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Introduction

Biopolymer-lipid systems provide a plethora of applications
in the biomedical and pharmaceutical fields. Materials meant for
biomedical/pharmaceutical applications like tissue engineering,
wound healing, drug delivery, and gene delivery should possess
certain properties like biocompatibility, biodegradation, low
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Abstract

Biopolymer-lipid nanocarriers as hybrids are upcom-
ing and have been most assuring frontiers in both phar-
maceutical and biomedical research areas. In last decade,
great focus is oriented in the development of functionalized
nanocarriers by amalgamation of biopolymer and lipids with
inherit specific properties of organic, inorganic nanocar-
riers and the lipid structured particles (liposome, lipopro-
tein, solid lipid nanoparticle, and nanoemulsion, nanocrys-
tals) for specialized properties and functions. By combining
polymer-lipid composites these, functionalized nanocarriers
gain futuristic properties that have a potential to numer-
ous drug delivery and biomedical application ranging from
stimuli/pH-triggered drug release, photothermal therapy,
bioimaging and magnetic delivery). The presence of various
nanoparticles within the polymer or lipid assemblies deter-
mines the final the properties and functions of the hybrid
nanocarriers. Further can be classified as liposomes with
surface-bound nanoparticles or liposomes with bilayered
nanoparticles, and even liposomes with core-encapsulated
nanoparticle. The present review discusses various hybrid
nanocarriers prepared and reported till date for drug de-
livery and biomedical applications. The properties of each
hybrid nanocarrier from their rational design up to delivery
are discussed. Future prospectus and the scope of hybrid
nanocarriers are also covered.

toxicity, low antigenicity, high bio-activity, processability, and
appropriate mechanical strength. Based on a specific applica-
tion the materials are supposed to have a specific property. For
example, during tissue regeneration, the material should sup-
port cell growth and proliferation.
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Characterization studies for prepared hybrid systems are
size analysis using zeta sizer, rheological studies using cone and
plate rheometer, structural lamellarity studies using cryo-TEM,
and drug release studies using vial and fluorescence microplate
reader. The advantages noticed with such a hybrid system in-
clude:

> Nanocarriers embedded in biopolymer gel are more
stable to the external environmental stimuli.

»  The encapsulated drug faces two-level transport resis-
tance, primarily from bilayer shell and secondarily from the
biopolymeric gel, thereby allowing the drug release for a pro-
longed duration.

»  Such a constructive mechanism can avoid the problem
of burst release seen generally with the individual systems that
lead to toxicity.

» Biopolymer gel matrix provides localization of the prod-
uct at the administered area and the combined network per-
mits sustained drug delivery thereby offering prolonged thera-
py at the targeted site.

»  Cytotoxicity studies of doxorubicin were also reported
with promising results in addition to the sustained effect.

Hence, it can be observed that the combination of appropri-
ate properties of Nanocarriers with the biopolymers leads to
beneficial applications with enhanced performance of the lipid
carrier system in biomedical and pharmaceutical fields. Scien-
tists have reported multiple works stating that Nanocarriers and
biopolymers have promising applications in drug delivery, gene
delivery, and the biomedical field. At the same time, it is also
well noted that neither the Nanocarriers nor the biopolymers
provide all the desired properties like carrier stability, encap-
sulated component stability like DNA, prolonged delivery of
encapsulated agents, etc. Hence, it is a necessary step to com-
bine the unique features of both lipid systems and biopolymers
to achieve the desired goals. Even in the case of drugs with a
narrow therapeutic index, the prolonged treatment can be pro-
vided by modulating the pharmacokinetics and biodistribution
of the drug substances using a suitable hybrid system of bio-
polymer functionalized lipid systems.

