in serum 
pro-inflammatory cytokines, with a dramatic raise 
in TNF-α, IL-1β, and IL-6 levels. This is attributed 
to the immediate activation of hepatocytes via the 
well-known inflammatory signaling pathway (NF-
κB) upon phagocytosis of silica particles as foreign 
bodies [41]. Almanaa et al. demonstrated that silica 
nanoparticles cause acute toxicity in rats, both 
24 and 96 hours post exposure. This manifested 
as impaired liver function with a sharp decrease 
in hematological and protein biomarkers, stress 
markers, and immuno-antioxidants, reflecting a 
deteriorating physiological state [42].

On the seventh day post-exposure, the 
stabilization phase and the shift towards tissue 
repair began, as evidenced by hepatic function 
biomarkers levels fell slightly and gradually from 
the first day, but they remained significantly above 
normal (control) levels. This suggested that intense 
tissue breakdown had stopped and that sub-acute 
inflammation had begun, while inflammatory cell 
infiltration and localized areas of damage persisted 
[43].

While MDA levels remain above normal and 
continue to raise, their rate of increase levels 
off rather than continuing upward. Similarly, 
antioxidant levels in liver tissue began to improve 
somewhat, showing a compensatory increase. 
This may be explained by the activation of 
genetic mechanisms within the Nrf2 pathway to 
produce additional antioxidants in response to 
residual stress [44]. Despite elevated levels of 
pro-inflammatory serum cytokines, these levels 
decreased compared to their peak on the first 
day after exposure, indicating continued localized 
hepatic inflammation. This phase represents the 
body’s efforts to suppress the inflammation and 
initiate tissue repair and regeneration processes 
in liver cells, thus beginning the recovery process 
[45].

On the fourteenth day post-exposure, liver 
function enzyme levels obviously minimized, 
returning to near-normal levels, indicating 
remarkable repair and regeneration of damaged 
liver tissue. Also, oxidation markers improved 
significantly, approaching normal levels, 
demonstrating successful adaptation mechanisms 
and the gradual elimination of silica nanoparticles 
through gastrointestinal excretion or intracellular 
retention [46]. Similarly, serum inflammatory 
marker levels dropped to near-normal levels, 
indicating the resolution of acute systemic 
inflammation. At this stage, the liver demonstrated 
a remarkable capacity for cell regeneration, 
resulting in partial/near-complete recovery [47].

CONCLUSION
The results confirmed that a single, non-lethal 

ingestion dose of a high concentration of silica 
nanoparticles induced hepatotoxicity characterized 
by impaired in liver function, oxidative stress 
imbalance, and blood inflammatory cytokines. 
The peak of toxicity occurred particularly on the 
first day after exposure, but improvement and 
recovery began over time.



5804

A. Raheem et al. / Time-Dependent Toxicity of SiO2 NPs

J Nanostruct 16(4): 5797-5805, Autumn 2026

CONFLICT OF INTEREST
The authors declare that there is no conflict 

of interests regarding the publication of this 
manuscript.

REFERENCES
1. Shabardina LV, Sutunkova MP, Gertan NA, Minigalieva IA, 

Shelomentsev IG, Gavrilova KA, et al. Study of the liver 
of laboratory rats under chronic inhalation exposure 
to lead oxide nanoparticles. Hygiene and sanitation. 
2026;105(6):669-674.

2. Fu Y, Mackowiak B, Lin Y-H, Maccioni L, Lehner T, Pan H, et 
al. Coordinated action of a gut–liver pathway drives alcohol 
detoxification and consumption. Nature Metabolism. 
2024;6(7):1380-1396.

3. An G, Song J, Ying W, Lim W. Overview of the hazardous 
impacts of metabolism-disrupting chemicals on the 
progression of fatty liver diseases. Molecular and Cellular 
Toxicology. 2025;21(2):387-397.

4. Guo TL, Eldefrawy F, Guo KM. Liver Toxicity Induced by 
Exposure to Bisphenol Analogs at Environmentally Relevant 
Levels: Insights from a Literature Review on Multiple 
Species. Livers. 2025;5(2):24.

