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Abstract— By the helping hand of forward uplift of nano-technology, great advantages are put forth in the field of biomedical tissue 
engineering and also in gene therapy, both beneficial for curing cancer. Cancer (in the term of Hypoxic tumor) is the rapid 
proliferation of abnormal cells divided uncontrollably and destroy other normal healthy body tissues and spread to other body parts. 
When cancer is nested at any deepest part of the body, many traditional and classical anticancer agents are not able to reach 
properly. If they reach, sometimes they are unable to penetrate into the hypoxic zone (where the tumor hypoxia or low oxygen 
concentration takes place). Some traditional therapies are also taken in account that they can work by inhibition of cell division. But 
this techniques are not so useful. To find out a new effective way of treating cancer in the term of targeted therapy, magnetic 
nanoparticles can work to carry the specific substance or drug to the perfect specific location by the affection of an outward field of 
magnet. Researcher gives much preference and pay attention on this for a wide outspread novel applications, not only because of their 
extreme fabulous properties, but also due to nano size compared with their bulk counterparts including their simplicity of 
application. The main motive of this article to provide an overview on collection of observation and studies, regarding the 
physicochemical properties, quality control tests, future challenges & uses of magnetic nanoparticles focused on biomedical 
applications. 
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I. INTRODUCTION 

Treating of hypoxia, the transport of specific substances which are put and fill the nanoparticles is not conclusively workable 
because of the construction of small vessels and they are much perverted and not regular. Due to the lack of effective dosage 
form for deliver the specific drug to the specific site, several transport carrier system has been claimed. Among them magnetic 
nanoparticles as a carrier method, get the highest score for consideration. In hypoxia, entire body or any selective organs or 
tissues are reft from sufficient oxygen demand. This technique act by the unloaded of magnetic nanoparticles filled with specific 
substance to the perfect specific location (where the tumor takes place) by the affection of an outward field of magnet (Figure 1). 
Followed the application of another appropriate stimulation, the loaded drugs/imaging agents can be released locally[1-4]. 
Magnetic nanoparticles (MNPs) based on iron, cobalt, nickel or metaloxides, have attracted significant attention owing to their 
intrinsic magnetic properties, which allow them to be tracked by magnetic resonance imaging(MRI)[5-8]. In the wide variety of 
magnetic nanoparticles Super Paramagnetic Iron Oxide Nanoparticles (like as magnetite) and maghemite have much possibility 
in nano medicine. Super Paramagnetic Iron Oxide Nanoparticles are extensively accepted for their proper properties like 
“biocompatibility” and “superparamagnetism”. Magnetic separation has been successfully applied to many aspects of 
biomedical and biological research. It has proven to be a highly sensitive technique for the selection of rare tumor cells from 
blood, and is especially well-suited to the separation of low numbers of target cells[9]. 
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Figure 1: Representation, how the magnetic nanoparticles works under the affection of outward magnetic field. 
 

1)  Classify into groups:  Magnetic nano-particles can be further classified according their purpose of use,such as-  

 (i)Hyperthermia agents,  

(ii) Magnetic contrast agents ; and 

(iii) Magnetic vectors.. 

2)  Physicochemical property:  The efficacy and stability of nanoparticles depends on some factors of its property. For synthesis 
of nanoparticles one conclusion is seriously set into the head that the particles only act as a magnet, under the affection of outer 
magnetic field and must be demagnetized after the removal of the magnetic field. We can achieved this type of magnetic 
properties using very small nanoparticles (< 10 nm),because of single domain presence. But multi domain states are 
differentiated by domain walls, as depicture (Figure 2). Not only the physical properties but also the chemical properties also 
must be maintain while formulating the magnetic nano particles. They are as follows- 

 

 
 

Figure 2: Paramagnetic materials are magnetized when the magnetic field is applied, but after removal of the field 
magnetization goes to zero. Ferromagnetic materials, in the absence of the magnetic field shows a remanent magnetization. 
Superparamagnetic materials have both ferromagneticsm and paramagnetism property. 
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3)  Geometry and Hydrodynamic Size:- Size is the most important parameter of any types of magnetic nano particles. Because 
they may effect distribution pattern, biological effect, side effects including toxicity and strength of targeting ability. For the 
purpose of killing of tumor cells, effective agents must achieved the adequate doses in vivo for show their best working 
mastership. To avoid the adverse effects on normal body tissues, physicochemical properties such as geometry and 
hydrodynamic size must be taken into account, while formulating the magnetic nano-particles. If the volume of the magnetic 
nano-particle is large, they can carry sufficient amount of drug. But there is a possibility of abstraction by reticulo endothelial 
system. Thus the shape and size of the magnetic nano-particles must be carefully calcutated. The range of the size of the solidify 
tumor show a vascular pore is 380-780 nm. And the radius for a sperical magnetic nanoparticles of 10–1000 nm. Single domain 
magnetic nanoparticles are called “superspins” or “macrospins”. Usually, an ellipsoidal shape of the particles is assumed, where 
the magnetic moments have the tendency to align along the longest axis, which defines the direction of lowest “shape” 
anisotropy energy[10]. Worm-shaped nanoparticles, in particular, meet this criterion and have the potential to significantly 
affect drug delivery by avoid in phagocytosis compared with traditional spherical particles[11]. When the size of the particles 
reach a minimim size, creation of domain walls are not favorable energetically. Rotation of spins can change in the 
magnetization of the nano-particles. Particles, which are show these type of characters are known as single domain. Particles 
become more superparamagnetic while decreasing the size of the particles, due to thermal perturbation. 

