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Clofazimine (CFZ) is an FDA-approved, weakly basic and poorly soluble compound.  

Upon prolonged oral administration, it accumulates in macrophages of mice and humans in the 
form of insoluble complexes known as Crystal-Like Drug Inclusions (CLDIs), which have been 
chemically characterized to contain hydrochloride salts of CFZ (CFZ-HCl) crystals. To elucidate 
the biomolecular mechanisms behind the formation of these crystals in macrophage lysosomes, 
we investigated the roles of proton and chloride transporters which regulate cellular ion 
homeostasis. Computationally, the formation and stabilization of CFZ-HCl crystals in 
macrophage lysosomes was modeled using a systems-based mathematical model of lysosomal 
ion regulation. Experimentally, RAW 264.7 cells were treated with Bafilomycin (0-8nM), an 
inhibitor of a proton-pumping protein known as Vacuolar ATPase (V-ATPase), and 5-Nitro-2-(3’-
phenylpropyl-amino) benzoic acid (NPPB) (0-200uM), a chloride channel blocker, before the 
administration of CFZ (0-10uM), and downstream effects on CFZ-HCl formation were studied. 
Simulation results revealed that the physiological accumulation of CFZ-HCl in lysosomes was 
largely dependent on the number of V-ATPase molecules/lysosome (≥ 9 for accommodating 
CFZ-HCl accumulation at 0.01 pmol/cell/day and ≥ 95 for accommodating CFZHCl 
accumulation at 0.1 pmol/cell/day) and less dependent on chloride transport functions. 
Consistent with this, CFZ uptake was reduced following Bafilomycin-mediated V-ATPase 
inhibition. More specifically, at 24 hours, drug uptake was reduced relative to controls by 
36.9±5.7% in 2nM Bafilomycin-treated cells and 63.2±3.4% in 4nM Bafilomycin-treated cells. 
However, NPPB-treated cells perturbed CFZ uptake when administered at high dose (≥100uM). 
Conclusively, our findings indicate a critical role of the number of lysosomal V-ATPases in the 
formation of hydrochloride drug salts in macrophage lysosomes.   
 


