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Abstract

The oral route for drug delivery is a widely accepted route.
For that reason, many researchers are currently working to
develop efficient oral drug delivery systems. Use of polymeric
nanoparticles (NPs) and lipid carrier systems, including
liposomes, solid lipid nanoparticles (SLNs) and nanostructured
lipid carriers (NLC), has limitations such as drug leakage and
high water content of dispersions. Thus, lipid polymer hybrid
nanoparticles (LPNs) have been explored by the researchers
to provide a better effect using properties of both polymers
and lipids. The present review is focused on the challenges,
possibilities, and future perspectives of LPNs for oral delivery.

Keywords: lipid polymer hybrid nanoparticles, lipids, liposomes,
nanotechnology, nanofiber, nanoblanket, nanostructured
lipid nanoparticles, polymeric nanoparticles, Solid lipid
nanoparticles

Introduction

It is the maximum tendency of all researchers to shield
the population from various diseases by developing new
strategies or by modifying the existing one to enhance
patient compliance. Great expansion has been made in
treating the number of diseases by using different drug
delivery systems which maintain the concentration, rate,
time, and release of therapeutic agents in the body (Jain
2008). The main goal of carrier systems is to distribute
the drug to a targeted site within a suitable time duration
with higher concentration in the diseased site and as low
as possible in the normal tissues (Uekama et al. 1998).
Oral route offers needle-free delivery which is considered
to be the more preferable route because of the advantages
like easy administration, patient convenience, economi-
cal manufacturing processes, non requirement of sterile
processing and easy approval from regulatory bodies.
Although, being the well accepted route of administra-
tion, it is not always possible to deliver every active

moiety through the oral route (des Rieux et al. 2006, Prego
et al. 2006).

Challenges for oral drug delivery

e Drug has to cross highly fluctuating gastrointestinal
(GI) system.

e pH of stomach has impact on stability of drug.

e Some factors are also responsible like motility, mucus
barriers, high metabolic activity and relative imper-
meability of the epithelium (Trevaskis et al. 2008). For
example, oral delivery of the low molecular weight
heparins (LMWH) is difficult due to variable gastro-
intestinal tract (GIT) conditions and physicochemical
properties of the drug itself (Baughman et al. 1998,
Chandy et al. 2002). For example, high molecular
weight, high negative charge density, and instability
of LMWH in the GIT pose difficulties in its absorption
(Arbit et al. 2006). These problems can be solved by
using a number of strategies like penetration enhanc-
ers, development of polymeric carriers, and conjuga-
tion of hydrophilic LMWH with hydrophobic lipids
(Chen et al. 2009). The passage of molecules through
intestinal epithelium takes place by passive diffusion
(Ward et al. 2000). The passive diffusion of hydro-
philic molecules generally occurs through paracellu-
lar pathway but limited due to presence of junctional
complexes as well as insufficient lipophilicity (Lutz
and Siahaan 1997).

Absorption enhancers are used to promote the assimilation
of poorly absorbable drugs like hydrophilic antibiotics and
biotechnology derived drugs. These absorption enhancers
include surfactants, bile salts, chelating agents, and fatty
acids (Uchiyama et al. 1999). Sometimes, the damage and
irritation have been observed in the intestinal mucosal
membrane due to use of penetration enhancers (Uchiyama
et al. 1996). Some permeation enhancers are listed below in
Table I (Aungst and Rogers 1988).
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Table I. List of permeation enhancers.

S. No. Permeation enhancers
1 23-lauryl ether
2 Aprotinin
3 Benzalkonium chloride
4 Cyclodextrin
5 Dextran sulfate
6 Laurie acid/Propylene glycol
7 Oleic acid
8 Phosphatidylcholine
9 Sodium glycocholate
10 Menthol
11 Sodium N-[8-(2-hydroxy benzoyl) amino]caprylate (SNAC)
12 Sodium caprate

Oral drug delivery systems

Conventional drug delivery systems

Plasma drug concentration increases first on administration,
and then usually decreases the concentration to an ineffec-
tive plasma drug concentration level. The concentration
should be in between the toxic level and minimum effec-
tive level. Same rise and fall happens again during the next
dose. In these types of situations, a higher dose may be the
solution of this problem, but this will raise up the toxic effect
of the drug as well as treatment cost. In various disorders, a
particular amount of the drug should reach the site of action
and must remain constant for a longer period of time. How-
ever, this is usually not seen in conventional drug delivery
systems. In addition, this constant level can be maintained
only if the drug release follows zero-order kinetics resulting
in decrease in toxicity and ineffectiveness (Pankhurst et al.
2003).

Nanotechnology
The utility of nanoscience in drug delivery has become very

popular these days. The particles which have a size within
the nanoscale give better optical, electronic, and structural
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properties due to their smaller size, surface structure, and
high surface area, although, these characteristics are usu-
ally not seen in large sized systems (Semete et al. 2010). In
order to accomplish efficient drug delivery, the interactions
of nanomaterials with target cell-surface receptors, drug
release, stability of therapeutic agents, and molecular mech-
anisms of cell signaling involved in pathology of the disorder
must be known initially (Suri et al. 2007). In the novel drug
delivery approaches, nanoparticles (NPs) are most explored
because of their improved bioavailability (BA), solubility,
and the retention time (Kumari et al. 2010). Incorporation
of therapeutic agents in NPs promotes the efficiency of the
drugs due to improved localization. It is reported that NPs
could enter the body through various routes and these par-
ticles get accumulated more in the defected body’s tissues
and lesser in healthy (as shown in Figure 1) (Oberdorster
et al. 2005). In oral delivery, uptake of NPs is done via Pay-
er’s patches in the gut-associated lymphoid tissue. Payer’s
patches consist of microfold (M) cells that overspread the
lymphoid tissue and are meant for endocytosis and delivery
of the drug into intraepithelial spaces and adjacent lym-
phoid tissue (Brayden and Baird 2004). A theory states that
NPs attached to the apical membrane of the M cells undergo
rapid internalization and a “shuttling” to the lymphocytes
(Sanvicens and Marco 2008). NPs are made of various types
of raw materials usually detectable on the micro scale, such
as gold, lipids, carbon, silica, silicon, and iron (Florence and
Hussain 2001). All the parameters should be identified to
design perfect colloidal drug delivery system through oral
route for the stability of a biodegradable material in GI fluids
(Miiller et al. 1996).

