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Lipid nanoparticles (LNPs) are spherical vesicles composed of ionizable lipids that are neutral at physiological pH.
Despite their benefits, unmodified LNP drug delivery systems have substantial drawbacks, including a lack of
targeted selectivity, a short blood circulation period, and in vivo instability. lipid—polymer hybrid nanoparticles
(LPHNPSs) are the next generation of nanopatrticles, having the combined benefits of polymeric nanoparticles and
liposomes. LPHNPs are being prepared from both natural and synthetic polymers with various techniques,
including one- or two-step methods, emulsification solvent evaporation (ESE) method, and the nanoprecipitation
method. Varieties of LPHNPSs, including monolithic hybrid nanopatrticles, core—shell nanoparticles, hollow core—
shell nanoparticles, biomimetic lipid—polymer hybrid nanoparticles, and polymer-caged liposomes, have been

investigated for various drug delivery applications.

lipid—polymer hybrid nanoparticles drug delivery synthesis polymers particles

lipids

| 1. Introduction

Nanoparticles (NPs) made of either polymers or lipids are widely used for the delivery of therapeutic agents.
Polymeric nanocarriers are chiefly categorized as polymeric micelles, polymer—drug conjugates, and polymeric
NPs, while lipid-based nanocarriers are distinguished as liposomes, solid lipid nanoparticles (SLNs), and
nanostructured lipid vectors 2, Polymeric nanoparticles (PNPs) are currently gaining popularity in biomedical
research, possibly due to their numerous attractive properties, including biocompatibility, biodegradability, the ease
of processing, and sustained release patterns of incorporated drugs . PNPs are easy to prepare with simple and
reproducible synthesis processes, with ample flexibility for chemical modifications 4. Polymeric NPs usually have
low polydispersity and high stability. However, there are certain limitations associated with using polymers as
nanocarriers for drug delivery, for instance, the use of harmful organic solvents in the preparation, the expensive
synthesis, the scale-up process, the toxicity of degradation products, and the usually low drug loading capacity &
[, Moreover, the hydrophobic surface of PNPs is recognized as a foreign material that provokes an immune
response and prompts rapid elimination from the body, which limits their use. Furthermore, the limited cellular

membrane permeability of PNPs leads to poor transfection efficiency &,
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Lipid nanopatrticles, similar to PNPs, have piqued the interest of researchers in recent decades and have had
remarkable clinical success in delivering drugs, nucleic acids, and vaccines. Lipid nanoparticles offer numerous
attractive benefits, including low production costs with an ease of preparation, an improved drug-entrapping
efficiency, great biocompatibility, feasibility of scale-up, and targeted delivery. However, they have abridged

stability, fast drug release, and excessive polydispersity, which are the major limitations for their widespread use &
[10][11]

To overcome these limitations of PNPs and lipid nanoparticles, a new system called lipid—polymer hybrid
nanoparticles (LPHNPs) has been developed owing to the biomimetic and biocompatible advantages of this
strategy. LPHNPs take advantage of the benefits of both polymeric and lipid-based systems 22, LPHNPs are next-
generation core—shell nanosystems conceptually formed from a polymer core wrapped by a lipid layer. Despite
their widespread attention, they are not yet widely used or pervasive [13. LPHNPs have three structural features,

including (Figure 1):
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Figure 1. General structure of LPHNP composed of a drug-encapsulating polymer core with an outer lipid shell and

an outer lipid—PEG layer.
(i) A drug encapsulating polymer core;
(ii) A lipid layer surrounding the polymer core;
(ii)An outer lipid—PEG layer.

The lipid layer acts as a molecular barrier, reducing drug loss during LPHNP formulation and further protecting the
core from degradation by blocking water diffusion into the inner core. The outer lipid—PEG layer prolongs the blood

circulation of LPHNPs by suppressing the immune response 141,
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| 2. LPHNPs Composition and Its Influence

LPHNPs composed of natural, semi-synthetic, and synthetic polymers (i.e., chitosan, PCL, polycaprolactone; PEG,
polyethylene glycol; PLA, polylactic acid; PLGA, polylactic-co-glycolic acid; PbAE, poly(B-amino ester); etc.) serve
as solid core NPs coated with lipids (i.e., palmitic, myristic, and stearic acids, etc.). The simplest design of LPHNPs
has a drug-entrapped hydrophilic or hydrophobic polymer core surrounded by a lipid layer. Lipid shells can be
easily modified to obtain the desired surface properties which promotes, for instance, efficient uptake, controlled
drug release, and favorable biodistribution. The lipid composition can be easily modified and exploited to expedite
the covalent or noncovalent attachment of drugs, ligands, transferrin, antibodies, folic acid, aptamers, and bioactive
molecules, including nucleic acids or proteins. Lipid shells have the additional advantage of charged or zwitterionic
lipids, which may promote self-assembly of the lipid layers with opposite charges on the polymeric core through
electrostatic interactions. Likewise, the uses of the lipophilic core endorse its interaction with the hydrophobic tail
domain of the lipids constituting the lipid layer (12!, Table 1 presents the polymers and lipids used in the preparation
of LPHNPs.

Table 1. Commonly used polymers and lipids for the preparation of LPHNPs with their structures.
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9. Xu, L.; Wang, X.; Liu, Y.; Yang, G.; Falconer, R.J.; Zhao, C.-X. Lipid Nanoparticles for Drug
Delivery. Adv. NanoBiomed Res. 2022, 2, 2100109.
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1 Polymer Used Lipid Used Reference
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polymer ratio (L/P) had a significant impact on the colloidal stability of hybrid particles. The lipid layer may operate
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Lipids are amphiphilic or hydrophobic molecules and are present in numerous compounds, including fatty acids,

oils, steroids, and waxes. Glycerophospholipids are the most common type of biological membrane component,
consisting of a glycerol molecule, a phosphate group (PO427), and two fatty acids. These phospholipids are broadly
used for the surface engineering of PNPs. Phospholipids, including phosphatidylcholine, phosphatidylglycerol,
phosphatidylinositol, phosphatidylserine, phosphatidylethanolamine, and phosphatidic acid are less stable in
nature. Thus, synthetic lipids have been reported through the modification of the polar and nonpolar regions of the
phospholipid molecules. Synthetic phospholipids, including PEGylated phospholipids, 1,2-diacyl-P-O-
ethylphosphatidylcholine, etc., are cationic, anionic, neutral, and zwitterionic phospholipids and are often used in
biomedical engineering (22, Both natural and synthetic lipids have been used for the surface anchoring of PNPs.
Natural or cell-membrane-derived lipids have the advantages of natural cell surface, natural targeting ability,
natural immune-evading property, long circulating half-life, and well-controlled tissue distribution. Synthetic lipids
have the advantages of biomimetic surface, controlled drug release, stealth properties, extended circulation, and

surface flexibility for targeting functionalization 311,

The lipid-based surface functionalization of PLGA NPs is showing encouraging outcomes in the fabrication of
PLGA-based nanomedicines due to their fascinating properties of biocompatibility, biodegradability, ease of
treatment, and sustained release. The targeting specificity of PLGA-based nanocarriers can be enhanced by
surface engineering with various lipids. This may further improve the physicochemical properties of nanocarriers as
well as their NP—cell associations, including cellular membrane permeability, immune responses, and prolonged

blood circulation. PLGA-based LPHNPs have been reported to be utilized for drug and gene delivery 28],
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