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Vibrating sample magnetometry (VSM), transmission electron microscopy (TEM), and X-ray diffraction (XRD) 

were used to characterize iron oxide nanoparticles (IONPs) synthesized via co-precipitation. TEM showed that 

the synthesized NPs had an average size of 13.8 nm and exhibited a saturation magnetization of 50.26 emu/gm, 

while XRD confirmed their crystallinity. This study assessed the toxicological impacts of IONPs on hematology, 

serum biochemistry, genotoxicity, and the histoarchitecture ailments in different visceral organs (liver, kidneys, 

spleen, brain, and heart of rabbits (Oryctolagus cuniculus). A total of 16 healthy adult rabbits without infections 

were randomly assigned to two groups (A and B). Group A was the control whereas group B received 0.5 mg/kg 

bw of IONP dose once for 10 days via marginal ear vein. Visceral tissues and blood were obtained from each 

rabbit on days 5 and 10 of trial. The results showed a significant reduction in antioxidant enzymes and an 

increase in oxidative stress. The hematological profile indicated lower values of red blood cell counts, 

hematocrit, lymphocyte, and monocyte while significantly higher values of total white blood cell counts and 

neutrophil (%) in IONPs-treated rabbits. Serum biomarkers of the liver, kidneys, and heart exhibited escalated 

concentrations in IONPs-treated rabbits. Histopathological examination revealed notable tissue alterations like 

necrosis of hepatocyte, congestion, and bile duct hyperplasia in the liver, neuronal degeneration, necrosis, and 

microgliosis in the brain, tubular degeneration, necrosis, and congestion in the kidneys and disorganization of 

cardiac myofibers and edema in cardiac tissue. A significantly increased DNA damage was assessed in multiple 

visceral organs of treated rabbits. In conclusion, our findings demonstrate that exposure to IONPs induces toxic 

effects in multiple visceral organs including the kidneys, liver, spleen, heart, and brain in rabbits. 
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Introduction 
 

Over the last few decades, the scientific community 

around the world has paid huge attention to 

nanotechnology. Due to rapid advancement in various 

nanoscale chemical properties and the expansion of 

nanotechnology, nanoparticles (NPs) have been 

widely used in various industries including the 

manufacturing of electronic and medical devices, 

material sciences, public health, and food additives 

(Younas et al., 2024). The wide range of applications 

of NPs carries with it the environmental dangers and 

raises safety concerns (Mansour et al., 2023). The 

extensive use of NPs may cause risks to various target 

and non-target animals in several ways 

(Hajesmaeelzadeh et al., 2016). Previous studies have 

revealed that animals exposed to NPs are at 

tremendous risks. However, various approaches, such 

as oxidation state, modification, surface 

functionalization, and coating may reduce the 

potential toxicity of the NPs (Arshad et al., 2021). Due 

to their volatility and widespread use, NPs are 

routinely discharged into the environment either 

decisively or accidentally (Maqsood et al., 2023). 

Several studies have evaluated the toxicological 

consequences of NPs in various environmental 

exposures and circumstances (El-Hamaky et al., 

2023). Earlier reports showed that the toxicity of 

different NPs depends on several factors like synthesis 

methods, coating, physiochemical, concentration, and 

physiological properties, which are vital when 

deciding on the use of NPs for various physiological 

and biomedical applications (Elbehary et al., 2023; 

Yew et al., 2020). 

It has been recorded that various kinds of magnetic 

nanoparticles (MNPs) interact with living cells and 

induce their adverse toxic effects in terms of 

inhibition or promotion of catalytic activity of 

different enzymes. The particle-protein interaction in 

exposed organisms leads to malfunctioning of cells 

and even provokes death (Urian et al., 2021). 

Different studies have indicated that magnetic iron 

oxide NPs are preferable in the medical sciences. 

These are extensively used because of their excellent 

physiochemical characteristics and low toxicity 

including superparamagnetism, stability in an 

aqueous medium, and biocompatibility (Ali et al., 

2023; Bagherzade, 2021; Hussain et al., 2022). 

Furthermore, it has been reported that MNPs provide 

a suitable platform for theragnostic and can be 

applied to magnetic resonance imaging (MRI) as a 

contrast agent in diagnostics and therapeutics in the 

forms of drug administration in the body, purification 

of proteins, bio-catalysis, and magnetic cell 

separation (El-Hamaky et al., 2023). 

