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Abstract 

Background: Gold nanoparticles (GNPs) have garnered considerable attention in various biomedical applications 

due to their unique physicochemical properties. Understanding the dose-dependent histological effects of GNPs on liver 

tissue in animal models is crucial for evaluating their safety profile and optimizing their therapeutic applications. This 

study aimed to evaluate the hepatotoxicity of bacterially derived GNP on rat liver for proceeding into a further study.  

Material and Methods: Male Wistar rats were divided into four groups: control, 25, 50, 100, and 200 mg/kg GNP, and 

the rats were given a 15-day acclimatization period. The rats were subjected to lipid peroxidation, oxidative stress, and 

liver histology tests.  Results: The levels of ALT, AST, and albumin significantly differed from the control group 

(P<0.001), as revealed in Fig. 1. The results revealed that the rats treated with 50 mg/Kg GNPs had the most beneficial 

effects, while GSH levels were higher in the group treated with 100 mg/GNPs than in the groups treated with 20 mg/L 

GNPs. In addition, GNPs-treated rats showed an increase in inflammation in the liver, with the presence of inflammatory 

cells.  Conclusion: These findings emphasize the importance of thorough safety evaluations in GNPs for proceeding the 

coming research. 
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1.Introduction  

Gold nanoparticles (GNPs) have garnered 

considerable attention in various biomedical 

applications due to their unique physicochemical 

properties [1]. However, concerns regarding their 

potential toxicity, particularly to vital organs such as the 

liver, have raised significant interest. Understanding the 

dose-dependent histological effects of GNPs on liver 

tissue in animal models is crucial for evaluating their 

safety profile and guiding their clinical applications [2]. 

This literature review explores the research on the dose-

dependent histological injury to rat liver induced by 

GNPs, highlighting key findings, mechanisms, and 

implications for biomedical research and nanomedicine 

[3]. 

GNPs exhibit size-dependent properties, making 

them promising candidates for drug delivery, imaging, 

and therapeutic applications [4]. However, their 

interaction with biological systems, including uptake, 

distribution, and clearance, can lead to adverse effects, 

particularly in the liver, a significant site for 

nanoparticle accumulation and metabolism. Studies 

have shown that GNPs can induce dose-dependent 

hepatotoxicity, characterized by alterations in liver 

histology, oxidative stress, inflammation, and impaired 

liver function [5]. 

Several preclinical studies have investigated the 

dose-response relationship between GNPs and 

histological changes in rat liver tissue. These studies 

have reported dose-dependent alterations in liver 

morphology, including hepatocyte degeneration, 

necrosis, vacuolation, and inflammatory cell infiltration, 

following exposure to GNPs of varying sizes, coatings, 

and concentrations. Furthermore, dose-dependent 

effects on liver enzymes, such as alanine transaminase 

(ALT) and aspartate transaminase (AST), have been 

observed, reflecting hepatocellular damage and 

impaired liver function [6]. 

The mechanisms underlying GNPs-induced liver 

injury are multifactorial and involve oxidative stress, 

inflammation, apoptosis, and fibrosis. GNPs can induce 

the generation of reactive oxygen species (ROS), 

leading to oxidative damage to cellular macromolecules 

and activation of pro-inflammatory pathways. 

Additionally, GNPs may disrupt mitochondrial function, 

trigger apoptotic pathways, and stimulate hepatic 

stellate cell activation, contributing to liver fibrosis and 

tissue remodelling [7]. 

Understanding the dose-dependent histological 

effects of GNPs on rat liver is essential for evaluating 

their safety profile and optimizing their therapeutic 

applications. While GNPs offer tremendous potential in 

biomedicine, careful consideration of dose, size, surface 

chemistry, and route of administration is necessary to 

mitigate potential toxicity and maximize therapeutic 

efficacy [8]. Future research should focus on elucidating 

the underlying mechanisms of GNPs-induced liver 

injury, developing strategies to enhance 

biocompatibility and targeting specificity, and 

conducting comprehensive toxicity assessments in 

animal models and clinical trials. Therefore, our study 

aimed to evaluate the dose-dependent of GNPs and their 

toxicity on rat liver for proceeding into a further study.  

