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Quantitative Analysis of Intracellularly-Targeted Drug Delivery


David Stepensky
Pharmacology, Ben-Gurion University, Beer-Sheva, Israel



Many pharmacological agents act intracellularly and need to reach the site of action in specific organelle to exert their action. Attaining efficient and selective pharmacological effects for these drugs requires development of specialized drug delivery systems (DDS) that are targeted to specific organelle and deliver the drug in a controlled fashion. For this purpose, particle or vesicle (liposome)-based DDS can be used, and intracellular targeting can be achieved by decorating the drug or the DDS with organelle-specific targeting moieties. Feasibility of targeted intracellular delivery of drugs and model has been assessed in several studies. However, the quantitative aspects of this targeting, in terms of targeting efficiency and kinetics of drug delivery to the specific intracellular organelles, are not yet clear. 

Assessment of drug amounts that have reached the individual organelles can be done using fluorescence-based (confocal microscopy), biochemical, or bioassay approaches. We applied combination of these approaches to study the targeting efficiency of the antigenic peptide-containing DDS to the endoplasmic reticulum for enhanced anticancer vaccination. For quantitative analysis of DDS intracellular localization, we developed a custom plugin for ImageJ program that allows pixel-based analysis of fluorescence images. We revealed that conjugation with peptide-based targeting moieties affected the intracellular uptake of the DDSs and their accumulation in the endoplasmic reticulum. This resulted in enhanced cross-presentation of the antigenic peptide, and is expected to enhance the vaccination efficiency.

Intracellularly-targeted drug delivery is a promising new approach for enhancing and controlling the drug pharmacological activities. Quantitative assessment of the mechanisms and barriers for intracellular drug delivery will reveal the rate-limiting steps for intracellular targeting of DDSs. These outcomes will lead to identification of the formulation types that can efficiently deliver their cargo to the target organelles in the controlled fashion and will pave the way to the clinical application of the intracellularly-targeted DDSs.
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