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Abstract

Keywords
Iron oxide nanoparticles (IONPs), Iron oxide nanoparticles (IONPs) have emerged versatile nanomaterials that has a
SPIONs, MRI, Targeted drug high potential in the biomedical sciences because of its magnetic characteristics,
delivery, Magnetic hyperthermia, biocompatibility, and straightforward functionalization of the surface. This review
Biosensing, Gene delivery, Tissue is an overview of the recent developments in the diagnostic and therapeutic uses of
the IONPs with special reference to the magnetic resonance imaging (MRI),
targeted drug delivery, and magnetic hyperthermia. Superparamagnetic iron oxide
nanoparticles (SPIONs) have been shown to be performing outstandingly as T2
MRI contrast agents to allow enhanced imaging of diseased tissues. Moreover,
functionalized IONPs are also useful as the vectors of chemotherapeutic drugs and
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natural bioactive agents in order to enable the stimuliresponsive release of drugs
and magnetically directed drug delivery. IONPs have also been identified as
promising cancer hyperthermia that employs their property of producing localized
heat in the presence of an alternating magnetic field and thermoablation.
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Moreover, new uses in biosensing, gene delivery, and tissue regeneration, discussed,
and main issues associated with in vivo behavior, safety, and clinical translation.

1. Introduction

Nanotechnology has become one of the most
disruptive disciplines in contemporary science,
with unparalleled possibilities as far as innovation
is concerned, in medicine, biology, chemistry and
materials science [1]. The iron oxide
nanoparticles (IONPs) are one of the many types

of nanomaterials considered in such not only
biomedical but also biotechnological applications
because of their magnetic characteristics,
biocompatibility, and structural flexibility. Their
size, surface chemistry and magnetic behavior
have been precisely manipulated allowing the
creation of multifunction platforms that can be
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used in disease diagnosis, therapy and monitoring
to overcome critical challenges [2]. IONDs,
especially  superparamagnetic  iron  oxide
nanoparticles (SPIONs) are superparamagnetic at
the nanoscale that is, they are highly magnetized
when a magnetic field is applied to them but not
when the field is removed. This character would
be a very desirable property of the biomedical
applications of the property; this helps in
reducing aggregation of the particles and the
chances of embolism after the systemic
administration of the property is done. In
addition, iron is a crucial component of the
human body, and iron oxide-containing materials
can be absorbed by the body and processed into
natural iron deposits, which is why IONPs are
more naturally biocompatible than most other
inorganic nanomaterials [3-5].

The increasing attention to IONPs is explained
by the outstanding opportunities in diagnostic
imaging, targeted medicine, magnetic
hyperthermia, and diverse other biomedical
applications [6]. The proper and prompt
identification of diseases has been one of the
pillars in the field of diagnostic medicine to
enable successful treatment and better patient
outcomes. One of the most potent non-invasive
imaging modalities to date is the Magnetic
Resonance Imaging (MRI) which has a high soft
tissue contrast and spatial resolution without
ionizing radiation. The sensitivity of MRI,
however, is usually based on the application of
contrast agents that help in increasing the degree
of signal differentiation between normal and
pathological tissues [7-10]. The limitations of
traditional contrast agents include short
circulation, lack of specificity as well as possible
toxicity, and this has prompted the need to
identify safer and more effective options. In this
respect, SPIONs have proved to be very useful
MRI contrast agents especially in T2-weighted
imaging. The SPIONs are used to induce local
magnetic field in homogeneities which cause the
transverse relaxation of the protons in the water
surrounding streamlining the appearance of
better contrast and improving the lesion
detectability [11]. Notably, they are nanoscale,
which means that they can effectively interact