2.Material and methods  
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Animal  

The oversized stainless steel cages held twenty 

Wistar rats weighing 165 ± 10 g, obtained from the 

animal house at Alexandria University. Under the 

University of Benha Institutional Animal Care and Use 

Committee (IACUC) accreditation number, animal care 

and experimental methods were conducted following its 

recommendations. The rats were kept at 20 ± 2 °C with 

a relative humidity of 50 ± 15%, and they were housed 

in typical laboratory settings with a 12/12 hour 

light/dark cycle. Regular food and unlimited water were 

given to them. The Regional Ethical Committee 

approved all experimental methods, and the research 

was carried out following national norms for the care 

and use of laboratory animals. 

Four groups of five rats each—Control, 25, 50, 100 

and 200—were created, and the rats were given a 15-

day acclimatization period. Then, using a single caudal 

injection that allows for quick and direct vascular access 

to every organ, GNPs dosages were dissolved in saline 

and were given to each group. An injection of saline 

alone was given caudally to the control group as 

previously described [9]. 

 

Collection of samples 

The rats were given an overnight fast fifteen days 

after the caudal injection and then put to death. 10% 

(w/v) chloral hydrate (3 mL/kg body weight) was 

injected intraperitoneally to produce anaesthesia. Blood 

samples were taken from the abdominal aorta, and the 

plasma was separated for biochemical analysis and 

oxidative stress evaluation by centrifuging the samples 

for 15 minutes at 3000g. After the kidneys, liver, and 

brain were removed, they were carefully cleaned with 

ice-cold 0.1 M phosphate-buffered saline (PBS; pH 7.4). 

10 L of ice-cold, ten mM phosphate-buffered saline was 

used to homogenize tissue samples using an Ultrapure 

homogenizer (Bioflick Scientific, Illich, France) [10], 

[11]. The homogenates were then centrifuged for 15 

minutes at 4 °C at 6000g, and the supernatants were 

separated for redox marker analysis. A sharp razor was 

used to carefully remove the histological samples, 

which were then preserved in a 10% formaldehyde 

solution [12]. 

 

Biochemical parameters assessment  

Biochemical parameters such as albumin [13], AST 

[14], and ALT [15] were determined using enzymatic 

assay kits obtained from Sigma Chemical Co., based in 

St. Louis, MO. 

 

Oxidative stress assessment  

Indicators of oxidative stress in liver tissues were 

evaluated [16]. The reduction of 5,5′-dithiobis(2-

nitrobenzoic acid) (DTNB) by reduced glutathione, 

which results in the formation of a yellow molecule, was 

the basis for the technique used to measure glutathione 

(GSH) levels. The resultant chromogen's absorbance 

was measured at 405 nm, and it was shown to be directly 

associated with the GSH content. Thiobarbituric acid 

reacted with malondialdehyde (MDA), a marker of lipid 

peroxidation, to determine its presence in plasma and 

tissues [17]. 

 

Liver Histopathology evaluation 

The animal tissues were removed, and different 

alcohol concentrations were used to dry the tissues. 

After dehydration, the samples were cleared in two 

xylene changes. After being impregnated with two 

different batches of melted paraffin wax, the tissue 

samples were embedded and sealed. After using a 

microtomy to slice the tissues, they were adhered to 

glass slides for ensuing staining and microscopic 

inspection. Glass slides for microscopes were mounted 

with sections stained with hematoxylin and eosin (HE) 

at a thickness of 3 μM. Then, using an optical 

microscope (AX80, Olympus, Tokyo, Japan), HE-

stained tissue slices were examined and photographed. 

Microscopic observations included evaluations of tissue 

architectural abnormalities and tissue structures 

exhibiting degeneration, necrosis, inflammation, and 

portal fibrosis [18], [19]. 

 

3.Results 

Mortality study 

No rats died throughout the trial period of GNPs 

therapy, and no obvious aberrant clinical symptoms or 

behavioral changes were seen in the animals. This 

included evaluations of eye changes, diarrhea, breathing 

from the abdomen, skin and hair problems, and food 

intake. Furthermore, no discernible differences between 

the experimental group and the control group were 

found for average body weight, weight growth, or 

relative weight (exact data withheld). 

