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This study introduces a novel strategy for encapsulating amino acids in lipid-based nanocarriers to 

overcome key limitations in amino acid therapeutics. Conventional delivery systems struggle with 

high solubility in water, rapid clearance, and enzymatic degradation, reducing efficacy and 

complicating formulation efforts [1]. The proposed solution employs a microfluidic synthesis 

platform that ensures precise, scalable, and reproducible nanocarrier assembly [2]. 

Central to this approach is the use of electrostatic interactions between ionizable groups of amino 

acids and tailored lipid compositions to enhance encapsulation efficiency and stability. By 

modulating the pH relative to the amino acid’s isoelectric point (IP), the net charge can be controlled. 

The lipid formulation incorporates approximately 50% of a charged phospholipid, selected according 

to the amino acid’s charge. Cationic lipids like DOTMA are used for negatively charged amino acids, 

while anionic lipids such as 14:0 PG are used for positively charged ones. This enables targeted 

electrostatic attraction. Cholesterol and phosphatidylcholine are added to ensure membrane fluidity 

and stability [3]. 

Lipid nanoparticles encapsulating two model amino acids, L-Arginine and L-Glutamine, were 

successfully synthesized and comprehensively characterized. Size distribution and surface charge 

were assessed using Nanoparticle Tracking Analysis (NTA) and Dynamic Light Scattering (DLS), while 

encapsulation efficiency was determined by HPLC-UV analysis. These findings further validate the 

effectiveness of the electrostatic design strategy and highlight its potential as a versatile platform for 

the development of amino acid-based nanomedicine. 
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