Moreover, different factors such as structure, size, 

shape, dosage, concentration, biodistribution, 

solubility, bioavailability, surface modification, 

immunogenicity, and pharmacokinetics of NPs play 

an important role in the induction of adverse toxic 

effects (Aslam et al., 2023; Raza et al., 2024). 

Therefore, it is imperative and crucial to investigate 

the mechanism of induction of the noxious effects of 

MNPs. It is also recorded that an increased 

surface-to-volume ratio can favor the interactions of 

different NPs in different body components when 

they enter the body via inhalation, absorption, and 

injection (Liu et al., 2021). The NPs may be able to 

cross the biological barriers of cells, and their 

resistance to biodegradation can enhance their 

adverse toxic effects (Ali et al., 2024). Therefore, 

monitoring and determining underlying mechanisms 

of induction of acute and chronic toxicity of 

contaminants is vital, and studies should involve the 

degradation of these pollutants, metabolism, 

defensive and inflammatory responses, and 

elimination from cells and different animals (Hussain 

et al., 2019; Hussain et al., 2024). Thus, further 

research is required to examine the underlying 

mechanisms in induction of oxidative stress, acute 
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and chronic toxicity, inflammatory response, 

defensive response, and degradation of particular 

products to mitigate the adverse toxic effects on 

public health (Saif et al., 2023; Ullah et al., 2023). 

However, few studies are available on the damaging 

effects of various forms of NPs, and still, there is a 

huge research gap. Animal biomedical experiments 

showed that MNPs were acceptable for researchers, 

but few studies have reported the mechanisms of 

induction of IONPs (Aisida et al., 2021). Therefore, 

this study, for the first time, determined the in vivo 

toxic effects of the IONPs on hematology, 

genotoxicity, serum biochemistry, and biomarkers of 

oxidative stress in rabbits. 

 

Material and Methods 

 

Chemicals and Synthesis of Nanoparticles 
The material was synthesized using co-precipitation 

methods. At 45 °C and 450 rpm, FeCl3.6H2O and 

FeCl2.4H2O in a 2:1 ratio was mixed. By adding 

NH4OH drop by drop, a pH of 9.0 was obtained. The 

solution was then centrifuged at 3000 rpm for half an 

hour to obtain the NPs (Arshad et al., 2021). After 

that, the NPs were dried for 7 h at 50°C in an oven. 

IONPs were successfully obtained by maintaining all 

physical and chemical operating conditions 

(Hajesmaeelzadeh et al., 2016; Arshad et al., 2021). 

 

Characterizations 

X-Ray Diffraction analysis 
The crystalline structure of synthesized NPs was 

analyzed using XRD (Bruker-D8 Advance Laboratory 

Diffractometer, CuKα radiation, λ =1.54 Å). The XRD 

analysis and the Scherrer equation (Dhkl= k λ / β cos θ) 

was used to explore the phase identification, 

crystallinity, and particle size (Ali et al., 2023; Ali et 

al., 2025). 

 

Transmission Electron Microscopy analysis 
TEM was used to study the shape and size of 

synthesized material. The statistic histogram plot was 

carried out using the standard-fit tool to estimate the 

mean particle size (Yew et al., 2020). 

 

Vibrating Sample Magnetometer analysis 
A VSM verified the synthetic material's magnetic 

characteristics. According to the prior methodology, 

VSM (Lakeshore 7407) was used to study hysteresis 

loop saturation magnetization, retentivity, and 

coercivity (Bagherzade, 2021). 

 

Experimental animals 
Sixteen rabbits (Oryctolagus cuniculus) of 

approximately 1.5-1.6 kg body weight and almost of 

the same age were purchased from the local 

commercial market (Bahawalpur). All the 

experimental rabbits were housed under similar 

laboratory conditions. The rabbits had a free excess 

of fresh and clean water. The house was disinfected 

prior to the start of the trial. After 5 days of 

acclimatization, 16 rabbits were randomly divided 

into two groups: the untreated control (A) and the 

treated group (B). Group B received a 0.5 mg/kg bw 

of IONP dose for 10 days via a single ear vein. 

 

Animal treatment for hematology and serum 

analysis 
Approximately 2.5 mL of blood was obtained in an 

EDTA tube from the jugular vein of each NP-treated 

and untreated rabbit on days 5 and 10 of 

post-treatment for hematological analysis and serum 

analysis 2.5 mL of blood was obtained in a glass tube 

without anticoagulant from the jugular vein of each 

NPs-treated and untreated rabbit, and serum 

biochemical parameters (ALT (alanine transaminase), 

LDH (lactate dehydrogenase), ALP (alkaline 

phosphatase), AST (aspartate transaminase), 

creatinine, urea, cholesterol, triglycerides, and 

glucose) were measured using commercially 

available kits and previous protocol (Ghaffar et al., 

2021; Hussain et al., 2020). 