5. Sakera T, Rashid S, Babu MKH, Hasan S, Mustari A, 
Begum JA, et al. The Protective Role of Black Seed Oil on 
Perfluorooctanoic Acid -Induced Growth, Organ Dysfunction 
and Hepato-Renal Toxicity in Swiss Albino Female Mice. 
Advances in Animal and Veterinary Sciences. 2025;13(11).

6. Ghannam HE, Khedr AI, El-Sayed R, Ahmed NM, Salaah SM. 
Oxidative stress responses and histological changes in the 
liver of Nile tilapia exposed to silver bulk and nanoparticles. 
Sci Rep. 2025;15(1).

7. Deorankar PS, Kumbhar AB, Nerkar NV, Shaikh SS. 
Nanotechnology in Medicines and Healthcare. Lecture 
Notes in Nanoscale Science and Technology: Springer 
Nature Switzerland; 2026. p. 105-132. http://dx.doi.
org/10.1007/978-3-032-07228-3_5

8. Gangadhar L, Subburaj S. Nanotechnology advances for 
biomedical applications. Frontiers in Nanotechnology. 
2025;7.

9. Altammar KA. A review on nanoparticles: characteristics, 
synthesis, applications, and challenges. Front Microbiol. 
2023;14.

10. Do HTT, Nguyen NPU, Saeed SI, Dang NT, Doan L, Nguyen 
TTH. Advances in silver nanoparticles: unraveling biological 
activities, mechanisms of action, and toxicity. Applied 
Nanoscience. 2024;15(1).

11. Akhter F, Rao AA, Abbasi MN, Wahocho SA, Mallah MA, 
Anees-ur-Rehman H, et al. A Comprehensive Review of 
Synthesis, Applications and Future Prospects for Silica 
Nanoparticles (SNPs). Silicon. 2022;14(14):8295-8310.

12. Silicon Nanoparticles: Wiley; 2025.
13. Mohammadi P, Abbasinia M, Assari MJ, Oliaei M. The 

Toxicology of Silica Nanoparticles: A Review. Toxicological 
and Environmental Chemistry. 2018;100(3):285-316.

14. Azouz RA, Korany RMS. Toxic Impacts of Amorphous Silica 
Nanoparticles on Liver and Kidney of Male Adult Rats: an 
In Vivo Study. Biol Trace Elem Res. 2020;199(7):2653-2662.

15. Olive Mill Pomace Impact on the Phytochemical Content 
and Antioxidant Activity of Rosmarinus officinalis L. Tropical 
Journal of Natural Product Research. 2023;7(10).

16. Das SK, Sen K, Ghosh B, Ghosh N, Sinha K, Sil PC. Molecular 

mechanism of nanomaterials induced liver injury: A review. 
World J Hepatol. 2024;16(4):566-600.

17. Boey A, Ho HK. All Roads Lead to the Liver: Metal 
Nanoparticles and Their Implications for Liver Health. 
Small. 2020;16(21).

18. Nasrullah M, Meenakshi Sundaram DN, Claerhout J, Ha 
K, Demirkaya E, Uludag H. Nanoparticles and cytokine 
response. Frontiers in Bioengineering and Biotechnology. 
2023;11.

19. Siddique R, Gilhotra R, Singla N, Mishra R, Bhat AA, Patel 
N, et al. Use of colloidal silica in drug delivery. Inorganic 
Biomaterials for Drug Delivery: Elsevier; 2026. p. 463-482. 
http://dx.doi.org/10.1016/b978-0-323-95366-5.00017-9

20. Xuan L, Ju Z, Skonieczna M, Zhou PK, Huang R. Nanoparticles‐
induced potential toxicity on human health: Applications, 
toxicity mechanisms, and evaluation models. MedComm. 
2023;4(4).

