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ABSTRACT 
 
The nanotechnology has revolutionised the industry by significant economic and scientific impacts, applicable to 
various fields ranging from aerospace engineering, nano electronics to environmental remediation and medical 
healthcare. Nanotechnology has gained its momentum in nanomedicine because of therapeutic applications and 
diagnostic imaging. Health effects of nanomaterials are attracting considerable and increasing concern of the 
public and government worldwide. Vast usage of Fe2O3 NMs raised concerns about their unseen adverse effects. 
This study was undertaken to address the current deficient knowledge of oxidative stress responses of female wistar 
rats following 28days repeated oral exposure to Fe2O3 NMs. Characterization of Fe2O3 NMs revealed size, shape 
and charge of the NMs. Our results showed significant increase in lipid peroxidation with depletion in the reduced 
glutathione concentration in a dose dependent manner in liver and brain after treatment with Fe2O3 NMs. Proxidant 
enzymes catalase, glutathione reductase and glutathione s transferase were increased substantially in liver on 
treatment with high dose of Fe2O3 NMs. Superoxide dismutase was significantly decreased in liver. The altered 
antioxidant status indicates induction of oxidative stress in rat tissues. The results obtained emphasize the 
significance of toxicity assessments in evaluating the efficiency of Fe2O3 NMs for the safe implementation for 
medical applications. 
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INTRODUCTION 

 
Fe2O3 NMs represent a class of materials with numerous potential applications in clinical and biomedical sciences 
such as MRI contrast enhancement, cellular therapy such as cell labelling and cell targeting, detoxification of 
biological fluids, hyperthermia, drug delivery and cell separation (1). Iron is the most abundant transition metal in 
biological systems and it participates in oxygen sensing, energy metabolism, respiration and DNA synthesis (Nghia 
et al; (2).  Iron induced carcinogenesis was illustrated by several pathways and increased cancer risk have been 
proposed based upon oxidative stress causing lipid peroxidation, DNA damage and proteins (3).  A recent study by 
Yang et al.(4) reported size dependent  biodistribution and transport of Fe2O3 NMs in liver and spleen. Pregnant 
mice treated with multiple doses of Fe2O3 NMs reported accumulation of iron in the foetal liver, placenta and 
increased foetal deaths (5). Fe2O3 NMs induced higher levels of inflammation and immunosuppression in mice (6).  
 
In vivo experiments have demonstrated that the toxicity of nanomaterials may depend upon its composition, size, 
surface functionalisation and route of exposure (7). The elicitation of reactive oxygen species (ROS) generation and 
cellular oxidative stress, subsequently resulting in oxidative damage to biological macromolecules, cellular 
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dysfunction and cell death, are generally considered to be the underlying mechanisms involved in nanomaterial 
toxicity (8, 9, 10). 
 
In order to promote the development of nanomedicines into clinically feasible therapies, there is an urgent need for 
complete characterization of nanomaterial interactions with biological milieus that drive possible toxicological 
responses. The purpose of the present study was to evaluate the repeated oral toxicity of Fe2O3 NMs in female wistar 
rats in accordance with OECD guideline 407. In the current investigation, the physicochemical properties of Fe2O3 
NMs were determined by using transmission electron microscopy (TEM), and dynamic light scattering (DLS). The 
aim of the study is to investigate the biomarkers of oxidative stress. 

 
EXPERIMENTAL SECTION 

 
2.1. Materials and Characterization of Fe2O3 NMs 
Fe2O3 NMs [CAT number 544884, size, purity� 98.1%] according to the manufacture’s report and all chemicals 
were purchased from Sigma Aldrich Inc., USA. The size and morphology of Fe2O3 NMs were characterized using 
TEM. Hydrodynamic size distribution and zeta potential of Fe2O3 NMs were measured using Malvern Zetasizer. 
Probe sonicator (UP100H Heilscher, Germany) was used to disperse the NMs.  
 
2.2. Animals and treatment 
Female albino wistar rats of 8–10 weeks were procured from the National Institute of Nutrition, Hyderabad, India. 
Animals were acclimatized under standard laboratory conditions for 7 days prior to the start of experiments. The 
animals were fed on commercial pellet diet and water ad libitum. The animals were randomly selected, marked and 
divided into three groups i.e., High -1000mg/kg b.w , Medium -300mg/kg b.w., and Low- 30mg/kg b.w. Doses were 
designed according to OECD guideline 407(11). Institutional Animal Ethics Committee (IICT, Hyderabad) 
approved the present investigation. 
 
