Synthesis and Formulations of Novel Nanoparticles for Cancer Therapy
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Abstract
Designing of nanosystems that are able to deliver therapeutic molecules to the right place, at a desired dose, at the appropriate time in a controlled manner is currently an important area of research. Pharmaceutical nanocarriers have evolved as one of the major means for drug delivery in cancer chemotherapy due to their unique advantages over conventional dosage. Here we discuss the development of polymeric nanocarriers for delivery of curcumin, a potential anticancer molecule. Curcumin has showed great promises in the last decade for cancer therapy but the clinical progress of this compound has been slow due to its poor water solubility and low bioavailability. Nanocarrier based delivery of curcumin could provide an opportunity to expand the clinical repertoire of this efficacious agent by enabling aqueous dispersion. 
We have synthesized an amphiphilic polymer; mPEG-PA by conjugating mPEG with palmitate by an ester linkage in a single step reaction. The mPEG-PA based micelle nanocarriers were able to encapsulate curcumin in its hydrophobic core and also efficiently delivers it to the cancer cells. 

We have innovatively exploited the natural nanostructures of casein micelles, isolated from bovine milk as a carrier of curcumin. Our study showed that curcumin molecules form complexes with casein micelles by binding to its hydrophobic regions. Observation in fluorescence microscope showed that Curcumin-CM complex was also effectively internalized by cancer cells and induced cytotoxic effects.

We have also synthesized a novel biodegradable nanoparticle (NPs) which can kill the cancer cells without any additional drug loading. The NP was a self assembled form of a phthalimide based conjugate, in which the phthalimide moiety was responsible for the anticancer activity. We describe the synthesis of a novel 2-(N-phthalimido) ethyl palmitate (PHEP-Pal) conjugate and subsequent preparation of NPs by a simple self assembly process. The successful synthesis of conjugate was confirmed by various characterization studies including nuclear magnetic resonance spectroscope, fourier transform infrared spectroscope, TOF-liquid chromatography mass spectroscope, differential scanning calorimetry and X-ray diffraction unit. The synthesis, shape, size and size distribution of PHEP-Pal NPs were determined by transmission electron microscope, atomic force microscope and dynamic light scattering technique. Finally, cell culture studies using A549 and HeLa cells were done to evaluate the anticancer effect of PHEP-Pal NPs, which demonstrated the potency of these NPs for use in cancer chemotherapy.
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