21. Ghorbani S, Moshtaghi H, Shekarforoush SS, Gheisari HR, 
Sedaghati F, Nazifi S, et al. Histopathologic, Biochemical, 
and Biodistribution Studies of Orally Administrated Silica 
and Magnesium Oxide Nanoparticles in Rats. Iranian 
Journal of Science. 2023;47(3):695-705.

22. Draper HH, Hadley M. [43] Malondialdehyde determination 
as index of lipid Peroxidation. Methods in Enzymology: 
Elsevier; 1990. p. 421-431. 

23. Ellman GL. Tissue sulfhydryl groups. Archives of 
Biochemistry and Biophysics. 1959;82(1):70-77.

24. Aebi H. [13] Catalase in vitro. Methods in Enzymology: 
Elsevier; 1984. p. 121-126. http://dx.doi.org/10.1016/
s0076-6879(84)05016-3

25. Marklund S, Marklund G. Involvement of the Superoxide 
Anion Radical in the Autoxidation of Pyrogallol and a 
Convenient Assay for Superoxide Dismutase. Eur J Biochem. 
1974;47(3):469-474.

26. Chan CC, Prokopich CL. Lifitegrast Ophthalmic Solution 
5.0% for Treatment of Dry Eye Disease: Overview of Clinical 
Trial Program. Journal of Pharmacy and Pharmaceutical 
Sciences. 2019;22:49-56.

27. Bourquin J, Milosevic A, Hauser D, Lehner R, Blank F, Petri‐
Fink A, et al. Biodistribution, Clearance, and Long‐Term 
Fate of Clinically Relevant Nanomaterials. Adv Mater. 
2018;30(19).

28. Ghareeb OA. Hematotoxicity Induced by Copper Oxide 
Nanoparticles and the Attenuating Role of Giloy In Vivo. 
Cureus. 2023.

29. Wang Y, Zhao X, Tang H, Wang Z, Ge X, Hu S, et al. The 
size-dependent effects of nanoplastics in mouse primary 
hepatocytes from cells to molecules. Environ Pollut. 
2024;355:124239.

30. Toxicopathological study for comparison the toxic effect of 
celecoxib and ibuprofen on liver and kidney of male albino 
mice. International Journal of Pharmaceutical Research. 
2021;12(03).

31. Zhou M, Ge X, Ke D-M, Tang H, Zhang J-Z, Calvaresi M, et 
al. The Bioavailability, Biodistribution, and Toxic Effects of 
Silica-Coated Upconversion Nanoparticles in vivo. Frontiers 
in Chemistry. 2019;7.

32. Krug A, Ernst LM, Mhaidly R, Ramis J, Gusta MF, Bastus 
NG, et al. Scavenging Reactive Oxygen Species by Cerium 
Oxide Nanoparticles Prevents Death in a Peripheral T 
Cell Lymphoma Preclinical Mouse Model. ACS Nano. 
2025;19(19):18644-18660.