Use of polymers in the formation of nanoparticles
The NPs are composed of degradable/nondegradable and
hydrophilic/hydrophobic polymers. The natural polymers
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Figure 1. Difference between targeted and untargeted drug delivery system.
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used in NPs are chitosan, gelatin, sodium alginate, albu-
min, etc. Chitosan is a biodegradable cationic polymer with
mucoadhesive property. Chitosan can make complexes eas-
ily in an aqueous medium by encapsulating the therapeutic
moieties (Bagre et al. 2013). Due to variable purity of natural
polymers (proteins or polysaccharides), they cannot be gen-
erally used alone. Thus, cross linking is required which may
further denature the incorporated therapeutic agent (Hans
and Lowman 2006). Therefore, synthetic polymers are more
useful. For example, polymeric NPs (PNPs) are made up of
synthetic polymers like poly (lactide) and poly (glycolide)
and their copolymers (Katanec et al. 2004, Stolnik et al.
1994) and poly (e-caprolactone) (PCL) are used in the field
of nanobiotechnology (Kumari et al. 2010). The properties of
poly(lactide-co-glycolide) (PLGA) are maintained by the ste-
reochemistry of lactic acid (D, L, or DL), degree of crystallin-
ity, lactic acid/glycolic acid ratio, and the molecular weight
(Houchin and Topp 2008).
PEGylation technology also plays a role in:

¢ Increasing the aqueous solubility and stability

e Reducing intermolecular aggregation

e Decreasing immunogenicity

e Prolongation of the systemic circulation time of a
compound

Conjugation of polyethylene glycol (PEG) with PLGA is
more beneficial (Vonarbourg et al. 2006). But there are some
limitations with the PNPs like systemic toxicity, cytotoxicity,
residue from organic solvents, inadequate encapsulation of
water soluble drugs, drug leakage, large scale production,
and sterilization problems (Sanna et al. 2004). Moreover,
the immune system has a variety of mechanisms to identify
foreign particles in the body thus the PNPs can easily lead
to internalization. This internalization could be prevented by
using lipids.

Use of lipids in nanoparticles

A lipid coat over the NPs may increase its BA. It could
provide protection to the particulate system from drug reten-
tion as well as water permeation. PEG can also be linked as a
targeted ligand (Souto and Doktorovova 2009).

Reasons for use of lipids are

¢ Initiation of biliary and pancreatic secretions.

¢ Increased GIT residence time.

¢ Stimulation of lymphatic transport.

e Variation in mesenteric and liver blood flow.

e Enhanced intestinal wall permeability and reduced
metabolism.

o Efflux activity which enhances BA (Chakraborty et al.
2009).

Lipids used in lipid NPs are of lesser cost as compared to
synthetic polymers in PNPs, for example, PLGA (Shegokar
et al. 2011). Furthermore, lipid-based drug delivery sys-
tems are developed to mimic the food (or post-prandial)
effect to address the oral BA challenges for less soluble
drugs and vitamins. Therefore, the molecules can effec-
tively solubilize in the lipophilic microenvironment

developed by the presence of fat and their correspond-
ing digested fatty acid products mixed with endogenous
micellar components (Mu et al. 2013, Porter et al. 2007).
Lipid based formulation may be classified as below in
Table II (Gabizon 2001).

Lipid based nanocarriers show great potential in cancer
therapy. For example, liposomal doxorubicin (Dox) used in
breast and ovarian cancer was the first nanocarrier approved
by the FDA (Wong et al. 2007). But liposomes show certain
storage and drug leakage problems and demand a high price
forlarge-scale production (Montasser et al. 2013). Nowadays,
solid lipid nanoparticles (SLNs) may be a good alternative.
SLNs are more efficient colloidal drug carriers as compared
to PNPs, with the advantage of being prepared with physio-
logical and nontoxic lipids used as common pharmaceutical
excipients (Miiller et al. 2000). The excipients used in lipoid
carrier systems have been mentioned in Table III (Kalepu
etal. 2013).

The solid matrix of the lipid has the ability to control the
release of encapsulated moieties. In SLNs, a solid lipid or
blend of solid lipids form an o/w emulsion (o0il phase dis-
persed in water phase of emulsion) ranging in particle size
between 80 and 1000 nm (Montasser et al. 2013). On the
other hand, SLNs have shortcomings like poor drug loading
capacity, drug expels out after polymeric transition storage,
high water-content of dispersions (70-99.9%) and inability
for encapsulation of hydrophilic drugs (Jenning et al. 2000a).
Solubility of some active ingredients can be increased by
formulating NLCs comprising solid lipid phase with a small
amount of oil/liquid lipid. The volume of oil to be mixed must
be taken into consideration as at large volumes phase sepa-
ration will take place due to the increase in solubility of oil
in solid lipid phase (Jenning et al. 2000b, Pandey et al. 2005).
Incorporation of liquid lipids with solid lipids forms NLCs
which exhibit improved drug loading and release behavior
(Miiller et al. 2002). However, the NLCs are more advanta-
geous than SLNs (Mehnert and Méader 2001) because of:

e High drug payload,
e Reduced drug leakage during storage of formulations.

Polymer-mediated delivery systems along with lipid NPs
are the new advancements in nanotechnology. Polymeric
nanometer sized particulate systems such as micelles,
nanospheres, nanocapsules, polymerosomes, polyplexes,
and hydrogels, etc. are used very much in these days
(Liechty and Peppas 2012).

Table II. Types of lipid based formulations.

S. No. Types Examples
1. Liquid lipid-based Emulsions or micro-emulsions,
formulations self-emulsifying drug delivery
systems, self-nanoemulsified
drug delivery systems, solid in
oil suspension
2. Solid lipid-based Solid state micro-emulsions,
formulations solid self-emulsifying drug
delivery system for dry
emulsions, microspheres,
nanoparticles, suppositories
3. Lipid as colloidal carriers Liposomes, solid lipid

nanoparticles (SLNs)




Table III. Types of excipients used in lipid based formulations.
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S. No. Excipients Advantages Example
1. Triglycerides - Long chain triglycerides Fully absorbed and consumed by body Caprylic acid, lauric acid, palmitic acid,
(TGs) - Medium chain TGs - Short (Shegokar et al. 2011), medium chain oleic acid, behenic acid
chain TGs TGs are less susceptible to oxidation
(Gabizon 2001)
2. Mixed glycerides and polar oils Promote emulsification (Montasser et al. Sorbiton Trioleate (span 85), oleic acid
2013, Wong et al. 2007)
3. Co-solvents To promote solubilization (Montasser et al. Ethanol, glycerol, propylene glycol and
2013, Wong et al. 2007) polyethylene glycol

4. Water-insoluble surfactants HLB of 8-12 can adsorb at oil-water interface Polyoxyethylene, sorbitan trioleate
(Tween-85), polyoxyethylene (Wong
etal. 2007)

5. Water-soluble surfactants HLB of 12 or more Alkyl ether ethoxylate, cremophor RH40
and RH60 (ethoxylated hydrogenated
castor oil)

6. Anti-oxidants Protection from oxidation o-tocopherol, B-carotene, propyl

gallate, butylatedhydroxyltoluene
(BHT)

