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ABSTRACT: Nanotechnology has gained a tremendous appreciation since it’s discovery, finding 

applications across numerous scientific and technological areas. Nanomedicines and nanoinformatics can 

enhance delivery efficiency and accelerate research in nanomedicine. By utilizing data-driven approaches, 

computational modelling, and artificial intelligence, they can drive innovation, improve drug design, and 

transform healthcare by unlocking its full potential. Nanoparticles are generally classified into metallic and 

metal oxide nanoparticles. Among these, metal oxide nanoparticles are recognized as a more sophisticated 

and effective form compared to metallic nanoparticles, particularly iron oxide nanoparticles (IONPs). This 

review meticulously explores and summarizes different types of IONPs and their methods of synthesis. 

Beyond their general characteristics, the wide applications of IONPs in biomedical field are also 

highlighted. Although IONPs are a fascinating and emerging class of NPs, they possess some level of 

toxicity, which may raise potential concerns. In this review, we provide a comprehensive overview of the 

characteristics, uses, biodistribution, and toxicity of iron oxide nanoparticles. Considering the emerging 

interest of nanoinformatics, we have also included its opportunities in development of nanomaterial-based 

therapeutics. 

Keywords: Iron oxide nanoparticles, maghemite, hematite, magnetite, targeted drug delivery, magnetic 
hyperthermia, photothermal therapy, biodistribution, toxicity, cytotoxicity, nanoinformatics. 

 

INTRODUCTION 

The world has recently witnessed tremendous 
technological progress in the field of nanoscience. 
Nanoscience and nanotechnology deal with the study of 
molecules of size ranging between 1 and 100 nm and 
their applications (Bayda et al., 2019). From electrical 
equipment to medicines, nanoparticles are unavoidable 
in various fields of research. Nanoparticles have a 
number of properties that distinguish them from bulk 
materials simply by virtue of their size, such as 
chemical reactivity, energy absorption, and biological 
mobility (Murthy, 2007). Nanoparticles are also 
referred to as ‘Zero dimensional’ nanomaterials as their 
dimensions are in the nanoscale (Murthy, 2007). 
Nanoparticles exhibit numerous applications in the field 
of medicine of which targeted drug delivery and 
bioimaging are the most explored. Recent studies show 
that nanoparticles have been used to improve immunity, 

adsorption of active oxygen, adjuvant material and 
virus neutralization (Kotsuchibashi et al., 2016). 
Nanomedicine is an important component of 
nanotechnology, which is mainly used for medical 
diagnostics and drug delivery (Panda et al., 2021). The 
nanoparticles widely used in biomedicine can be 
classified based on their chemical composition into 
three main types. These nanoparticles include organic 
nanoparticles such as polymers and liposomes, 
inorganic nanoparticles such as metals, metal oxides, 
quantum dots, and ceramics, and carbon-based 
nanoparticles. Nanoparticles used in biomedical 
applications must be non-toxic, water-dispersible, 
biocompatible, non-immunogenic, and stable in 
physiological media (Nikzamir et al., 2021). 
Considering the growing interest in herbal medicine 
due to the side effects of modern medicine, the 
application of herbal nanoparticles is becoming a hot 
topic of investigation. The applications of herbal 
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nanoparticles in fertility control has been recently 
reviewed by Kumari et al. (2023). 

IRON OXIDE NANOPARTICLES 

Metal oxide nanoparticles is considered as one of the 
most emerging nanomaterials in many areas due to their 
unique physical and chemical properties, such as 
thermal conductivity and heat transfer (Khalil et al., 
2017). Metal oxides, such as zinc oxide (ZnO) and tin 
oxide (SnO2), are semiconductors and used in electronic 
devices  Iron oxide nanomaterial research provides new 
opportunities in a variety of sectors, including 
electronics and environmental science (Malik et al., 
2023). Ongoing researches are exploring their 
possibilities, notably in the development of more 
efficient and sustainable technology. 
Iron oxide nanoparticles are widely researched and 
most commonly used among metal oxide nanoparticles. 
Their versatility is due to the unique properties they 
possess such as chemical stability, non-toxicity, 
biocompatibility, high saturation magnetisation and 
high magnetic susceptibility (McNamara & Tofail 
2017). These properties aid for the different biomedical 
applications like bioimaging, hyperthermia, drug 
delivery, cell labeling and gene delivery (McNamara & 
Tofail 2017). Due to their nontoxic nature in the 
biological system, biocompatibility, biodegradability, 
ease of synthesis, magnetic nature, and semiconductor 
properties, iron oxide NPs are reported to have 
promising applications in the biomedical field (Xu et 

al., 2007). The three most common polymorphic forms 
of iron oxides in nature are maghemite (γ-Fe2O3), 
hematite (α-Fe2O3) and magnetite (Fe3O4) (Ali et al., 
2016). 

A. Maghemite ( γ-Fe2O3) 

Maghemite NPs represent a promising class of iron 
oxide nanoparticles which are used extensively for the 
removal of heavy metals (Dutta et al., 2022). 
Maghemite nanoparticles exhibit the properties of a 
photocatalyst and magnetic nanomaterial. These 
nanoparticles are favored very much in water treatment 
applications due to their effectiveness in degradation 
and removal of contaminants (Ali et al., 2017). These 
are used as adsorbents to remove contaminants from 
water with remarkable adsorption efficiency. The 
contaminants removed using maghemite includes Cs+, 
Se4+, heavy metal ions, NO2

-, NO3
-, NOM, and several 

dyes like rose bengal, methylene blue (MB), methyl 
orange (MO), brilliant cresyl blue, thionine, Janus green 
B, and Congo red (Ali et al., 2017). Earlier researchers 
successfully synthesised maghemite nanoparticles and 
utilized them for the removal of  As (V) ions (Dutta et 

al., 2022).  

B. Hematite (α-Fe2O3) 

Hematite NPs are one of the most durable forms of iron 
oxide (Dutta et al., 2022). They are the most stable iron 
oxide in air under ambient conditions (Rufus et al., 
2016). Hematite iron oxide nanoparticles are also 
environment-friendly and have sorption 
capacity. Hematite NPs are important due to better anti-
microbial activity, significant therapeutic properties on 
the cancer cell, and other biomedical applications 

(Sajjad et al., 2023). Hematite NPs are weakly 
ferromagnetic. Hence they can be made useful for 
nanomedicine by manipulating their magnetic 
properties (Powell et al., 2021). The applications of 
hematite nanoparticles include wastewater treatment 
(Fang et al., 2009), catalysis (Jagadeesh et al., 2013) 
gas sensors (Fang et al., 2009) and electrodes (Piao et 

al., 2008).  

C. Magnetite (Fe3O4) 

Magnetite (Fe3O4) is a common magnetic iron oxide, 
and it has a cubic inverse spinel structure with oxygen 
forming a FCC closed packing and Fe cations 
occupying the interstitial tetrahedral sites and 
octahedral sites (Xu et al., 2007). Magnetite 
nanoparticles have been widely studied because of their 
applications in ultrahigh density magnetic storage 
media, biological labeling, tracking, imaging, detection, 
and separations, and ferrofluid. Magnetite NPs were 
successfully synthesised via sol–gel method combined 
with annealing under vacuum using inexpensive, 
nontoxic ferric nitrate and ethylene glycol as starting 
material (Xu et al., 2007). Magnetite NPs are thought to 
be promising for a wide range of applications because 
of their unique characteristics, including their high 
saturation magnetization, which makes them easily 
operated by the magnetic field, and their low toxicity. 
They are broadly applied and have potential for 
biomedical applications, such as magnetic drug 
targeting, DNA/RNA purification, magnetofection, 
hyperthermia, MRI imaging cell separation etc. 
(Dudchenko et al., 2022). 

SYNTHESIS OF IRON OXIDE 

NANOPARTICLES 

There are two approaches for the manufacturing of 
nanomaterials: The “top-down” approach, which 
involves the breaking down of large pieces of material 
to generate the required nanostructures from them.  The 
“bottom-up” approach, which implies assembling single 
atoms and molecules into larger nanostructures. The 
iron oxide nanoparticles are synthesised mainly by 3 
different production methods. They are (a) Physical 
method-It is a type of top down production 
method. This method includes elaborate procedures 
which are not always practical and feasible. Physical 
synthesis of iron NPs from the vapor phase is possible 
using the EB-PVD (electron beam physical vapor 
deposition) method (Kurapov et al., 2019). (b) 
Chemical method- This method is simple, tractable, and 
efficient, in which the size, composition, and even the 
shape of the NPs can be managed. (c) Biological 
method-This method is carried out by microbial 
incubation. It requires scrupulously sterile conditions 
for production and is not opted much due to the strict 
procedures. Among all the three types of methods, the 
chemical based synthesis methods are most commonly 
adopted due to low production cost and high yield. Now 
let us consider the production methods of each of the 
different types of iron oxide nanoparticles.  
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A. Maghemite 
(i) Physical method. Maghemite iron oxide 
nanoparticles can be synthesised by condensation of 
mixed molecular flows of iron and salt in vacuum 
electron beam installation. Maghemite nanoparticles 
were generated by this method and their potential 
biomedical applications were also proposed (Kurapov 
et al., 2019). 
(ii) Chemical method. Maghemite is synthesised from 
different iron-containing waste materials by simple 
chemical precipitation method using HCl, NaOH, and 
Na2CO3, followed by calcination. The two important 
raw materials for production are  slag and mill scaleand 
scrap and iron dust (Rahman et al., 2020). It is also 
synthesised by using co-precipitation method (Patekari 
et al., 2021). Maghemite nanoparticleswere developed 
by the chemical co- precipitation method  (Nurdin et 

al., 2014). Superparamagnetic maghemite nanoparticles 
were prepared using  chemical co-precipitation 
technique (Yoon, 2014). Rod-shaped  and maghemite 
nanoparticles with diameters of 5 nm and lengths of 16 
and 17 nm were synthesised by a newly designed sol–
gel mediated reaction  (Woo & Lee 2004). 
(iii) Biological method. It was reported that  Bacillus 

subtilis SE05 strain can produce highly magnetic iron 
oxide nanoparticles of the maghemite type (γ-Fe2O3). 
The biosynthesis of single phase maghemite (γ-Fe2O3) 
nanoparticles using an aqueous fruit extract of Ficus 
carica was also reported (Kumar et al., 2021). 
Actinobacter species were utilised for the sysnthesis of 
bacterial maghemite nanoparticles (Bharde et al., 
2008). 