2.3. Oxidative stress biomarkers 
Liver, kidneys and brain tissues were collected from each animal, rinsed in ice cold physiological saline, perfused 
with cold potassium chloride buffer (1.15% KCl and 0.5mM EDTA) and homogenized in potassium phosphate 
buffer (KPB, 0.1 M, pH 7.4). MDA levels and GSH content were measured at this stage. The homogenate was then 
centrifuged at 15000 rpm for 30 min to remove debris. The clear supernatant was collected and stored as aliquots in 
_85 0C until antioxidant enzyme assay. Lipid peroxidation (LPO) in rat organs was estimated according to the 
method described by Wills (12); reduced glutathione (GSH) (13); superoxide dismutase (SOD) (14); catalase (CAT) 
(15); glutathione reductase (GR) (16); glutathione S transferase (GST) (17) and detailed procedures were described 
in Reddy et al. (18). The protein estimation was done using Lowry et al. (19) method. 
 
2.4. Data analysis 
All the data were expressed as mean ±standard deviation (SD). Graphpad prism 5, a statistical software system was 
used to perform a post hoc multiple comparison test (Dunnet’s test) after ANOVA. P < 0.05 was considered to be 
significant. 
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RESULTS 
 

3.1 Characterization of Fe2O3 NMs 

 
 

Figure 1. Characterization of Fe2O3 NMs by TEM, DLS and Zeta potential 
 

3.2 Estimation of Lipid peroxidation and reduced glutathione content in tissues 
 

 
 

Figure 2.  LPO (A) and GSH (B) levels in rats treated with IONPs and bulk for 28 days. Each value represents the mean ±SD; n =5 rats. 
*P <0.05 
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3.3 Effect of 28 day oral treatment of Fe2O3 NMs on antioxidant enzyme activities in rat organs. 

 
Figure 3. Each value represents the mean ± SD; n= 5 rats. *P < 0.05 
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DISCUSSION 
 

In this study, we have attempted to determine the role of oxidative stress as a critical factor in Fe2O3 NMs induced 
toxicity in treated rats, since oxidative stress is considered to be an important mechanism in carcinogenesis (20). The 
present study demonstrated that the MDA levels were significantly elevated in Fe2O3 NMs treated rats in a dose-
dependent mode, suggesting that NMs might have induced free radical generation that further initiated LPO. The 
GSH levels were decreased after Fe2O3 NMs treatment in a dose-dependent manner, possibly owing to increased 
utilization of GSH in neutralizing free radicals generated. When excessive ROS are produced, the levels of LPO will 
rise and GSH levels will decline, signifying that the treated rats suffered severe oxidative stress condition. 
 
The endogenous antioxidant system comprising SOD, CAT and GR plays important roles in free radical and 
peroxide metabolism and is responsible in part for protecting the cells against oxidant stress (21). In this study we 
observed that the increase in LPO and depletion in GSH content were accompanied by a dose-dependent increase in 
CAT and GR activity, and a decrease in SOD activity after acute oral treatment with Fe2O3 NMs. In antioxidant 
enzymes, SOD is always considered as the first line of defense against oxygen toxicity owing to its inhibitory effects 
on oxy radical formation (22). In this study, the increase in dose of Fe2O3 NMs strongly inhibited the SOD activity. 
This inhibition in SOD activity could be due to the high flux of superoxide radicals resulting in H2O2 production in 
cells (22). Fe2O3 NMs exposure increased the activity of GR, probably owing to deficient production of oxidized 
glutathione back from GSH mediated by GPx (22). GST metabolizes a variety of carcinogens by conjugating 
lipophilic electrophiles to GSH. In Fe2O3 NMs treated rats, GST activity was elevated in liver, kidneys and brain. 
Increased participation of GSH in conjugation reactions mediated by increased GST activity and increased 
glutathione reductase activity, which functions in the regeneration of cellular GSH, may also explain the decrease in 
the level of GSH after Fe2O3 NMs treatment. 
 
The doses used in this investigation were higher than the possible exposure levels. From the current study it was also 
noted that Fe2O3 NMs toxicity was mainly mediated through the altered antioxidant status of the cells. The present 
findings will add to the increasing body of evidence that exposure to Fe2O3 NMs may lead to harmful biological 
responses. Therefore, further toxicological studies are required to evaluate the hazards of occupational or 
environmental exposure to NMs. 
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