Polymer lipid hybrid nanoparticles

To compensate the shortcomings of both lipid NPs as well
as PNPs, a new carrier system emerges out which is known
as lipid polymer hybrid nanoparticles (LPNs) (Figure 2). The
hybrid term is used because it possesses the characteristics
of both polymer and lipid particles. The polymer controls the
drug release and the lipid increases the loading efficiency
as well as permeation. LPNs have the potential to enhance
physical stability and biocompatibility. Moreover, the lipid
can also prevent the first pass metabolism. LPNs have more
capacity for in vivo cellular delivery than PNPs and lipo-
somes. The LPNs consist of a biocompatible hydrophobic
polymeric core, a monolayer of phospholipids, and an outer
layer made of PEG. Although the structure of LPNs is com-
plex, the methods for preparing for LPNs are quite simple,
which could play a key role to scale up its production in
future (Zhang et al. 2008). PLGA NPs inhibit the P-glycopro-
tein (P-gp) efflux and also shows reversal of multiple drug

Polymer lipid hybrid
nanoparticles

Figure 2. Development of lipid polymer hybrid NPs.

resistance. The encapsulation of therapeutic moiety into a
PLGA NP may be the way to enhance oral BA but it is limited
to lipophilic drugs only because it is very hard to incorpo-
rate low molecular weight water soluble ionic drugs (Sahoo
and Labhasetwar 2005). In order to improve the loading
of ionic drugs to LPNs, a counter ion polymer can make a
stable complex with the ionic drug further enclosed by lipoid
membrane on the outer side. Furthermore, it is reported
that LPNs are modified form of SLNs that can encapsulate
an anionic polymer to load a hydrophilic cationic drug. For
example, LPNs of Dox compared to Dox solution result in
8-fold increase in killing cells of P-gp overexpressing human
breast cancer cells in clonogenic assay experiments (Wong
etal. 2006b). In this review we are going to discuss the poten-
tial of LPNs for drug delivery.

/]

Aptamers

Anti-CEA half antibody

Targeting moiety

Diagnostic agent

Drug-Polymer complex

Lipid shell

TRRITX {
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Figure 3. Schematic representation of polymer core-lipid shell NPs.
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Types of lipid polymer hybrid nanoparticles

Polymer core-lipid shell nanoparticles

This type of systems usually consists of a polymer as the
inside core further surrounded by one or more lipid mem-
branes as shown in Figure 3. The space between the poly-
meric core and lipid layer is filled with water or aqueous
buffer. In this, the polymer will delay the release of drug and
enhance the stability of lipid shell. The hydrophobic drugs
can easily incorporate in this system but it is problematic to
encapsulate hydrophilic drugs. This can be solved by using a
complex of polymers and lipids. Likewise Salidroside (Sal) is
a potent antitumor drug with high water-solubility. Polymer
core-lipid shell NPs were developed having PLGA-PEG-
PLGA triblock copolymers and lipids (lecithin and choles-
terol) and Sal were incorporated in the polymer core-lipid
shell NPs which gave better entrapment efficiency, small
particle size, and increased tumor cell uptake (Fang et al.
2014). As discussed earlier drugs have two limitations, one
is hydrophilicity and the other is anionic charge. For this,
alginate coated chitosan core shell NPs for oral delivery of
enoxaparin were prepared using cationic polymer chitosan
which act as charge stabilizer (Bagre et al. 2013). The ratio
of drug to polymer is a very critical parameter because an
improper ratio may lead to the formation of lumps which
ultimately fails its formation. The reason may be charge
interactions between polymer and drug that play important
roles in core formation and overall size reduction of LPNs.

Hollow core/shell lipid—polymer-lipid hybrid nanoparticles
The hybrid NPs combine the unique characteristics of poly-
meric NPs and PEGylated lipoplexes. It is composed of lipid,

A-Hollow core

B- Anionic/cationic lipid
C-Hydrophilic/hydrophobic polymer
D-Neutral lipid

Figure 4. Schematic representation of Hollow core/shell lipid-
polymer-lipid hybrid NPs.

polymer and have sizes around 225 = 8 nm as described in
Figure 4.

e A lipid layer of positive charge constituting the inner
hollow core.

e PLGA layer at the middle which is hydrophobic.

¢ Interface formed in between PLGA and outer PEG
layer by neutral lipid layer.

These types of systems are different from simple LPNs
because they show properties of both PEGylated lipoplexes
as well as PLGA NPs. The hollow core/shell lipid-polymer-
lipid hybrid NPs can be prepared by the double emulsifica-
tion solvent evaporation method (Zhang et al. 2008). A PEG-
lipid layer is introduced into the system because it will allow
the particle to avoid its recognition as amacrophage, improve
stability during circulation, and slow polymer degradation
and drug release (Davis 2009, Zhang et al. 2008). The middle
polymer layer will provide sustained release (Zhang et al.
2008). Moreover, the inner positively charged hollow core,
composed of the cationic lipids, can encapsulate the anionic
drug much more efficiently than polymer alone (Pautot et al.
2003). Sometimes, to stabilize the system, combination of
lipid may be used to construct an outermost layer. One lipid
may self assemble itself at water-oil interphase with their
hydrophilic head group facing the aqueous droplet and the
tail to polymeric phase and the rest forming a complex with
PEG. During formation of this sort of complex, the concen-
trations of both lipids must be below their respective critical
micelle concentration (CMC) otherwise risk of liposome
and micelle formation could be increased. Nonetheless, the
important parameters to be considered for its development
are inner cationic lipids, outer PEG chain length, middle
polymer composition/molecular weight (Saad et al. 2008).
The advantage of this system is that the combination of two
active moieties can deliver efficiently. For example, the com-
bination of si-RNA and synergistic small-molecule drugs
within the hydrophobic PLGA layer may be helpful for the
treatment of several diseases including multidrug-resistant
cancers (Hu et al. 2011).

Lipid bilayer-coated polymeric particle

Bypass of macrophage uptake and systemic clearance is
very important to enhance the residence time of NPs. Thus,
LPNs possess two lipid layers which are combination of
membrane vesicle and particle. To improve residence time,
various approaches have been used of which the most pre-
ferred one is PEGylation but its immunological responses
have been reported for a limited number of cases. Then
RBCs are used to enclose the NPs because they have poten-
tial for long time circulation which may easily protect it from
macrophage uptake. It has been reported that this combina-
tion could retain the functionality of membrane-associated
protein (Tanaka and Sackmann 2005). RBC was extruded to
form RBC-membrane derived vesicles and conjugate with
PLGA NPs to form RBC-membrane-camouflaged PNPs (Hu
et al. 2011). The lipid bilayers-coated polymeric NPs provide
the sustained release in a better way than the liposomes and
PNPs. Moreover, RBC may exhibit slower release because



it possesses more dense lipid barrier against drug release.
Besides the advantages it has the drawback that different
blood groups have different types of antigens on the surface
of the erythrocytes that have to be cross matched during
blood transfusion which is really a challenging aspect (Lal-
lana et al. 2012).