Nanocarriers formed by functionalisation of biopolymer-
lipids

Nanoparticle

Nanoparticles in biomedical and pharmaceutical fields area
revolutionary success for healthcare management. Nanopar-
ticles, which are of the nanometric size range, made up of bio-
polymers are of prime importance in drug delivery and targeted
drug release. Nanoparticles got their importance in biological
signalling pathways for intracellular and cellular targets, even
crossing through blood-brain barriers. Their success rate in
therapeutics and easy entry followed by circulation in the body
is owed to their small particle size. The advantages of biopoly-
mer-based nanoparticulate drug delivery have dragged the at-
tention of researchers. The modulations brought with the use
of biopolymers in nanoparticles have contributed a lot to their
efficiency. Biopolymers used in nanoparticle fabrication have
paved paths for the surface immobilization of many bioactive
like proteins, peptides, enzymes, immunomodulating agents,
nucleotides (e.g., DNA) resulting in the formation of nanoparti-
cle-biomolecular conjugates [1-3].

In the development of particulate systems, the selection of a
specific biopolymer depends on important factors like:

> Particulate system properties: Size, shape, charge, po-
larity, permeability, loading capacity (entrapment efficiency)
degradability, release rate, etc.

> Biopolymer
charge, polarity, etc.

properties: Solubility, hydrophobicity,

»  Active ingredient (drug/bioactive) properties: stability,
solubility, polarity, charge, dose, permeability, etc.

Nanoparticles have been conceptually developed as a
merged form of lipid polymer hybrid nanoparticles for meet-
ing the desired goals of oncology treatment, delivery of DNA/
RNA materials, and imaging/diagnostic agent [4]. Polymeric
nanoparticles developed by self-assemblage of biodegradable
amphiphilic block copolymers are applicable for systemic ad-
ministration. They can encapsulate the drugs and also can be
decorated with ligands on the surface for targeted drug delivery
[4,5].

Lipid-polymer hybrid nanoparticles

To overcome the drawbacks of individual carrier systems,
liposomes, and nanoparticles, a new offspring of delivery sys-
tem has been evolved which is termed as lipid-polymer hybrid
nanoparticles (Figure 1) [6]. The hybrid composite can have
increased encapsulation efficiency, improved stability, defined
kinetics for controlled release, and specifically targeted release
profile. Lipid-polymer hybrid nanoparticles have 3 sections, an
inner polymer core (which encapsulate the drug), a middle lipid
monolayer (surrounding the polymer core, which provides con-
trol over drug release), and an outer lipid-polymer layer (for ste-
ric stabilization, which provides prolonged systemic circulation
avoiding the clearance from the immune system) [6-9]. These
hybrid systems are useful in encapsulation/adsorption/covalent
bonding of molecules like drugs, proteins, genes, vaccines, im-
aging agents, and ligands for a target [10-14].
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Figure 1: Depicts functionalised biopolymer-lipid nanocarriers
with multifunctional components.

Types of lipid-polymer hybrid nanoparticle systems

Preparation techniques of lipid-polymer hybrid nanoparti-
cles have been depicted in Figure 2. Based on the assembling of
lipids and polymers, these hybrid systems can be further classi-
fied into different types [15].

a) Polymer core lipid shell

The simplest form of the lipid-polymer hybrid nanoparticle
is the presence of a polymer core which entraps the drug sur-
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rounded by the single or double layer of lipid shell further cov-
ered by the lipid-PEG layer or else incorporated within the shell.
The combined features, the biomimetic property of lipids, and
the structural integrity of polymer make this type of system as
a promising delivery system for different types of therapeutic
agents [16].

b) Double shell hybrid nanoparticles

This type of core-shell lipid polymer-lipid hybrid nanopar-
ticles has a hollow inner polymer core surrounded by the lipid
coating which is in turn coated by a polymeric material and
finally coated with lipid shell (lipid-PEG mixture). In these sys-
tems, a bilayer or multilayers of lipids are present around the
polymer core surface. They combine the properties of lipo-
somes and polymeric materials. The gaps are filled with aque-
ous buffer. In some cases, the cationic or zwitterion phospholip-
ids were incorporated to prepare the covering of lipoparticles
through electrostatic interactions with the oppositely charged
polymers [17-18].