4)  Surface Properties:- There is a possibility of abstraction by the reticulo endothelial system, an immuno part of the human 
body. The surface charge of the nano system, can effect. It can change the behavior of the interface and also hamper the stability 
colloidal particles. The charge of the surface of magnetic nanoparticles must depends on the coating material. There was a better 
chance for accumulation of positively charged [amino propyl trimethoxy silane (APTMS)-coated] magnetic nanoparticles into 
tissues. Whereas, there was a less chance for the negatively charged [tetra ethyl ortho silicate(TEOS)-coated] magnetic 
nanoparticles. Surface protectants modulate the magnetic properties by modifying the anisotropy and decreasing the surface 
magnetic moment of the metal atoms located at the surface of the particles[12]. By the use of magnetic ferrofluids we can get an 
optimum response. Common coating materials use on magnetic nanoparticles for in vivo application such as: i)dextran, ii) 
polyethylene glycol, iii) polyacrylamide etc. Now a days carbon is using for coating purposes for their good biocompatibility 
and high conception of adsorption. Thus surface modifications takes into account for the protection purpose of the magnetic 
core, inhibiting stick together by separating them by the thin polar layer. They can retain chemical inertness. The choice of the 
bio degradable polymeric shell, namely poly alkylcyanoacrylates, was based on well-demonstrated therapeutic results in the 
treatment of both resistant and non-resistant cancers of a wide range of cell lines, and the low toxicity levels seen in Phase I and 
II clinical trials[13]. 

5)  Magnetic Properties:- As a targeted drug delivery method, magnetic nanoparticles must have to be accumulate in the specific 
location. Thus we can avoid the toxic affects on the non targeted normal healthy tissues surrounded by it. Easy and simple ways 
of realize this is to take advantages of the magnetic properties of magnetic nanoparticles. After the magnetic field is applied, 
they come at saturation point of  magnetization. After removal of the magnetic field, they are generally demagnetized. That 
means, they do not hold any magnetic property after the removal of the magnetic field. The effect of extreme external magnetic 
field, concentrated over the selective area on the body, pull all particles to the specific site of action. Ferromagnetic materials 
has the magnetic moments which are nonzero. And thus each atom behave like a tiny magnet. It can also transform the magnetic 
energy into thermal energy.  

6)  Toxicity:- Toxicity is the major disadvantages of MNPs. So, while synthesis of magnetic nanoparticles we must look after 
about the toxicity. There was high requirement of magnetic field for all types of body components to produce effect, whatever 
they are diamagnetic, paramagnetic, superparamagnetic, ferrimagnetic, or ferromagnetic. Magnetic nanoparticles coated with 
polyethylene glycole(PEG), can disturb the function of reticulo endothelial system. PEG shows little toxicity and 
immunogenicity, and intact excretion is possible, either via the kidneys (for PEG <30 kDa) or in the feces (for PEG >20 
kDa)[14].It is also concluded that, in 20-100 mg/ml concentrations, large magnetic particles show higher cytotoxicity than 
smaller ones even after normalizing for surface area 116 despite the lower surface-to-volume ratio, although it is difficult to 
perform comparable experiments with differently sized particles[15]. When magnetic field is in the range of Extremely Low 
Frequency(ELF) (below 3 kHz) the ionising effects (when the energy carried by the field is so large that it can damage internal 
organs and biologic molecules like DNA) do not play a role; usually also the thermal effects (due to induced electric currents in 
the tissues) are negligible if we consider the typical magnetic field[16]. When the cells were revealed into maghemite or  naked 
magnetite for one day, adenosine monophosphate production must be decreased. And there was increase in such substances: i) 
reactive oxygen, ii) nitric oxide, iii) pro-inflammatory cytokines. Damage to the mitochondria and the endoplasmic reticulum 
and down regulation of mitochondrial function and transcription-related genes were also higher in the cells[17]. 