Mixed lipid polymer nanoparticles

As the name indicates these are the mixtures of amphiphilic
copolymer and lipids. The liposomes have a composition
identical to the cell because they contain phospholipids that
have the ability to form vesicles (Lin et al. 2004). However,
phospholipids have limited flexibility for chemical modifi-
cation by PEGylation as PEG-lipids at higher PEG densities
could form micelles due to large sized PEG head groups.
In order to solve this issue, the need to add a polymers
was raised. Furthermore, the polymer solved the problems
regarding stability, rapid uptake by reticuloendothelial sys-
tems (RES), retention of encapsulated agent, and degrada-
tion. The factors which may be responsible for the stability of
the liposomal system are polymer’s molecular weight, poly-
dispersity, and relative hydrophilic to hydrophobic block
ratio (Meng et al. 2003, Nielsen et al. 2004). Polymersomes
are hollow, lamellar, and spherical structures. This system is
more advantageous over liposomes and PNPs alone. Lipo-
somes (Lee et al. 2007) and amphiphilic block polymers
(O’Halloran et al. 2013) both have the ability to self-assemble
into vesicular systems as shown in Figure 5. Liposomes have
disadvantages like poor modular chemical functionality and
osmotic shock leading to weak stability. The toughness and
permeability make polymersomes more preferable as com-
pared to liposomes (Zhang et al. 2010). Moreover, the cell
biomimetic character of polymer vesicles is less compared
to liposomes as block copolymers are usually synthetically
made, however, phospholipids are generally natural com-
ponents of the cell membrane. To solve these problems,
the primary advantage of such hybrid structures is the fine
tuning of the membrane physical properties. The capacity
of self-assembled structures depends upon the amphiphilic
nature of macromolecules and in the case of polymers, the
presence of two blocks having a different solubility in the
aqueous environment that is hydrophilic and hydrophobicin
nature. The ratio of these blocks controls the arrangement of
these assemblies (Ahmed and Discher 2004, Vriezema et al.
2005). As described in Figure 5, polymersomes can incor-
porate synergistic drugs using a large water loving reservoir
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Figure 5. Schematic representation of mixed lipid polymer NPs.
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for hydrophilic molecules and a thick hydrophobic wall for
hydrophobic molecules. At specific sites, hydrolytic degra-
dation of the block copolymer takes place after changing
molecular shape due to greater amount of the hydrophilic
phase. Afterwards, macromolecular surfactant is formed
due to damage of the hydrophobic block resulting in release
of incorporated moiety in cytoplasm (Ahmed et al. 2006).
Moreover, the number of types of release mechanisms can
be designed through response to external stimuli such as pH
(Chiang et al. 2010), temperature (Li and Guan 2011, Napoli
et al. 2004, Qin et al. 2006), and oxidation reduction condi-
tions (Connor et al. 1984) as shown in Figure 6.

Polymer caged nanoparticles

These are liposomes with surface modification by poly-
mers to get better effects. For example, liposomes were
prepared and a cholesterol-functionalized poly(acrylic
acid) was linked to its surface which will provide surface-
active carboxylate groups which will cross-link to telechelic
2,2-(ethylenedioxy) bis(ethylamine) linkers as shown in
Figure 7. These polymer-caged liposomes are more stable
and possess pH-sensitive behavior (Lee et al. 2007). By this,
not only may surface properties change but drug release
is also adjustable. There may be two solutions to this, one
is PEGylation and another a is pH-responsive cross-linked
polymer shell. PEGylation decreases opsonization, and
a pH-responsive cross-linked polymer shell will enhance
the stability and reduce the drug leakage of liposomal NPs
and also will improve drug release rate at low pH, which
will be beneficial in tumor therapy (O’Halloran et al. 2013).
The cross-linked polymer cage offers protection to the drug
payload and also serves as a pH-responsive trigger that
enhancesdrugreleaseinthe acidic environments commonly
seen in solid tumors and endosomes. Varying the degree of
cross-linking in the polymer cage allows the surface poten-
tial for in vivo circulation lifetime of the nanocarriers to be
tuned. During these days, pH-sensitive lipid components
(Gerasimov et al. 1999), such as phosphatidylethanolamine
(Bergstrand et al. 2003) and acid-labile PEG, (Lee et al.
2007, 2009) have been used to enhance drug release, which
have a size of 100 nm and are called polymer-caged nano-
bin (PCN). It is possible due to chemical modification
for the attachment of targeting ligand or imaging agents
(Tannock and Rotin 1989, Vaupel et al. 1989). Likewise,
the polymer cage provides steric stability around the lipid
shell and decreases the expulsion of drug. The surface of

Oxidation-Reduction
Responsive
~_Polymersomes

Temperature Responsive

Polymersomes \f Polymersomes

pH sensitive
Polymersomes

/

Figure 6. Types of polymersomes.
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Figure 7. Schematic representation of polymer caged NPs.

the polymer cage enables drug release at low-pH target sites
such as tumor interstitium (Casey et al. 2009) and cellular
endosomal vesicles (Florence 2004). Presumably, the free
carboxylate groups in the cross-linked acrylamide polymer
cage are protonated in acidic environments, which results in
pockets of increased local hydrophobicity on the surface of
the PCN leading to the collapse of the vesicle and the release
of the drugs (Tannock and Rotin 1989).

Uptake of LPN’s from oral route

Absorption is a very important process that occurs from the
mouth to the stomach, small intestine, and at last colon.
Drugs also undergo absorption through GIT membrane by
one or more transport mechanisms as same as micro/mac-
romolecules (Florence 1997). Absorption of nanoparticulate
systems take place by one or more mechanisms. Absorp-
tion of any NP system is based on the different mechanistic
approaches of absorption and also their properties, which
ultimately have impact on its absorption.

Absorption mechanism

NPs are colloidal drug carriers that are useful for oral
drug delivery. Usually, non-engineered NPs of 50-1000
nm (Bargoni et al. 1998) and microspheres <10 um have
shown the sufficient particulate uptake into lymphatics.
However, microparticles showed only 2-3% of absorption
through Payer’s patches and were retained in the gut of rats
and mice for prolonged time periods (Florence et al. 1995,
Kreuter 1991). Furthermore, NPs were taken up in particu-
late form by the intestine and transferred to various organs
of lymphatic systems in the body. Two possible mechanisms
of NP uptake are:

(1) intracellular uptake via the M cells of Payer’s patches
in the gut

(2) intercellular/paracellular uptake (Sanjula et al.
2009).

