Potential of improving the treatment of Tuberculosis through nanotechnology 
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TB is currently one of the leading causes of death in adults in South Africa. Annually approximately 250 000 new cases of tuberculosis (TB) occur in South Africa and it is ranked 5th amongst the top 22 high burden countries of the world, which collectively accounts for over 80% of all TB cases [1]. The escalation of the TB epidemic is credited to the AIDS epidemic. About 85% of adult TB cases 15-49 years or age are co -infected with HIV [2]. Although an effective therapeutic regimen is available, TB treatment is still a challenge due to patient non-compliance, which has greatly contributed to treatment failure, and the emergence of multidrug resistant (MDR) and extremely drug-resistant TB (XDR-TB) strains of TB [1]. No known treatment exists for XDR-TB [3, 4]. Other shortfalls of current TB therapy are TB drug induced toxic side effects and poor bioavailability of the actives. 
With the goal of improving the current inadequate therapeutic management of TB, our team has developed a polymeric anti-TB nanodrug delivery system that enables entry, targeting, sustained release for a longer period and uptake of the antibiotics in the cells, hence reduce the dose frequency from daily intake of antibiotics to once a week and hopefully reduce the treatment time from six months to 2 months. 
We have successfully encapsulated all four first line anti-TB drugs (ATD), in polymeric nanoparticles of size 250-400 nm, with encapsulation efficiency above 50%, via a novel multiple emulsion spray-drying technique. We observed through in vitro release assays that the encapsulated ATDs were released slowly over time for up 6 days. Results of intracellular drug delivery studies in CaCo-2 cells, human colonic adenocarcinoma cell lines and in U937 cells indicated that the nanoparticles were taken up by the cells within 30 minutes of exposure. Moreover, the nanoparticles were released from the phagosomes into the cytoplasm of the U937 cells, suggesting that intracellular delivery of the drugs may be feasible. We also noted that the bacterial growth index in THP-1 cells treated with encapsulated Rifampicin (a first line ATD) was significantly reduced when compared with THP-1 cells treated with free Rifampicin. As well, extracellular bacteria were killed by the encapsulated drug over a period of time. 

Subsequent to oral administration of fluorescently labeled poly(lactide-co-glycolide) (PLGA) nanoparticles to Balb/C mice, the labeled particles were detected using FACS in the macrophages of the peritoneum cell exudates. The particles were also detected in all tissues analyzed.  No lesions were observed on any of the analyzed tissues (spleen, lungs, kidney, liver spleen, heart and the brain) when histopathology assays were conducted. A sustained release profile of up to 6 days was recorded, when the particles were administered orally.
Our team has recently embarked on active targeted drug delivery; the objective is to develop functionalized polymeric nanodrug delivery systems, to target TB drugs to infected macro-phage cells, where Mycobacterium tuberculosis (M tb) persists. Effective targeting can be achieved via attaching nucleic acid aptamers specific for the mannose receptor onto the surface of drug-carrying PLGA nanoparticles. We have synthesized aptamers against the protein and are currently conjugating the aptamers to the nanoparticles.

The in vivo uptake of the particles by cells as well as good biodistribution will enable improved bioavailability of the encapsulated drugs, in that intracellular drug release can be obtained. Our results illustrate that a sustained release profile can be achieved for anti-TB drugs. There is potential to address poor bioavailability, reduced efficacy and adverse side effects associated with TB therapy through nanotechnology 
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Fig 1: In vivo release profile of nano-encapsulated ATDs  vs free drugs.
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