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Abstract: The present study aimed to compare the histopathological effects of nano iron oxide, 

conventional iron oxide, and iron sulfate following oral exposure in rats. Groups of five rats each 

received either vehicle, nano iron oxide, iron oxide, or iron sulfate (25.00 mg/kg, orally, once 

daily) for 28 days. Stomach, liver, and spleen tissues were processed for hematoxylin and eosin 

staining and examined under light microscopy for qualitative and morphometric evaluation. In 

the stomach, iron sulfate treatment increased the number of zymogen cells by 53% and 

undifferentiated cells by 100% (P < 0.05). The length of gastric glands was elevated by 60% and 

46% in the iron sulfate and iron oxide groups, respectively (P < 0.05), while nano iron oxide had 

no significant effect. Interestingly, in the liver necrotic cells decreased by 85%, 71%, and 78% in 

the iron sulfate, iron oxide, and nano iron oxide groups, respectively (P < 0.05). In the spleen, 

only iron oxide induced a 93% increase in hemosiderin-containing cells (P < 0.05). These results 

suggest that iron sulfate may promote gastric cell proliferation and differentiation, while all three 

iron compounds appear to reduce cellular necrosis. However, conventional iron oxide may pose 

a risk of hemosiderosis. 
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INTRODUCTION  

Advances in nanoparticle engineering have opened major opportunities in 

pharmacology and therapeutics, enabling innovations in drug discovery, targeted 

delivery, biomarker detection, and molecular diagnostics. At the same time, their potential 

to cause harmful effects has led to the development of nanotoxicology, a field dedicated 

to assessing the safety and risks of nanomaterials (Donaldson et al., 2004). To minimize 

risks, the advancement of nanoparticle-based diagnostics and therapeutics must occur in 

parallel with thorough evaluations of their toxicological and environmental effects (Hoet 

et al., 2004; Malhotra et al., 2020). 
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Understanding nutrient deficiency and toxicity largely comes from controlled 

animal studies. Nutrients show normal physiological effects within an optimal intake 

range, while excess amounts can become toxic and insufficient amounts cause deficiency. 

Iron’s key roles stem from its redox activity, but this also makes it highly reactive and 

capable of generating harmful intermediates. To prevent oxidative damage, iron is safely 

bound by proteins like transferrin and ferritin (Mahan, 2016).  It is a vital element for life, 

existing in two oxidation states divalent (Fe²⁺) and trivalent (Fe³⁺) and plays an essential 

role in hematopoiesis. Iron deficiency results in anemia, which is commonly treated with 

oral supplementation of liquid or solid iron salts (Fox, 2015). 

Iron absorption depends on gastrointestinal conditions, such as whether the 

stomach is full or empty. New iron salts like iron oxide are being studied as alternative 

oral sources. Additionally, metallic nanoparticles, including iron nanoparticles, are 

increasingly used in industry and medicine, raising concerns because they can enter the 

digestive tract and pose potential toxic effects. 

Iron oxide nanoparticles possess unique magnetic and biochemical properties that 

enable their use in anemia therapy and medical imaging (Reimer and Weissleder 1996; 

Weissleder et al., 1995). Their biological behavior including half-life, biodistribution, and 

absorption is influenced by particle size (10-500 nm) and surface coating. As a result, 

toxicity findings are often inconsistent across studies (Berry et al., 2004; Berry et al., 

2003). Another promising application of iron oxide nanoparticles is in wound healing, 

where they interact with thrombin and promote clot formation  (Berry et al., 2004). 

Iron oxide (Fe₂O₃), commonly found in nature as hematite, is a metal oxide with 

numerous industrial uses. It serves as a pigment in colored cements, paints, cosmetics, 

and as a component in electrodes, brake pads, and welding powders, owing to its purity 

and uniform particle size. 

Iron sulfate is another widely used iron salt in medicine, available in tablets, 

capsules, drops, and syrups. Despite its efficacy, ferrous sulfate often causes 

gastrointestinal side effects, including nausea, epigastric discomfort, abdominal cramps, 

constipation, diarrhea, and stool discoloration. These effects are dose-dependent and may 

be reduced by adjusting the dosage or taking the drug with meals (Zehnder et al., 2009). 