Moreover, in case of lipid based systems containing self-
emulsifying excipients, apart from M cell and paracellular
uptake, absorption occurs through lipase mediated chylo-
microns formation into lymphatic system (similar to absorp-
tion of long chain fatty acids via facilitated chylomicrons
formation) that further increases the absorption. Digestion
of lipids starts in the mouth by means of lipase enzymes.
When lipids enter the intestine, it is immediately exposed

to lipase containing pancreatic juice as well as bile acid
secreted out from the gall bladder of the liver which breaks
the lipid vesicle to small droplets, i.e., smaller triglycerides
(TGs) which are further converted to monoglycerides (MGs),
glycerol, and free fatty acids. Moreover, the MGs interact
with bile salt produced by micelles which cross the epithelial
barrier and then again convert to TGs with the help of the
endoplasmic reticulum and become chylomicrons. These
chylomicrons do not have a very small size, so that they
can enter blood circulation directly to the liver. Thus, the
first transport to lymphatic vessel is followed by blood cir-
culation via the thoracic duct to the jugular vein. Thus lipid
can bypass liver metabolism (Sung et al. 2009). The whole
scheme is demonstrated in Figure 8. Through M cell uptake,
therapeutic moieties can be successfully transported to the
systemic circulation via intestinal lymphatics via the thoracic
lymph duct. At the capillary level, the intercellular junctions
between the endothelial cells of lymphatic capillaries are
more open compared to blood capillaries which results in
molecular sieving of NPs of a large size directly into the lym-
phatics, avoiding direction to the blood capillaries. The M cell
uptake of NPs was found to be size-dependent (i.e., smaller
the size, higher the uptake), but independent of the animal
model (Sanjula et al. 2009). Thus, nanoparticulate systems
can effectively improve BA and mean residence time (MRT)
thereby improving therapeutic efficacy. Lymphatic deliv-
ery is supportive not only for absorption of poorly soluble
drugs but also for targeting drug carriers to the lymphatics.
Moreover, lymphatic delivery of NPs escapes the hepatic
first-pass effect and enhances plasma concentration of the
drug. This transcellular process coupled with stimulation of
chylomicrons formation by enterocytes further enhanced
the absorption process. In chylomicrons formation, dissolu-
tion and assimilation of lipophilic molecules into nonpolar
core is achieved and thereby it promotes the absorption of
lipophilic drugs. Since SLNs are composed of a lipid core,
apart from M cell uptake, lipase mediated chylomicrons for-
mation is another mechanism of absorption that differs from
polymeric NPs (Florence et al. 1995).

Method of preparation

Conventional methods for preparation of LPNs is more dif-
ficult as compared to preparation of liposomes or PNPs par-
ticles. Earlier, PNPs were mixed with liposomes to form lipid
polymer complexes which need two steps for synthesis (as
shown in Figure 9). First, the preparation of PNPs followed
by the encapsulation of PNPs into the liposomes. This is very
big task and also may hamper its physicochemical structure.
To make it easier, a single step has been reported consisting
of the combination of nanoprecipitation and self-assembly
(Zhang et al. 2008).

Double emulsification

It is a two-step process which involves the addition of one
emulsion to the other (as shown in Figure 10). This method
is useful for the encapsulation of all types of drugs like hydro-
philic, lipophilic as well as amphiphilic. The addition of a
primary emulsion into an aqueous external phase should be
slow because it is a very critical step. A low shearing device
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Figure 8. Scheme for uptake of nanoparticulate system through oral route.

should be used at room temperature, otherwise the chances of
elimination of the internal phase to external continuous phase
will be more (Grossiord and Seiler 1999). It has been reported
that antibiotics were incorporated in these hybrid NPs used
for lung biofilm infection via modified emulsification-solvent
evaporation method which possess lipid as surfactant; PLGA

and PC were used as polymer and lipid, respectively. A modi-
fied emulsification-solvent evaporation method have been
used to prepare hybrid NPs of three fluoroquinolone antibiot-
ics levofloxacin, ciprofloxacin, and ofloxacin having different
ionicity, lipophilicity, and aqueous solubility. The prepared
hybrid NPs were examined for their drug encapsulation effi-

Preparation of LPNs

Single-step method

Self-assembly process

*Emulsion method
=Nanoprecipitation

¥

Two-step method

Polymeric core

Sonication or
extrusion process

Figure 9. Types of method of preparation for LPNs.
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Figure 10. Schematic representation of double emulsification method.

ciency, drugloading, stability, and in vitro drugrelease profile.
Charge between drug and lipid also has great impact which
may interrupt the formation of NPs. Subsequently, counte-
rionic surfactant, for example, stearyl amine may be used to
stabilize the charge related issues. Lipid layer is responsible
for controlled drug release during in vitro studies mainly
depending on lipophilicity (Cheow and Hadinoto 2011). The
major drawback of this method is lesser capacity to incorpo-
rate hydrophilic moiety for their partitioning into the aqueous
phase of the emulsion (Bodmeier and McGinity 1988).

Two-step desolvation method

The emulsification method has a negative aspect in that the
organic solvent is required to remove both the oily residues
of preparation and the stabilizers. This could be overcome
by using an alternative approach called the desolvation
method in which NPs in aqueous phase are prepared by a
coacervation process and then stabilized by a cross-linking
agent. Desolvation factor like natural salts or alcohol added
to protein solution plays a vital role because it leads to a
change in the third protein structure. This change leads to
clump formation of protein and unfortunately NPs formed
by these clumps aggregate followed by cross linking (Jahan-
shahi and Babaei 2008). For oral delivery, amphotericin B
(AmB) loaded lipid polymer hybrid NPs (AmB-LPNs) con-
tained lecithin (anionic lipid) and gelatin (Type A, cationic
below its isoelectric point 7.0-9.0) have been prepared by
using this technique. The particle size, polydispersity index
and entrapment efficiency of the hybrid NPs were 253 = 8
nm, 0.274+0.008, and 50.61 =2.20%, respectively. The
NPs were spherically shaped lecithin core with a gelatin
coat which has been confirmed by fluorescent resonance
energy transfer (FRET) analysis. The sustained release was
proved by Higuchi kinetics. The intestinal permeation (by
Caco-2 cell lines) was more in case of hybrid NPs and oral
BA was found to be increased by 4.69 fold as compared
to free drug, fungizone (micellar solution of AmB) and

fungisome (liposomal formulation of AmB) with less toxic-
ity (Jain et al. 2012).

Bath sonication

Bath sonication is reported as a hasty method to prepare
LPNs with appropriate particle size. Unlike the other time
taking processes, it takes less time, approximately 5 min. By
regulating the concentrations of all constituting components,
including the size and polydispersity of NPs, the system does
not show aggregation in PBS buffer and serum up to 5 days.
Production rate of hybrid NPs is also enhanced by 20-fold.
Thus, this method could be better than others for large scale
production with easy optimization (Fang et al. 2010).

