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Magnetic nanoparticles (MNP) are typically 1-100 nm in diameter 
and consist of magnetic elements (such as iron, cobalt, nickel and their 
compounds). The past decade has witnessed tremendous applications 
of MNP in biomedicine and bioanalytical sciences [1-15] as they can be 
manipulated by magnetic field. The most prominent applications are 
the treatment of cancer [1], drug delivery [3-5], magnetic resonance 
imaging (MRI) [3,6,7], magnetic assays [8,15] and theragnostics 
[9]. They have the unique ability to turn on and off their magnetic 
properties depending on temperature, which provides a great analytical 
tool for effective cancer therapy. Moreover, they display remarkable 
properties such as superparamagnetism, high field irreversibility and 
high saturation magnetization. 

Ferrite nanoparticles (NP) are the most commonly used MNP, 
which become superparamagnetic when they are smaller than 128 
nm. The stability of ferrite NP in solution is increased by chemically 
modifying their surface by surfactants, silicones or phosphoric acid 
derivatives. Metallic NP has also been developed but they are difficult 
to handle and have unwanted side reactions. On the other hand, MNP 
with a magnetic core (Fe or Co) but with a nonreactive shell such as 
graphene have been recently developed and demonstrated to have higher 
chemical stability (in acidic and basic solution, and organic solvents), 
and higher magnetization. The most common techniques for MNP 
synthesis [10-12] include co-precipitation, thermal decomposition, 
microemulsion, aerosol/vapour methods, sol-gel reaction, polyol 
method, flow injection synthesis, flame spray pyrolysis, laser pyrolysis, 
pulsed laser ablation [13], electrochemical methods, sonolysis, 
magnetotactic bacteria, and other wet chemistries. Co-precipitation 
is the most extensively used and most convenient method for the 
synthesis of ferrite NPs of controlled sizes and magnetic properties. A 
wide range of surface chemistries have also been developed to enhance 
the biocompatibility of MNP [9-10]. Additionally, several procedures 
have been developed for the formation of magnetic composites [11].

The recently published editorial article by Martirosyan in 2012 [1] 
pertaining to the use of thermo sensitive magnetic nanoparticles for 
the treatment of cancer by hyperthermia, demonstrates the potential 
of MNP. The treatment of tumors by hyperthermia is undoubtedly 
the most promising biomedical application, where the tumor cells are 
destroyed due to their sensitivity to temperature in the range of 42-
45°C. The increased perfusion and oxygenation of neoplastic hypoxic 
cells in tumor tissue by hyperthermia facilitates the absorption of 
chemotherapeutic drugs, thereby leading to more effective cancer 
therapy. Hyperthermia has anti-angiogenic and immunotherapeutic 
role due to the thermal shock proteins produced by stressed tumor 
cells. This is being employed clinically in certain parts of the world. 
Moreover, Food and Drug Administration (FDA) has also approved 
the use of microwave hyperthermia in conjunction with radiation for 
cancer treatment. The commercial MNP are non-selective and thus 
lead to overheating of surrounding normal tissue. Therefore, there is 
a stringent need for significantly improved hyperthermia agents and 
procedures, which are highly selective to tumor cells, lead to uniformly 
controlled induction heating, and prevent the necrosis of normal tissue. 

The most commonly used MNP for hyperthermia have Curie 
temperature (Tc) between 45-50°C, which prevents overheating of 

neighbouring healthy cells as the MNP are unaffected by alternating 
magnetic fields above 50°C. These include ultrafine alumina coated 
particles of substituted ferrite (Co1-xZnxFe2O4), yttrium-iron garnet 
(Y3Fe5-xAlxO12), copper nickel alloy (CuNi), nickel chromium alloy (Ni1-

xCrx), Gd5(Si1-xGex)4, (Gd1-x Rx)5 Si4 (R = Ce, Nd, Er and Ho), La-Ag and 
La-Na perovskite manganites (La0.73Sr0.27MnO3 and La0.82Sr0.18MnO3+δ), 
Mg1+xFe2-2xTixO4, Zn-doped Mn-ferrite (Mn1-xZnxO), Gd-doped Zn-
ferrite (ZnGdxFe2-2xO4), and Ni0.2Ca0.8Gd0.08Fe1.92O4. Most of the MNP 
have been demonstrated to be biocompatible as they are made up of 
biological elements. 

MNP can capture free floating cancer cells, which can then be 
carried out of the body. Moreover, they can be used for the detection of 
cancer by coating with antibodies specific to the targeted cancer cells or 
proteins. Additionally, they have been used for the detection of Gram 
negative and Gram positive bacteria by conjugating with carbohydrates. 
The MNP-based MRI technique is a truly amazing technique that can 
predict the development of Type-1 diabetes in subjects with a genetic 
predisposition to diabetes [7]. Multifunctional MNP (Figure 1) have 
also been used for the imaging of other diseases such as atherosclerosis 
and cancer [6]. MNP such as CoPt have been used as MRI contrast 
agent for transplanted neural stem cell detection. Moreover, they 
have been used as catalyst or catalyst supports in addition to the quick 
isolation of mRNA using the magnetic bead attached to a poly T tail. 
MNP have also been employed for the removal of heavy metals from 
waste water as they have very large surface-to-volume ratio and can 
lead to easy separation by applying a magnetic field. 

The development of magnetic immunoassay [8] is another most 
prospective technology based on the use of magnetic beads either at the 
capture antibody stage or at the detection antibody stage. The capture 
antibody-bound magnetic beads can lead to rapid immunoassay as 
they can be instantaneously bound to the substrate using the magnet. 
But the use of detection antibody-bound magnetic beads in sandwich 
immunoassay can lead to their detection by a magnetometer, thereby 
obviating the use of costly colorimetric detectors. 

The evaluation of the toxicity and biocompatibility of MNP is 
critical for in vivo applications. It has been demonstrated that the size, 
composition and surface chemistry of MNP play an important role in 
their intracellular uptake, biodistribution, macrophage distribution 
and cytotoxicity [9]. Presently, the lack of international guidelines to 
evaluate the toxicity of nanomaterials [16] is responsible for the lag in 
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commercializing MNP-based products and processes. Additionally, the 
MNP-based products and processes must comply with the industrial 
and healthcare requirements [17]. However, based on their superior 
analytical performance, novel characteristic features and plethora of 
applications, MNPs will certainly play a key role in biomedicine and 
bioanalytical sciences in the near future.
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Figure 1: Multifunctional imaging/therapeutic magnetic nanoparticles (MNP) anatomy and potential mechanisms of action at the cellular level [4]. (A) A multifunctional 
MNP modified with targeting ligands extended from MNP surface with polymeric extenders, imaging reporters (optical, radio, magnetic), and potential therapeutic 
payloads (gene, radio, chemo). (B) Four possible modes of action for various therapeutic agents; a) Specific MNP binding to cell surface receptors (i.e. enzymes/
proteins) facilitate their internalization and/or inactivation, b) controlled intercellular release of chemotherapeutics; c) release of gene therapeutic materials post 
endosomal escape and subsequent targeting of nucleus; and d) intracellular decay of radioactive materials. Reproduced with permission from Elsevier B.V. 
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