with biological systems and circulate in the
bloodstream upon proper surface modification.
In addition to this, this preferential accumulation
in tumor tissues of IONPs due to the Enhanced
Permeation and Retention (EPR) effect has made
them potential tools to be used in the imaging of
cancer in the future [12]. The wvasculature
involved in tumors is generally loose and poorly
structured, allowing nanoparticles to accumulate
passively in the tumor microenvironment to
create improved imaging contrast and allow
easier visualization of the tumor morphology and
progression. In addition to passive targeting,
there is a large variety of synthetic and natural
ligands that can be coated onto the surface of
IONPs in order to accomplish active targeting
and better biological behavior. Polyethylene
glycol (PEG), dextran, chitosan, and polyvinyl
alcohol functionalization helps to increase the
colloidal stability, increase the blood circulation
time and decrease the immune recognition. Also,
conjugation with targeting ligands including folic
acid, peptides, or antibodies helps to provide
specificity dramatically as receptor-mediated
uptake by cancer cells is possible. The
functionality of IONPs is further extended to
have inherent antioxidant, anti-inflammatory and
anticancer effects through incorporation of
natural bioactive compounds such as polyphenols
and phytochemicals. The advances have
contributed to the rise of the theranostic
nanoplatforms, which integrate diagnostic
imaging and therapeutic capabilities into one
platform [13-15]. The therapeutic promise of
IONPs is also very strong. Magnetic
nanoparticles-based targeted delivery of drugs is a
potent approach to circumvent the drawbacks of
traditional chemotherapy (systemic toxicity, low
bioavailability, and non-selective distribution).
With the help of an external magnetic field
IONPs can be loaded with chemotherapeutic
drugs, natural compounds or genetic material
and directed to a disease site. This method
enhances the level of drug at the target site and
reduces exposure to healthy tissues therefore
reducing drug side effects [16]. Moreover,
therapeutic payloads release can be highly
regulated using stimuli-responsive systems, such
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as pH, enzyme, temperature, or heating with
magnetic fields.

Magnetic hyperthermia is one of the most
innovative applications of IONPs as a therapeutic
treatment method that is minimally invasive and
takes advantage of the fact that magnetic
nanoparticles can produce localized heat when
subjected to an alternating magnetic field. The
high sensitivity of cancer cells to high
temperatures is particularly caused by the
abnormal metabolism of cancer cells and their
low heat dissipation ability [17-20]. Mild
hyperthermia may cause apoptosis and make
tumor cells sensitive to chemotherapy and
radiotherapy whereas higher temperatures may
lead to irreversible thermal ablation and necrosis.
The combination of magnetic hyperthermia with
drug delivery and MRI has even intensified the
presence of IONPs as multifunctional therapeutic
agents that can be applied as simultaneous
treatment and monitoring agents. Along with
imaging and cancer therapy, IONPs have proven
to have great potential in a wide variety of other
biomedical applications. They are cellular
labeling and magnetic separation as a diagnostic
and detoxification, magnetofection as an
improved gene delivery, tissue repair and
regeneration using stem cell guidance and
tracking, and biosensing platforms as the
detection of disease biomarkers.

The flexibility of IONPs is due to their high
surface area, functionalization capability and high
magnetic responsiveness that in combination
allows adapting these particles to wide biomedical
demands [21-25]. In spite of these promising
developments, a range of critical factors should
be considered, in order to achieve successful
clinical translation of IONP-based technologies.
The particle size, shape, surface chemistry and
magnetic characteristics have to be carefully
regulated to obtain the best biodistribution, long
circulation and efficient cellular uptake. Surface
coatings are important in aggregation prevention,
opsonization  reduction, and macrophage-
phagocytic system clearance reduction. Although
IONPs are, in general, assumed to be non-toxic,
the biodegradation levels, long-term toxicity, and

their interactions with complex biological systems
are to be thoroughly assessed [26].

In the future, IONP research can be viewed as
the future of green synthesis, further
functionalization schemes, and more
permanently integrated theranostic devices.
Greater insight into the nature of nano- bio
interactions coupled with the ability to
manufacture scalably and have a well-defined
regulatory pathway will be essential to the
translation of laboratory-scale innovations into
clinically approved products. The purpose of this
review is to give a general review of diagnostic,
therapeutic and emerging biomedical uses of iron
oxide nanoparticles, and also to give special
attention on surface functionalizational strategies,
natural compound incorporation and the
challenges and opportunities of the clinical
translation of such nanoparticles [27-30].