 

Biomarkers of oxidative stress and 

antioxidant enzymes 
Malondialdehyde (MDA) was determined using the 

methods already described (Akram et al., 2021) in 

NPs-treated and untreated rabbits. Biochemical 

analysis of catalase (CAT), superoxide dismutase 

(SOD), and peroxidase (POD) was measured in the 

IONPs-treated and untreated organs of rabbits 

(Kanwal et al., 2024; Shafqat et al., 2023). 

 

DNA damage in the liver, kidneys, and heart 
DNA damage in isolated liver, kidney, and heart cells 

was evaluated using comet assay techniques under 

alkaline conditions  following  the  established 

protocols (Akram et al., 2021; Hussain et al., 2019). 

The assay was performed with a  Euromex 
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fluorescence microscope (OX range; AE 3199; 

SL.5510; France). The frequency of DNA damage (% 

DNA) was determined in a total of 500 cells of each 

rabbit. DNA damage appeared as a diffuse "cloud" of 

fluorescing DNA material surrounding the nucleus or as 

a tail extending in the direction of the electric field (Ali 

et al., 2024; Hamza et al., 2023). 

 

Gross and histopathology 

The kidneys, liver, spleen, heart, and brain were 

carefully examined and excised from both IONPs-

treated and untreated rabbits at dissection, following 

blood collection. A small portion of each tissue was 

preserved in a 10% formaldehyde solution for 

histological analysis. Thin sections (4-5 µm) of these 

organs were then prepared using a rotary microtome 

(Shandon Finesse, Italy). After fixation, all tissues were 

processed and stained using Hematoxylin and Eosin 

staining techniques (Hussain et al., 2018). 

 

Statistical analysis 
The data was visualized using various software 

tools including RadiAnt DICOM Viewer, CD 

DICOM Viewer, Spec Viewer, Unit Cell, Origin 

Pro, ImageJ, PhotoScape, and X'Pert High Score. 

For data analysis, IBM SPSS (version 20) was 

employed, using a T-test to compare the mean ± 

S.E. of blood, serum, and DNA damage between 

IONPs-treated and untreated rabbits. Statistical 

significance was set at P < 0.05 relative to the 

untreated group. 

 

Results 

Size and morphology analysis 
Seven peaks indicated different crystal planes in 

XRD pattern of IONPs as shown in Figure 1 (A). 

The hkl values of the observed planes included 

(220), (311), (400), (422), (511), (440), and (533) 

at 2theta values of 30.4, 35.6, 43.2, 53.5, 57.1, 

62.3, and 74.6. 

The TEM analysis confirmed the purity of the 

synthesized material and showed a cubic phase in 

the structure. The average crystalline size of 

prepared NPs was 13.8 nm. The images taken from 

TEM analysis are shown in Figure 1(B). The 

statistic histogram plot is shown in Figure 1 (C), 

and the average grain/particle size was calculated to 

be 13.18 nm using the normal fit tool. VSM 

magnetization curves for synthesized IONPs are 

presented in Figure 1(D). The hysteresis loop has a 

50.26 emu/gm saturation magnetization and 

extremely low Retentivity (Mr) and Coercivity 

(Hc). 
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Serum and hematology analysis 
On days 5 and 10, rabbits treated with IONPs 

showed a significant reduction in red blood cells, 

monocytes, lymphocytes, hemoglobin, and 

hematocrit percentages (Figure 2), while total 

white blood cells and neutrophil counts were 

elevated. 

 

 

      
 

Figure-2: Photograph showing changes in blood profile of rabbits exposed to IONPs. a) red blood cell counts; 

b) white blood cell counts; c) hemoglobin quantity; d) hematocrit percentage; e) Neutrophil counts; f) 

Lymphocyte counts and g) Monocyte counts. 
 

On day 10, total proteins and albumin levels 

significantly decreased in the IONPs-treated 

rabbits. A significant (P < 0.05) increase in ALT, 

ALP, and triglyceride levels in IONPs-treated 

rabbits compared to untreated ones was recorded. 

Serum urea, creatinine, cholesterol, and glucose 

levels were markedly higher in the NPs-treated group 

on both sampling days (Figure 3). 
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Figure-3: Photograph showing changes in serum chemistry of rabbits exposed to IONPs. a) Alanine 

aminotransferase; b) Alkaline phosphatase; c) Albumin quantity; d) total proteins; e) Urea concentration; f) 

Creatinine; g) Cholesterol and h) Triglyceride quantity. 
 