c) Polymeric nanoparticles concealed by erythrocyte mem-
brane

These polymeric nanoparticles attained biomimetic nature
with the camouflaging caused by the erythrocyte membrane.
They physically represent the vesicles that mimic the typical
surface chemistry of the erythrocyte [19]. Such hybrid nanopar-
ticles can cross the biological membrane easily and provide lon-
ger circulation periods in the bloodstream.

d) Monolithic lipid-polymer hybrid nanoparticles

These systems also called mixed lipid-polymer hybrid
nanoparticles, are something like in reverse structure of the
above-discussed systems, because the external layer is com-
prised of the polymer matrix in which the lipid or lipid-PEG mol-
ecules are distributed. The outer polymer matrix, surrounding
the lipoid shell, is loaded with drug molecules [20].

e) Polymer caged liposomes

These include the self-possession of polymers smeared at
the liposome surface providing the stability [21-23].
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Figure 2: Different methods of preparation of lipid-polymer hy-
brid nanoparticles [21-22].

Lipid nanoparticles

These are colloidal lipophilic systems differentiated from the
liposomes for having a lipid core stabilized in aqueous media
and covered by a single layer of surfactants e.g., phospholipids.
There are 3 such types of Lipid Nanoparticles (LNPs) namely,
Solid Lipid Nanoparticles (SLNs), Lipid Nano-Emulsions (LNEs),

and Nanostructured Lipid Carriers (NLCs). SLNs have a solid lipid
core, LNEs have liquid lipid core, and NLCs have a combination
of both solid and liquid lipids in the core [24-26]. The lipids used
for the fabrication of lipid nanoparticles are FDA (Food and Drug
Administration) and EMA (European Medicines Agency) ap-
proved and hence found to be non-toxic and biodegradable rep-
resenting the lipophilic physiological molecules. The size range
of thus obtained lipid nanoparticles is in the nanometer range
[27-29]. LNPs have gained importance for their applications in
drug delivery, enhancement of bioavailability of hydrophobic
drugs, and stabilization of hydrophobic active molecules. The
inner lipid core of the LNPs encapsulates the hydrophobic active
molecules whereas the outer surfactant membrane comprising
of surfactants/phospholipids ensures the stability of LNPs in the
external aqueous milieu. LNPs are well known for their trans-
dermal drug delivery by forming a monolayer film over the skin
thereby limiting the evaporation of water and improving the hy-
dration of the skin. [30-32]

Solid lipid nanoparticles (SLNs)

Solid lipid nanoparticles are nanometric micelle structured
spheres comprising of a solid hydrophobic lipid core surround-
ed by amphiphilic surfactants or phospholipids (e.g., triglycer-
ides, fatty acids, polysorbates as components). Comparing with
liposomes, the SLNs can encapsulate more quantity of hydro-
phobic drugs in its core due to the availability of a large vol-
ume of lipid core. These SLNs are gaining interesting applica-
tions in biomedical and pharmaceutical fields [33-36]. They can
penetrate the brain parenchyma through absorption mediated
transcytosis which involves the adsorption of the polysorbate
of SLN on to the brain endothelial cell membrane followed by
particle internalization followed by subsequent excretion from
endothelial cells of the brain into the brain parenchyma. Jose
et al. have studied the delivery of anticancer drugs, resveratrol
into the brain tumor cells [37]. Jos et al. developed SLNs loaded
with resveratrol, an anticancer drug, for delivery to the brain
tumor. SLNs are made up of triglyceride trimyristin with a drug-
lipid ratio of 1:10 and surface covered with polysorbate 80 and
polyvinyl alcohol. With the large volume of a hydrophobic core,
around 30% of resveratrol was encapsulated into the SLNs pro-
viding high therapeutic efficacy with minimal systemic toxicity
[38-40].

Figure 3: Depicting various nanocarriers formulated by amal-
gam of biopolymer and lipids.
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Nanostructured lipid carriers

These NLCs are comprised of core structure with a blend of
solid and liquid lipids with a surrounding shell of amphiphilic
surfactants or phospholipids. They have the potential to load
higher amounts of active molecules in addition to control the
drug release at a better level [41-45]. For better physical stabili-
ty and therapeutic efficiency, LNPs are administered as aqueous
dispersions through hydrogel formulations (Figure 3) [45-50].