1.1. Diagnostic Application

1.1.1. Magnetic Resonance Imaging (MRI)

The Magnetic Resonance Imaging (MRI) is non-
invasive diagnostic test that is very powerful and
is ‘necessary in the present medical imaging
processes particularly when it comes to visualizing
the 'soft tissues and also in the detection of
pathological processes such as cancer at early
stage. Clinical diagnosis is being widely applied
through MRI because it is highly spatially
resolute and best tissue contrast without having
to use ionizing radiations thus diminishing the
harmful impacts of its regular repeated uses [31].
However, conventional MRI can require
administration of contrast agents to improve the
difference between normal and abnormal tissues.
In this connection, nanoparticles of iron oxide,
especially  superparamagnetic  iron  oxide
nanoparticles (SPIONSs) are now able to be highly
useful as MRI contrast agents. The primary
mechanism of action of the SPIONS is the ability
to be used as a T2 contrast agent because it
produces the local magnetic field inhomogeneity,
which will accelerate the transverse relaxation of
the surrounding water protons. This leads to
steep signal loss in T2 weighted images, hence
contrast increase and enhancement of lesion
sensitivity. The magnetic properties, particle size,
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surface chemistry, and crystallinity are high-
dependence factors that IONPs use to determine
their relaxivity and image ability. Appropriate
surface manipulation can enable SPIONs to be
useful in the interaction with biological systems
due to their small nanoscale size and be long
circulated in the bloodstream. The primary
advantage of IONDPs in the imaging of cancer is
the potential to be concentrated in favor of the
tumor tissues via the Enhanced Permeability and
Retention (EPR) effect. Tumor vasculature is
typically maladaptive and highly leaky and lacks
lymphatic clearance and therefore nanoparticles
can accumulate passively in the tumor
microenvironment. It is passive targeting which
increases the contrast of tumors in MRI
significantly allowing easier visualization of the
tumor limits, size and progression. In addition,
the IONDPs can be targeted in order to escape the
rapid clearance by the reticuloendothelial system
(RES) that further enhances their uptake in
tumors. IONDPs can be functionalized using either
natural or  synthetic ligands  (polymers,
biomolecules and phytochemicals) to improve
specificity and biological behavior. Surface
coatings, which enhance colloidal stability,
biocompatibility and time of circulation are made
of polyethylene glycol (PEG), dextran and
chitosan. Active targeting active conjugation of
ligands such as folic acid that bind folate
receptors which are surface expressed on most of
the cancer cells can be attained [32-35]. In fact,
folate- and quercetin-coated IONPs have been
reported to exhibit enhanced MRI contrast and,
concurrently, exhibit anti-prolliferative property
towards cancer cells and, therefore, they are likely
to be used as theranostic agents, i.e., the materials
that can be used as diagnostic and treatment
agents. Similarly, (M)IONPs carrying multiple
functionalities covalently functionalized with
gold, curcumin, lipoic acid and glutathione have
also shown good MRI contrast properties at
reduced cytotoxicity to normal cells [36]. It has
been reported that these nanocomposites possess
spectacular growth inhibiting properties on the
glioma cells signifying that these nanocomposites
are used along with the imaging and targeted
destruction of cancerous cells. Increasing