B. Hematite  

(i) Physical method. Electron beam physical vapor 
deposition method (EB VDM) utilizes an electron gun 
to vaporize the ingot to the form of a rod. The electron 
beams are directed towards the ingot by employing a 
magnetic field. An additional electric field is used to 
stear the electrons onto the ingot surface. Karami 
(2016) synthesised Magnetite/Hematite/Iron 
Nanocomposites by the Low Voltage Arc Discharge in 
Water in the Presence of External Magnetic Field 
(Department of Chemistry, Payame Noor University, 
19395-4697, Tehran, I.R. of Iran & Karami, 2016). A 
simple hydrothermal process was done to 
fabricatehematite (α-Fe2O3) nanostructures with narrow 
size distribution where it was developed by using PVP 
as surfactant and NaAc as precipitation agent (Zhu et 

al., 2012). 
(ii) Chemical method. Nanoparticles were synthesized 
via the sol-gel auto-combustion method. The 
synthesised nanoparticles were confirmed to be 
hematite nanoparticles using different characterization 
techniques. (“A Facile Approach for the Synthesis of 
Porous Hematite and Magnetite Nanoparticles through 
Sol-Gel Self-Combustion,” 2021). Research has been 
conducted to synthesize Fe2O3 hematite nanoparticles 
based on iron sand originating from Talaga Village, 
Dampelas District, Donggala Regency. Iron sand 
dissolved in HCL (12 M) and NH4OH (25%) was then 
heated at a temperature of 120°C for 19 hours and 
calcined at a temperature of 800°C for 2 hours. The 

hematite nanoparticles were successfully synthesised by 
them using this approach (Mahmudin et al., 2023). 
(iii) Biological method -Hematite was synthesised by 
the sole use of the extract of guava (Psidiumguajava) 
leaves (Rufus et al., 2016). Floral extracts of 
Callistemon viminalis (bottlebrush) were used to 
produce pure hematite phase magnetic iron oxide 
nanoparticles (Hassan et al., 2018). In another study, 
Hematite (α-Fe2O3) nanoparticles were 
mycosynthesised using Aspergillus niger (Saied et al., 
2022). 

C. Magnetite  

(i) Physical method. By electron beam physical vapor 
deposition (EB PVD), magnetite nanoparticles were 
successfully generated. This method is highly 
productive and also notable for its versatility at 
selection of various inorganic and organic matrices for 
the conservation of metal NPs and their oxides 
(Kurapov et al., 2019). 
(ii) Chemical method. There are different chemical 
approaches for the synthesis of magnetite nanoparticles. 
In the Co-Precipitation method, aqueous solution of 
ferric chloride and ferrous chloride is added to 
ammonia solution. The nanoparticles are obtained by a 
series of precipitation reactions following by drying and 
then characterization (Massart, 1981). It was reported 
that the magnetite nanoparticles were synthsised by the 
method of Partial Oxidation of ferroushydroxide. The 
nanoparticles were confirmed to be of Magnetite by 
characterization (Sugimoto & Matijević 1980). The 
sol–gel method is a wet-chemical process for 
nanoparticle preparation based on hydrolysis and 
polycondensation of iron precursors. Dudchenko et al. 
(2022) successfully synthesised Magnetite 
nanoparticles using the Sol-gel method (Dudchenko et 
al., 2022). Shaker et al. (2013) reported about 
magnetite nanoparticles prepared using the sol–gel 
method combined with annealing at temperatures of 
200, 300, and 400°C. Nanoparticles were synthesized 
by a non-chemical approach at different amplitudes and 
under the influence of an ultrasound (Freitas et al., 
2015). The samples were analysed using XRD and 
SEM. Another approach was developed where the 
nanoparticles with narrow size distribution and united 
shape, reverse coprecipitation method was done under 
ultrasound. Using this sono-chemical method they 
successfully synthesised Magnetite nanoparticles 
(Aliramaji et al., 2015). 
(iii) Biological method. By the aqueous solution of 
ferrous and ferric salts mixed with Magnetospirillum, 
magnetite nanoparticles were synthesised (Reza 
Ghorbani et al., 2017). Magnetospirillum strain AMB-1 
was also used by Elblbesy et al. (2014) to synthesis 
Magnetite nanoparticles (Elblbesy et al., 2014). The 
nanoparticles of average size~47 nm were 
obtained.Synthesis of magnetite nanoparticles was 
studied and done using Magnetotactic bacteria (MTB) 
(Lang et al., 2007). 
The various methods of synthesis of different types of 
iron oxide nanoparticles are summarised in Fig. 1.  
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Fig. 1. Methods of synthesis of iron oxide 

nanoparticles. 

BIOMEDICAL APPLICATIONS OF IRON 

OXIDE NANOPARTICLES 

Iron oxide nanoparticles exhibit magnetic properties 
and possess a significant surface area. They are used in 
a range of applications, including drug delivery, and are 
also applicable to many diseases. Furthermore, they are 
recognized for their minimal toxicity and compatibility 
with living organisms. The significant biomedical 
applications of iron oxide nanoparticles are summarized 
in Fig. 2 and explained in the following section. 

 
Fig. 2. Important biomedical applications of Iron oxide 

nanoparticles. 

A. Targeted Drug delivery 

Iron oxide nanoparticles are found to play a significant 
role in targeted drug delivery. The basic principle 
behind this application is illustrated in Fig. 3. 

 
Fig. 3. Targeted anti-cancer drug delivery using Iron 

oxide nanoparticles. 

An important approach was utilized by Skorjanc et al. 
(2017) to develop macrocycle-modified iron oxide 
nanoparticles, aiming to design drug delivery systems 
specifically utilized to target tumors, administer 
powerful anti-cancer drugs, and facilitate thermal 
therapy (Skorjanc et al., 2017). A nanocomposite 
named Chloramb-CS-IONPs was created by utilizing 
Chlorambucil as a carrier, with iron oxide NPs acting as 
cores and chitosan (CS) as the polymeric shell. This 
nanocomposite was then evaluated on both normal 
fibroblast cell lines (3T3) and leukemia cancer cell lines 
(WEHI). The study revealed that approximately 89.9% 
of the drug was released over around 5000 minutes. 
Consequently, Chloramb encapsulated in Chloramb-
CS-IONPs exhibited enhanced efficiency in comparison 
to its unbound state (Hussein-Al-Ali et al., 2021). The 
combination of Carboxymethyl-dextran coated (CMD) 
iron oxide NPs with anti-microbial peptides has 
resulted in the creation of a cost-effective and potent 
drug carrier (Turrina et al., 2022). The engineering of 
targeted extracellular vesicle delivery systems also 
involved the use of superparamagnetic IONPs (Zhuo et 

al., 2021). Matuszak et al. (2018) synthesised 
superparamagnetic iron oxide nanoparticles (SPIONs) 
incorporated with Dexamethasone phosphate (DEXA), 
which was then tested on an animal model of 
atherosclerosis to accumulate drugs in specific regions. 
The results indicated its efficiency to deliver drugs to 
affected arteries in vivo and speeding inflammatory 
response (Matuszak et al., 2018). By conjugating 
SPIONs with an aptamer, the tumor targeting ability 
was found to be enhanced. Such drug-loaded 
nanocarriers could be a potential drug delivery system 
(Sun et al., 2019). Besides drugs, modified iron oxide 
nanoparticles were investigated for their ability to 
deliver plasmid DNA (Nikforouz et al., 2021).  

