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Toxic effect of iron oxide nanoparticles, silver nanoparticles and their mixture on 
heart, brain and lung of male rats
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Humans are exposed to nanoparticles (NPs) from ambient 
air and certain workplaces. The data on the potential health 
hazards of NPs exposure is limited. From the literature, there 
is not enough data on cardiotoxicity, neurotoxicity, and lung 
toxicity induced by the co-exposure to iron oxide nanopar-
ticles (Fe2O3NPs) with silver nanoparticles (AgNPs). There-
fore, the present study aimed to investigate the toxic effect 
of Fe2O3NPs, AgNPs alone or in combination on the brain, 
heart, and lungs of male rats. Animals were divided into 4 
equal groups. Group 1 served as control, group 2 was admin-
istered orally with Fe2O3NPs (5 mg/kg BW; >50 nm), group 
3 was treated intraperitoneally with AgNPs (50 mg/kg BW; 
>100 nm) and group 4 was administered with the mixture of 
Fe2O3NPs plus AgNPs. Animals were treated every day for 79 
days. The present results showed that at the molecular level 
Fe2O3NPs, AgNPs, and their mixture showed marked DNA 
fragmentation as a hallmark of cell death. At the gene ex-
pression level Fe2O3NPs, AgNPs, and their mixture showed 
significant suppression of the mitochondrial transcription 
factor A (mtTFA) gene, while showing significant induction 
of peroxisome proliferator activator receptor gamma-co-
activator 1α (PGC-1α) gene. Both genes; mtTFA and PGC-1α 
are involved in the regulation of mitochondrial biogenesis 
and function. Fe2O3NPs, AgNPs, and their mixture caused a 
significant decrease in final body weight, body weight gain, 
serotonin, dopamine, acetylcholine esterase, paraoxonase 1, 
antioxidant enzymes (GST, SOD, CAT, and GPX), total antioxi-
dant capacity, and reduced glutathione in brain, heart, lung, 
and plasma. Whereas, Fe2O3NPs, AgNPs, and their mixture 
resulted in a significant increase in norepinphrineiron, ace-
tylcholine, creatine kinase, thiobarbituric acid-reactive sub-
stances, nitric oxide, tumor suppressor gene p53, tumor ne-
crosis factor-α, interliukin-6, and lipid profiles. Fe2O3NPs, Ag-
NPs, and their mixture showed histology changes alteration 
in the brain, heart, and lung. In conclusion, the obtained data 
showed that Fe2O3NPs, and AgNPs alone and in combina-
tion induced neurotoxicity, cardiotoxicity, and lung toxicity. 

The toxic effects of the combination of Fe2O3NPs with Ag-
NPs were more pronounced than each one.
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