Analysis of oxidative stress and antioxidant 

status 
On day 10 post-exposure, the liver of rabbits treated 

with IONPs exhibited significantly higher biomarkers 

of oxidative stress compared to untreated rabbits. In 

the liver tissues of IONPs-treated rabbits, antioxidant 

enzyme including SOD, CAT, and POD showed 

a significant decline compared to those in 

untreated rabbits (Figure 4).
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Figure-4: Photograph showing changes in oxidative stress and antioxidant enzymes chemistry of rabbits 

exposed to IONPs a) Peroxidase concentration; b) Superoxide dismutase quantity; c) Catalase concentrations; d) 

Malondialdehyde values. 

 

Analysis of Comet Assay in liver, kidneys and 

heart 
At day 10, the percentage of DNA damage, assessed 

by cell gel electrophoresis was significantly higher 

(p≤0.05) in isolated cells from the liver (Figure 8), 

kidneys, and heart of IONPs-treated rabbits in terms 

of increased DNA fragmentation compared to 

untreated group. The bar graph (Figure 5) illustrates 

the comparison of DNA damage (%) observed 

using the comet assay in untreated and IONPs-

treated liver, kidneys, and heart tissues of rabbits on 

days 5 and 10 of experiment. 
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Figure-5: Photograph showing the frequency of DNA damage in; a) hepatocytes; b) isolated cells of kidneys, 

and c) cardiac cells of rabbits exposed to IONPs. The level of significantly difference was accepted at P < 0.05 

from control group. 

 

Microscopic analysis in visceral organs of

rabbits 
 

Kidneys: On day 5 post-IONP treatment, rabbit 

kidneys exhibited mild to moderate histopathological 

changes. However, on day 10, kidneys in 

IONPs-treated rabbits showed moderate to severe 

necrotic changes, congestion, widening of urinary 

spaces, renal tubular atrophy, glomerular degeneration 

and necrosis of renal tubules (Figure 6 A, B) and 

Table 1. 

 

 

 

 

 

Liver: At day 10 of exposure, severe 

histopathological changes were observed in various 

sections of the liver of IONPs-treated rabbits. These 

alterations included hepatocyte necrosis, congestion, 

edema, hepatocyte degeneration, and atrophy (Figure 

6 C, D). 
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Figure-6: Photomicrograph showing severe necrosis, congestion, widening of urinary space, atrophy of renal 

tubule, degeneration of glomeruli and necrosis of renal tubules (A-B), necrosis of hepatocyte, congestion, 

edema, and degeneration of hepatocyte and congestion were observed in different sections of liver (C-D) and 

degeneration of white and red pulp and depletion of lymphoid (E-F) in spleen of treated rabbits. H & E Stain; 

200X 

 
 

Spleen: On day 5 of treatment, the spleen of 

IONPs-treated rabbits exhibited mild to moderate 

degeneration of both white and red pulp, along with 

lymphoid depletion (Figure 6 (E); Table 1). However, 

at day 10, severe histopathological changes in spleen 

of IONPs-treated rabbits (Figure 6 (F)) compared to 

those of untreated rabbits were observed. 

 

Heart: Photomicrograph in Figure 7 (B) and Table 2 

exhibit moderate to severe congestion, coagulative 

necrosis, edema, neutrophilic infiltration, severe 

myocarditis, and degeneration of cardiac myocytes in the 

different sections of hearts of IONPs-treated rabbits o n  

d a y  1 0  o f  t r i a l .  Mild t o  moderate microscopic 

changes on day 5 (Figure 7 (A)) compared to untreated 

rabbits were observed. 
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Brain: On day 10 post-treatment, the brains of 

IONPs-treated rabbits exhibited severe microscopic 

changes including neuronal necrosis, neuronal 

atrophy, microgliosis, cytoplasmic vacuolization, and 

congestion were observed (Figure 7 (D) and Table 2). 

These changes were mild to moderate (Figure 7 (C)) 

when compared to the untreated brain on day 5 of 

trial. 

 

 

 

Figure-7: Photomicrograph showing congestion, coagulative necrosis, edema, neutrophilic infiltration, severe 

myocarditis and degeneration of cardiac myocytes (A-B) and necrosis of neurons, atrophy of neuron, 

microgliosis, cytoplasmic vacuolization and congestion in brain of treated rabbits (C-D). H & E Stain; 200X 
 

    Discussion 
 

 

Several studies on NPs have focused on their 

environmental and public health impacts because of 

their widespread use in biomedical and biological 

sciences (Huang et al., 2021; Shafiq et al., 2021). 