Ferrous sulfate can interfere with some diagnostic tests and may cause acute poisoning in 

children if taken in large amounts. Long-term or excessive iron intake can lead to 

hemosiderosis, marked by iron buildup in organs. 

https://creativecommons.org/licenses/by/4.0/
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Iron is primarily absorbed in the duodenum and jejunum, transported by 

transferrin, and stored as ferritin or hemosiderin in the liver, bone marrow, spleen, and 

muscles. In the liver, it first appears as golden hemosiderin granules near the portal area, 

staining blue with Prussian blue. With continued accumulation, fibrosis develops and can 

progress to micronodular cirrhosis (McGee et al., 1994). Acute iron poisoning results in 

gastrointestinal corrosion and cellular injury due to excess free iron in circulation. High 

doses surpass absorption limits, allowing free ions to penetrate the liver, heart, and brain, 

causing lipid peroxidation and organelle damage (Gupta, 2012; Bonkovsky, 1991). 

Chronic overload may promote collagen production, DNA damage, and hepatocellular 

carcinoma. (McGee et al., 1994). 

Although iron is essential, its different salts, doses, and nanoparticle forms can 

cause varying toxic effects. No study has fully compared the histopathological impacts of 

nano iron oxide, conventional iron oxide, and iron sulfate on the stomach, intestine, and 

spleen. This study aims to fill that gap by evaluating the effects of these three iron forms 

(25 mg/kg orally for 28 days) in rats, providing comparative toxicity insights to support 

safer clinical and industrial use.  

 

MATERIAL AND METHOD 

Ethical Approval 

At the time of the study, ethical oversight for animal experimentation was provided 

by the Research Council of the Faculty of Veterinary Medicine, University of Tehran. 

Ethical aspects of animal use and the experimental protocol were reviewed and approved 

by this institutional body. An official signed and stamped confirmation letter has been 

submitted to the journal. 

The authors declare that all experimental procedures involving animals were 

conducted in accordance with internationally accepted principles for the care and use of 

laboratory animals and complied with recognized animal welfare standards. 

 

Chemicals 

Ferrous sulfate (FeSO₄·7H₂O) and iron oxide (Fe₂O₃) were purchased from Merck 

(Darmstadt, Germany). Nano iron oxide (Fe₂O₃ nanoparticles) was synthesized at the 

Faculty of Veterinary Medicine, University of Tehran. In brief, iron sulfate was dissolved 

in distilled water and heated under continuous mechanical stirring. Ethyl alcohol was 

https://creativecommons.org/licenses/by/4.0/
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subsequently added, followed by the gradual addition of polyvinyl alcohol as a stabilizing 

agent, resulting in the formation of a homogeneous sol. The temperature was then 

increased to facilitate solvent evaporation and gel formation. The resulting gel was 

subjected to pyrolysis at temperatures above 450°C, yielding iron oxide nanoparticles. 

Physicochemical Characterization of Nano Iron Oxide 

 

The physicochemical characteristics of the synthesized nano iron oxide were not re-

evaluated in the present study. However, the nanoparticles were produced according to a 

previously validated sol-gel protocol described in a registered patent by Gholamreza 

Shams, in which comprehensive physicochemical characterization was performed. In that 

work, particle morphology and primary particle size were determined using transmission 

electron microscopy (TEM), hydrodynamic diameter and size distribution were assessed 

by dynamic light scattering (DLS), surface charge was measured by zeta potential 

analysis, crystallinity was confirmed by X-ray diffraction (XRD), and functional groups 

were analyzed by Fourier-transform infrared spectroscopy (FTIR). Based on those 

characterizations, the synthesized iron oxide nanoparticles exhibited nanoscale 

dimensions, crystalline iron oxide structure, and physicochemical properties suitable for 

biological applications. A detailed review on the synthesis of the chemical has been 

published by Mohapatra (2010). 