Nanoprecipitation

In this, an organic phase is used which is miscible with an
external aqueous phase and will leach out to external phase.
The complete miscibility of both phases will cause precipita-
tion of the polymer quickly. Consequently, no separation and
extraction of solvent is needed to precipitate the polymer. The
method is useful only for slightly water soluble drugs (Vyas
and Khar 2004). The nanoprecipitation method is very ben-
eficial for preparation of NPs with a range between 150 and
170 nm. Actually, there is a very wide range of size variation so
the filtration step is required. Hence some modifications have
to be carried out to decrease the size to less than 150 nm and
a variation in that range. For this reason, moderate stirring
is replaced by sonication to get the desired reduced particle
size to eliminate the filtration step (Chidambaram and Krish-
nasamy 2014). It has been reported that vincristine sulfate
(VCR), novel self-assembled dextran sulphate-PLGA hybrid
NPs (DPNs) were prepared by a self-assembly technique
and nanoprecipitation method with some modification. By
using the negative polymer (dextran sulphate sodium), 93.6%
encapsulation of VCR was recorded. 80.4% sustained release
was achieved within 96 h. Further, apparent BA of VCR-DPNs
is quite higher than VCR-sol alone (Ling et al. 2010).



Factor affecting formation of LPNs

Optimal lipid amount in the LPNs preparation

In addition to minimizing drug leakage from the NPs, the
self-assembled lipid as well as surfactant stabilizer play an
important role in stability of the o/w (oil in water type emul-
sion) or W1/0/W2 emulsions (this is double emulsion having
internal water phase dispersed in oil then again dispersed in
external water phase). Thus a fixed ratio of lipids is required
to prepare LPNs. By varying the mass of lipid with percent-
age of polymer mass the final formulation may be opti-
mized on the basis of size, PDI, etc., parameters. However,
it was found that increasing Wlipid/Wpolymer above 15%
sharply decreases the NPs size, though no further decrease
in size is observed even when ratio is increased up to 90%.
When the amount of lipid added into the formulation is not
appropriate, the reduction in emulsion stability causes the
oil droplets to coalesce resulting in the formation of large
particles. The coalescence of oil droplets contributes to poly-
mer clumping that lowers the yield. Significantly, compared
to the amount of PVA required in the nonhybrid NPs in 2%
(w/v) aqueous phase, the hybrid NPs don’t increase material
wastage, as not only a smaller amount of surfactant is used,
but also the majority of lipid is incorporated into the hybrid
NPs, whereas only a minute amount of PVA (=2%, w/w NPs)
remains adsorbed on the non-hybrid NPs (Rowe 1989).

Selection of lipid

The mechanism of drug loading and release highly depends
upon the thermodynamics for binding a drug to a polymer.
This may not satisfy the design of LPNs. The compatibility of
drug with excipients may be identified by means of thermal
and non-thermal methods such as DSC, PXRD to predict the
optimal compositions of different dosage forms including
SLN (Novoa et al. 2005, Schenderlein et al. 2004). In addition,
solubilization of a drug-polymer complex in molten lipid
is a very critical step (Gardon 1966); to examine it, screen-
ing of lipid is required experimentally which may be a very
costly and time consuming process. But, by using theoretical
solubility parameters it may provide an early, quick screen-
ing tool for selection of lipid candidates. It is based on the
hypothesis that the best miscibility of a drug and constitut-
ing agent is expected when both materials have the same
total solubility parameters and polarities (including additive
effect of hydrogen bonding) (Jelesarov and Bosshard 1999).
Miscibility of the drug polymer complex in various lipids and
to optimize the ionic molar ratio of polymer to drug may be
checked by partition experiments (Valenta and Auner 2004).

Factorial design

Choice of best lipid for polymer-drug complex is not a single
issue to develop LPNs. On the other hand, particular ratio of
all excipients plays very important role. In order to choose
bestratio all the ratios have to vary which may be possible by
the factorial design. Best combination may be considered by
evaluating formulation with certain characterization param-
eters like particle size, zeta potential (ZP), entrapment effi-
ciency etc. Thus, this approach may be beneficial to screen
best in vivo as well as in vitro results. The impact of variables
(lipid, polymer, surfactant) have been reported earlier.
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Effectofvariables on particle size. The concentration of polymer
is a major factor responsible for the enlargement of LPNs in
size. This could be explained on the basis of inherent property
of the polymer to produce globules of larger diameters (Chang
etal. 2012). Moreover, it has been reported that generally dur-
ing double emulsification PVA is used. By keeping the amount
of lipid constant, the concentration of PVA was varied and it
was concluded that the particle size was found to decrease
with increase in PVA concentration. In emulsification, due to
high shearing droplet size usually gets reduced and also drop-
lets have a tendency to form aggregate in order to reduce their
surface energy. But presence of surfactant molecule stabilizes
the emulsion by providing a thick protective layer around the
droplet to solve aggregation problem. Similarly, at low con-
centration of PVA, with amount of lipid increased, size gener-
ally increases due to lack of ability of PVA solution to stabilize
emulsion at low concentration (Singh et al. 2010).

Effect of variables on zeta potential. ZP reflects the extent of the
electric charge on particle surface which offers an electrical
barrier, and acts as a ‘repulsive factor’ in the process of emul-
sion stabilization (Sugiura et al. 2001). High surface energy
has abigrole in the stability of the formulation as like-charges
at the interface prevent coalescence of particles (Miller et al.
2000). Stability of NPs gets decreased for low ZP. LPNs may
possess negative charge on their surfaces due to adsorption
of -OH ions of lipid at the interface. Thus, concentration of
polymer is an important factor to stabilize LPNs dispersions.
The polymer provides electro-steric stabilization by induced
shielding of surface charges (Xie et al. 2008).

Effect of variables on entrapment efficiency. The concentra-
tion of polymer and lipid has great influence on the encap-
sulation. Less concentrations of polymer and lipid than
surfactant reduce the entrapment efficiency (EE). Thus,
the high entrapment could be the combined result of polar
nature of lipid and the influence of polymer and surfactant
on the viscosity build up and subsequent formation of a
diffusion barrier. Moreover, The EE directly increases with
increased PVA concentration. PVA is a polymer which has
influence on the nanoparticulate suspension formulation.
It efficiently coats the particles and imparts viscosity to the
external phase (Coombes et al. 1998, Gasco 1993).

Effect of variables on drug release. LPNs show burst release
initially may be because of release of unentrapped drug
deposited at polymer shell and the partial hydrophilic nature
of lipid matrix. The diffusion and desorption processes might
play a significant role in this regard. On the other hand, poly-
mer induced diffusion barrier may control drug release from
the carrier matrix (Wahlgren et al. 2009). Incorporation of
surfactant (HLB-10) has shown to decrease the mean size
of LPN. This could have resulted in an improved dissolution
rate and enhanced drugrelease. Thus, the partial hydrophilic
nature of lipid, and the presence of amphiphilic surfactant
were significant to modulate drug release from LPN (Deok
Kong et al. 2013).