Hydrogels

Hydrogels, a promising area for drug delivery and tissue en-
gineering has been utilizing biopolymers for better efficiency
and advanced applications. Polysaccharide or protein-based
natural hydrogels are useful in several biomedical applications
like cardiovascular/orthopedic implantation, intravascular/
urinary tract catheters, wound dressing, tissue engineering,
biosensors, controlled release systems, etc [51-56]. Since the
hydrogels alone are not able to handle the delivery of lipophil-
ic drugs and are not well stabilized in the hydrophilic matrix,
undergoes precipitation or aggregation or shows uncontrolled
burst release, there is an advancement of merging the hydro-
gel with lipid nanoparticles to provide better encapsulation,
stability and controlled release of lipophilic drugs [57]. Biopoly-
mers, particularly polysaccharides are of special interest in the
synthesis of hydrogels for biomedical applications. As they are
naturally abundant, biodegradable, biocompatible, mucoadhe-
sive, hydrophilic, accessible for modulation, polysaccharides
are quite interesting in the development of hydrogels. However,
hydrogels made of polysaccharides alone suffer from poor me-
chanical properties showing brittleness/fragility/degradation
at physiological pH. As one alternative, the hydrogels are com-
bined with LNPs to develop LNP polysaccharide-based hydro-
gel systems for the efficient delivery of drug molecules. It was
reported that the most used biopolymers for the fabrication of
LNP-polysaccharide hydrogels include chitosan, cellulose, xan-
than gum, dextran, and alginate [58-60].

Liposomes

Liposomes are self-assembled vesicular bilayer systems pre-
pared by using natural or synthetic lipids with hydrophobic na-
ture within the bilayer and hydrophilic nature in the core. Lipo-
somes can incorporate both the hydrophobic and hydrophilic
drugs. Hydrophobic drugs can be loaded in the bilayer shell
whereas the hydrophilic drugs can be loaded in the aqueous
core [61-63]. On administration, the encapsulated drug(s) or
bioactive(s) slowly come out of the bilayer into the surround-
ing environment thereby producing the sustained release of the
agents [64-69]. Liposomes have plenty of advantages like they
are suitable to load both hydrophobic and hydrophilic drugs,
suitable for targeted drug delivery unlike conventional thera-
pies causing adverse effects. Liposomes show better biodistri-
bution of potent drugs at the site of action. They are promising
carriers for several antibiotics increasing the uptake by resistant
extracellular/intracellular pathogens. Improved pharmacoki-
netics has been achieved with the introduction of liposomes in
drug delivery. The sustained-release rate of drugs is made possi-
ble with liposomes. Due to the usage of phospholipids, the bio-
compatibility and non-immunogenicity features are the positive
factors for liposomes. Liposomes are also used as biomimicking
models for cell membranes to do in vitro cell culture and in vivo
model experiments which are found to be cost-effective alter-
natives. With all these interesting characteristics, liposomes are
now a real commercialized carrier for drugs in the treatment of

cancer, chronic bacterial/fungal infections, resistant lung infec-
tions, etc. [70]. However, scientists have observed certain disad-
vantages with the liposomes which include, leakage of encap-
sulated drugs, burst release in certain unfavourable conditions,
short biological half-life (short biodistribution), low entrapment
efficiency, high production cost, lack of stability due to oxidation
or hydrolysis of lipids, batch to batch variation and difficulty in
scale-up or production [74].