Nanoparticles with diverse properties and structure 

are widely and frequently selected against target 

structures in biomedical field (Kush et al., 2021). 

Hence, we evaluated the toxic effects of IONPs on 

hematological parameters, serum biochemistry, 

DNA damage, and the histoarchitecture of the liver, 

kidneys, spleen, brain, and heart of rabbits 

(Oryctolagus cuniculus). XRD analysis of IONPs 

revealed multiple Bragg reflection peaks. The 

reported scattering angles and their corresponding 

hkl values confirmed the purity of the 

crystallographic structure of the cubic phase IONPs, 

which were in agreement with the previous research 

(Basavegowda et al., 2016). The TEM images 

showed the average particle size of prepared NPs. 

The hysteresis loop's almost zero Retentivity (Mr) 

and Coercivity (Hc) proved the supermagnetic 

behavior of IONPs. The prepared IONPs are 

suitable for MRI due to their 50.26 emu/gm 

saturation magnetization (Ms) as reported in earlier 

studies (Besenhard et al., 2021; van Zandwijk et al., 

2021). In treated rabbits, red blood cells, 
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hemoglobin, and hematocrit values were reduced 

and total leukocytic count and neutrophils were 

increased. Lower blood values may be attributed to 

the noxious impact of IONPs on the bone marrow, 

whereas higher white blood cell and neutrophil 

numbers may be due to injurious/harmful stimuli 

and the generation of free radicals (Couto et al., 

2014; Ali et al., 2024). The increased biomarkers of 

renal function tests, liver function tests, and cardiac 

biomarkers in our study could be due to hepatic, 

renal, and cardiac damage (Hussain et al., 2018; 

Qiao et al., 2021). Previous studies have found 

increased oxidative stress, free radical production, 

and hepatic lipid peroxidation (Ghaffar et al., 2021; 

Kalsoom et al., 2024; Nwafili and Uchechi-Ibinabo, 

2023). 

Previous studies involving intravenous 

administration of polyacrylic acid-coated IONPs in 

mice have demonstrated an increase in cardiac 

indicators such as creatine kinase (Couto et al., 

2014). Previously similar to our results on 

hematology, an increase in lymphocyte counts, 

blood cell counts, and goblet cells in the intestinal 

tissue of fish treated with iron salts and Fe3O4 NPs 

have been recorded (Malhotra et al., 2020). 

IONP treatment led to a significant increase in 

oxidative stress and a marked depletion of 

antioxidant biomarkers. Earlier studies have 

shownthat fish and rabbits exposed to low 

concentrations of cobalt ferrite nanoparticles 

exhibited reduced catalase activity alongside 

elevated levels of acid phosphatase, glutathione S-

transferase, and other indicators of oxidative stress 

(Ahmad et al., 2015; Khan et al., 2023). 

Mitochondrial respiration anomalies in rabbit tissues 

may be the reasons for oxidative stress and 

antioxidant disorders in our study (Saoudi et al., 

2020). Previously, enhanced lipid peroxidation along 

with ROS in muscles of rat (Malhotra et al., 2020) 

and fish (Ahmad et al., 2015) has also been 

recorded. IONPs exposure may enhance DNA 

damage in hepatocytes, cardiac myocytes, and 

kidney cells at day 10 due to NF-kB activation, 

which causes oxidative stress and DNA 

fragmentation (Ahmad et al., 2015; Khan et al., 

2022). In addition, NP-induced cytotoxicity in 

exposed cells has been linked to redox homeostasis 

disruption and Bax/Bcl-2 pathway changes 

(Mohammadinejad et al., 2019; Cem et al., 2024). 