B. Magnetic Hyperthermia Technique 

Magnetic hyperthermia shows great potential as a 
method to localize and manage cancer by raising the 
temperature of body tissue above normal levels, 
typically between 40 and 45°C. Aminosilane coated 
iron oxide nanoparticles were studied for their 
therapeutic applications in Glioblastoma (Rego et al., 
2020). Blanco-Andujar et al. (2016) suggested the use 
of IONPs as MRI contrast agents or heating regulators 
in the magnetic hyperthermia technique (Blanco-
Andujar et al., 2016). The IONP stabilized with oleic 
acid and sodium oleate was designed to potentially 
offer a therapeutic solution for tumor treatment through 
magnetic hyperthermia. Moreover, it was found to have 
minimal local irritant effects and did not affect the 
structure of internal organs (Kulikov et al., 2022). 
Utilizing a sulfonated ABA-type triblock copolymer, 
Yang et al. (2019) developed electroactive composites 
with block copolymer-templated iron oxide 
nanoparticles and TA oligomers for magnetic 
hyperthermia applications. This involved the template 
of electroactive TA and Fe3O4 nanoparticles within the 
self-assembled micro-structures (Yang et al., 2019). 
Iron oxide nanoparticles coated with Hydroxyapatite 
were produced and were then exposed to MG-63 
osteosarcoma cells, which showed great hypothermia 
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effects and killed about all 63 osteosarcoma cells within 
30 minutes of exposure (Mondal et al., 2017). The 
addition of magnesium to iron oxide NPs has led to 
their emergence as promising options for magnetic fluid 
hyperthermia (MFH) in lung cancer therapy (Nowicka 
et al., 2023). Similarly, iron oxide NPs doped with rare-
earth have also found wide applications in biomedicine 
like magnetic hyperthermia and MRI techniques (Laha 
et al., 2021). The studies of Salimi et al. (2018) put 
forward an idea regarding the application of iron oxide 
nanoparticles in magnetic hyperthermia and MRI. It 
could be achieved by coating the IONPs with 
polyamidoamine dendrimer (fourth generation) (Salimi 
et al., 2018). 

C. Photothermal therapy 

Hybrid nanoparticles formed by the combination of iron 
oxide nanoparticles with any photo-thermal agents 
exhibit functions of Near-Infrared (NIR) absorption and 
magnetism and can be used themselves as photothermal 
agents. The use of IONPs as contrast agents in MRI 
depends mainly on their magnetic properties, allowing 
them to be magnetically targeted (Estelrich & Busquets 
2018). Doxorubicin (DOX) incorporated liposomal iron 
oxide nanoparticles (Lipo-IONP/DOX) were 
developed, and tested for its role in combined chemo-
photothermal cancer therapy (Park et al., 2023). Guo et 

al. (2022) synthesised a type of iron oxide nanoparticles 
that exhibited remarkable photothermal conversion 
capability and peroxidase-like catalytic properties. 
These nanoparticles are suitable for making a combined 
photothermal-enzyme anti-bacterial treatment system. 
The peroxidase-like catalytic ability resulting in 
bactericidal effect, which reached almost 100% in the 
case of Escherichia coli and Staphylococcus 

aureus, upon synergistic application of IONPs (Guo et 
al., 2022). Iron oxide nanoparticle-loaded alginate 
hydrogels were also developed for the photothermal 
therapy of colorectal cancer. The synthesised Fe3O4 
NPs, when exposed to the CT26 cancer cells, 
successfully triggered their absorption by the cancer 
cells and caused the death of the cells in vitro when 
subjected to NIR laser irradiation (Ji & Wang 2023). 
Gupta et al. (2023) created super paramagnetic iron 
oxide nanoparticles as a tool to treat cancer and 
analysed its photothermal ability and it was concluded 
that the synthesised SPIONs could be utilized as an 
efficient photothernal agent (Gupta et al., 2023). 
Recently, a multifunctional nanosystem was produced 
using hollow copper iron oxide nanoparticles, having 
functions as a drug carrier (cisplatin) and a 
photothermal agent (Feng et al., 2023). Pancreatic 
cancer is the most severe malignancy. Hence, as a local 
treatment strategy, Wang et al. (2022) developed a 
platform involving iron oxide NPs, which was loaded 
with imiquimod and coated with  indocyanine green 
and DSPE-PEG. It was then treated against Panc02-H7 
tumors with interventional photothermal therapy 
(IPTT). The treatment induced immunogenic cell death 
and thus, the system could improve the therapeutic 
approaches to pancreatic cancer (Wang et al., 2022). 

 

D.  Bioimaging 
Gadolinum-chelate-based positive contrast agents are 
the ones that are usually available in markets as MRI 
contrast agents. At the same time, magnetic iron oxide 
nanoparticles are found to have better biocompatibility 
than gadolinium chelates (Shen et al., 2016). Iron oxide 
nanoparticle-based contrast agents such as Ferumoxide, 
Ferucarbotran, Ferumoxsil, Ferumoxytol, etc. can be 
used in liver imaging, oral imaging, gastro-intestinal 
imaging, and central nervous system imaging, 
respectively (Geppert & Himly 2021). Magnetic IONPs 
were found to target over-expressed proteins and 
biomarkers involved in breast cancer and could be used 
for its bioimaging and therapy (Halder et al., 2022). A 
special type of multi-functional iron oxide nanoparticles 
coated with polyethylenimine was synthesised using 
Bodipy fluorophore (BOD-MNPs). The imaging 
capability of this was understood by testing it on cancer 
cells, and with its unique fluorescence properties, the 
BOD-MNPs were able to pass through the cell 
cytoplasm (Topel et al., 2015). Reguera et al. (2017) 
have described in their study the development of Gold-
iron oxide Janus magnetic-plasmonic nanoparticles and 
their role in multimodal imaging (Reguera et al., 2017). 

BIODISTRIBUTION AND TOXICITY OF IRON 

OXIDE NANOPARTICLES 

Past decades have witnessed the growing progress 
towards the synthesis of nanoparticles and their 
application in research, industry and medicine. Iron 
oxide nanoparticles are one of the most vital and 
fascinating metallic nanoparticles which possess 
valuable biomedical applications due to their excellent 
physical properties such as superparamagnetism, 
stability in aqueous solutions and biocompatibility. 
However, toxicity concerns prevent the use of iron 
oxide nanoparticles in clinical treatments. The 
biodistribution of magnetic nanoparticles in organisms 
is an important parameter as it helps to reduce the 
toxicity of nanostructures due to their undesirable 
distribution in targeted organs or tissue.  Magnetic iron 
oxide nanoparticles can be used for drug delivery, 
hyperthermia cancer treatments, radiolabelling, 
magnetic resonance imaging etc. (Khan et al., 2023).  
However, the variety in nanoparticle size, composition, 
shape, surface chemistry and state of dispersion may 
influence their biodistribution and toxic potential 
(Shubayev et al., 2009). 

A. Biodistribution 

The biodistribution helps to determine whether the 
target organs have taken  up the  nanoparticles or 
accumulated in other  tissues which may lead to 
potential toxicity. The organs that usually uptake 
nanoparticles are liver, spleen, lymph nodes and brain. 
Many studies have indicated that the magnetic 
nanoparticles are primarily captured by the liver and it 
is the site for biodistribution. Tate et al. (2009) studied 
the biodistribution of  two types of magnetite 
nanoparticles which were coated with hydroxyl-ethyl 
starch in mice models and the results showed that liver 
was the primary site of iron accumulation after 72 hours 
for large sized nanoparticles (Tate et al., 2011).  
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Another study conducted by Shanehsazzadeh et al. 
(2013) evaluated the biodistribution of dextran coated 
iron oxide nanoparticles labelled with 99mTc which 
was intravenously injected in BALB mice. The result 
showed about 75% of the injected doses were found in 
the spleen and liver at 15 minutes post injection. The 
high biodistribution of iron oxide nanoparticles was 
observed in rabbit liver which was intra arterially or 
intravenously injected with iron oxide nanoparticles 
covered with phosphate starch (Tietze et al., 2009). Due 
to the high accumulation of iron oxide nanoparticles in 
the liver, they are used as liver targeting magnetic 
resonance imaging contrast agents (Wang et al., 2015; 
Yazdani et al., 2016). The studies conducted by Maeng 
et al. (2010) illustrated that superparamagnetic iron 
oxide nanoparticles is a promising candidate for 
treating liver cancer and monitoring the progress of 
cancer using MRI. Recently, a series of studies has 
been conducted to analyze the biodistribution of iron 
oxide nanoparticles in different organs including lungs.  
(Maeng et al., 2010). The biodistribution of 
superparamagnetic iron oxide nanoparticles was 
investigated in pig lungs using pEPR technique analysis 
and confirmed that magnetic nanoparticles localized in 
alveolar tissue (Edge et al., 2016). The  biodistribution 
of iron oxide nanoparticles involves their capture by 
reticuloendothelial system which dissolves it into free 
iron making them available to be used by organisms 
and hence is a treatment for iron anemia disease 
(Alphandéry, 2019). In a study, it was  illustrated that 
iron oxide nanoparticles functionalized with dextran 
caused no adverse effects and exposure to dextran at 
determined dosage did not impose a toxic effect 
(Bolandparvaz et al., 2020). 
The biodistribution of nanoparticles in the body organs 
are influenced by different factors. Yue et al. (2011) 
studies conclude that positively charged nanoparticles, 
due to their strong interactions with biological 
membranes are generally more internalized than 
negative and neutrally charged nanoparticles (Yue et 

al., 2011). The biodistribution of magnetic 
nanoparticles coated with negatively charged 
ethylenediaminetetraacetate (EDT) was studied by Sun 
et al. (2016) and he concluded that they are most likely 
to cross the blood-brain barrier and enhance the 
delivery of iron oxide nanoparticles in the brain (Sun et 
al., 2016). Thus biodistribution of nanoparticles is an 
important aspect which determines the location and 
degree of nanoparticles administered in the body and 
their accumulation in various organs. The undesirable 
accumulation of these nanoparticles leads to toxicity in 
tissues. 