 

Biochemical Findings 

Higher doses of GNPs (100 and 200 mg/kg) in rats 

were associated with indications of liver impairment 

manifested by decreased albumin levels. The levels of 

ALT, AST, and albumin significantly differed from the 

control group (P<0.001), as revealed in Fig. 1.  

 

Oxidative and antioxidant assessment 

There was higher lipid peroxidation in groups 

treated with 100 mg and 200 mg/Kg GNPs, while GSH 

levels were lower than in groups treated with 50 mg. 

Lipid peroxidation and GSH levels were higher in the 

group treated with 50 mg/Kg GNPs, indicating that this 

dosage had the most beneficial effects. Consequently, 50 

mg/Kg GNPs appears to be the optimal dosage for 

inhibiting lipid peroxidation and increasing GSH levels, 

as revealed in Fig. 2.  
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Fig. (1) Biochemical parameters ALT, AST, and Albumin in different rat-treated GNPs groups. 

 

 
Fig. (2) Oxidative marker MDA and antioxidant marker GSH in different rat-treated groups. 

 

Histopathology studies  

According to the histological examination, there were no signs of liver damage in the rats treated with 50 mg/kg 

GNPs, as revealed in Fig. 3a. In addition, rats treated with 100 and 200 mg/kg GNPs showed significant liver damage, 

characterized by engorged vessels, tubular degeneration, and necrosis. In addition, the rats treated with 200 mg/kg GNP 

also revealed an increase in inflammation in the liver, with the presence of inflammatory cells Fig. 3b-c.  

 

 
 

Fig. (3) Histopathology examination of different GNPs doses in Liver histology.
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4.Discussion  

The potential of nanoparticles (NPs) in various 

fields, such as medicine, electronics, and environmental 

remediation, is enormous. The unique physicochemical 

properties of GNPs and their potential applications in 

drug delivery, imaging, and cancer therapy have 

contributed to their popularity [20]. They have, 

however, raised concerns regarding their possible 

toxicity, primarily when derived from biological sources 

[21]. As part of this preliminary investigation, GNPs 

derived from bacteria were administered to rats at doses 

ranging from zero mg/kg to 200 mg/kg to assess how 

they affect liver histology in rat models.  

The observed dose-dependent effects of bacterially 

derived GNPs on liver histology underscore the 

importance of understanding nanoparticle toxicity and 

its implications for biomedical applications. Several 

factors contribute to the toxicity of GNPs, including 

size, shape, surface chemistry, dose, and route of 

administration. In this study, the use of bacterially 

derived GNPs introduces additional variables, such as 

the presence of biomolecules on the nanoparticle 

surface, which may influence their interactions with 

biological systems [22]. Therefore, the optimal dose-

dependent of our study ranged from 20-50 mg/kg GNPs 

regarding the biochemical, oxidative stress, and liver 

histology results.  

The mechanism underlying GNPs-induced 

hepatotoxicity is multifaceted. It may involve oxidative 

stress, inflammation, mitochondrial dysfunction, and 

perturbation of cellular signaling pathways. GNPs can 

generate reactive oxygen species (ROS), leading to 

oxidative damage and lipid peroxidation, which in turn 

disrupt cellular membranes and trigger inflammatory 

responses. Furthermore, GNPs may accumulate in the 

liver, impairing hepatic function and promoting 

fibrogenesis [23]. 

The observed histological changes in higher doses, 

including hepatocellular degeneration, inflammation, 

necrosis, and fibrosis, are consistent with previous 

studies on GNPs-induced liver injury. These findings 

highlight the need for comprehensive toxicity 

assessments to evaluate the safety of nanomaterials 

before their clinical translation. Moreover, 

understanding the dose-response relationship is crucial 

for establishing safe exposure limits and informing 

regulatory guidelines [24]. 

Limitations of this preliminary investigation 

include the small sample size, short duration of 

exposure, and focus solely on histological endpoints. 