33. Ghareeb OA, Abdulla GM, Sheikhzadeh S. Evaluation 

http://dx.doi.org/10.47470/0016-9900-2026-105-6-669-674
http://dx.doi.org/10.47470/0016-9900-2026-105-6-669-674
http://dx.doi.org/10.47470/0016-9900-2026-105-6-669-674
http://dx.doi.org/10.47470/0016-9900-2026-105-6-669-674
http://dx.doi.org/10.47470/0016-9900-2026-105-6-669-674
http://dx.doi.org/10.1038/s42255-024-01063-2
http://dx.doi.org/10.1038/s42255-024-01063-2
http://dx.doi.org/10.1038/s42255-024-01063-2
http://dx.doi.org/10.1038/s42255-024-01063-2
http://dx.doi.org/10.1007/s13273-025-00521-6
http://dx.doi.org/10.1007/s13273-025-00521-6
http://dx.doi.org/10.1007/s13273-025-00521-6
http://dx.doi.org/10.1007/s13273-025-00521-6
http://dx.doi.org/10.3390/livers5020024
http://dx.doi.org/10.3390/livers5020024
http://dx.doi.org/10.3390/livers5020024
http://dx.doi.org/10.3390/livers5020024
http://dx.doi.org/10.17582/journal.aavs/2025/13.11.2448.2455
http://dx.doi.org/10.17582/journal.aavs/2025/13.11.2448.2455
http://dx.doi.org/10.17582/journal.aavs/2025/13.11.2448.2455
http://dx.doi.org/10.17582/journal.aavs/2025/13.11.2448.2455
http://dx.doi.org/10.17582/journal.aavs/2025/13.11.2448.2455
http://dx.doi.org/10.1038/s41598-025-97731-8
http://dx.doi.org/10.1038/s41598-025-97731-8
http://dx.doi.org/10.1038/s41598-025-97731-8
http://dx.doi.org/10.1038/s41598-025-97731-8
http://dx.doi.org/10.1007/978-3-032-07228-3_5
http://dx.doi.org/10.1007/978-3-032-07228-3_5
http://dx.doi.org/10.1007/978-3-032-07228-3_5
http://dx.doi.org/10.1007/978-3-032-07228-3_5
http://dx.doi.org/10.1007/978-3-032-07228-3_5
http://dx.doi.org/10.3389/fnano.2025.1639506
http://dx.doi.org/10.3389/fnano.2025.1639506
http://dx.doi.org/10.3389/fnano.2025.1639506
http://dx.doi.org/10.3389/fmicb.2023.1155622
http://dx.doi.org/10.3389/fmicb.2023.1155622
http://dx.doi.org/10.3389/fmicb.2023.1155622
http://dx.doi.org/10.1007/s13204-024-03076-5
http://dx.doi.org/10.1007/s13204-024-03076-5
http://dx.doi.org/10.1007/s13204-024-03076-5
http://dx.doi.org/10.1007/s13204-024-03076-5
http://dx.doi.org/10.1007/s12633-021-01611-5
http://dx.doi.org/10.1007/s12633-021-01611-5
http://dx.doi.org/10.1007/s12633-021-01611-5
http://dx.doi.org/10.1007/s12633-021-01611-5
http://dx.doi.org/10.1002/9781394261499
http://dx.doi.org/10.1080/02772248.2018.1485921
http://dx.doi.org/10.1080/02772248.2018.1485921
http://dx.doi.org/10.1080/02772248.2018.1485921
http://dx.doi.org/10.1007/s12011-020-02386-3
http://dx.doi.org/10.1007/s12011-020-02386-3
http://dx.doi.org/10.1007/s12011-020-02386-3
http://dx.doi.org/10.26538/tjnpr/v7i10.11
http://dx.doi.org/10.26538/tjnpr/v7i10.11
http://dx.doi.org/10.26538/tjnpr/v7i10.11
http://dx.doi.org/10.4254/wjh.v16.i4.566
http://dx.doi.org/10.4254/wjh.v16.i4.566