To overcome some of the disadvantages and make use of the
existing positive features along with the enhancement of func-
tions, the combination of liposomes with polymeric networks
has been initiated by scientists. Over the last two decades,
it’'s been promising research with the liposome-polymer hy-
brid systems. Both natural and synthetic polymers have been
incorporated in the development of liposomal carrier systems
to achieve desired outcomes. Researchers have developed lipo-
somes and embedded in a polymer gel matrix to combine the
properties of both the systems within the same network [75].
The initial attempt of embedding liposomes in the polymer gel
matrix has been performed by Weiner et al. using a collagen
matrix. Here there are no active connections between the lipo-
somes and polymer gel matrix. It is the simplest way of combin-
ing the liposomes with polymer gel. Such an attempt has shown
that the hybrid gel has prolonged the release of encapsulated
hormones. Later several experiments were reported in a similar
line with the combination of liposomes in biopolymer gels like
gelatin, xanthan gum, chitosan, carboxymethylcellulose, and
also of synthetic polymer gels like poly(acrylic) acid. Injectable
biomaterials gained importance for their site-specific drug de-
livery [76].

To be suitable for injection, the gel should be in low viscous
nature before and while injecting, whereas it should rapidly
convert into an elastic gel at the site of administration. Hence,
shear-thinning injections have been designed and developed by
researchers. Upon injection of the drug-loaded gel at the site of
the tumor, the anti-cancer drug gets released only at that site,
and due to the sustained release effect shown by the liposome,
the cytotoxic drug will not reach high levels in other areas of
the body. In this way, the hybrid system of liposomes with bio-
polymer gels has gained importance in reducing the toxicity at
healthy tissues, providing targeted therapy, and also minimizing
the need for repeated injections [77-79]. Lee et al. reported the
application of biopolymer connected liposomes over conven-
tional liposomes for delivery of the anti-cancer agent, doxorubi-
cin [98]. For this, the researchers have used the hydrophobically
modified chitosan to connect the liposomes into a gel network
through hydrophobic interactions. Liposomes are made up of
Dipalmitoylphosphatidyl-Choline (DPPC) and 1,2-distearoylsn-
glycero-3-phospho-ethanolamine-N-[methoxy(polyethylene
glycol)-2000] (DSPE-PEG2000). Liposomes were prepared by
film formation, lyophilization, sonication, and size exclusion
chromatography. The drug loading of doxorubicin was done by
incubation. The developed drug-loaded liposomes were report-
ed to be in a size range of 100-150 nm.

Micelles

Lav et al. have developed solid phospholipid micelles
containing bile salts and biopolymers for the improvement of
oral bioavailability of the poorly soluble drug, cucurbitacin B,
and also for its effective delivery. They developed the system
as fast dissolving oral films using carboxymethyl chitosan or
pullulan and PEG in different formulations. They have conducted
the in vivo studies in rats and rabbits as animal models [80].
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Applications in tissue engineering

Tissue engineering is meant for the regeneration of injured
tissue and regeneration of a biologically valid articular surface
[81-85]. The properties of the biomaterials used for such tissue
engineering purpose shows a direct impact on the treatment
strategies.

Future prospectus

With the existing reports and successful journey, there is a
lot of scope for future progress utilizing the probabilities of a
combination of biopolymer and lipid systems for better thera-
peutic efficiency with minimized or no adverse effects in treat-
ment of gastric diseases. There is a need to understand the com-
plete mechanism for the enhanced properties and optimization
strategies. Applying the existing concepts in different routes of
administration and different disease conditions has yet to be ex-
plored to identify the best-synchronized applications. Even with
the high-end technologies available today, there is the least
commercialization of the products which indicates that the re-
search needs gear up in the right path that reaches the patient.

Conclusion

On their self-build properties, functionalized nanoparticles
and lipid structures are readily adaptable systems those are tai-
lored towards specific properties and functionalities. Basically,
the combination of the two (biopolymer and lipid) systems into
hybrid nanocarriers offer great design potentials for pharma-
ceutical and biomedical application. In the last ten years, the
total studies based on the development of hybrid nanocarri-
ers for pharmaceutical and biomedical purposes have grown
exponentially and their outcomes are very helpful, lot more to
be explored. Huge research is underway in the field of hybrid
nanocarriers. Existing hybrid nanocarriers are even optimized
for few clinical translations and with particular new nanoma-
terial fabricated, a hybrid nanocarrier designed with futuristic
properties are outplayed. It is evident that hybrid nanocarriers
would play key role in both the pharmaceutical and biomedi-
cine in the coming years.

Funding: The review did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.
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