
Description for the general public 

Biological membranes are hardly permeable to most water-soluble substances and are particularly difficult to 

cross for charged species. At the same time, many drugs are water soluble and have negatively charged 

functional groups in their structures. This slows down their penetration into cells, which may, in turn, 

weaken their therapeutic effect, e.g. antibacterial and anticancer activity. Synthetic anion transporters – 

small, drug-like organic molecules that facilitate the penetration of anions through lipophilic barriers – could 

help to solve this problem by accelerating the migration of anionic drugs across lipophilic membranes. 

Moreover, such transporters may be controlled by various stimuli, such as light, enzymes, or a change in pH, 

and thus could enable the delivery of drugs to the right place and at the right time. 

The aim of this project is to develop the first stimuli-responsive molecular transporters for anionic drugs and 

thus open new application avenues for anion-selective receptors. 

In the first part of the project, we will develop pH-switchable drug transporters. In a straightforward 

approach, we will tune the acidity of transporters so that they are weakly active at normal physiological pH, 

but at the same time highly active in a slightly acidic environment, which is typical for bacteria-infected 

tissues and cancer. In the next step, we will focus on the mechanism of their reversible switching in order to 

lay solid foundations for the future development of this emerging field. 

In the second part of the project, we will develop the so-called ‘caged’ drug transporters, that is transporters 

protected by light-cleavable or enzyme-cleavable groups. In the protected form, they will be completely 

inactive, while upon light irradiation or treatment with an appropriate enzyme, they should be ‘uncaged’ 

(deprotected) and hence able to rapidly transport anions, including anionic drugs. 

In an effort to further improve the selectivity of our drug transporters we will develop also the first 

transporters that require double activation, i.e. simultaneous application of two stimuli in order to switch 

from OFF to ON mode. We plan to achieve this simply by ‘caging’ pH-switchable transporters developed in 

the first part of the project, so that both light or enzyme AND acidic pH are necessary to restore their 

activity. 

Finally, having developed the first stimuli-regulated drug transporters, we will try to demonstrate their 

potential utility through the development of innovative Smart Drug Delivery System based on the controlled 

release of drugs from synthetic liposomes. 

The development of the first stimuli-responsive drug transporters is expected to open new and exciting 

opportunities in supramolecular and medicinal chemistry. Such molecules could be useful, among others, in 

a fight against drug-resistant bacteria and cancer, some of the most serious contemporary health threats. 

Besides, they are attractive also as active components of innovative smart drug delivery systems, such as the 

ones described in this proposal. In longer term, these developments may have a strong impact on medicinal 

chemistry and drug development, helping to market drug candidates with low bioavailability, to limit side 

effects of particularly toxic drugs and to fight drug resistance. 
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