 

International Journal of Scientific Research and Review

Volume 7, Issue 9, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/118



7)  Quality control tests:   

To avoid toxicity there must be some quality control test have to be done, such as: 

I. Acute toxicity , 

II. Sub-acute toxicity , 

III. Chronic toxicity , 

IV. Teratogenicity , 

V. Mutagenicity , 

VI. Hemato compatibility , 

VII. Bio degradation , 

VIII. Immunogenicity , 

IX. Biocompatibility , 

X. ADME ( Absorption, Distribution, Metabolism & Excretion ). 

8)  Therapy for tumor 

In modern medicine, the local increase of tumor tissue temperature (hyperthermia) is widely accepted as an effective adjunctive 
cancer therapy[18]. The concept behind it is very simple. If we put nano-particle in an alternative magnetic field, it flip back 
and forth and create a lot of heat. By this heat we can cook the tumor, when the particles are inside the tumor. Hyperthermia is 
based on the fact that cells heated to a temperature >42 oC show sign of apoptosis and cells heated above 50 oC necrosis[19]. 
Cells, which are cancer effected are more able to retain heat than normal cells. Because they have higher metabolic rate than the 
normal cells. But the main and first problems is, we can’t inject magnetic nanoparticles directly into the tumor. Because the 
metals, which are used to produce nanoparticles are harmful for the body. But the new approaches comes out, like intravenous 
injection of magnetic nanoparticles. For this, particles are covered with a bio-compatible shell. Still the particles, react due to 
the magnetic field, but safe from the direct contact with the body. The second problem is targeting. This can be overcome by the 
help of natural property of cancer called “Enhanced Permeability and Retention”. In this ,the tumor called the body to create a 
lot of new blood vessels. Which are porous in nature, through which particles pass and accumulated into the tumor (Figure 3). 
There are different methods for increase the temperature of the hypoxic tumor, such as: i) laser wave, ii) radio frequency, and iii) 
microwave. Increased temperatures can also increase cell sensitivity. This increased sensitivity response to other treatments(i.e 
chemotherapy and radiation therapy). 

 
 

Figure 3: New blood vessels,which are porous in nature, through which particles pass and accumulated into the tumor. But do 
not hamper the normal body tissues. 
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9)  Extended biomedical applications  

There are a vast range of application of magnetic nano-particles in biomedical science not only for the transportation of drug but 
also several purposes, such as- 

I. It is use in cell and tissue separation , 

II. It has interesting use in RNA and DNA purification , 

III. Use for immunoassays , 

IV. Apply in enzyme immunoassays , 

V. For gene detection and transfection , 

VI. Use in radiation therapy , 

VII. Use in the field of hyperthermia , 

VIII. Preparation for Smart contrast agents , 

IX. Use for protein purification , 

X. In immuno-chromatographic assays , 

XI. For cell expansion , 

XII. Treatment of anemia , 

XIII. In Bio-magnetic separation , 

XIV. Treatment of targeted thrombolysis , 

XV. X-rays and MRI contrast agents , 

XVI. Nucleic acid separation and purification , 

XVII. In flow cytometry , 

XVIII. In fluorescent microscopy , 

XIX. For imaging liver metastases , 

XX. Re-injection of stem cells after cancer treatment , 

XXI. Use in cellular labelling , 

XXII. For detoxification of biological fluid, 

XXIII. Use for tissue repair ,etc 

10)  Challenges 

Still the field of magnetic nanoparticles has several open challenges, which should be addressed in the next couple of years- 

I. Study of the Curie temperature of nano-magnets.  

II. Synthesis of monodisperse MNPs with well controlled shape, size, and crystallinity.  

III. Study of supracrystals in order to understand the origin of 3D ordering.   

IV. Study of SSG correlations.  

V. Study of SFM systems with different magnetic materials, particle sizes, and so forth.  

VI. Understanding the origin of super ferromagnetism; can SFM be observed in a purely dipolarly coupled system?  

VII. Getting insight into the SFM domain wall picture; are they real and do they have finite width? 

VIII. Understanding the dynamics of nanomagnets by spectroscopy and micromagnetic modeling going for applications in 
data storage and biology. 
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II. CONCLUSIONS 

Nanoparticles have emerged gorgeous multifunctional nano platforms for composition of Smart Drug Delivery Systems. By 
the increasing numbers of cancer day by day world wide,it can be the most satisfying treatment procedure for upcoming future. 
But still this platform of synthesis and application of magnetic nano-particles is under development stages. And in the 
competition with other drug delivery systems. It is still holds it’s position at top for excellent targeting ability and fabulous 
biocompatibility.  But there still need more development in the characterization of MNPs, which gives its more ability to carry 
proper dose of drugs to the proper site.Not only the property of magnetic particles but also the effect of external magnetic field 
should be carefully study. We must look after the cost for conduct the treatment of such type. However, we will have a look 
over the advances that have been happening in the characterization and application of MNPs. 
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