biomedical applications of IONPs through
incorporation of bioactive molecules can enhance
the efficiency of targeting besides conferring anti-
oxidant, anti-inflammatory and anti-cancer
action. Besides the use of IONPs in cancer
diagnostics, MRI is actively used today to
investigate many other diseases. The studies of
diabetes use the IONPs to visualise the pancreatic
inflammation and trace the immune cell invasion
into the pancreatic islets of Langerhans. The
IONPs are applied in cardiovascular medicine to
determine the presence of atherosclerotic plaques
through the detection of atherosclerotic plaques
in cardiovascular disorders which is initially
diagnosed by locating these macrophages [37].
Besides, IONPs are also being researched to
visualize neuroinflammation, liver fibrosis, and to
track stem cells, so it demonstrates their utility as
an instrument of more advanced diagnostics. In
general, introduction of IONPs in MRI is a
significant milestone in diagnostic imaging. The
attraction is because they have a tunable magnetic
property, functionalization  capability —and
biocompatibility that can make them good
candidates in the next generation contrast agent.
With the improvement of research and clinical
translation, there is a lot of promise in IONP-
based MRI contrast agents to improve the
diagnosis of diseases, monitoring of the efficacy
of the treatment and personalized medicine [38].

1.2. Therapeutic Applications

1.2.1. Targeted Drug Delivery

Targeted drug delivery systems are considered to
be one of the most promising and researched
areas of therapeutic use of iron oxide
nanoparticles (IONPs). IONPs are versatile
surfaces that can carry numerous therapeutic
agents, such as chemotherapeutic drugs, natural
phytochemicals, genes, and proteins because of
their unique magnetic properties, nanoscale size,
and their ability to be easily surface
functionalized. The use of external magnetic field
can also be used to direct and focus these
functionalized IONPs at a particular pathological
point, e.g., tumor, to increase therapeutic
effectiveness. The target nature of this method
greatly enhances the concentration of the drug in

https://thesesjournal.com

| Hussain et al., 2026 |

Page 720


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 4, Issue 2, 2026

the area of the disease and decreases systemic
distribution and consequently off-target toxicity
and the side effects that are usually found with
traditional chemotherapy [39].

IONP-based nanocarriers are usually internalized
into the cell through endocytosis, phagocytosis or
receptor-mediated endocytosis depending on the
particle size, surface charge and type of surface
ligands. Depending on the targeting moieties of
interest, e.g. folic acid, peptides, antibodies, or
polysaccharides, further functionalization of these
nanoparticles can be used to improve selective
uptake by cancer cells, which overexpress certain
receptors. When taken up, the nanoparticles are
normally localized in endosomes or lysosomes,
and an environmental change can stimulate
controlled drug release, e.g. acidic pH or
enzymatic activity. The release of the drug could
be accurately controlled by stimuli-responsive
releases, such as pH-sensitive, temperature-
sensitive, redox-responsible, or enzyme-sensitive
releases. Tumor tissues usually have acidic micro
surroundings and high levels of enzymes than
normal tissues hence they are the best targets of
such controlled delivery strategies. Alternating
magnetic fields also may be used to produce
localized heating (magnetothermal effect) which
further accelerates drug release and therapeutic
activity [40].

Other studies have shown how natural bioactive
compounds could be successfully delivered using
systems based on IONPs. An example is IONPs
conjugated with diosgenin, a saponin of steroid,
which is a derivative of the plant Dioscorea
bulbifera that has been demonstrated to have
excellent anticancer properties by inducing
apoptosis and inhibiting cell proliferation in
breast cancer cells. On the same note, IONPs
loaded with curcumin, especially those that have
been modified with biocompatible polymers like
chitosan have shown controlled and sustained
drug release kinetics and increased cytotoxicity to
lung cancer cells. Chitosan can also be used to
enhance drug loading in addition to offering the
ability to release drugs under acidic tumor
conditions  through pH-sensitive behavior.
Functionalized phytic acid and chitosan IONPs
have also been shown to possess high inhibitory