Animal Model and Experimental Protocols 

Twenty adult female Albino Wistar rats were obtained from the Faculty of Veterinary 

Medicine, University of Tehran. At the beginning of the experiment, the animals were 

eight weeks old and weighed between 100 and 150 g. They were acclimatized for one 

week before the start of the study under controlled environmental conditions (room 

temperature, 12 h light/dark cycle) with free access to standard commercial chow and tap 

water. 

Animals were randomly divided into four groups (n = five per group) as follows: 

A. Group CTL (Control): Received distilled water orally once daily for 28 

consecutive days. 

B. Group SO4: Received iron sulfate (FeSO₄; 25.00 mg/kg, orally, once daily; Merck, 

Darmstadt, Germany) for 28 days. 

C. Group OXY: Received ordinary iron oxide (Fe₂O₃; 25.00 mg/kg, orally, once 

daily; Merck, Darmstadt, Germany) for 28 days. 

https://creativecommons.org/licenses/by/4.0/
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D. Group NAN: Received nano iron oxide (Fe₂O₃ nanoparticles; 25.00 mg/kg, orally, 

once daily, Faculty of Veterinary Medicine, University of Tehran, Tehran, Iran) for 28 

days. 

On day 29, all animals were anesthetized using diethyl ether and euthanized by 

decapitation. The liver, spleen, stomach, and duodenum were immediately excised and 

fixed in 10% neutral buffered formalin for histopathological examination. 

Tissue samples were processed routinely, embedded in paraffin, sectioned at five µm 

thickness, and stained with haematoxylin and eosin (H&E) for microscopic evaluation. 

Histological slides were examined under a light microscope using appropriate objective 

lenses for both qualitative (morphological) assessment and quantitative (morphometric) 

comparisons to identify potential cellular and tissue alterations. 

Prussian Blue Iron Staining 

To confirm the presence of iron deposits, additional sections from the liver and spleen 

were stained using the Prussian blue (Perls’) reaction. Sections were incubated with 2% 

potassium ferrocyanide and 2% hydrochloric acid for 15 minutes. Blue-stained deposits 

were interpreted as ferric iron (Fe³⁺) and quantified in 20 randomly selected high-power 

fields per sample. 

Estimation of Cell Numbers and Tissue Dimensions 

A calibrated ocular micrometer (at 400× magnification) was used for morphometric 

measurements. The observed values were multiplied by 2.55 to convert the measurements 

to micrometers (µm). 

The length of gastric glands was measured randomly in 20 microscopic fields using a 

400× magnification lens. Similarly, the diameter of hepatocytes was measured in 20 

randomly selected cells per animal under the same magnification. 

A raster lens was used for cell counting. At 400× magnification, the observed area 

was 1/16 mm², and at 100× magnification, the corresponding field area was 1 mm². The 

numbers of zymogen cells, undifferentiated gastric cells, and hemosiderin-containing 

splenic cells were counted randomly using a 10 × 10 raster lens (400× magnification) in 

20 microscopic fields per tissue. The number of necrotic hepatocytes was determined 

using the same raster lens at 100× magnification in 20 random fields. 

 

 

https://creativecommons.org/licenses/by/4.0/
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Statistical Analysis 

Data distribution was assessed using the Shapiro-Wilk normality test, and 

homogeneity of variances was verified with Levene’s test. Normally distributed data were 

analyzed using one-way ANOVA followed by Bonferroni post hoc tests. When 

assumptions were violated, equivalent non-parametric tests were applied. All analyses 

were performed using GraphPad Prism. Exact p-values are reported, with values < 0.05 

considered statistically significant. 

 

RESULT 

 Clinical Signs  

One rat in the iron oxide group developed neurological signs axial rotation, muscle 

contractions, and stiffness-that worsened with stimulation, appearing on day 17 and 

peaking around day 22. The symptoms gradually improved from days 20-28, and by the 

end of the study the animal showed less rigidity and moved more freely. Despite these 

signs, it continued to eat and drink normally. 

Rats in the iron oxide group were more resistant to oral gavage and less willing to 

receive treatment, whereas those in the iron sulfate group were easier to handle and more 

compliant. 

Pathological Changes 

Duodenum and Stomach 

No histopathological changes were observed in the duodenal tissues or in the non-

glandular portion of the stomach across all experimental groups compared with controls. 