B. Toxicity of iron oxide nanoparticles 

Although nanoparticles have a wide range of 
applications in various biomedical fields including 
diagnosis, gene delivery, biomarker mapping, drug 
delivery and target therapy, there is a growing concern 
about the toxicological potential of nanoparticles and 
their hazardous effect on  health. Toxicity caused by 
nanoparticles in the cells may lead to impaired 
mitochondrial function, morphological changes and this 
may negatively affect the cell viability, metabolism and 

distort the therapeutic efficiency of the treatment 
(Ezealigo et al., 2021). Iron oxide nanoparticles are 
found to induce irreversible histopathological 
modifications in the gill, liver and brain tissue of the 
fish Oreochromis mossambicus even after treatment 
withdrawal (Vidya & Chitra 2019). Thus the toxicity 
studies of nanoparticles may help to overcome their 
adverse effects while treatment of diseases with 
therapeutic nanoparticles. Many studies have been 
conducted aiming to discuss the toxicity parameters of 
iron oxide nanoparticles. 
(i) Plasma membrane toxicity. The iron oxide 
nanoparticles exhibit toxicity by inducing profound 
damage to plasma membranes and associated proteins. 
The studies conducted by Jeng & Swanson (2006) 
showed that a maximum concentration of 
superparamagnetic iron oxide nanoparticles (about 
[Fe]≈2.5mM) caused a significant effect upon 
mitochondrial function (Jeng & Swanson 2006). 
Similar results were observed in the studies done by Au 
et al. (2007) on astrocytes and thus the authors 
concluded that iron oxide nanoparticles decreased the 
cell viability and altered the mitochondrial functions 
(Au et al., 2007). Stroh et al. (2004) highlighted the 
substantial increase in oxidative stress and protein 
oxidation caused by citrate-coated iron oxide 
nanoparticles and the study also concluded that iron 
was the source to produce the reactive oxygen species 
(Stroh et al., 2004). 
(ii) Cytotoxicity. The cytotoxicity of iron oxide 
nanoparticles is partially explained by the generation of 
reactive oxygen species (ROS), which induces 
oxidative stress in cells. This oxidative stress is a major 
cause of cellular damage and toxicity. The study done 
by Feng et al. (2018) concluded that at low 
concentration, polyethyleneimine-coated iron oxide 
nanoparticles exhibited severe cytotoxicity against 
macrophages and cancer cells while even high 
concentration of polyethylene glycosylated iron oxide 
nanoparticles caused no obvious cytotoxicity (Feng et 

al., 2018). There are a number of methods available to 
evaluate cytotoxicity. The studies conducted by Decker 
& Lohmann-Matthes (1988) suggest that LDH release 
assays are a suitable and potentially preferred method 
for measuring cellular cytotoxic reactions. They 
combine the reliability and simplicity of radioisotope 
release assays with the speed and convenience of 
avoiding radioactivity (Decker & Lohmann-Matthes 
1988). 
(iii) Genotoxicity. Kaygisiz & Ciğerci (2017) 
investigated the genotoxic potential of iron oxide 
nanoparticles (size <50 nm and <100 nm) using somatic 
mutation and recombination test.  It was observed that 
nanoparticles <100 nm showed no significant genotoxic 
effect whereas <50 nm nanoparticles showed 
genotoxicity (Kaygisiz & Ciğerci 2017). The studies by 
Ghosh et al. (2020) demonstrated the synthesis of 
superparamagnetic iron oxide nanoparticles (SPION) 
using didodecyl-dimethyl-ammonium-bromide 
(DMBA) as surfactant by emulsification and the result 
suggested that SPION-DMAB was least cyto-
genotoxic. He also concluded that SPION-DMAB can 
be further investigated for oral drug delivery to the 
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brain and for imaging cerebral tissue, without the need 
for any functional ligand or external magnetic field 
(Ghosh et al., 2020). 

NANO-INFORMATICS 

Nano-informatics is a rapidly growing research field 
that utilizes informatics techniques to gather, process, 
store, and retrieve data on nanoparticles, 

nanomaterials, and nanodevices, with potential 

applications in healthcare  (V Maojo et al., 2012). 
Nano-informatics mainly analyze nanobiotechnological 
data, encompassing properties, toxicity, and interactions 

with biological units. It fosters collaboration between 
chemists, physicists, biologists, and data scientists, 
enhancing innovation. By streamlining data analysis 
and management, nanoinformatics can significantly 
speed up research and development processes in 
nanotechnology. Nanoinformatics involves a range of 
tools and software that assist researchers in managing, 
analyzing, and visualizing data related to nanomaterials. 
Table 1 shows some tools and softwares that are 
commonly used in this field. 

Table 1: List of tools and softwares commonly used in nanoinformatics. 

Sr. No. Tool/server Name Details 

1. 

Nano HUB 
An online platform that provides tools and resources for 
nanotechnology research, including simulation tools and educational 
resources. 

Computational tools for modeling 
nanostructures, material properties, and 
nanoscale phenomena (Madhavan et al., 
2013). 

2. 
Materials Project 
A repository of materials data that allows users to explore materials 
properties and perform high-throughput calculations. 

Provides access to a vast database of 
computed materials properties, including 
nanomaterials (Sun et al., 2019; Woods-
Robinson et al., 2018). 

3. 

Nanomaterials Database (NDB) 
A comprehensive database that contains information on various 
nanomaterials, including their properties, synthesis methods, and 
applications. 

Facilitates data retrieval and comparison 
of different nanomaterials (Ji et al., 
2021). 

4. 
Chem Spider 
A free chemical structure database that provides access to information 
about chemical compounds, including nanomaterials. 

Allows users to search for nanomaterials 
by structure, name, or properties (Van 
Noorden, 2012). 

5. 
Open Quantum Materials Database (OQMD) 
A database that focuses on quantum mechanical calculations of 
materials, including nanoscale materials. 

Facilitates research by providing data on 
thermodynamic properties, electronic 
structure, and more (Kirklin et al., 2015). 

6. 
Jupyter Notebooks 
An open-source web application that allows the creation of documents 
containing live code, equations, visualizations, and narrative text. 

Useful for data analysis, visualization, 
and sharing computational research in 
nanoinformatics (Perkel, 2018). 

7. 
Machine Learning Libraries (e.g., scikit-learn, Tensor Flow) 
Libraries that facilitate the development of machine learning models to 
analyze and predict properties of nanomaterials. 

Provide tools for feature extraction, 
model training, and evaluation. 

8. 
VESTA 
Description: A visualization software for 3D crystal structures, 
volumetric data, and electronic states. 

Useful for visualizing the atomic 
structure and electronic properties of 
nanomaterials (Maryamdokht Taimoory 
et al., 2017). 

9. 
Nanotexture 
A software tool for characterizing and simulating the surface 
topography of nanostructured materials. 

Helps in understanding the surface 
properties and interactions of 
nanomaterials. 

10. 
Matlab and Python Libraries 
General-purpose programming environments that offer libraries for 
numerical analysis and data visualization. 

Widely used for custom analyses, 
simulations, and modeling in 
nanoinformatics research. 

 
The insights gained from nanoinformatics can be 
applied in various fields, including medicine (e.g., drug 
delivery systems), electronics (e.g., nanoscale 
transistors), and environmental science (e.g., pollution 
remediation). It is suggested that nanoinformatics could 
accelerate research and development in nanomedicine, 
similar to the role played by biomedical informatics in 
genomic and –omics projects (Victor Maojo et al., 
2012). Understanding and predicting the cytotoxic 
effect of nanoparticles at the blood-brain barrier (BBB) 
is crucial in nanotoxicology and nanomedicine. 
Computational techniques like molecular docking and 
dynamics simulations help investigate nanoparticle-cell 
interactions, predict BBB permeation rates, and 

evaluate potential harmful effects (Shityakov et al., 
2017).  

A. Applications of Nanoinformatics 

Nanoinformatics involves the collection of data from 
various sources, including experimental studies, 
simulations, and literature (García-Remesal et al., 
2013). It emphasizes the organization, storage, and 
retrieval of large datasets related to nanoscale materials 
and phenomena. Computational models are used to 
predict the behavior and properties of nanomaterials, 
which can accelerate the discovery and development of 
new applications. Advanced analytical techniques, 
including machine learning algorithms, are employed to 
identify patterns, correlations, and insights from 
complex datasets. Applications also include assessing 
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the safety and environmental impact of nanomaterials, 
which is crucial for regulatory purposes. 