effects against the proliferation of colon cancer
cells with pH-controlled drug release ensuring
that there is minimal drug leakage when in
physiological conditions [41]. Moreover, IONPs
conjugated with polyphenols isolated out of Vitis
vinifera or plant extracts out of Couroupita
guianensis have demonstrated strong cytotoxic
action towards diverse types of cancer cells at
appreciably reduced dosages than the free
extracts. This increased activity is explained by
increase in cellular absorption, prevention of
bioactive compounds degradation, and prolonged
intracellular release. One of the most significant
issues in drug delivery targets, specifically in brain
tumor therapy, is to overcome the blood-brain
barrier (BBB), which limits most therapeutic
agents to the central nervous system. Recent
reports have shown that properly engineered
IONPs, particularly ones that are smaller in size
say in the range of about 10 to 20 nm, do
penetrate or bypass the BBB upon an external
magnetic field. The defective and porous
vasculature of the brain tumors also contributes
to the mnanoparticle accumulation in the
intracranial locations. Surface modification with
ligands or surfactants in combination with
magnetic targeting, has demonstrated
encouraging outcomes in improving the delivery
of drugs to brain tumors with reduced
neurotoxicity. Altogether, the use of IONP-based
targeted drug delivery systems is a rather versatile
and efficient treatment approach. They are the
best candidates of personalized and precision
medicine due to their capacity to integrate
magnetic targeting, controlled drug release and
surface functionalization. Further development
and progress in nanoparticle engineering and
biological targeting are also anticipated to
increase their clinical use in the treatment of
cancer and the treatment of other complex

diseases [42-45].

1.2.2. Magnetic
Thermoablation

The magnetic hyperthermia is the new and least
invasive mode of therapy which employs the heat
produced by the iron oxide nanoparticles
(IONPs) when subjected to alternating magnetic

Hyperthermia and

https://thesesjournal.com

| Hussain et al., 2026 |

Page 721


https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7030

Spectrum of Engineering Sciences
ISSN (e) 3007-3138 (p) 3007-312X

Volume 4, Issue 2, 2026

field (AMF). In this technique, the IONPs are
initially concentrated at the tumor location either
by passive targeting (Enhanced Permeation and
Retention effect), active targeting with ligands or
by magnetic guidance. When an AMF is applied,
the nanoparticles lose electromagnetic energy as
heat via other processes like Néel and Brownian
relaxation losses. This localized heat production
increases the temperature of the tumor to a
therapeutic level causing selective destruction of
the cancer cells without damaging the adjacent
healthy tissues [46].

The high temperature is also known to be more
sensitive to cancer cells compared to normal cells,
which have a changed metabolism, poor
vascularization as well as limited heat dissipation
capacity. Mild hyperthermia, usually in the
temperature span of 42- 45 o C, may provoke
apoptosis, disrupt protein folding, deviate the
DNA repair pathway, and prevent tumor
angiogenesis. Once elevated temperatures of
around 50 o C or more are attained, the
treatment changes into thermoablation whereby
cells undergo irreversible cellular damage,
membrane rupture, and necrotic cell death. This
thermal destruction within a controlled manner
is what makes magnetic hyperthermia especially
appealing to the treatment of solid tumors that
are resistant to conventional therapy [47].

In combination therapy with radiotherapy or
chemotherapy, magnetic hyperthermia is often
used because heat will make tumor cells more
sensitive to these therapies. Hyperthermia
enhances the penetration of drugs and
radiosensibility as well as this process boosts
blood flow and oxygenation in the tumor
microenvironment. Also, heat can disrupt the
tumor cell membranes leading to increased
intracellular absorption of chemotherapeutic
agents leading to synergistic effectiveness of
anticancer effects at reduced doses of drugs.
IONPs particularly offer the benefit of being
hyperthermiaable, highly magnetic responsive
biocompatible tunable heaters. The heat
generation capacity of the IONPs is determined
by the particle size, shape, magnetic anisotropy,
concentration and surface coating. IONPs
constituted in an optimized form have shown

great specific absorption rates (SAR) and can be
heated efficiently at relatively low levels of
magnetic fields, which is safe to use in a clinical
setting. Significant tumor volume reduction as
well as extended survival following IONP-
mediated magnetic hyperthermia treatment has
been reported in vivo in a large number of
studies and in animal models [48-53].