Future studies should incorporate additional toxicity 

assays, such as biochemical markers of liver function, 

gene expression profiling, and electron microscopy, to 

elucidate the underlying mechanisms of AuNP-induced 

hepatotoxicity. 

 

5.Conclusion 

In conclusion, this preliminary investigation 

provides valuable insights into the dose-dependent 

effects of bacterially derived GNPs on liver histology in 

rat models. The findings underscore the potential 

hepatotoxicity of GNPs and emphasize the importance 

of thorough safety evaluations in nanomedicine 

research. Further studies are warranted to elucidate the 

underlying mechanisms and establish safe usage 

guidelines for GNPs and other nanomaterials in 

biomedical applications. 

Declarations 

Ethics approval and consent to participate 

All experimental procedures used are carried out 

following Benha University's animal care guidelines 

and the National Science Council's Guide for the Care 

and Use of Laboratory Animals.  

Consent for publication: Not applicable  

Availability of data and material: The datasets 

generated and/or analysed during the current study are 

available from the corresponding author  

Competing interests: The authors declare no 

competing interests. 

Funding: No funding  

Acknowledgements: NA 

 

References 

[1] N. S. Aminabad, M. Farshbaf, and A. Akbarzadeh, 

“Recent advances of gold nanoparticles in 

biomedical applications: state of the art,” Cell 

Biochem. Biophys., vol. 77, pp. 123–137, 2019. 

[2] B. S. Fadia et al., “Histological injury to rat brain, 

liver, and kidneys by gold nanoparticles is dose-

dependent,” ACS omega, vol. 7, no. 24, pp. 20656–

20665, 2022. 

[3] M. I. Anik, N. Mahmud, A. Al Masud, and M. 

Hasan, “Gold nanoparticles (GNPs) in biomedical 

and clinical applications: A review,” Nano Sel., vol. 

3, no. 4, pp. 792–828, 2022. 

[4] S. A. Bansal, V. Kumar, J. Karimi, A. P. Singh, and 

S. Kumar, “Role of gold nanoparticles in advanced 

biomedical applications,” Nanoscale Adv., vol. 2, 

no. 9, pp. 3764–3787, 2020. 

[5] S. Hossen, M. K. Hossain, M. K. Basher, M. N. H. 

Mia, M. T. Rahman, and M. J. Uddin, “Smart 

nanocarrier-based drug delivery systems for cancer 

therapy and toxicity studies: A review,” J. Adv. 

Res., vol. 15, pp. 1–18, 2019. 

[6] K. Joshi, B. Mazumder, P. Chattopadhyay, N. S. 

Bora, D. Goyary, and S. Karmakar, “Graphene 

family of nanomaterials: Reviewing advanced 

applications in drug delivery and medicine,” Curr. 

Drug Deliv., vol. 16, no. 3, pp. 195–214, 2019. 

[7] A. Zamborlin and V. Voliani, “Gold nanoparticles 

as antiangiogenic and antimetastatic agents,” Drug 

Discov. Today, vol. 28, no. 2, p. 103438, 2023. 

[8] W. Wang, J. Wang, and Y. Ding, “Gold 

nanoparticle-conjugated nanomedicine: design, 

construction, and structure–efficacy relationship 

studies,” J. Mater. Chem. B, vol. 8, no. 22, pp. 

4813–4830, 2020. 

[9] A. Elmetwalli et al., “Nanoparticle zinc oxide 

obviates oxidative stress of liver cells in induced-



Shrook G. Abd Elnasser, Alaa Elmetwalli, Ahmed A. Hamed, Mohamed G. Bata and Mervat G. Hassan          153 

 

 Benha Journal of Applied Sciences, Vol. (9) Issue (3) (2024( 

diabetes mellitus model,” Med. J. Viral Hepat., vol. 

7, no. 1, pp. 8–12, 2022. 

[10] T. El-Sewedy et al., “Hepatocellular Carcinoma 

cells: activity of Amygdalin and Sorafenib in 

Targeting AMPK/mTOR and BCL-2 for anti-

angiogenesis and apoptosis cell death,” BMC 

Complement. Med. Ther., vol. 23, no. 1, pp. 1–17, 

2023. 