B. Scope of nanoinformatics in research on 

therapeutics based on iron oxide nanoparticles 

Nanoinformatics can accelerate research, drive 
innovation, and improve delivery efficiency in drug 
design, delivery systems, and diagnostics. 
Nanomedicines, loaded with therapeutic active 
principles, can target inflammation through molecules 
overexpressed on macrophages or endothelial cells, 
increased vasculature permeability, or biomimicry. 
Recent studies shows that application of 
nanoinformatics in drug development and drug delivery 
have an impact on healthcare research  (Labhasetwar, 
2005; Patra et al., 2018). Advancements in 
biocomputing and nano-technology have led to the 
discovery of novel biomarkers in personalized 
medicine, a field that uses genetic/molecular 
information to predict disease development and clinical 
outcomes (Alghamdi et al., 2022).   
Nanotechnological research is being conducted to 
entanglement, detect, and operate biomarkers for 
advanced therapeutics, in response to biomarker-based 
diagnostic trends. A research by Manzoor et al. (2022) 
demonstrates the potential of green synthesised iron 
oxide nanoparticles in determining biomarkers and 
diagnostic fingerprints for early detection and advanced 
therapeutics (Manzoor et al., 2022). Iron oxide 
nanoparticles were synthesised using plant extract of 
Withaniacoagulans, bifurcated into pure and oncogenic 
serum-treated particles for nine cancers. The green 
Fe2O3-nanoprobe elucidated 30 common and 25 
differential biomarkers, providing a precise range of 
biomarkers. The metallic probe highlighted the most 
significant biomarkers, demonstrating advanced robotic 
nanotechnological techniques for selective biomarker 
extraction. 
In another study, a systems pharmacological approach 
was employed to understand the reaction of cancer cells 
to magnetic iron oxide nanoparticles (MNPs) and 
suggested drug selection for synergetic or additive anti-
cancer effects (Zhou et al., 2022). The study found that 
bare MNPs significantly reduced mRNA expression 
levels of key genes in cervical cancer cells. This 
suggests that interactions with anti-cancer drugs should 
be considered in designing MNP drug delivery systems. 
This could lead to a systems pharmacology approach, 
identifying potential molecular reactions and suggesting 
drug selection for synergetic or additive anti-cancer 
effects. 
Nanoinformatics based approaches have great potential 
in accelerating research and development in diverse 
applications of nanomaterials, particularly 
nanomedicine. Yet the present status of this emerging 
area has revealed a wide set of different challenges. 
One of the major issues is related to developing 
standardized formats for data to ensure interoperability 
across different platforms and disciplines. Management 
of heterogenous information encompassing 
nomenclature, taxonomy and classification of different 
sets of nanomaterials is an enormous task. The accuracy 
and reliability of data collected from diverse sources 

also need to be ensured. Besides, ethical considerations 
associated with the use of nanomaterials, especially in 
biomedical applications have to be addressed.  

CONCLUSION 

Nanomaterials are defined as materials having a size 
range of approximately 1 to 100 nm. Metal oxide 
nanoparticles are a versatile class of nanoparticles and 
have been emerging as a potential agent in science, 
especially iron oxide nanoparticles. Here, physical, 
chemical and biological methods of synthesizing 
different types of iron oxide nanoparticles were 
reviewed. Owing to their unique properties and 
biocompatibility, iron oxide nanoparticles have been 
employed in various areas of biomedicine, despite their 
toxicity. Numerous studies are underway that discuss 
the promising future of Iron oxide nanoparticles. 
Recently, nanoinformatics has received a lot of interest 
because it is a fast-evolving discipline with potential 
applications in nanomaterial based therapeutic methods. 
This review, hence aims to contribute to the growing 
body of research that supports the advancements of iron 
oxide nanoparticles. 

FUTURE SCOPE 

As we have seen, iron oxide nanoparticles, with their 
unique physical and chemical properties, have 
significant biomedical applications in drug targeting, 
hyperthermia, disease diagnosis, and cancer treatment. 
However, their potential toxicity remains controversial 
due to their high variability in size, surface charge, and 
coatings. Hence it is the need of the hour that more 
research needs to be focused on the biocompatibility, 
bio-distribution, metabolism and bio-clearance of these 
nanoparticles both in vitro and in vivo. The combination 
of imaging, targeting and therapy using one particular 
nanosystem should be explored further with respect to 
iron oxide nanoparticles. Some key aspects that need to 
be addressed also include the functionalisation of the 
nanoparticle surface with biocompatible coatings, and 
the possibility to attach functional ligands that can 
specifically target diseased tissues. 

REFERENCES 

Alghamdi, M. A., Fallica, A. N., Virzì, N., Kesharwani, P., 
Pittalà, V., & Greish, K. (2022). The Promise of 
Nanotechnology in Personalized Medicine. Journal of 

Personalized Medicine, 12(5), 673.  
Ali, A. F., Atwa, S. M., & El-Giar, E. M. (2017). 

Development of magnetic nanoparticles for fluoride 
and organic matter removal from drinking water in 
water purification. Elsevier, (pp. 209–262).  

Ali, A., Zafar, H., Zia, M., Ul Haq, I., Phull, A. R., Ali, J. S., 
& Hussain, A. (2016). Synthesis, characterization, 
applications, and challenges of iron oxide 
nanoparticles. Nanotechnology, Science and 

Applications, Volume 9, 49–67.  
Aliramaji, S., Zamanian, A., & Sohrabijam, Z. (2015). 

Characterization and Synthesis of Magnetite 
Nanoparticles by Innovative Sonochemical Method. 
Procedia Materials Science, 11, 265–269.  

Alphandéry, E. (2019). Biodistribution and targeting 
properties of iron oxide nanoparticles for treatments of 



Vincent  et al.,               Biological Forum – An International Journal     15(6): 927-938(2023)                                             935 

cancer and iron anemia disease. Nanotoxicology, 

13(5), 573–596.  
Au, C., Mutkus, L., Dobson, A., Riffle, J., Lalli, J., & 

Aschner, M. (2007). Effects of Nanoparticles on the 
Adhesion and Cell Viability on Astrocytes. Biological 

Trace Element Research, 120(1–3), 248–256.  
Bayda, S., Adeel, M., Tuccinardi, T., Cordani, M., & 

Rizzolio, F. (2019). The History of Nanoscience and 
Nanotechnology: From Chemical–Physical 
Applications to Nanomedicine. Molecules, 25(1), 112.  

Bharde, A. A., Parikh, R. Y., Baidakova, M., Jouen, S., 
Hannoyer, B., Enoki, T., Prasad, B. L. V., Shouche, Y. 
S., Ogale, S., & Sastry, M. (2008). Bacteria-Mediated 
Precursor-Dependent Biosynthesis of 
Superparamagnetic Iron Oxide and Iron Sulfide 
Nanoparticles. Langmuir, 24(11), 5787–5794.  

Blanco-Andujar, C., Walter, A., Cotin, G., Bordeianu, C., 
Mertz, D., Felder-Flesch, D., & Begin-Colin, S. 
(2016). Design of Iron oxide-based Nanoparticles for 
MRI and Magnetic Hyperthermia. Nanomedicine, 

11(14), 1889–1910. 
Bolandparvaz, A., Vapniarsky, N., Harriman, R., Alvarez, K., 

Saini, J., Zang, Z., Van De Water, J., & Lewis, J. S. 
(2020). Biodistribution and toxicity of epitope 
functionalized dextran iron oxide nanoparticles in a 
pregnant murine model. Journal of Biomedical 

Materials Research Part A, 108(5), 1186–1202.  
Decker, T., & Lohmann-Matthes, M. L. (1988). A quick and 

simple method for the quantitation of lactate 
dehydrogenase release in measurements of cellular 
cytotoxicity and tumor necrosis factor (TNF) activity. 
Journal of Immunological Methods, 115(1), 61–69.  

Department of Chemistry, Payame Noor University, 19395-
4697, Tehran, I.R. of Iran, & Karami, H. (2016). 
Synthesis of Magnetite/ Hematite/ Iron 
Nanocomposites by the Low Voltage Arc Discharge in 
Water in the Presence of External Magnetic Field. 
International Journal of Electrochemical Science, 
3074–3085.  

Dudchenko, N., Pawar, S., Perelshtein, I., & Fixler, D. (2022). 
Magnetite Nanoparticles: Synthesis and Applications 
in Optics and Nanophotonics. Materials, 15(7), 2601.  

Dutta, S., Dixit, R., & Sharma, R. K. (2022). Remediation of 
heavy metals with nanomaterialsin separationscience 
and technology. Elsevier,  (Vol. 15, pp. 97–138).  

Edge, D., Shortt, C. M., Gobbo, O. L., Teughels, S., Prina-
Mello, A., Volkov, Y., MacEneaney, P., Radomski, 
M. W., & Markos, F. (2016). Pharmacokinetics and 
bio-distribution of novel super paramagnetic iron 
oxide nanoparticles ( SPION s) in the anaesthetized 
pig. Clinical and Experimental Pharmacology and 

Physiology, 43(3), 319–326.  
Elblbesy, M. A.-A., Madbouly, A. K., & Hamdan, T. A. A. 

(2014). Bio-Synthesis of Magnetite Nanoparticles by 
Bacteria. American Journal of Nano Research and 

Applications, 2(5), 98–103.  
Estelrich, J., & Busquets, M. A. (2018). Iron Oxide 

Nanoparticles in Photothermal Therapy. Molecules, 

23(7), 1567.  
Ezealigo, U. S., Ezealigo, B. N., Aisida, S. O., & Ezema, F. I. 

(2021). Iron oxide nanoparticles in biological systems: 
Anti-bacterial and toxicology perspective. JCIS Open, 

4, 100027.  
Fang, X. L., Chen, C., Jin, M. S., Kuang, Q., Xie, Z. X., Xie, 

S. Y., Huang, R. B., & Zheng, L. S. (2009). Single-
crystal-like hematite colloidal nanocrystal clusters: 
Synthesis and applications in gas sensors, 
photocatalysis and water treatment. Journal of 

Materials Chemistry, 19(34), 6154.  

Feng, K., Xu, Z., Wang, Y., Wu, X., Xiong, F., Ruan, Y., Wu, 
X., Ye, L., Su, D., Yu, J., & Sun, X. (2023). Renal-
clearable porous hollow copper iron oxide 
nanoparticles for trimodal chemodynamic-
photothermal-chemo anti-tumor therapy. Nanoscale, 

15(7), 3188–3198.  
Feng, Q., Liu, Y., Huang, J., Chen, K., Huang, J., & Xiao, K. 

(2018). Uptake, distribution, clearance, and toxicity of 
iron oxide nanoparticles with different sizes and 
coatings. Scientific Reports, 8(1), 2082.  