The remarkable increased DNA damage in livers, 

hearts, and kidneys of treated rabbits may be due to 

oxidative stress (Hussain et al., 2022). Recent studies 

have shown that IONPs generate free radicals, induce 

lipid peroxidative stress, deplete antioxidant 

enzymes, and enhance caspase-3 and caspase-9 

activity in exposed cells, causing genotoxicity (Khan 

et al., 2022; Özüiçli et al., 2023).The higher DNA 

damage frequency may potentially be due to protein 

carbonylation as well as ubiquitin conjugate 

abnormalities (Malhotra et al., 2020; Hussain et al., 

2022) and abnormal cytosolic calcium in tissues (Lin 

et al., 2014; Ran et al., 2015; Ullah et al., 2023). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-8: Photomicrograph showing DNA-damaged material fluorescing around the nucleus in isolated cells 

from the liver of rabbits exposed to IONPs. Ethidium bromide stain; 400X. 
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In IONPs-treated rabbits, different histological 

abnormalities observed in our study including 

hepatocyte degeneration, congestion, edema, and 

necrosis have also been reported (El-Bahr et al., 

2021). The rapid increase of oxidative stress may 

activate archetypal AhR-regulated genes (Cyp1a1, 

Nqo1 mRNA, and Cyp1b1) in hepatocytes, causing 

nuclear localization and these symptoms in treated 

animals (Elshenawy and El-Kadi, 2015; Qiao et al., 

2021). The rapid production of free radicals which 

release apoptotic signals from mitochondrial 

membranes may also cause liver parenchyma 

necrosis in NPs-treated rabbits (Akram et al., 2021). 

The toxic effect of Fe3O4 NPs on rabbits is little 

documented. Various investigations have also found 

abnormal alterations in the liver of rats (Su et al., 

2018) and rabbits (Bai et al., 2020) and, unlike other 

animals, due to exposure to these NPs (Ma et al., 

2012; Murali et al., 2018; Wu and Tang, 2018). In 

rats, sub-lethal quantities of oleate-coated IONPs 

caused sinusoid space expansion, lipidosis, and 

necrosis in liver tissues (Awaad and Seleem, 2016). 

Also, IONPs-treatment has little influence on cell 

viability, apoptosis, along with oxidative stress. 

(Mejías et al., 2013). Our study found microscopic 

abnormalities in IONPs-treated kidneys of rabbits 

due to histone acetylation and DNA methylation, 

increased IL-8 production, and promoter 

abnormalities. Previously, no IONPS-induced renal 

pathology has been reported in mice (Couto et al., 

2014). The modification of CpG may also cause 

dysregulation as well as cell migratory abilities that 

favor kidney damage (Singh et al., 2015). 

Previously, NPs-exposed kidneys of animals showed 

tubular epithelial cell degeneration, congestion, 

necrosis, as well as hemorrhages (Abdel-Latif et al., 

2021;Shahid et al., 2023). Under a light microscope, 

the spleen of treated rabbits showed cell depletion 

and white and red pulp degeneration. Earlier, MNP-

exposed animals had no histological spleen changes 

(Aslam et al., 2023). IONPs may cause histological 

alterations in the spleen of rabbits by inducing 

oxidative stress. NPs have been shown to induce 

oxidative stress and lipid peroxidation in mice 

(Couto et al., 2014). Histopathological abnormalities 

in visceral tissues may be due to protein (TNF-R2 

and caspase 3) over-release (Awaad and Aziz, 

2021; Awaad and Seleem, 2016; Teng et al., 2021). 

The microscopic abnormalities in our study may 

also be linked to increased connective tissue 

growth factors and collagen fiber proteins after day 

10 of treatment. According to studies, NPs are 

unable to penetrate the blood-brain barrier (Couto et 

al., 2014). Research indicates that the blood-brain 

barrier prevents passive diffusion of large-molecule 

neurotherapeutics and 98% of small-molecule 

medicines due to tight junction gaps. In our work, 

IONPs rapidly produced free radicals (hydrogen 

peroxide and reactive oxygen species), which may 

have caused microscopic brain tissue abnormalities. 

In IONPs-treated rabbits, microscopic cardiac 

changes may be linked to inflammatory mediator 

release and reactive oxygen species formation 

(Couto et al., 2014; Freitas et al., 2009; Ma et al., 

2012). 

  

 Conclusion 
 

In conclusion, this study demonstrates that the 

synthesized IONPs, characterized by a size of 13.8 

nm and a saturation magnetization of 50.26 emu/gm, 

exhibit significant toxic effects on various visceral 

organs in rabbits. The alterations observed in 

hematological and serum biochemical profiles 

indicate potential organ dysfunction, accompanied 

by increased oxidative stress and DNA damage. 

Histopathological analyses further highlight the 

detrimental effects on tissue integrity, particularly in 

the liver, brain, kidneys, and heart. These findings 

emphasize the critical need for comprehensive 

investigations into the safety and potential health 

risks of IONPs in biomedical applications, 

underscoring the necessity of understanding their 

toxicological profiles to ensure their safe and 

effective use in clinical contexts. 
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