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Abstract:

Pulmonary drug delivery demands advanced systems that offer biocompatibility,
lung-specific targeting, and effective therapeutic outcomes.
Dipalmitoylphosphatidylcholine (DPPC), the primary phospholipid component of
native lung surfactant (LS), is an ideal building block for biomimetic nanoparticles
due to its regulatory acceptance, structural simplicity, and compatibility with the
pulmonary environment. In this study, we developed two types of biomimetic
nanoparticles based on DPPC for the encapsulation and pulmonary delivery of
different antifibrotic molecules. Both formulations demonstrated efficient lung
biodistribution, prolonged retention for sustained drug release, and strong
antifibrotic effects in vitro and in vivo.

First, we produced DPPC-based liposomes for the encapsulation of pirfenidone
and investigated the role of polyethylene glycol (PEG) coating in enhancing nano-
biointeractions and therapeutic efficacy. We evaluated the impact of PEGylation
on surfactant protein corona formation, mucus penetration, cellular uptake,
biodistribution, and antifibrotic activity using the bleomycin-induced mouse model
of pulmonary fibrosis. These studies provided important insights into how
PEGylation affects nanomedicine performance in the context of fibrotic lung
disease.

To further harness the native bioactivity of lung surfactants, we synthesized LS-
derived nanoparticles (LSNP) using microfluidic technology. This method
enabled precise control over particle size (~150 nm), polydispersity, and
encapsulation of both imaging agents and therapeutics. LSNP exhibited
enhanced cellular uptake compared to both synthetic lipid nanoparticles (LNPs)
and unmodified LS. When loaded with nintedanib, LSNP significantly inhibited
myofibroblast differentiation, reduced inflammation, and suppressed extracellular
matrix deposition in the bleomycin-induced pulmonary fibrosis model.
Additionally, Gd(lll)-labeled LSNP served as effective T1 MRI contrast agents,
allowing non-invasive tracking of lung distribution, with over 85% of the dose
retained in the lungs for more than six days, as confirmed by ICP-MS.

Together, these two biomimetic nanoparticle platforms offer complementary
advantages for pulmonary drug delivery in the treatment of pulmonary fibrosis.
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