Freitas, J. C. D., Branco, R. M., Lisboa, I. G. O., Costa, T. P. 
D., Campos, M. G. N., Jafelicci Júnior, M., & 
Marques, R. F. C. (2015). Magnetic Nanoparticles 
Obtained by Homogeneous Coprecipitation 
Sonochemically Assisted. Materials Research, 

18(suppl 2), 220–224.  
García-Remesal, M., García-Ruiz, A., Pérez-Rey, D., De La 

Iglesia, D., & Maojo, V. (2013). Using 
Nanoinformatics Methods for Automatically 
Identifying Relevant Nanotoxicology Entities from the 
Literature. BioMed Research International, 2013, 1–9.  

Geppert, M., & Himly, M. (2021). Iron Oxide Nanoparticles 
in Bioimaging – An Immune Perspective. Frontiers in 

Immunology, 12, 688927. 
Ghosh, S., Ghosh, I., Chakrabarti, M., & Mukherjee, A. 

(2020). Genotoxicity and biocompatibility of 
superparamagnetic iron oxide nanoparticles: Influence 
of surface modification on biodistribution, retention, 
DNA damage and oxidative stress. Food and 

Chemical Toxicology, 136, 110989.  
Guo, J., Wei, W., Zhao, Y., & Dai, H. (2022). Iron oxide 

nanoparticles with photothermal performance and 
enhanced nanozyme activity for bacteria-infected 
wound therapy. Regenerative Biomaterials, 9, 
rbac041.  

Gupta, N., Gupta, C., & Bohidar, H. B. (2023). Visible Laser 
Light Mediated Cancer Therapy via Photothermal 
Effect of Tannin-Stabilized Magnetic Iron Oxide 
Nanoparticles. Nanomaterials, 13(9), 1456.  

Halder, J., Pradhan, D., Biswasroy, P., Rai, V. K., Kar, B., 
Ghosh, G., & Rath, G. (2022). Trends in iron oxide 
nanoparticles: A nano-platform for theranostic 
application in breast cancer. Journal of Drug 

Targeting, 1–21.  
Hassan, D., Khalil, A. T., Saleem, J., Diallo, A., Khamlich, S., 

Shinwari, Z. K., & Maaza, M. (2018). Biosynthesis of 
pure hematite phase magnetic iron oxide nanoparticles 
using floral extracts of Callistemon viminalis 
(bottlebrush): Their physical properties and novel 
biological applications. Artificial Cells, 

Nanomedicine, and Biotechnology, 46(sup1), 693–
707.  

Hussein-Al-Ali, S. H., Hussein, M. Z., Bullo, S., & 
Arulselvan, P. (2021). Chlorambucil-Iron Oxide 
Nanoparticles as a Drug Delivery System for 
Leukemia Cancer Cells. International Journal of 

Nanomedicine, Volume 16, 6205–6216.  
Imene (2021). A facile approach for the synthesis of porous 

hematite and magnetite nanoparticles through sol-gel 
self-combustion. Turkish Journal of Chemistry, 45(6).  

Jagadeesh, R. V., Surkus, A. E., Junge, H., Pohl, M. M., 
Radnik, J., Rabeah, J., Huan, H., Schünemann, V., 
Brückner, A., & Beller, M. (2013). Nanoscale Fe2O3 -
Based Catalysts for Selective Hydrogenation of 
Nitroarenes to Anilines. Science, 342(6162), 1073–
1076.  

Jeng, H. A., & Swanson, J. (2006). Toxicity of Metal Oxide 
Nanoparticles in Mammalian Cells. Journal of 



Vincent  et al.,               Biological Forum – An International Journal     15(6): 927-938(2023)                                             936 

Environmental Science and Health, Part A, 41(12), 
2699–2711.  

Ji, Y., & Wang, C. (2023). Magnetic iron oxide nanoparticle-
loaded hydrogels for photothermal therapy of cancer 
cells. Frontiers in Bioengineering and Biotechnology, 

11, 1130523.   
Ji, Z., Guo, W., Sakkiah, S., Liu, J., Patterson, T., & Hong, H. 

(2021). Nanomaterial Databases: Data Sources for 
Promoting Design and Risk Assessment of 
Nanomaterials. Nanomaterials, 11(6), 1599.  

Kaygisiz, Ş. Y., & Ciğerci, Đ. H. (2017). Genotoxic evaluation 
of different sizes of iron oxide nanoparticles and ionic 
form by SMART, Allium and comet assay. Toxicology 

and Industrial Health, 33(10), 802–809.  
Khalil, M., Jan, B. M., Tong, C. W., & Berawi, M. A. (2017). 

Advanced nanomaterials in oil and gas industry: 
Design, application and challenges. Applied Energy, 

191, 287–310.  
Khan, H. N., Imran, M., Sanaullah, I., Ullah Khan, I., Sabri, 

A. N., Naseem, S., & Riaz, S. (2023). In vivo 
biodistribution, antioxidant and hemolysis tendency of 
superparamagnetic iron oxide nanoparticles – 
Potential anticancer agents. Arabian Journal of 

Chemistry, 16(4), 104602.  
Kirklin, S., Saal, J. E., Meredig, B., Thompson, A., Doak, J. 

W., Aykol, M., Rühl, S., & Wolverton, C. (2015). The 
Open Quantum Materials Database (OQMD): 
Assessing the accuracy of DFT formation energies. 
Npj Computational Materials, 1(1), 15010. 

Kotsuchibashi, Y., Nakagawa, Y., & Ebara, M. (2016). 
Nanoparticlesin biomaterialsnanoarchitectonics. 
Elsevier,  (pp. 7–23).  

Kulikov, O. A., Zharkov, M. N., Ageev, V. P., Yakobson, D. 
E., Shlyapkina, V. I., Zaborovskiy, A. V., Inchina, V. 
I., Balykova, L. A., Tishin, A. M., Sukhorukov, G. B., 
& Pyataev, N. A. (2022). Magnetic Hyperthermia 
Nanoarchitectonics via Iron Oxide Nanoparticles 
Stabilised by Oleic Acid: Anti-Tumour Efficiency and 
Safety Evaluation in Animals with Transplanted 
Carcinoma. International Journal of Molecular 

Sciences, 23(8), 4234.  
Kumar, B., Smita, K., Galeas, S., Guerrero, V. H., Debut, A., 

& Cumbal, L. (2021). One-Pot Biosynthesis of 
Maghemite (γ-Fe2O3) Nanoparticles in Aqueous 
Extract of Ficus carica Fruit and their Application for 
Antioxidant and 4-Nitrophenol Reduction. Waste and 

Biomass Valorization, 12(7), 3575–3587.  
Kumari, S., Kansotiya, A. K., Bharti, N., Yadav, P., & Mali, 

P. C. (2023). Herbal Nanoparticles to Control Fertility 
and Regulation: A Review. International Journal on 

Emerging Technologies, 14(1), 1–8.     
Kurapov, Y. A., Vazhnichaya, E. M., Litvin, S. E., 

Romanenko, S. M., Didikin, G. G., Devyatkina, T. A., 
Mokliak, Y. V., & Oranskaya, E. I. (2019). Physical 
synthesis of iron oxide nanoparticles and their 
biological activity in vivo. SN Applied Sciences, 1(1), 
102. 

Labhasetwar, V. (2005). Nanotechnology for drug and gene 
therapy: The importance of understanding molecular 
mechanisms of delivery. Current Opinion in 

Biotechnology, 16(6), 674–680.  
Laha, S. S., Thorat, N. D., Singh, G., Sathish, C. I., Yi, J., 

Dixit, A., & Vinu, A. (2022). Rare-Earth Doped Iron 
Oxide Nanostructures for Cancer Theranostics: 
Magnetic Hyperthermia and Magnetic Resonance 
Imaging. Small, 18(11), 2104855.  

Lang, C., Schüler, D., & Faivre, D. (2007). Synthesis of 
Magnetite Nanoparticles for Bio and Nanotechnology: 
Genetic Engineering and Biomimetics of Bacterial 

Magnetosomes. Macromolecular Bioscience, 7(2), 
144–151.  

Madhavan, K., Zentner, L., Farnsworth, V., Shivarajapura, S., 
Zentner, M., Denny, N., & Klimeck, G. (2013). 
nanoHUB.org: Cloud-based services for nanoscale 
modeling, simulation, and education. Nanotechnology 

Reviews, 2(1), 107–117.  
Maeng, J. H., Lee, D. H., Jung, K. H., Bae, Y. H., Park, I. S., 

Jeong, S., Jeon, Y.-S., Shim, C. K., Kim, W., Kim, J., 
Lee, J., Lee, Y. M., Kim, J. H., Kim, W. H., & Hong, 
S. S. (2010). Multifunctional doxorubicin loaded 
superparamagnetic iron oxide nanoparticles for 
chemotherapy and magnetic resonance imaging in 
liver cancer. Biomaterials, 31(18), 4995–5006.  

Mahmudin, L., Noprianti, R., & Sabhan, S. (2023). Synthesis 
of hematite (Fe2O3) nanoparticles based on iron sand 
from Talaga Village, Dampelas District using 
precipitation method and its application as 
nanocatalyst. AIP Conference Proceedings.  

Malik, S., Muhammad, K., & Waheed, Y. (2023). 
Nanotechnology: A Revolution in Modern Industry. 
Molecules, 28(2), 661.  

