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For More Information 

The objectives of this study were: (i) to prepare and characterize ethylcellulose 

microspheres containing pluronic/glycerylmonooleate iron nanoparticles,  and (ii) 

evaluate  the proof of the concept. 
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Implications for Practice 

Representation of the SEM pictures of iron nanoparticles  

 

 

•This proof of concept studies show that one can prepare a multifunctional  iron 

 micro/nanoparticulate drug delivery system which can produce heat when 

 exposed to an external RF. 

 

•  The chemotherapy present in the multifunctional nanoparticles will cause a rapid 

 reduction in tumor size (up to 3 mm) due to their high tumor uptake 

 in the leaky vasculature and acidic environmental pH. 

 

• Once internalized, the nanoparticles containing iron will serve as a target 

 molecule for imaging followed by generation of intracellular heat which can 

 be accomplished when these particles are exposed to an external RF field 

 by application of a capacitively coupled external radiofrequency system.  

 

•This will result in the final destruction of the tumor.  

 

Optical microscopy (Figure 3) and SEM (Figure 4 a&b) of microspheres 

 

According to the National Institute of Health, lung cancer deaths in 2010 were 

estimated to be 157,300, thus making lung cancer one of the top leading 

causes of cancer deaths in the USA. There have been many therapy 

combinations to treat this invading disease which has resulted in many side 

effects. The current chemotherapy can reduce the tumor size to a minimal size 

of 3 mm. However, shrinking below this size has been the biggest challenge so 

far. A multifunctional nano/micro particulate drug  delivery approach is currently 

under investigation as a safe and effective treatment option for this cancer 

therapy. It is hypothesized that combinational radiofrequency (RF) heating, and 

chemotherapeutic agents will provide a safe and effective treatment options for 

lung cancer treatment. 

 

We hypothesize that a multifunctional nano/micro particulate drug delivery approach 

utilizing combinational radiofrequency (RF) heating and chemotherapeutic agents will 

provide a safe and effective treatment options for cancer therapy. Methods: 

Ethylcellulose microspheres containing iron and the pluronic/glycerylmonooleate 

(GMO) iron nanoparticles were prepared by a modified emulsion-solvent evaporation 

method. Iron content was determined using UV vis spectrometry; particle size of the 

microspheres was determined by scanning electron microscopy (SEM) and optical 

microscopy. Surface charge (zeta potential) and particle size of the nano particles 

were measured by a zetameter. Particles containing iron was exposed to external RF 

(radiofrequency). The temperature was monitored as a function of RF exposure time 

and power by use of a FOT Fluoroptic Lab Kit (Luxtron Corp, Santa Clara, CA). 

Results: SEM and optical microscopy revealed that microspheres ranged from a size 

of 10 to 15 micrometers, were spherical with a smooth surface topography. The 

nanoparticles, on the other hand, were found to be agglomerated during 

lyophilization. The entrapment efficiency of iron nanoparticles in the ethylcellulose 

microspheres was below 4% yet this amount was found to be enough to enhance the 

temperature (from room temperature to 42 0C) of microspheres when exposed to RF 

for a period of 1000 seconds. The zeta potential of the GMO iron nanoparticles was 

found to be 9.64 mV and the particle size was within 424 nm. By applying external RF 

to the nanoparticles the temperature was also increased from room temperature to 

500C within 700 seconds depending on particle concentration. Conclusions: Micro 

and nano particles containing iron can be fabricated via an emulsion-solvent 

evaporation method for multifunctional use. These proof of concept studies revealed 

that exposure time as well as power RF application can enhance the temperature of 

the iron nanoparticles. 

Figure 3: Optical Microscopic 

view of the microspheres without 

iron nanoparticles. 

Figure 5: External RF application of iron nanoparticles as well as encapsulated 

iron nanoparticles. The temperature was monitored as a function of RF exposure 

time and power by use of a FOT Fluoroptic Lab Kit (Luxtron Corp, Santa Clara, 

CA).  

 

• The iron nanoparticles as shown in figure 2 are spherical in shape with 

positive zeta potential and with an average size of 420 nm.  

• The SEM pictures shown in Figure 4 (a&b) revealed that blank microspheres 

were spherical in shape but with a rough surface mophology, while the iron 

loaded nanoparticles were smooth and spherical. Using optical microscopy 

(Figure 3), the  particle size of the microspheres were determined and ranged 

from 10 to 15 micrometers. 

• The micro and nanoparticles were subjected to external RF for different time 

periods and the temperature was determined by a digital probe. The results of 

this study are depicted in Figure 5. Both  microparticles as well as 

nanoparticles showed a linear increase in temperature with an increase in RF 

exposure time and concentration of iron in the nanoparticle. In case of 

nanoparticles, the temperature increased from room temperature to 52.3 0C 

within 700 seconds at a higher iron load. Comparing this data to the iron 

loaded microparticles, the temperature increase was from room temperature 

to 42 0C within 1000 seconds possibly due to a very low encapsulation of iron 

nanoparticle in the microparticles. 

• The entrapment efficiency of iron nanoparticles in the ethylcellulose 

microparticles was within 4% yet this amount was found to be enough to 

enhance increase in temperature when exposed to RF energy. 

Methods 
Preparation of Iron Oxide Nanoparticles: 

 

• A two to one ratio of Iron (III) chloride hexahydrate and Iron (II) chloride tetrahydrate solution 

was made, respectively. 

• To the above solution, heated GMO was added, followed by 5 M ammonia solution (dropwise 

over 1 min with stirring) and heated  to 80oC while stirring for 45 min to evaporate the ammonia. 

•The solution was cooled to room temperature, 1% pluronic solution was added. The solution 

was stirred overnight, centrifuged and lyophilized the following day.   

 

                    2Fe3+ + Fe2+ + 8OH−-→ Fe3O4 + 4H2O 

Ethylcellulose microspheres containing iron oxide nanoparticles: Microsparticles were 

prepared by emulsion and solvent evaporation method. Iron nanoparticles were dissolved in 

1% (w/v) ethycellulose solution in methylene chloride, added to an aqueous methocel solution 

(0.25% w/v) and hand homogenized. The emulsion was stirred overnight, centrifuged, and air 

dried. 

RF application: External RF application and temperature characterization of 

micro/nanoparticles dispersed in water was carried out using instrument shown in Figure 1 (a 

&b).  

Fig. 1. (a) A photograph of the Radio-frequency induction machine. 

           (b) Schematic representation induction machine, copper coils, and  a temperature    

 measurement system. 

Figure 2: (a) SEM pictures of iron nanoparticles at 4,000x and (b) at 5,000x 
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Figure 4: (a) SEM picture of 

microparticles without iron nanoparticles 

(b) SEM picture of microparticles 

containing iron nanoparticles 

(a) 

(b) 

• Particle size of the nanoparticles was within 424 nm after lyophilization with a zeta  

 potential of 9.64 mV. 

•  The size of the microspheres ranged from 10 to 15 micrometers. 

External RF application on temperature on iron nano/microparticles 
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