Nowadays, the release of drug from LPNs is also possible
via external stimulation. Camptothecin (CPT) lipid polymer
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hybrid particles have been prepared further by activating by
an applied RF field (at 100 kHz). The extent of such remotely
triggered heating of magnetic NPs depends directly on the
following:

Number of Fe,O, NPs
Duration of the applied RF magnetic field
Low glass transition temperature of PLGA

A temperature rise in the PLGA matrix can loosen the poly-
mer mesh and cause the loaded CPT to more easily diffuse
out in 5 h (Carmona-Ribeiro and Midmore 1992).

Surface adsorption. Physical adsorption of charged bilayers
onto oppositely charged polymeric particles was done via elec-
trostatic attractions (Carmona-Ribeiro and Herrington 1993).
Langmuir type adsorption isotherms were used for the three
different lipids studied in which polymer/water interface was
consistent with bilayer deposition. Electro kinetic properties
of the covered particles were very similar to those of vesicles;
the mean-z-average diameter of particles in the latex/vesicle
mixtures increased by 10 nm, consistently with the increase
in diameter expected from the deposition of one layer on the
particles. Besides, for neutral phospholipids such as phos-
phatidylcholines (PC) and dipalmitoylphosphatidylcholine
(DPPC), lipid adsorption was evaluated from adsorption
isotherms and determination of mean-z-average diameter of
particles in the latex/vesicle mixtures for three different latex
dispersions: polystyrene with amidine, sulfate, or carboxylate
as functional groups (Fahmy et al. 2005).

Lipid segregation to particle surfaces observed during
dispersion and subsequent evaporation of the organic sol-
vent, the lipid constituent acts as a surfactant that stabilizes
the oil-water interface, consequently forming a coating over
the solid PLGA micro particles or NPs. This “lipid surfactant”
strategy provides great flexibility because of the ease with
which the surface chemistry can be modified. The lipid also
shows two-dimensional fluidity along the particle surface,
as detected by fluorescence recovery after photo bleaching
(FRAP), which shows diffusion of fluorescent lipids into
a region within seconds of bleaching with a high-powered
laser (Silva et al. 2014).

Application of LPNs

In optical imaging of virus/host cell interaction

Hepatitis C in chronic stage leads to liver cirrhosis and hepa-
tocellular carcinoma. Hepatitis C virus (HCV) is usually seen
as three types in the serum of patient:

e Enveloped in a lipid bilayers (HCV pseudo particles)
e Non-enveloped and
e Associated to lipoproteins (Bartenschlager et al. 2011).

Lipid-polymer conjugates are able to interact with artificial
lipid bilayers and fluorescent lipid-polymer probes that
can label living cells such as HeLa and T lymphocytes. The
synthesis of novel lipid-polymer probes aims to label HCV
viral particles and to follow their interaction and entrance
in the host cells (Bathfield et al. 2008). Lipid polymer probes
are made up of polymeric chains having a phospholipid

moiety at one end and fluorophores along with polymer
chain which give more brightness than molecular probes
(Cepraga 2012). This is done in following steps:

e The formation of fluorescent lipid-polymer probes;
by studying their structure (size of the polymer chain,
nature of the phospholipids, number of chromophores
per chain) to label the viral particles.

e To observe interactions of these lipid-polymer probes
with model lipid bilayers such as liposomes and
lipoparticles to select the appropriate lipid-polymer
probes in terms of lipid layer insertion and membrane
labeling (Troutier et al. 2005).

Nanofibrous hybrid technology

Hybrid nanofibers for oral delivery via fast-dissolving drug
delivery membranes (FDMs) to enclose poorly water soluble
drugs have been prepared with ibuprofen and polyvinylpyr-
rolidone (PVP) K30 which act as filament forming polymer
and drug carrier through electro-spinning. By some tests it
comes out that ibuprofen was distributed uniformly in the
fiber as nanosolid dispersion and drug was in amorphous
form unlike pure drug as well as combination of PVP and
ibuprofen. Electro-spun ultrafine fibers might be used
as solid dispersions to enhance the dissolution of poorly
water-soluble moieties or as oral fast disintegrating drug
delivery systems (Yu et al. 2009). It has been reported that
use of pure titanium NPs in PCL nanofibers may improve
the precipitation of bone where the doped nanofibers are
drenched in a simulated body fluid. Large porosity of elet-
rospun nanofibrous mats by addition of titanium NPs in
it formed PCL nanofibrous mat may be used for the hard-
tissue engineering applications (Barakat et al. 2011).

Polymer lipid hybrid nanoparticulate blanket

Binding of polymer covalently to lipid on the surface of
lipid nanovesicles could be a good approach for oral deliv-
ery of various drugs. In this case, polymer’ act as blanket
may be beneficial to protect drugs from variable gastric
conditions and lipid nanovesicles may enhance encapsu-
lation efficiency. It has been reported that CMC-tethered
nanovesicles (LN-CPTX) in the size range of 200 — 300 nm
enhance the Gl resistance and mucoadhesion properties as
compared with unmodified lipid nanovesicles (LN-PTX).
CMC-conjugated nanovesicles were administered to rat
increased the plasma concentration profile of paclitaxel by
1.5-fold its BA and 5.5-folds elimination half-life as com-
pared to taxol. Furthermore, CMC plays dual role: one is
protection from GIT conditions and other one is showing
stealth nature in order to reduce their uptake by reticuloen-
dothelial system (RES) in liver and spleen. By this, no need
for PEGylation is there with better tumor growth inhibi-
tion. In addition, LN-C-PTX exhibited therapeutic efficacy
comparable to taxol and abraxane, and reduced toxicity
and improved survival have been observed. Paclitaxel is
a hydrophobic moiety that can be incorporated in lipid
nanovesicles. CMC have positive charge and lipid have
negative charge so there is very much chance for their elec-
trostatic interactions but still covalent coupling is preferred



due to greater stability (Joshi et al. 2013) unlike electro-
static interactions. Thus no negative charge of lipid consid-
ers only -NH, free group have been taken in account. Thus,
stable CMC will show perfect adhesion to intestinal mucosa
as required as the first thing for oral delivery (Kovacsovics-
Bankowski et al. 1993).

Lipid-based biomimetic for drug and vaccine delivery
A particulate system could be targeted to antigen present-
ing cells (APC). Therefore, a particulate system can deliver
an antigen to an APC more predicatively as compared to
a soluble antigen (Osaka et al. 2009, Vidard et al. 1996).
Moreover, the internalization into human breast cancer
cells are more in the case of positively charged NPs as com-
pared to negatively charged into the human umbilical vein
endothelial cells, which was almost the same (Lincopan
et al. 2007). Nowadays, use of polymer along with a lipid is
very popular. For example, bilayers of cationic lipid diocta-
decyldimethylammonium bromide (DODAB) over NPs of
polystyrene sulfate (PSS) have been reported (Johnsson and
Edwards 2003, Lincopan et al. 2009); consequently discoid
micelles are formed on shifting of dispersed lamellar phase
(liposomes) to micellar phase. Moreover, this took place at
very low concentration of PEG-lipid and by increasing its
concentration fine size discs can be obtained (Vieira and
Carmona-Ribeiro 2008). Encapsulation of amphotericin B
is carried out at high drug to lipid molar ratio. The insoluble
drug particle is shielded with a cationic bilayer, then cov-
ered by a layer of carboxymethylcellulose and an outer layer
of polydiallyldimethylamonium polymer (PDDA) to form a
positively charged species which is active against Candida
albicans (Bershteyn et al. 2008).