Manzoor, Y., Hasan, M., Zafar, A., Dilshad, M., Ahmed, M. 
M., Tariq, T., Hassan, S. G., Hassan, S. G., Shaheen, 
A., Caprioli, G., & Shu, X. (2022). Incubating Green 
synthesised Iron Oxide Nanorods for Proteomics-
Derived Motif Exploration: A Fusion to Deep 
Learning Oncogenesis. ACS Omega, 7(51), 47996–
48006.  

Maojo, V., Fritts, De La Iglesia, D., Cachau, Garcia-Remesal, 
Mitchell, & Kulikowski (2012). Nanoinformatics: A 
new area of research in nanomedicine. International 

Journal of Nanomedicine, 3867.  
Maojo, V., Fritts, M., Martin-Sanchez, F., De La Iglesia, D., 

Cachau, R. E., Garcia-Remesal, M., Crespo, J., 
Mitchell, J. A., Anguita, A., Baker, N., Barreiro, J. M., 
Benitez, S. E., De La Calle, G., Facelli, J. C., Ghazal, 
P., Geissbuhler, A., Gonzalez-Nilo, F., Graf, N., 
Grangeat, P. & Kulikowski, C. (2012). 
Nanoinformatics: Developing new computing 
applications for nanomedicine. Computing, 94(6), 
521–539.  

Maryamdokht Taimoory, S., F. Trant, J., Rahdar, A., 
Aliahmad, M., Sadeghfar, F., & Hashemzaei, M. 
(2017). Importance of the Inter-Electrode Distance for 
the Electrochemical Synthesis of Magnetite 
Nanoparticles: Synthesis, Characterization, 
Computational Modelling, and Cytotoxicity. E-

Journal of Surface Science and Nanotechnology, 

15(0), 31–39.  
Massart, R. (1981). Preparation of aqueous magnetic liquids 

in alkaline and acidic media. IEEE Transactions on 

Magnetics, 17(2), 1247–1248. 
Matuszak, J., Lutz, B., Sekita, A., Zaloga, J., Alexiou, C., 

Lyer, S., & Cicha, I. (2018). Drug delivery to 
atherosclerotic plaques using superparamagnetic iron 
oxide nanoparticles. International Journal of 

Nanomedicine, Volume 13, 8443–8460.  
McNamara, K., &Tofail, S. A. M. (2017). Nanoparticles in 

biomedical applications. Advances in Physics: X, 2(1), 
54–88.  

Mondal, S., Manivasagan, P., Bharathiraja, S., Santha 
Moorthy, M., Nguyen, V., Kim, H., Nam, S., Lee, K., 
& Oh, J. (2017). Hydroxyapatite Coated Iron Oxide 
Nanoparticles: A Promising Nanomaterial for 
Magnetic Hyperthermia Cancer Treatment. 
Nanomaterials, 7(12), 426.  



Vincent  et al.,               Biological Forum – An International Journal     15(6): 927-938(2023)                                             937 

Murthy, S. K. (2007). Nanoparticles in modern medicine: 
State of the art and future challenges. International 

Journal of Nanomedicine, 2(2), 129–141. 
Nikforouz, B., Allafchian, A., Jalali, S. A. H., Shakeripour, 

H., & Mohammadinezhad, R. (2022). Quince seed 
mucilage coated iron oxide nanoparticles for plasmid 
DNA delivery. Nanotechnology, 33(7), 075102.  

Nikzamir, M., Akbarzadeh, A., & Panahi, Y. (2021). An 
overview on nanoparticles used in biomedicine and 
their cytotoxicity. Journal of Drug Delivery Science 

and Technology, 61, 102316.  
Nowicka, A. M., Ruzycka-Ayoush, M., Kasprzak, A., 

Kowalczyk, A., Bamburowicz-Klimkowska, M., 
Sikorska, M., Sobczak, K., Donten, M., Ruszczynska, 
A., Nowakowska, J., & Grudzinski, I. P. (2023). 
Application of biocompatible and ultrastable 
superparamagnetic iron (iii) oxide nanoparticles doped 
with magnesium for efficient magnetic fluid 
hyperthermia in lung cancer cells. Journal of 

Materials Chemistry B, 11(18), 4028–4041. 
Nurdin, I., Johan, M. R., Yaacob, I. I., Ang, B. C., 

&Andriyana, A. (2014). Synthesis, characterisation 
and stability of superparamagnetic maghemite 
nanoparticle suspension. Materials Research 

Innovations, 18(sup6), S6-200-S6-203.  
Panda, P. K., Verma, S. K., & Suar, M. (2021). Nanoparticle–

Biological Interactions: The Renaissance of 
Bionomics in The Myriad Nanomedical Technologies. 
Nanomedicine, 16(25), 2249–2254.  

Park, T., Amatya, R., Min, K. A., & Shin, M. C. (2023). 
Liposomal Iron Oxide Nanoparticles Loaded with 
Doxorubicin for Combined Chemo-Photothermal 
Cancer Therapy. Pharmaceutics, 15(1), 292.  

Patekari, M. D., Pawar, K. K., Salunkhe, G. B., Kodam, P. 
M., Padvi, M. N., Waifalkar, P. P., Sharma, K. K., & 
Patil, P. S. (2021). Synthesis of Maghemite 
nanoparticles for highly sensitive and selective NO2 
sensing. Materials Science and Engineering: B, 272, 
115339. 

Patra, J. K., Das, G., Fraceto, L. F., Campos, E. V. R., 
Rodriguez-Torres, M. D. P., Acosta-Torres, L. S., 
Diaz-Torres, L. A., Grillo, R., Swamy, M. K., Sharma, 
S., Habtemariam, S., & Shin, H. S. (2018). Nano 
based drug delivery systems: Recent developments 
and future prospects. Journal of Nanobiotechnology, 

16(1), 71.  
Perkel, J. M. (2018). Why Jupyter is data scientists’ 

computational notebook of choice. Nature, 563(7729), 
145–146.  

Piao, Y., Kim, J., Na, H. B., Kim, D., Baek, J. S., Ko, M. K., 
Lee, J. H., Shokouhimehr, M., & Hyeon, T. (2008). 
Wrap–bake–peel process for nanostructural 
transformation from β-FeOOH nanorods to 
biocompatible iron oxide nanocapsules. Nature 

Materials, 7(3), 242–247.  
Powell, C. D., Lounsbury, A. W., Fishman, Z. S., Coonrod, C. 

L., Gallagher, M. J., Villagran, D., Zimmerman, J. B., 
Pfefferle, L. D., & Wong, M. S. (2021). Nano-
structural effects on Hematite (α-Fe2O3) nanoparticle 
radiofrequency heating. Nano Convergence, 8(1), 8.  

Rahman, L., Bhattacharjee, S., Islam, S., Zahan, F., Biswas, 
B., & Sharmin, N. (2020). A study on the preparation 
and characterization of maghemite (γ-Fe2O3) particles 
from iron-containing waste materials. Journal of Asian 

Ceramic Societies, 8(4), 1083–1094.  
Rego, G., Nucci, M., Mamani, J., Oliveira, F., Marti, L., 

Filgueiras, I., Ferreira, J., Real, C., Faria, D., Espinha, 
P., Fantacini, D., Souza, L., Covas, D., Buchpiguel, 
C., & Gamarra, L. (2020). Therapeutic Efficiency of 

Multiple Applications of Magnetic Hyperthermia 
Technique in Glioblastoma using Aminosilane Coated 
Iron Oxide Nanoparticles: In Vitro and In Vivo Study. 
International Journal of Molecular Sciences, 21(3), 
958.  

Reguera, J., Jiménez De Aberasturi, D., Henriksen-Lacey, M., 
Langer, J., Espinosa, A., Szczupak, B., Wilhelm, C., & 
Liz-Marzán, L. M. (2017). Janus plasmonic–magnetic 
gold–iron oxide nanoparticles as contrast agents for 
multimodal imaging. Nanoscale, 9(27), 9467–9480.  

Reza Ghorbani, H., Pazoki, H., & Shokuhi Rad, A. (2017). 
Synthesis of Magnetite Nanoparticles by Biological 
Technique. Biosciences, Biotechnology Research Asia, 

14(2), 631–633.  
Rufus, A., N., S., & Philip, D. (2016). Synthesis of biogenic 

hematite (α-Fe2 O3) nanoparticles for antibacterial and 
nanofluid applications. RSC Advances, 6(96), 94206–
94217.  

Saied, E., Salem, S. S., Al-Askar, A. A., Elkady, F. M., 
Arishi, A. A., & Hashem, A. H. (2022). 
Mycosynthesis of Hematite (α-Fe2O3) Nanoparticles 
Using Aspergillus niger and Their Antimicrobial and 
Photocatalytic Activities. Bioengineering, 9(8), 397. 

Sajjad, A., Hussain, S., Jaffari, G. H., Hanif, S., Qureshi, M. 
N., & Zia, M. (2023). Fabrication of Hematite (α-
Fe2O3) nanoparticles under different spectral lights 
transforms physio chemical, biological, and 
nanozymatic properties. Nano Trends, 2, 100010.  

Salimi, M., Sarkar, S., Saber, R., Delavari, H., Alizadeh, A. 
M., & Mulder, H. T. (2018). Magnetic hyperthermia 
of breast cancer cells and MRI relaxometry with 
dendrimer-coated iron-oxide nanoparticles. Cancer 

Nanotechnology, 9(1), 7.  
Shaker, S., Zafarian, S., Chakra, CH. S., & Rao, K. V. (2013). 

