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Curcumin, the yellow-colored polyphenolic coloring component of Turmeric (Curcuma longa L.), has been reported to exhibit a myriad of biological activities in various pre-clinical studies conducted by researchers all over the world. In spite of this huge potential of curcumin, it has failed to achieve widespread therapeutic acceptance, poor absorption, rapid metabolism, and elimination of curcumin in turn leading to poor relative bioavailability, being a major reason for this. Recently several attempts have been made improve its circulation, permeability, and provide resistance to metabolic processes. Though nanoparticle based drug delivery systems provide a suitable solution to circumvent the aforementioned drawbacks, very few studies have been published citing curcumin nanoparticles. No study has been previously reported for the design of polymeric nanoparticles of curcumin, for the targeted delivery of colonic pathologies, to our present knowledge. Thus the present investigation was aimed at the design of polymeric nanoparticles of curcumin for the oral treatment of colonic pathologies. Eudragit® S100, the pH sensitive enteric polymer, was used for this selective delivery to colon. This pH dependant release is important, especially for curcumin delivery, to prevent the developed formulation from exhibiting its effects in the upper GIT and target it to colon, where a combination of biological actions would avoid the need of multi-drug therapy, as is required in case of conventional therapeutic drugs.

The nanoparticles were prepared using solvent emulsion evaporation technique and were optimized with respect to numerous process parameters. The formulation was characterized with respect to its particle size, distribution, zeta potential and encapsulation efficiency before subjecting to freeze-drying. The freeze dried product was characterized for particle size, drug content, DSC studies, particle morphology. The formulation was further evaluated by MTT cytotoxicity assay to determine whether the nanoparticles had any enhanced action over curcumin control due to better cellular uptake. Pharmacodynamic evaluation in murine Ulcerative colitis model was conducted with the objective of determining whether the formulation had any in vivo benefits, as compared to the curcumin control, due to its size and site-specific release. The toxicological profile of the developed nanoparticles was established through acute, sub-acute and genotoxicity studies to determine the safety of the formulation for short-term or prolonged administration as well as the cellular safety of the formulation. Additionally, the stability of the formulation was evaluated as per ICH guidelines for over a period of six months.

Homogeneous, spherical nanoparticles with moderately high encapsulation efficiency were produced by the chosen technique. Freeze-dried nanoparticles exhibited a negative surface charge, drug content of greater than 99% and presence of drug in amorphous form. MTT assay in HT-29 colon adenocarcinoma cells demonstrated that at the end of 24 hours, IC50 of nanoparticles was around 5 µM vs around 50 µM of that of curcumin, indicating that the formulation was better when compared to the drug alone. These results corroborated well with the results of the pharmacodynamic evaluation where the nanoparticles gave a significantly better action when compared to the curcumin control. The results indicated the ability of the system to be selectively delivered to colon and its potential to be employed for colonic pathologies along with standard therapeutics. The data of blood parameters estimation and necropsy examination revealed safety of the formulation to various organ systems. Genotoxicity studies revealed the lack of clastogenic potential, in turn indicating the cellular safety. Nanotoxicological evaluation thus proved the safety of the formulation for human consumption. Stability studies as per ICH guidelines revealed that the formulation was stable over a period of six months when evaluated for particle size, distribution and drug content.
Overall, the efficacy of the developed formulation coupled with its safety profile indicates potential of the developed system for human trials to establish its value for clinical application.