http://dx.doi.org/10.4254/wjh.v16.i4.566
http://dx.doi.org/10.1002/smll.202000153
http://dx.doi.org/10.1002/smll.202000153
http://dx.doi.org/10.1002/smll.202000153
http://dx.doi.org/10.3389/fbioe.2023.1243651
http://dx.doi.org/10.3389/fbioe.2023.1243651
http://dx.doi.org/10.3389/fbioe.2023.1243651
http://dx.doi.org/10.3389/fbioe.2023.1243651
http://dx.doi.org/10.1016/b978-0-323-95366-5.00017-9
http://dx.doi.org/10.1016/b978-0-323-95366-5.00017-9
http://dx.doi.org/10.1016/b978-0-323-95366-5.00017-9
http://dx.doi.org/10.1016/b978-0-323-95366-5.00017-9
http://dx.doi.org/10.1002/mco2.327
http://dx.doi.org/10.1002/mco2.327
http://dx.doi.org/10.1002/mco2.327
http://dx.doi.org/10.1002/mco2.327
http://dx.doi.org/10.1007/s40995-023-01451-5
http://dx.doi.org/10.1007/s40995-023-01451-5
http://dx.doi.org/10.1007/s40995-023-01451-5
http://dx.doi.org/10.1007/s40995-023-01451-5
http://dx.doi.org/10.1007/s40995-023-01451-5
http://dx.doi.org/10.1016/0076-6879(90)86135-i
http://dx.doi.org/10.1016/0076-6879(90)86135-i
http://dx.doi.org/10.1016/0076-6879(90)86135-i
http://dx.doi.org/10.1016/0003-9861(59)90090-6
http://dx.doi.org/10.1016/0003-9861(59)90090-6
http://dx.doi.org/10.1016/s0076-6879(84)05016-3
http://dx.doi.org/10.1016/s0076-6879(84)05016-3
http://dx.doi.org/10.1016/s0076-6879(84)05016-3
http://dx.doi.org/10.1111/j.1432-1033.1974.tb03714.x
http://dx.doi.org/10.1111/j.1432-1033.1974.tb03714.x
http://dx.doi.org/10.1111/j.1432-1033.1974.tb03714.x
http://dx.doi.org/10.1111/j.1432-1033.1974.tb03714.x
http://dx.doi.org/10.18433/jpps29895
http://dx.doi.org/10.18433/jpps29895
http://dx.doi.org/10.18433/jpps29895
http://dx.doi.org/10.18433/jpps29895
http://dx.doi.org/10.1002/adma.201704307
http://dx.doi.org/10.1002/adma.201704307
http://dx.doi.org/10.1002/adma.201704307
http://dx.doi.org/10.1002/adma.201704307
http://dx.doi.org/10.7759/cureus.46577
http://dx.doi.org/10.7759/cureus.46577
http://dx.doi.org/10.7759/cureus.46577
http://dx.doi.org/10.1016/j.envpol.2024.124239
http://dx.doi.org/10.1016/j.envpol.2024.124239
http://dx.doi.org/10.1016/j.envpol.2024.124239
http://dx.doi.org/10.1016/j.envpol.2024.124239
http://dx.doi.org/10.31838/ijpr/2020.12.03.509
http://dx.doi.org/10.31838/ijpr/2020.12.03.509
http://dx.doi.org/10.31838/ijpr/2020.12.03.509
http://dx.doi.org/10.31838/ijpr/2020.12.03.509
http://dx.doi.org/10.3389/fchem.2019.00218
http://dx.doi.org/10.3389/fchem.2019.00218
http://dx.doi.org/10.3389/fchem.2019.00218
http://dx.doi.org/10.3389/fchem.2019.00218
http://dx.doi.org/10.1021/acsnano.5c02860
http://dx.doi.org/10.1021/acsnano.5c02860
http://dx.doi.org/10.1021/acsnano.5c02860
http://dx.doi.org/10.1021/acsnano.5c02860
http://dx.doi.org/10.1021/acsnano.5c02860
http://dx.doi.org/10.17582/journal.jahp/2024/12.s1.196.201


