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I. Introduction 

Biologic and biomedical applications of nanoscale materials in health care have rapidly progressed, nanomaterials 
have attracted much attention because of their potential for use as efficient drug delivery carriers for diagnostic 
and therapeutic applications. Nanomaterials based on ferrites have already numerous applications, including 
photocatalysis, adsorption technologies, gas sensor, microwave devices and others [1]. Previously, many studies 
focused on magnetic or nanomagnetic material being applied in a biosensor and electronic materials, because of 
their unique properties. Over time, scientists have found out that nanomagnetic materials have great potential in 
the bioengineering and medical fields [2]. Magnetic nanoparticles being subjected to a magnetic AC field may 
show remarkable heating effects related to losses during, different processes of magnetization reversal in systems 
of magnetic nanoparticles. There are various theories which explain the reasons for the heating of the MNPs when 
subjected to an oscillating electromagnetic field. There exist at least four different mechanisms by which magnetic 
materials can generate heat in an alternating field, which depend in different manners on the applied magnetic AC 
field strength and frequency. The Magnetic losses to be utilized for heating arise [3],[4].  If a magnetic sample is 
placed in a liquid of low viscosity and exposed to an oscillating field, the sample reacts with oscillating or rotating 
movements, as a whole (because of the torque exerted on the magnetic moment by the external AC magnetic 
field), towards the field with the moment locked  along the crystal axis under the effect of a thermal force against 
a viscous drag in a suspending medium, in order to achieve the position of  lowest energy, which lead to losses in 
the surrounding liquid [5],[4],[6]. Magnetic nanoparticles(MNPs) are being of great interest, for a wide range of 
disciplines, such as magnetic fluids, catalysis, biomedicine, magnetic energy storage [ 3]. In many electronic and 
magnetic applications, it is mostly important to fabricate a ceramic material of desirable microstructure, with a 
high sintered density, a small particle size and a narrow particle size distribution [7].  Especially in medicine, 
application of MNPs is much promising. MNPs have been actively investigated as the next generation of targeted 
drug delivery for more than thirty years [8]. The application of nanotechnology to medicine is providing new 
approaches for the diagnosis and treatment of diseases, involving ‘intelligent’ particles with a magnetic core [8],[ 
9]. The application of magnetic nanoparticles offers the possibility of a self-limitation of the temperature 
enhancement by using a magnetic material with suitable Curie temperature, Such magnetic nanoparticles can bind 
to drugs, proteins, enzymes, antibodies, or nucleotides and can be directed to an organ, tissue, or tumor using an 
external magnetic field [4],[10]. The soft magnetic materials have potential applications as carriers for targeted 
drug delivery but there are limitations due to their toxicity. The switching property is advantages for the 
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hyperthermia and drug release mechanism [10]. A novel application of magnetic nanoparticles and magnetic force 
for tissue engineering, termed “magnetic force-based tissue engineering (Mag-TE)” has been proposed [11]. The 
biological applications of these particles require the size to be in the range of 30 to 50 nm and the coating thickness 
to increase the size to 70 to 80 nm. At the same time there should be retention of ambient magnetic property so 
that they can be used for switching applications [10]. Uses of MNPs in biotechnology and biomedicine have 
dramatically increased over the last few of years. They can be grouped into two broader categories, depending on 
the methodology: in vitro and in vivo procedures. For in vitro applications, the main use is in diagnostic and 
separation/labeling of biomolecules, such as protein, cell, Deoxyribonucleic Acid (DNA)/Ribonucleic Acid 
(RNA), microorganism, for in vivo, applications can be further split into (i) diagnoses (Magnetic Resonance 
Imaging (MRI)) and (ii) therapies (drug delivery and hyperthermia) [12]. In the diagnoses medical field MNPs 
are used as contrast agents (CA) to enhance the contrast in MRI. In tumor therapy where they can be selectively 
introduced into the tumor cells and then their temperature is increased using an oscillating magnetic field; and 
finally used as site-specific drug delivery agents which involve immobilizing the drug on magnetic materials under 
the action of external magnetic field. Ferrofluids of nanoparticles were used in the treatment of solid tumors, and 
in the diagnosis and treatment of diseases [13]. The growing interest in magnetic nanoparticles stems from the 
capability to motion and rotation, by an external magnetic field gradient. This ‘action at a distance’, combined 
with the intrinsic penetrability of magnetic fields into human tissue [14], [15]. The magnetic nanoparticles which 
are used in biomedical applications are mainly iron oxide particles such as magnetite (Fe3O4) and its two oxidized 
products, tetragonal maghemite γ-Fе2Оз) and hexagonal hematite (α- Fe2O3). These natural materials are found in 
many biological systems. Metallic magnetic materials such as iron, cobalt and nickel are toxic, and susceptible to 
oxidation. Hence, it is important to chemically stabilize the uncoated magnetic nanoparticles against degradation 
which occurs due to oxidation (corrosion) and acid erosion [13]. one of important MNP is CoFe2O4 have high 
saturation magnetization, (high density recording media); low coercivity (for recording and reading of data); 
super-exchange interaction; super-paramagnetism (Biomedical applications), therefore it is a promising choice 
for high density magnetic recording, Ferro fluids technology, bio-molecule separation, biomedical drug delivery, 
catalysis, magnetic resonance imaging, biocompatible magnetic nano-particles for cancer treatment and magneto-
optical devices. With regard to above mentioned applications, the particles need to have suitable magnetic 
properties such as diminished size and uniform shape. Also can be used as transformer cores, microwave devices, 
humidity and gas sensors, DNA and RNA purification, biosensors and others [16],[17],[18]. Most studies 
suggested that the cobalt ferrites (CoFe2O4) could be a promising material for various applications [19]. CoFe2O4 