However, in the glandular region of the stomach, marked differences were noted. 

The number of zymogen cells was significantly higher in the iron sulfate–treated 

group compared with all other groups (P < 0.05). (Figure 1A) The mean number of 

zymogen cells per 20 microscopic fields was 23.54 in the iron sulfate group, compared 

with 15.06 in controls, 15.92 in the nano iron oxide group, and 16.50 in the ordinary iron 

oxide group. 

Similarly, the number of undifferentiated gastric cells increased significantly in 

the iron sulfate group (P < 0.05). (Figure 1B) The mean counts per 20 microscopic units 

were 7.49 (iron sulfate), 3.83 (control), 4.94 (nano iron oxide), and 4.76 (iron oxide). 

The length of gastric glands also showed a significant increase in the iron sulfate 

group compared with the control and nano iron oxide groups (P < 0.05) (Figure 1C). The 

https://creativecommons.org/licenses/by/4.0/
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mean gland lengths were 24.17 µm (iron sulfate), 14.85 µm (nano iron oxide), 16.99 µm 

(control), and 22.07 µm (iron oxide). 

                                     

 
Figure 1 (A) Mean ± standard error of the number of zymogen gastric cells in 

rats treated with different iron compounds. (B) Mean ± standard error of the 

number of undifferentiated gastric cells in rats treated with different iron 

compounds. (C) Mean ± standard error of gastric gland length in rats exposed 

to various iron compounds. CTL: Control group; SO₄: Iron sulfate; OXY: Iron 

oxide; NAN: Nano iron oxide. * Indicates a statistically significant difference 

(P < 0.05). 

 

Liver 

Necrotic hepatocytes were observed in both control and treated animals; however, 

all three treatment groups exhibited a significant reduction in necrosis compared with 

controls (P < 0.05). (Figure 2 A) The mean number of necrotic cells per 20 microscopic 

units was 1.04 (iron sulfate), 1.46 (nano iron oxide), 2.06 (iron oxide), and 7.11 (control). 

Despite improved cellular integrity, the iron sulfate group displayed a less organized 

hepatic architecture compared with controls. 

Histopathological evaluation of hepatic tissues revealed the presence of 

cytoplasmic vacuolation and hepatocellular hypertrophy in the treated groups, as 

https://creativecommons.org/licenses/by/4.0/
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indicated by enlarged hepatocytes and reduced sinusoidal spaces. Although hepatocyte 

diameter increased relative to the control group, this difference was not statistically 

significant (P > 0.05). (Figure 2 B) 

 

 
Figure 2. (A) Mean ± standard error of the number of necrotic hepatocytes in rats treated 

with different iron compounds. (B) Mean ± standard error of hepatocyte diameter in rats 

exposed to various iron compounds. CTL: Control group; SO₄: Iron sulfate; OXY: Iron 

oxide; NAN: Nano iron oxide. *Indicates a statistically significant difference (P < 0.05). 

 

Spleen 

Histological examination revealed marked iron pigment accumulation in the 

Fe₂O₃-treated group, consistent with increased hemosiderin deposition. Quantitative 

analysis showed that the Fe₂O₃ group exhibited a significantly higher number of 

hemosiderin-laden cells (4.59 per 20 microscopic fields) compared with the control 

(0.81), nano iron oxide (0.97), and iron sulfate (1.70) groups (P < 0.05) (Figure. 3). 

 

 
                                           Figure 3. Mean ± standard error of the number of hemosiderin-containing 

splenic cells   in rats treated with different iron compounds. CTL: Control 

group; SO₄: Iron sulfate; OXY: Iron oxide; NAN: Nano iron oxide. 

*Indicates a statistically significant difference (P < 0.05).  

 

 

  
(A) (B) 
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DISCUSSION 

This study compared the histopathological effects of nano iron oxide, 

conventional Fe₂O₃, and FeSO₄ on the liver, stomach, and spleen of rats following 28-day 

oral exposure. Overall, the findings demonstrate that each iron form produced distinct 

tissue-specific responses, with nano iron oxide exhibiting the most favorable safety 

profile. 