5805J Nanostruct 16(4): 5797-5805, Autumn 2026

A. Raheem et al. / Time-Dependent Toxicity of SiO2 NPs

of Proinflammatory Cytokines in Arsenic Induced 
Hepatotoxicity In Vivo. Journal of Animal Health and 
Production. 2024;12(s1).

34. Nemmar A, Yuvaraju P, Beegam S, Pathan J, Kazzam EE, 
Ali BH. Oxidative stress, inflammation, and DNA damage 
in multiple organs of mice acutely exposed to amorphous 
silica nanoparticles. International Journal of Nanomedicine. 
2016:919.

35. Zhang Z, Zhao L, Ma Y, Liu J, Huang Y, Fu X, et al. Mechanistic 
study of silica nanoparticles on the size-dependent retinal 
toxicity in vitro and in vivo. Journal of Nanobiotechnology. 
2022;20(1).

36. Ali A, Saeed S, Hussain R, Afzal G, Siddique AB, Parveen G, 
et al. Synthesis and Characterization of Silica, Silver-Silica, 
and Zinc Oxide-Silica Nanoparticles for Evaluation of Blood 
Biochemistry, Oxidative Stress, and Hepatotoxicity in Albino 
Rats. ACS Omega. 2023;8(23):20900-20911.

37. Aouey B, Boukholda K, Gargouri B, Bhatia HS, Attaai A, 
Kebieche M, et al. Silica Nanoparticles Induce Hepatotoxicity 
by Triggering Oxidative Damage, Apoptosis, and Bax-Bcl2 
Signaling Pathway. Biol Trace Elem Res. 2021;200(4):1688-
1698.

38. Ghareeb OA, Roy D, Nazeer N, Abbas M, Ruzieva M, 
Avazmetova I, et al. Complementary effects of polyphenolic 
nutraceuticals in enhancing antioxidant defense and 
immunity of Labeo rohita. Aquaculture International. 
2026;34(3).

39. Raj Rai S, Bhattacharyya C, Sarkar A, Chakraborty S, 
Sircar E, Dutta S, et al. Glutathione: Role in Oxidative/
Nitrosative Stress, Antioxidant Defense, and Treatments. 
ChemistrySelect. 2021;6(18):4566-4590.

40. Hamdiken M, Bouzitouna A, Hami M, Seridi Y, Grara N, Ayed 
H, et al. Antioxidant and Protective Effects of Oleaster Oil 
Against Silica Nanoparticle-Induced Oxidative Stress and 

Organ Toxicity in Rats. Applied Sciences. 2024;14(21):10046.
41. Sen K, Kumar Das S, Ghosh N, Sinha K, Sil PC. Lupeol: A 

dietary and medicinal triterpene with therapeutic potential. 
Biochem Pharmacol. 2024;229:116545.

42. Almanaa TN, Aref M, Kakakhel MA, Elshopakey GE, 
Mahboub HH, Abdelazim AM, et al. Silica Nanoparticle 
Acute Toxicity on Male Rattus norvegicus Domestica: 
Ethological Behavior, Hematological Disorders, Biochemical 
Analyses, Hepato-Renal Function, and Antioxidant-Immune 
Response. Frontiers in Bioengineering and Biotechnology. 
2022;10.

43. Brand W, van Kesteren PCE, Peters RJB, Oomen AG. Issues 
currently complicating the risk assessment of synthetic 
amorphous silica (SAS) nanoparticles after oral exposure. 
Nanotoxicology. 2021:1-29.

44. Hu H, Fan X, Guo Q, Wei X, Yang D, Zhang B, et al. Silicon 
dioxide nanoparticles induce insulin resistance through 
endoplasmic reticulum stress and generation of reactive 
oxygen species. Part Fibre Toxicol. 2019;16(1).

45. Michalopoulos GK, Bhushan B. Liver regeneration: biological 
and pathological mechanisms and implications. Nature 
Reviews Gastroenterology and Hepatology. 2020;18(1):40-
55.

46. Septiadi D, Abdussalam W, Rodriguez‐Lorenzo L, Spuch‐
Calvar M, Bourquin J, Petri‐Fink A, et al. Revealing the Role 
of Epithelial Mechanics and Macrophage Clearance during 
Pulmonary Epithelial Injury Recovery in the Presence of 
Carbon Nanotubes. Adv Mater. 2018;30(52).