The physicochemical perspective in which molecules are
offered at the surfaces of microbes has fabulous implica-
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tions for the immune reaction to vaccination. The arrange-
ment and mobility of molecules may manage interactions of
their receptors, impacting immune cell activation, pathogen
uptake, and antigen processing. The chemical environment
of antigens also affects the specificity of the humoral immune
response, because antibodies recognize antigen in its three-
dimensional shape. Unfortunately, physical properties of
antigen, such as diameter, impact immune response on both
a cellular and tissue level. Thus, new achievement has been
reported named as synthetic pathogens comprising a biode-
gradable polymeric core further covered by a lipid shell in
order to resemble with a bilayer-enveloped pathogen. This
is simply O/W/O type emulsion (a type of double emulsion
having internal oil phase dispersed in water) based hybrid
NPs of size 100 nm identical to lipid-enveloped viral patho-
gen or bacteria (Kol et al. 2007). Furthermore, biodegradable
nature of polymer may be helpful to resolve all clinical issues.
Example of such a system is the 45-monomer PEG chains
containing lipid shell enclosed PLGA core have been con-
sidered as perfect as models in studies of immune response
to pathogens. As vaccine carriers, these particles are identi-
cal to the structure and chemistry of pathogen surfaces. But
still there are certain things which are difficult to explain. For
example, mechanics of particulate antigen may play a role in
antigen transport and processing. Viruses could alter their
physical properties radically during the cycle of viral replica-
tion in the case of HIV by a factor of 14 (Kaneko et al. 1998).

Magnetically stimulated polymer lipid hybrid nanoparticles
Stimuli-responsive NPs (SRNPs) possess the capacity for
enhancing the therapeutic efficacy and minimizing the side-
effects of chemotherapeutics by releasing the encapsulated
drug at the target site in a controlled manner. Currently,
drug release from a carrier system via external activation is

Table 4. Studies performed to explore the potential of Lipid polymer hybrid nanoparticles in drug delivery.

S. No. Drug Size (nm) Inference Reference

1. Vincristine sulfate 133.0 8.2 High encapsulation efficiency, sustained release characteristics, (Ling et al., 2010)
acceptable biocompatibility, high drug encapsulation efficiency
for cationic water soluble drugs and P-gp inhibition effect.

2. FITC-labeled gelatin 100 Nanoparticle-in-microsphere oral delivery system of size less than (Bhavsar et al., 2006)

nanoparticles 10 um can be used for oral mucosal delivery of proteins, peptides
and small drug molecules and larger size particles can be used for
controlled release of drugs in the gastrointestinal tract.

3. Zidovudine 175+ 2.5 Strong hydrogen bonding and hydrophobic interactions in polymer, (Kumbhar and Pokharkar,
lipid and therapeutic moiety, an elastic nature of the LPN, better 2013)
entrapment of hydrophillic drugs and optimized drug release.

4. Vinculin 106 LPNs possess stealth effect and prevent the negative effect of serum (Wang et al., 2012a)
to intracellular compartment of cells, able to accumulate in
cytoplasm.

5. Levofloxacin 420+30 Spray freeze drying is better than spray drying in size, yield, (Wang et al., 2012b)
flowability and aerosolization efficiency.

6. Doxorubicin 290 Enhanced drug uptake and retention time, improved nuclear (Wong et al., 2006a)
localization and membrane associated P-gp can be bypassed and
decreases drug resistance.

7. Small Interfering 225*8 Gene silencing, higher efficiency, enhanced intracellular uptake via (Shi et al., 2011)

RNA delivery receptor mediated endocytosis.
8. Anti-Carcino 83-95 LPNs are responsible for specific targeting in pancreatic cancer. (Hu et al., 2010)
embryonic
antigen half
antibody

9. Paclitaxel 200-300 Inhibition of tumor growth, reduced toxicity, carboxymethyl (Joshi et al., 2013)
chitosan provides gastric resistance, mucoadhesiveness to hybrid
nanovesicles.

10. HEK293 and MDA- 128 Useful in development of novel non-viral gene transfer vectors. (Lietal., 2010)

MB-231 cells
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quite famous and a more challenging issue. A LPNs system is
proved to be effective comprising magnetic beads for stimuli-
responsive drug release using a remote radio frequency (RF)
magnetic field. The external activators are of several types
like acidity, temperature, magnetic fields, and light irradia-
tion (Kong et al. 2010, Luong et al. 2010). In addition, there
are hollow silica nanocapsules capable of on-off switchable
drug release via application of a remote radio frequency
(RF) magnetic field; a one-step nanoprecipitation process
was used to prepare 80 nm LPNs co-encapsulating 10-nm
magnetic beads and a model anticancer drug, camptothecin
(CPT). The lipid coating provided a diffusional gradient that
slowed down the drug release in the absence of an external
stimulus. On magnetic field exposure, the polymer core gets
loosened by ferric oxide ultimately increasing the release.
The lipid PLGA hybrid NPs gave controlled drug release
by application of a remote RF field with long-term stability
(Hall et al. 2007).

LPNs in pharmaceutical research

Nowadays the LPNs strategy has become very popular in
all fields of research. The number of examples are given in
Table IV.

Limitations of LPNs

The advancement of novel approaches such as hybrid
lipid-polymeric NPs for drug delivery is necessary for suc-
cessful drug delivery, but the ability to precisely control
and predict properties of these systems is critical for their
accomplishment in clinical translation. Furthermore, it may
be obligatory to screen and select NPs with optimal proper-
ties for a certain application, which demands reproducible
synthesis of NPs with a distinct size, charge, and ligand den-
sity (Gu et al. 2008).

Conclusion

During the last decades, interest to develop nanocarrier
based drug delivery systems for oral delivery of therapeutics
has been increasing constantly. Nanocarriers have many
advantages including high absorption and stability of the
therapeutic molecules in the GI environment. Among vari-
ous nanocarriers developed for oral delivery, LPNs are more
advantageous from all aspects. It has a very complex struc-
ture but still easy to prepare by simple methods. They are
used to a great extent in all spheres of research, like in cancer
therapy as well as in delivery of the gene, nucleic acids, small
interfering RNA, etc. They are also used to encapsulate both
hydrophilic as well as hydrophobic drugs for oral drug deliv-
ery. The LPNs have the ability for sustained and controllable
release, with excellent in vivo properties. In future, these
carriers have great avenues for the delivery of therapeutics
via an oral route.
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