[11] A. Elmetwalli et al., “Modulation of the oxidative 

damage, inflammation, and apoptosis-related genes 

by dicinnamoyl-L-tartaric acid in liver cancer,” 

Naunyn. Schmiedebergs. Arch. Pharmacol., pp. 1–

13, 2023. 

[12] A. Elmetwalli et al., “Diarylheptanoids/sorafenib as 

a potential anticancer combination against 

hepatocellular carcinoma: the p53/MMP9 axis of 

action,” Naunyn. Schmiedebergs. Arch. 

Pharmacol., pp. 1–17, 2023. 

[13] A. A. El-Shehawy et al., “Thymoquinone, piperine, 

and sorafenib combinations attenuate liver and 

breast cancers progression: epigenetic and 

molecular docking approaches,” BMC 

Complement. Med. Ther., vol. 23, no. 1, pp. 1–21, 

2023. 

[14] A. A. Attia et al., “Amygdalin potentiates the anti-

cancer effect of Sorafenib on Ehrlich ascites 

carcinoma and ameliorates the associated liver 

damage,” Sci. Rep., vol. 12, no. 1, pp. 1–9, 2022. 

[15] A. Elmetwalli et al., “Ammonia scavenger and 

glutamine synthetase inhibitors cocktail in targeting 

mTOR/β-catenin and MMP-14 for nitrogen 

homeostasis and liver cancer,” Med. Oncol., vol. 

41, no. 1, p. 38, 2023. 

[16] A. Elmetwalli et al., “Novel phloretin-based 

combinations targeting glucose metabolism in 

hepatocellular carcinoma through GLUT2/PEPCK 

axis of action: in silico molecular modelling and in 

vivo studies,” Med. Oncol., vol. 41, no. 1, p. 12, 

2023. 

[17] A. Elmetwalli, A. M. Abdel Khalek, S. A. El-

Naggar, M. A. El-Magd, and A. F. Salama, 

“Amygdalin Enhances the Antitumor Effect of 

Sorafenib,” Egypt. Acad. J. Biol. Sci. D. Histol. 

Histochem., vol. 13, no. 2, pp. 61–68, 2021. 

[18] N. F. Ismail, G. Hamdy, A. A. Hassan, A. 

Elmetwalli, M. Salah, and J. Hassan, “The Impact 

of Energy Drinks on Liver Health,” Med. J. Viral 

Hepat., vol. 7, no. 3, pp. 1–6, 2023. 

[19] R. Ali, H. G. El-Tantawi, M. E.-S. Rizk, S. A. El-

Naggar, A. Elmetwalli, and A. F. Salama, “Is 

Amygdalin Outcomes Weighing Detriments of 

Sorafenib Treatment In Female Mice With Kidney 

Injury Induced By Ehrlich Ascites Carcinoma 

Model? Preliminary study,” Biochem. Lett., vol. 17, 

no. 1, p. 0, 2021. 

[20] H. Rafeeq, A. Hussain, A. Ambreen, M. Waqas, M. 

Bilal, and H. M. N. Iqbal, “Functionalized 

nanoparticles and their environmental remediation 

potential: a review,” J. Nanostructure Chem., vol. 

12, no. 6, pp. 1007–1031, 2022. 

[21] A. Sani, C. Cao, and D. Cui, “Toxicity of gold 

nanoparticles (AuNPs): A review,” Biochem. 

Biophys. reports, vol. 26, p. 100991, 2021. 

[22] S. Kanakia et al., “Dose ranging, expanded acute 

toxicity and safety pharmacology studies for 

intravenously administered functionalized 

graphene nanoparticle formulations,” Biomaterials, 

vol. 35, no. 25, pp. 7022–7031, 2014. 

[23] A. Manke, L. Wang, and Y. Rojanasakul, 

“Mechanisms of nanoparticle-induced oxidative 

stress and toxicity,” Biomed Res. Int., vol. 2013, 

2013. 

[24] J. Bi et al., “Immunotoxicity of metal and metal 

oxide nanoparticles: From toxic mechanisms to 

metabolism and outcomes,” Biomater. Sci., vol. 11, 

no. 12, pp. 4151–4183, 2023. 

 


