Chemical design of lipophilic uncouplers of oxidative phosphorylation for treatment of non-alcoholic fatty liver disease and type 2 diabetes
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Introduction. The project is devoted to developing an effective dosage form of lipophilic 2,4-dinitrophenol derivatives for delivery to the liver as a promising treatment of non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes mellitus (type 2 diabetes). The resulting system loaded with the synthesized 2,4-dinitrophenol derivative should be delivered to liver cells, where it will act as a proton ionophore, transferring protons into the mitochondrial matrix with the release of heat [1]. Such process leads to accelerated fat oxidation. Nowadays few researchers have addressed the issue of 2,4-DNP and its oral administration formulations as a type 2 diabetes treatment [2]. However, in the case of oral dosage forms, it is rather difficult to carry out controlled delivery and release of the drug in the target organ. 

Purpose of the study. Development and optimization of methods for the synthesis of a number of 2,4-dinitrophenol derivatives, such as 2,4-dinitrophenol esters with different chain lengths of the substituent, loading them into liposomes and test in vitro using ATP luciferin-luciferase assay.

Materials and methods. 2,4-dinitrophenol, palmitic acid, hexanoic acid, propionic acid, luciferin, 4T1 luciferase cells, eggPC, DSPC.

Results. Lipophilic derivatives of 2,4-dinitrophenol with different chain lengths of the substituent have been obtained and successfully isolated. Using ATP luciferin-luciferase assay was shown efficacy of each derivative in comparison to free 2,4-DNP. Derivatives was incorporated in liposomes consisting of eggPC or DSPC with different melting point. The loading of the esters was 3-5 times higher (depending on the chain lengths of the substituent) than free 2,4-DNP. The in vitro test of the liposomal formulations showed prolonged inhibiting ATP synthesis due to sustained release of active molecules. The effect was depended on lipid composition and membrane state.

Findings. The obtained compounds were shown to be active in inhibiting ATP synthesis and were loaded into liposomes. Also, the optimal lipid composition was shown to produce stable and highly effective formulation for treatment of non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes mellitus.
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