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Developments in biocompatible and biodegradable 
magnetic carriers have broad civilian and military 
applications such as in cell separation, diagnostics, 
hyperthermia, targeted drug delivery and contrast 
agents in magnetic resonance imaging.  These 
magnetic carriers have a magnetic core with particles 
size range from few nanomateres to few microns 
covered with a shell made of suitable surfactant.  The 
surface can be further modified to attach to specific 
biomolecules then with the help of external magnetic 
fields they can be separated quickly from complex 
mediums.  

Coating of the inorganic magnetic materials ensure the 
migration of magnetic materials with the help of an 
external magnetic field, protects the inorganic 
magnetic materials and also provides necessary 
surface activity to attach with a biological molecule.   

We reported the synthesis of gFe2O3, Nd-Fe-B, 
nanoparticles by chemical coprecipitation and 
ultrasonication. Work on rare earth elements coupled 
with ferrite is underway. Transmission electron 
micrograph for these particles is shown in Fig 1. The 
particles are well dispersed and are in the size range of 
6-10nm.  

Fig 1 TEM Micrograph of gFe2O3 Particles 
 
Many microencapsulation techniques exist which can 
produce a variety of particle types and sizes under 
various conditions. Methods typically involve 
solidifying emulsified liquid polymer droplets by 
changing temperature, evaporating solvent, or adding 
chemical cross-linking agents.  
In our lab we have coupled ultrasonication and 
nonsolvent temperature induced crystallization 
process to synthesize magnetic nanoparticles 
encapsulated by polymers. By this process crystalline 
polymers which are insoluble at room temperature can 

be obtained in very high yields. We have reported 
synthesis of nanomagnetic particles encapsulated 
with synthetic polymer such as polyethylene and 
biodegradable polymer such as hydroxylpropyl 
cellulose.  
 

Fig 2 Transmission electron micrograph for HSA 
magnetic particles 

 
We have also reported the synthesis of chemically 
crosslinked albumin magnetic particles for blood 
cell separations. These particles were further 
modified with avidin and biotinylated lectin to 
attach with red blood cells. Transmission electron 
micrograph for the particles is shown in the figure 2. 
 
Biomedical Applications  
Recently, nanosized magnetic carriers has 
demonstrated its uniqueness in several biomedical 
and biotechnology applications.  Some of the areas 
of applications are described with some future 
scope: 
(a) Cell selection for therapeutic use: The magnetic 
nanoparticles can be used to separate cellular 
subtypes with high purity from a mixed population.  
Cellular therapy finds its greatest application in the 
field of stem cell graft engineering and adoptive 
immunotherapy of cancer.  The applications include 
the purging of malignant cells from autologous stem 
cell products, depletion of T cells and selection of 
specific lymphocyte subsets with potential 
antileukemic activity. Magnetic nanoparticles 
provide a promising means of both purging of stem 
cell products in the autologous transplantation and 
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depleting T cells in the allogeneic stem cell 
transplantation. 
We have developed magnetic device to separate red 
blood cells from whole blood using encapsulated 
magnetic carrier (figure 3).  The magnetic core is 
made of g-Fe2O3 (maghemite) with a range in size 
from 2-10nm.  These magnetic particles are then 
coated albumin. Avidin was used as a model ligand to 
link biotinylated lectin to the magnetic carrier due to 
its strong bond-forming ability. The magnetic carrier 
particles labelled with lectin are mixed with the blood 
sample.  The lectin attaches to the glycoprotein on the 
red cell membrane (see small picture in figure 3).  
With an external magnetic field the labelled cells are 
isolated from the blood sample.  The separation 
efficiency using the magnetic particles is a factor of 
two more than the centrifuge based separation 
devices. This technology is patented and licensed to 
Therakos, Inc., a division of Johnson and Johnson Co. 

Figure 3 Magnetic Separation Device 
 
(b) Hand-held, rapid and robust biodetection devices: 
Miniaturized analysis systems have made significant 
advances in the last decade.  The concept has been 
developed from being a chemical sensor alternative to 
a lab-on-a-chip.  The use of magnetic nanoparticles in 
a micro total analysis system will overcome serious 
disadvantages encountered with current microanalysis 
systems.  For example, as the size of a sample is 
successively decreased, an immediate concern relates 
to how representative the sample is of the specimen 
from which it was derived.  This is a problem for 
inhomogeneous biological specimens that contain a 
diversity of constituents.  This problem is resolved by 

developing a site-specific agent such as magnetic 
nanoparticles that isolates the rare component from 
the flow. Traditional detection methods have proven 
to be slow, bulky and in most cases and require a 
significant amount of sample.  We have developed a 
device for detection of cardiac markers for acute 
myocardial infarction (heart attack) that uses a 
magnetic immunoassay. We are able to detect 1 
picog/L of cardiac markers for detection of heart 
attack by using magnetic nanoparticles.  Most 
recently we were able to perform detection of 
cardiac markers using commercially available 
glucometers (conventionally used for detection of 
glucose concentration in blood).  This technology is 
being patented.  
Additionally, we reported the production of 
microdevices that are able to handle fluid for future 
development of micro total analysis system.  Figure 
4 shows three micro pumps placed on 6340x2820 
microns chip. The pumps shown in this figure are 
spiral pump, which is driven by two perpendicular 
microengines, two offset planetary pumps driven by 
torsional ratchet actuators engines.  On the side of 
figure 4 a cut to show details of the gear connection 
between the transmission gears and the driven gear 
of the pump.   

 
Figure 4 Three Micropumps.  

 
 
Other applications of nanomagnetic particles that 
are being developed include but not limited to 
magnetic hyperthermia for cancer treatment by 
heating the tumor tissue remotely with an alternating 
magnetic field, hemosorption for removal of 
pathogenic agents from body fluids, magnetic tissue 
engineering for creating spatial ordering of multiple 
cell types in a matrix and retina reattachment by use 
of magnetic gels.  
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