A key strength of this modality is that it can be
integrated with targeted drug delivery systems and
result in  multifunctional or theranostic
platforms. As an example, folate and curcumin-
coated IONPs have demonstrated successful
tumor targeting with folate receptor-mediated
uptake and fast attaining of hyperthermia
temperatures with AMF exposure. Localized
heating in such systems not only causes the death
of tumor cells but it also increases the rate of
drugs release which leads to increased efficacy of
the therapeutic process [54-59].

The green-synthesized IONPs with natural
compounds and plant-derived polyphenols have
become more and more popular owing to
enhanced biocompatibility and other biological
functions. IONPs coated or synthesized with
polyphenols of cinnamon and wvanilla, and
epigallocatechin gallate (EGCQG) of green tea have
been shown to exhibit effective heating behavior
and antioxidant and anticancer activity. Naturally
functionalized IONPs have been also successfully
used in integrative applications with magnetic
hyperthermia, controlled drug delivery, and
magnetic resonance imaging (MRI), and are
therefore prospective multifunctional
nanoplatforms  [60].  Moreover,  magnetic
hyperthermia can be remotely and precisely
controlled in space and time because the heat is
only produced in the accumulation location of
the nanoparticle when the external magnetic field
is applied. This makes it less toxic in the system
and should there be a need to administer the
treatment again. As nanoparticles engineering,
optimization of magnetic field and clinical safety
testing progress, IONP-mediated magnetic
hyperthermia and thermoablation is likely to
become a prominent part of the future cancer
treatment plans, especially in the context of
personalized and precision medicine [61-63].
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1.3. Other Biomedical Applications

In addition to imaging and cancer therapy, iron
oxide nanoparticles (IONPs) have been widely
used in a large variety of biomedical fields
because they are magnetic responsive, surface
modifiable, and biocompatible. They can be used
in a wide variety of applications as a diagnostic,
separation technology, regenerative medicine,
gene delivery and biosensing tool and thus have
far more applications than on traditional
therapeutic platforms [64].

1.3.1. Cellular Labeling, Separation, and
Detoxification

IONP can be functionalized with the help of
surface-derivatizing ligands (antibodies, peptides,
aptamers) and be used to selectively target target
cells, such as cancer cells, bacteria, viruses, or
circulating tumor cells (CTCs). When labeled,
such cells are easily extracted out of complicated
biological fluids by the application of an external
magnetic field. The wusage of this magnetic
separation method is common in cell sorting, in
the purification of blood, in diagnosis tests, and
in the detection of pathogens. IONPs can also be
customized to target toxins, heavy metals and
bacterial endotoxins of biological fluids in
detoxification procedures and thus are quickly
removed and enhance patient safety in clinical
practice including septicemia [65].

1.3.2. Magnetofection and Gene Delivery

Magnetofection is a new technology of delivering
genes that capitalizes on the magnetic properties
of IONDPs in order to increase the transfection
efficiency of nucleic acids. DNA, RNA or small
interfering RNA (siRNA) can be electrostaticaly
bound to ions of polyethyleneimine (PEI),
chitosan or poly-L-ysine via an ionic interaction
with the polymer cationic surface. These
complexes are then quickly drawn to the cell
surface under the influence of an external
magnetic field and the uptake into the cell is
greatly enhanced. Magnetofection has been
shown to be more beneficial in delivery of genes,
lower dose, and less cytotoxic than conventional
methods of transfection, and is used to deliver

genes in vitro and in vivo in cancer gene therapy
and regenerative medicine [66].