47. Farhan SS, Mahgoub SS, Hussain SA. Effects of progesterone 
and estradiol on the inflammatory and apoptotic markers of 
ovariectomized rats challenged with acute septic systemic 
inflammation. Journal of Applied Pharmaceutical Science. 
2019;9(12):103-107.

http://dx.doi.org/10.17582/journal.jahp/2024/12.s1.196.201
http://dx.doi.org/10.17582/journal.jahp/2024/12.s1.196.201
http://dx.doi.org/10.17582/journal.jahp/2024/12.s1.196.201
http://dx.doi.org/10.2147/ijn.s92278
http://dx.doi.org/10.2147/ijn.s92278
http://dx.doi.org/10.2147/ijn.s92278
http://dx.doi.org/10.2147/ijn.s92278
http://dx.doi.org/10.2147/ijn.s92278
http://dx.doi.org/10.1186/s12951-022-01326-8
http://dx.doi.org/10.1186/s12951-022-01326-8
http://dx.doi.org/10.1186/s12951-022-01326-8
http://dx.doi.org/10.1186/s12951-022-01326-8
http://dx.doi.org/10.1021/acsomega.3c01674
http://dx.doi.org/10.1021/acsomega.3c01674
http://dx.doi.org/10.1021/acsomega.3c01674
http://dx.doi.org/10.1021/acsomega.3c01674
http://dx.doi.org/10.1021/acsomega.3c01674
http://dx.doi.org/10.1007/s12011-021-02774-3
http://dx.doi.org/10.1007/s12011-021-02774-3
http://dx.doi.org/10.1007/s12011-021-02774-3
http://dx.doi.org/10.1007/s12011-021-02774-3
http://dx.doi.org/10.1007/s12011-021-02774-3
http://dx.doi.org/10.1007/s10499-026-02482-6
http://dx.doi.org/10.1007/s10499-026-02482-6
http://dx.doi.org/10.1007/s10499-026-02482-6
http://dx.doi.org/10.1007/s10499-026-02482-6
http://dx.doi.org/10.1007/s10499-026-02482-6
http://dx.doi.org/10.1002/slct.202100773
http://dx.doi.org/10.1002/slct.202100773
http://dx.doi.org/10.1002/slct.202100773
http://dx.doi.org/10.1002/slct.202100773
http://dx.doi.org/10.3390/app142110046
http://dx.doi.org/10.3390/app142110046
http://dx.doi.org/10.3390/app142110046
http://dx.doi.org/10.3390/app142110046
http://dx.doi.org/10.1016/j.bcp.2024.116545
http://dx.doi.org/10.1016/j.bcp.2024.116545
http://dx.doi.org/10.1016/j.bcp.2024.116545
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.3389/fbioe.2022.868111
http://dx.doi.org/10.1080/17435390.2021.1931724
http://dx.doi.org/10.1080/17435390.2021.1931724
http://dx.doi.org/10.1080/17435390.2021.1931724
http://dx.doi.org/10.1080/17435390.2021.1931724
http://dx.doi.org/10.1186/s12989-019-0327-z
http://dx.doi.org/10.1186/s12989-019-0327-z
http://dx.doi.org/10.1186/s12989-019-0327-z
http://dx.doi.org/10.1186/s12989-019-0327-z
http://dx.doi.org/10.1038/s41575-020-0342-4
http://dx.doi.org/10.1038/s41575-020-0342-4
http://dx.doi.org/10.1038/s41575-020-0342-4
http://dx.doi.org/10.1038/s41575-020-0342-4
http://dx.doi.org/10.1002/adma.201806181
http://dx.doi.org/10.1002/adma.201806181
http://dx.doi.org/10.1002/adma.201806181
http://dx.doi.org/10.1002/adma.201806181
http://dx.doi.org/10.1002/adma.201806181
http://dx.doi.org/10.7324/japs.2019.91214
http://dx.doi.org/10.7324/japs.2019.91214
http://dx.doi.org/10.7324/japs.2019.91214
http://dx.doi.org/10.7324/japs.2019.91214
http://dx.doi.org/10.7324/japs.2019.91214

	Toxicity of Silica Nanoparticles on Liver Function, Oxidative Stress, and Inflammatory Cytokines in 
	Abstract
	Keywords
	How to cite this article
	INTRODUCTION
	MATERIALS AND METHODS
	Nanoparticles
	Experimental rats
	Statistical analysis
	Biochemical Analysis
	Oxidative stress parameters

	RESULTS AND DISCUSSION
	CONCLUSION
	REFERENCES