In the stomach, FeSO₄ produced the greatest degree of histological alteration, 

including elongated gastric glands and increased numbers of zymogen and 

undifferentiated cells. These findings suggest enhanced cellular proliferation and 

differentiation within the gastric mucosa, consistent with earlier descriptions of gastric 

cell kinetics (Willems et al., 1972). In contrast, nano iron oxide caused minimal gastric 

changes, indicating better mucosal tolerance. No histopathological alterations were 

observed in the duodenum, which aligns with previous work showing limited 

gastrointestinal toxicity following low-dose FeSO₄ exposure (Benoni et al., 1993). In the 

liver, all three iron compounds induced hepatocellular hypertrophy and cytoplasmic 

vacuolation. Prussian blue staining confirmed ferric iron deposition in hepatocytes and 

Kupffer cells, predominantly within periportal regions. Surprisingly, despite the 

morphological changes, all treated groups exhibited a significant reduction in hepatocyte 

necrosis relative to controls. This unexpected trend may reflect an adaptive metabolic 

response in which moderate iron availability supports mitochondrial activity and 

stabilizes hepatocyte viability. Alternatively, the pattern may represent a shift from acute 

injury to compensatory hypertrophy. Similar findings of hepatic iron accumulation and 

vacuolar degeneration have been reported in previous studies involving both nano and 

bulk iron oxide (Babadi et al., 2012; Kulkarni et al., 2020). The pattern of iron distribution 

observed in this study initial periportal deposition extending toward centrilobular regions 

corresponds well with earlier descriptions of hepatic siderosis. Excess iron within 

hepatocytes has been shown to activate collagen gene expression, potentially initiating 

fibrogenic pathways (Gualdi et al., 1994; Özgüner and Sayın 2002). Although such 

progression was not observed in the current experiment, the presence of hemosiderin 

confirms ongoing iron handling within hepatic tissues. Similar to previous studies 

(Elshemy, 2018; Askri et al., 2019), repeated exposure resulted in accumulation of 

intracellular iron pigments, regardless of the compound administered. 

https://creativecommons.org/licenses/by/4.0/
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The spleen showed markedly different responses among the treatment groups. 

Conventional Fe₂O₃ caused a significant increase in hemosiderin-laden cells, consistent 

with an elevated risk of iron overload and potential hemosiderosis. Prussian blue staining 

strongly supported this finding. Nano iron oxide, however, induced minimal splenic iron 

deposition, suggesting more efficient iron handling or slower breakdown of nanoparticles 

by macrophages. 

Comparative toxicity findings in the literature remain heterogeneous. Some 

studies report significant biochemical and histopathological alterations following 

exposure to Fe₂O₃ nanoparticles, including oxidative stress, enzyme inhibition, and 

organ-specific damage (Kumari et al., 2012). Others highlight beneficial hematological 

effects when nano iron oxide is used at moderate doses, suggesting improved 

bioavailability compared with FeSO₄ (Elshemy, 2018). These discrepancies likely reflect 

differences in nanoparticle size, coating, dose, duration, and administration routes. 

Despite variable results across studies, the overall pattern remains clear: both iron 

deficiency and iron overload can disrupt normal tissue structure and function. While iron 

is essential for mitochondrial respiration, hematopoiesis, and enzyme activity, excessive 

accumulation promotes oxidative stress, fibrosis, and cellular injury. Therefore, iron 

compounds must be administered within physiological limits to prevent adverse effects. 

A limitation of the present study is the absence of biochemical assessments (e.g., ALT, 

AST, ALP, renal markers, and iron indices), which would have strengthened the 

interpretation of the histopathological findings. Future research should include such 

measurements to better characterize functional hepatic injury and to integrate biochemical 

and morphological outcomes for a more comprehensive assessment of iron-induced 

toxicity. 

 

CONCLUSION 

Nano iron oxide induced fewer histopathological alterations than conventional 

iron oxide or iron sulfate. Fe₂O₃ caused marked hemosiderin accumulation in the spleen, 

while FeSO₄ produced the strongest gastric cellular responses. Further studies 

incorporating biochemical parameters are recommended. 

 

 

 

https://creativecommons.org/licenses/by/4.0/
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