nana -particles are of interest because of their unique optical, electronic and magnetic, physical properties such as 
high Curie temperature, large magnetocrystalline anisotropy, large magnetostrictive coefficient, excellent 
chemical stability. (Metal & alloys unstable under atmospheric conditions); good thermal stability; high electrical 
resistivity (high frequency devices, memory cores, recording media), and mechanical hardness, also for its 
catalytic properties. This kind of ferrite is a spinel (cubic spinel structure) In addition to the precise control on the 
composition and structure of CoFe2O4 [20],[21],[22],[23],[24],[25]. The healing power of heat has been used to 
cure a variety of different diseases. This heat treating method which called hyperthermia was then recognized as 
new and promising form of cancer therapy aside from surgery, chemotherapy and irradiation. Magnetic 
hyperthermia is a method to induce hyperthermia using MNPs.  In this approach, MNPs are firstly introduced into 
the desired tissues and then guided by an external magnetic field. An externally applied oscillating magnetic field 
induces the hyperthermia [26]. Obesity is a heterogeneous disorder. Abdominal obesity carries greater risk of 
developing diabetes and future cardiovascular events than peripheral or gluteofemoral obesity [27]. Fat layer 
tissues are called Adipose tissue.  Adipose tissue, or fatty tissue, connective tissue consisting mainly of fat cells 
(adipose cells), specialized to synthesize and contain large globules of fat. There are two types of adipose tissue 
present in abdomen, subcutaneous adipose tissue (SCAT) present in subcutaneous areas, and visceral adipose 
tissue (VAT), fat present around abdominal viscera in mesentery and omentum. Subcutaneous fat accumulation 
represents the normal physiological buffer for excess energy intake (high caloric diet) with limited energy 
expenditure (physical inactivity), acts as a metabolic sink where excess free fatty acids (FFAs) and glycerol are 
stored as triglycerides (TGs) in adipocytes [28]. About 80% of all body fat is in the subcutaneous area [29],[30]. 
A wide range of technologies are available to perform body fat sculpting. Some of these are low-energy devices 
which use low frequency ultrasound, radio frequency, light energy, these techniques while noninvasive, they 
require multiple treatments and can only achieve relatively superficial or temporary effects. An alternative 
technique is liposuction, which is proven to be effective but it is invasive and there are possibly serious 
complications. The other mechanisms are heat (as infrared heating) that destroys fat cells at temperatures above 
58°C [31]. The main purpose of this study was to examine in vitro the effect of magnetic hyperthermia on the 
number adipose cells tissue. 

II.  Material and methods 

Cobalt ferrite nanoparticls (CFNP) were selectively synthesized with narrow size distribution, by using chemical 

precipitation methods, Cobalt nitrate hexhydrate (Co(NO3)2.6H2O), ferric nitrate nonahydrate (Fe(NO3)3.9H2O), 

was purchased from Sigma-Aldrich Company, and sodium hydroxide (NaOH) was used as the precipitating 

agents, and deionized water as solvent. In order to obtain 6 gm weight of CoFe2O4, an amount of 7.4 g of 

