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Opportunities and challenges in design and applications of nano drug delivery systems 

Nano Drug Delivery Systems (NDDS) continue to attract the attention of drug discovery and design studies because of their 
superior properties compared to free drugs. These nanosized vehicles provide controlled release period for drug molecules 

or allow targeting a specific organ, tissue or cell. NDDS not only carry therapeutic drugs but also diagnostic agents could be 
localized at disease site using these nano-engineered particles. Moreover, combination of therapeutic and diagnostic agents has 
opened the new era of nano-theranostics to clinical applications. Targeting disease site carries the benefit of using less therapeutic 
or diagnostic doses with higher efficacy, which, consequently results in protection of healthy tissues from side effects of these. 
Lots of NDDS consisting of different materials have been produced and studied for almost last two decades. Biocompatibility and 
biodegradability are the common property of these materials. These properties are the major restrictive factors in synthesis of 
NDDS. Particle size and shape are the latter factors to be considered. Spherical particles with sizes less than 300 nm are applicable 
to biological systems without causing any harmful effect. Clearance of particles from body by reticuloendothelial system is another 
point that NDDS must cope with. Surface modification with highly hydrophilic materials is a strategy to scape this obstacle. 
However, lots of hydrophilic materials are negatively charged and this is where, only neutrally or positively charged particles 
are able to internalize the cells. While the main mechanism of passive targeting the cancer, tumor is Enhanced Retention and 
Permeability (EPR) the lack of lymph drainage at this site causes a very high pressure which causes repulsion of the accumulated 
particles. Active targeting is possible by surface modification of NDDS with the ligands of the over-expressed receptors on the 
cancer cell surfaces. NDDS could not be accepted as highly talented vehicles unless all, or at least the majority of above mentioned 
challenges being considered.

Figure 1: Overview of nanocarrier-mediated targeted drug delivery. Passive targeting relies on accumulation of size-controlled nanocarriers at the tumor site due to 
the leaky vasculature and impaired lymphatic drainage. Active targeting is mediated by selective interactions between ligand-decorated nanocarriers and receptors 

overexpressed or uniquely expressed by the tumor cells (with permission from Sunoqrot, S., et al.,CTMC, 2017. 17(13):1451)
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