Preparation and characterization of magnetite 
nanoparticles by sol-gel method for water treatment. 
International Journal of Innovative Research in 

Science, Engineering and Technology, 2(7), 2969–
2973.  

Shanehsazzadeh, S., Oghabian, M. A., Daha, F. J., Amanlou, 
M., & Allen, B. J. (2013). Biodistribution of ultra 
small superparamagnetic iron oxide nanoparticles in 
BALB mice. Journal of Radioanalytical and Nuclear 

Chemistry, 295(2), 1517–1523.  
Shen, Z., Wu, A., & Chen, X. (2017). Iron Oxide 

Nanoparticle Based Contrast Agents for Magnetic 
Resonance Imaging. Molecular Pharmaceutics, 14(5), 
1352–1364.  

Shityakov, S., Roewer, N., Broscheit, J. A., & Förster, C. 
(2017). In silico models for nanotoxicity evaluation 
and prediction at the blood-brain barrier level: A mini-
review. Computational Toxicology, 2, 20–27. 

Shubayev, V. I., Pisanic, T. R., & Jin, S. (2009). Magnetic 
nanoparticles for theragnostics. Advanced Drug 

Delivery Reviews, 61(6), 467–477.  
Skorjanc, T., Benyettou, F., Olsen, J., & Trabolsi, A. (2017). 

Design of Organic Macrocycle Modified Iron Oxide 
Nanoparticles for Drug Delivery. Chemistry – A 

European Journal, 23(35), 8333–8347.  
Stroh, A., Zimmer, C., Gutzeit, C., Jakstadt, M., Marschinke, 

F., Jung, T., Pilgrimm, H., & Grune, T. (2004). Iron 
oxide particles for molecular magnetic resonance 
imaging cause transient oxidative stress in rat 
macrophages. Free Radical Biology and Medicine, 

36(8), 976–984.  
Sugimoto, T., & Matijević, E. (1980). Formation of uniform 

spherical magnetite particles by crystallization from 
ferrous hydroxide gels. Journal of Colloid and 

Interface Science, 74(1), 227–243.  



Vincent  et al.,               Biological Forum – An International Journal     15(6): 927-938(2023)                                             938 

Sun, W., Bartel, C. J., Arca, E., Bauers, S. R., Matthews, B., 
Orvañanos, B., Chen, B. R., Toney, M. F., Schelhas, 
L. T., Tumas, W., Tate, J., Zakutayev, A., Lany, S., 
Holder, A. M., & Ceder, G. (2019). A map of the 
inorganic ternary metal nitrides. Nature Materials, 

18(7), 732–739.  
Sun, X., Liu, B., Chen, X., Lin, H., Peng, Y., Li, Y., Zheng, 

H., Xu, Y., Ou, X., Yan, S., Wu, Z., Deng, S., Zhang, 
L., & Zhao, P. (2019). Aptamer-assisted 
superparamagnetic iron oxide nanoparticles as 
multifunctional drug delivery platform for chemo-
photodynamic combination therapy. Journal of 

Materials Science: Materials in Medicine, 30(7), 76. 
Sun, Z., Worden, M., Thliveris, J. A., Hombach-Klonisch, S., 

Klonisch, T., Van Lierop, J., Hegmann, T., & Miller, 
D. W. (2016). Biodistribution of negatively charged 
iron oxide nanoparticles (IONPs) in mice and 
enhanced brain delivery using lysophosphatidic acid 
(LPA). Nanomedicine: Nanotechnology, Biology and 

Medicine, 12(7), 1775–1784. 
Tate, J. A., Petryk, A. A., Giustini, A. J., & Hoopes, P. J. 

(2011). In vivo biodistribution of iron oxide 
nanoparticles: An overview (T. P. Ryan, Ed.; p. 
790117).  

Tietze, R., Jurgons, R., Lyer, S., Schreiber, E., Wiekhorst, F., 
Eberbeck, D., Richter, H., Steinhoff, U., Trahms, L., 
& Alexiou, C. (2009). Quantification of drug-loaded 
magnetic nanoparticles in rabbit liver and tumor after 
in vivo administration. Journal of Magnetism and 

Magnetic Materials, 321(10), 1465–1468.  
Topel, S. D., Topel, Ö., Bostancıoğlu, R. B., & Koparal, A. T. 

(2015). Synthesis and characterization of Bodipy 
functionalized magnetic iron oxide nanoparticles for 
potential bioimaging applications. Colloids and 

Surfaces B: Biointerfaces, 128, 245–253.  
Turrina, C., Milani, D., Klassen, A., Rojas-González, D. M., 

Cookman, J., Opel, M., Sartori, B., Mela, P., 
Berensmeier, S., &Schwaminger, S. P. (2022). 
Carboxymethyl-Dextran-Coated Superparamagnetic 
Iron Oxide Nanoparticles for Drug Delivery: Influence 
of the Coating Thickness on the Particle Properties. 
International Journal of Molecular Sciences, 23(23), 
14743. 

Van Noorden, R. (2012). Chemistry’s web of data expands. 
Nature, 483(7391), 524–524.  

Vidya, P. V. & Chitra, K. C. (2019). Irreversible 
Histopathological Modifications Induced by Iron 
Oxide Nanoparticles in the Fish, Oreochromis 

mossambicus (Peters, 1852). Biological Forum – An 

International Journal, 11(1), 1–6. 
Wang, H., Kumar, R., Nagesha, D., Duclos, R. I., Sridhar, S., 

& Gatley, S. J. (2015). Integrity of 111 In-radiolabeled 
superparamagnetic iron oxide nanoparticles in the 
mouse. Nuclear Medicine and Biology, 42(1), 65–70.  

Wang, M., Li, Y., Wang, M., Liu, K., Hoover, A. R., Li, M., 
Towner, R. A., Mukherjee, P., Zhou, F., Qu, J., & 
Chen, W. R. (2022). Synergistic interventional 
photothermal therapy and immunotherapy using an 
iron oxide nanoplatform for the treatment of 
pancreatic cancer. Acta Biomaterialia, 138, 453–462.  

Woo, K., & Lee, H. J. (2004). Synthesis and magnetism of 
hematite and maghemite nanoparticles. Journal of 

Magnetism and Magnetic Materials, 272–276, E1155–
E1156.  

Woods-Robinson, R., Broberg, D., Faghaninia, A., Jain, A., 
Dwaraknath, S. S., & Persson, K. A. (2018). Assessing 
High-Throughput Descriptors for Prediction of 
Transparent Conductors. Chemistry of Materials, 

30(22), 8375–8389.  
Xu, J., Yang, H., Fu, W., Du, K., Sui, Y., Chen, J., Zeng, Y., 

Li, M., & Zou, G. (2007). Preparation and magnetic 
properties of magnetite nanoparticles by sol–gel 
method. Journal of Magnetism and Magnetic 

Materials, 309(2), 307–311.  
Yang, S. C., Chen, C. Y., Wan, H. Y., Huang, S. Y., & Yang, 

T. I. (2019). Electroactive Composites with Block 
Copolymer-Templated Iron Oxide Nanoparticles for 
Magnetic Hyperthermia Application. Polymers, 11(9), 
1430.  

Yazdani, F., Fattahi, B., & Azizi, N. (2016). Synthesis of 
functionalized magnetite nanoparticles to use as liver 
targeting MRI contrast agent. Journal of Magnetism 

and Magnetic Materials, 406, 207–211.  
Yoon, S. (2014). Preparation and Physical Characterizations 

of Superparamagnetic Maghemite Nanoparticles. 
Journal of Magnetics, 19(4), 323–326. 

Yue, Z. G., Wei, W., Lv, P. P., Yue, H., Wang, L. Y., Su, Z. 
G., & Ma, G. H. (2011). Surface Charge Affects 
Cellular Uptake and Intracellular Trafficking of 
Chitosan-Based Nanoparticles. Biomacromolecules, 

12(7), 2440–2446. 
Zhou, H., Tian, J., Sun, H., Fu, J., Lin, N., Yuan, D., Zhou, L., 

Xia, M., & Sun, L. (2022). Systematic Identification 
of Genomic Markers for Guiding Iron Oxide 
Nanoparticles in Cervical Cancer Based on 
Translational Bioinformatics. International Journal of 

Nanomedicine, Volume 17, 2823–2841.  
Zhu, M., Wang, Y., Meng, D., Qin, X., & Diao, G. (2012). 

Hydrothermal Synthesis of Hematite Nanoparticles 
and Their Electrochemical Properties. The Journal of 

Physical Chemistry C, 116(30), 16276–16285.  
Zhuo, Z., Wang, J., Luo, Y., Zeng, R., Zhang, C., Zhou, W., 

Guo, K., Wu, H., Sha, W., & Chen, H. (2021). 
Targeted extracellular vesicle delivery systems 
employing superparamagnetic iron oxide 
nanoparticles. Acta Biomaterialia, 134, 13–31.  

 
 

How to cite this article: Carol Vincent, Gouri Bhuvanendran Kavitha, Ambili Savithri, Asha S. Kumar, Remya A.S., Maya 
Madhavan, Lea Maria Tony, Sandhra Puthiyapurayil Murali, Sabeena Mustafa  and Deepa Rani S. (2023). Iron Oxide 
Nanoparticles: Types, Synthesis, Biomedical applications and Scope of Nanoinformatics. Biological Forum – An International 

Journal, 15(6): 927-938. 
. 

 