Co(NO3)2was dissolved in 50 ml of distilled H2O. The solution was mixed and stirred at constant temperature (80
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) in shaking water bath; using a stirring rate of 120 rpm for 15 minute.  An amount of 20.6 g of Fe(NO3)3was 

dissolved in 50 ml of distilled H2O. The solution was mixed and stirred at constant temperature (80 ) in 

shaking water bath; using a stirring rate of 120 rpm for 15 minute. And after that, Co(NO3)2solution was mixed 

with the Fe(NO3)3 solution at constant temperatures (80 ) in a shaking water bath using a stirring rate of 120 

rpm for 30 minute. A 10 g of NaOH was dissolved in 1/4 liter of distilled H2O and then added stepwise to the 

reaction mixture.  When the reaction was completed, precipitate was shown at the bottom of the reaction mixture, 

and then, 4 or 5 drops of oleic acid solution as a coating agent was mixed with the reaction mixture at constant 

temperatures (80 ) in a shaking water bath using a stirring rate of 120 rpm, which was kept at least for 12 

hours. The precipitate separated from the solution, and it was washed for several times with distilled H2O and 

ethyl ether, finally the precipitate was dried at 100  for 12 hours. After this stage, the samples were heated at 

600  for 12 hours. [32]. Transmission electron microscopy (TEM) is the premier tool for understanding the 

internal microstructure of materials at the nanometer level. It allows one to obtain real-space images of materials 

with resolutions on the order of a few tenths to a few nanometers, TEM used to analysis cobalt ferrite synthesized 

by co-precipitation, in order to determine shape and average of particle. The induction heater circuit build our 

medical physics laboratory Umm Al-Qura University (Figure 1.A), with the frequency 135 kHz of the alternating 

magnetic field and 20 mT, the alternating magnetic field was turned on for 5 minute. Suspensions of cobalt ferrite 

nanoparticles samples with isolated material are holding within the coil according to figure 1 B.   

 

 
Figure 1 A: Magnetic Hyperthermia Unit 

 

 
Figure 1 B: Sample in Magnetic Hyperthermia coil 

Subcutaneous adipose tissues extract from rabbit abdomen by skinning then fragmented into twenty pieces (20 x 

1g) with four groups of adipose cells (five for each A;E). Group (1) as standard, group (2) contains 20 mg of 

CFNP particles for each one gram of adipose tissue, group (3) applied alternating magnetic field (MF) without 

adding  CFNP and group (4) applied alternating magnetic field with CFNP as in table 1, all pieces smearing on 

slides with thickness 7 mm. Lately, these slides cells were incubated and after that, quantitative analysis was 

performed using Polarizing microscope with 10X, and Fiji image software for cell counting per view [33] 

Table 1: adipose cells four groups 

  Group(1) Group(2) Group(3) Group(4) 

CFNP χ √ χ √ 

MF χ χ √ √ 

C0

C0

C0

C0

C0

C0
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III. Result and discussion 

In Figure 2.A, B, the substance involves dispersion of nearly spherical particles with narrow size distribution, 

which spurring their natural of nanoparticle. TEM images display morphologies and size of cobalt ferrite 

nanoparticles including with mean size distribution of 10 to 25 nm. 

 
Figure 2 A:  TEM micrograph of nanosize  particle with an average particle  

size of 10-25 nm at 600  

 
Figure 2 B:  Size distribution of nanosize particle with an average particle  

size of 10-25 nm at 600  

The sample microscopic imaging data as well as the bio distribution results of Fiji software were in accordance, 

showing decreasing the number of adipocyte cell about 23.9 % in all slides of group 4 lapelled with CFNP as in 

the figure 3 and table 2.  

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 3: Slides of adipocytes cells within the Polarizing microscope with 10X in the case of group 3 (left) 

and in the case of group 4 (Right). 
 

Table 2: Variation of the Numberof adipocytes cells within the microscope after applying MNP 

hyperthermia 

  
Group(1) Group(2) Group(3) Group(4) 

% Variation 

A 288 277 291 234 -19.58763 

B 306 273 292 221 -24.31507 

C 273 311 271 219 -19.18819 

D 301 276 272 196 -27.94118 

E 294 268 284 203 -28.52113 

     
23.910638 

42OCoFe

C0

42OCoFe

C0
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Figure 4: Graph Shows the variation of adipocyte cell before & after applying MNP hyperthermi 
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IV. Conclusion 

The CFNP hyperthermia application in medical was in vitro studied using samples of rabbit's Subcutaneous 

adipose cells. The adipose cells microscopic imaging data as well as the bio distribution results of hyperthermic 

CFNP content sample showing decreasing the number of subcutaneous adipocyte cell by 23.9 %. In conclusion 

the preliminary new results for nanoparticles bearing a cobalt ferrite core justify further investigations towards 

potential hyperthermia slimming applications. 
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