1.3.3. Tissue Repair and Regeneration

IONPs are becoming more and more important
to tissue engineering and regenerative medicine.
IONP-labeled stem cells can be directed to injury
sites in the body (bone defects, areas of cardiac
infarction or neural damage, etc.) by magnetic
force, enhancing cell localization and therapeutic
outcome. Also, IONPs make it possible to
monitor the migration, survival of transplanted
cells and their integration in real-time with MRI,
which clinicians can use to monitor the success of
organ transplants. IONPs are also being
considered in tissue soldering and wound
healing, in which magnetic heating can be used
to strengthen tissue adhesion and repair without
causing too much damage to the adjacent tissues

[67-69].

1.3.4. Biosensing and Diagnostic Platforms

The application of IONPs in biosensing is
extensively used because of the high surface area,
the ability to functionalize them, and the
amplification of signals of magnetism. They are
important elements in immunoassays, enzyme
based detection and magnetic biosensors in
sensitive and selective detection of proteins,
enzymes, nucleic acids and disease biomarkers.
IONP based biosensors have been shown to be
sensitive, fast in response and have low detection
limits which ensure their use in early disease
detection, point of care testing, and
environmental monitoring [70].

1.3.5. Critical Considerations for In Vivo
Application

To achieve an effective in vivo application of

IONPs, a proper balance of physicochemical and

biological characteristics of these nanoparticles is

to be carefully optimized to guarantee their safety,

efficacy, and clinical applicability.

1.3.6. Size and Shape

The biodistribution, circulation time and cellular
uptake of particles depend on the critical
determinant of particle size. The sizes of IONDPs
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between 10 and 100 nm are normally optimal as
anything below 5 nm gets easily filtered out by
the renal system whereas anything that is beyond
200 nm will be absorbed by the spleen and liver.
Besides size, particle shape (spherical, cubic, or
rod-like) is also a factor in determining magnetic
behavior and biological interactions which affect
circulation and therapeutic performance [71].

1.3.7. Surface Coating and Functionalization
The bare IONPs are hydrophobic in nature, and
readily form aggregates in a physiological
solution, which results in rapid opsonization and
clearance by the macrophage-phagocytic system
(MPS) [61]. Surface coating of the biocompatible
polymers like polyethylene glycol (PEG), dextran,
chitosan, polyvinyl alcohol (PVA) or naturally
present polyphenols is thus necessary. These
coatings enable steric stabilization, enhance
colloidal stability, lower immune recognition and
prolong blood circulation time. In addition,
functional coatings provide reactive sites in which
conjugating targets can be made (targeting
ligands, therapeutic agents, or imaging probes),
which  facilitates  active  targeting  and
multifunctionality [72].

1.3.8. Biodegradation and Toxicity

IONPs are considered to be safe because of the
normal metabolism of iron in the body, which
involves incorporation of iron in hemoglobin,
ferritin or other iron-storage proteins. According
to toxicological experiments, cytotoxic effects are
generally noted to appear at high concentrations
(>100 pg/mL) [73]. To a large extent, the
character of the surface coating will serve to
control toxicity, biodegradation rate and
inflammatory reactions. Well-designed IONDPs
have low longterm toxicity and are readily
eliminated by the normal iron metabolism
mechanisms [74].

Conclusion

The iron oxide nanoparticles are a strong and
multifunctional platform of nextgeneration
biomedical uses. They have proved to be of
definite advantage over the traditional methods
of operation especially in cancer diagnosis and

treatment because they have been incorporated
into diagnostic imaging, targeted drug delivery,
and magnetic hyperthermia. Their stability,
targeting efficiency, and therapeutic performance
have been enhanced greatly with surface
functionalization approaches such as using
polymers and natural bioactive compounds.
Although the preclinical results are encouraging,
difficulties in the field of controlled synthesis,
longterm biocompatibility, biodistribution, and
large-scale production are the major obstacles to
translating into clinical applications. Future
studies are required on green synthesis,
progressive coating, and
insightful knowledge on nano- bio interactions. It
has been anticipated that the generation of
integrated theranostic IONP-based systems will be
critical in individualized and precision medicine
that will be able to bridge the gap between
diagnosis, therapy and real-time monitoring of
treatment.

multifunctional
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