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Abstract: In recent years, robustness and surface engineering of dosage form made improvement in
pharmacokinetics with decrease in dose of drug. Specificity with adherence of ligands has now become the
reality as surface modification can easily deceive phagocytic system. Lipid molecules ensuresthe release of drug
at lymphatic system, entrapment of polymeric nanoparticles in lipoidal core led to the avoidance of
disadvantage of low entrapment efficiency ifuse of hydrophobic drug with hydrophobic polymer becomes
essential. Various studies have been published and the best formulations with optimal In vitro and In vivo
results are highlighted in this paper. In this review, most advanced researches and accepted patents were
discussed so to act as a medium for getting everything regarding lipid polymer hybrid particles under one
umbrella.
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INTRODUCTION finally retains there due to poor development in lymphatic

In the past century, there has been much research systemic circulation so that to reach its target site is also
analysis towards achieving a better concept of cancer one of the deciding factor affecting tumor targeting as
causing agent, diagnosis treatment and cure [1]. The main mononuclear phagocyte system (MPS) rapidly use to
focus relies towards understanding the peculiar uptake  colloidal  particles  via  process  of  opsonization
microenvironment of tumor which acts as one of the [9, 10]. Surface engineering of colloidal carriers for
barrier of drug targeting often results into systemic increasing the circulation time of carriers was the
toxicity as well as various undesirable side effects [2]. development made to deceive reticuloendothelial system
Theunusual tumor vasculature and its unregulated growth to avoid opsonization [11]. Thus, it can be inferred that
comprises of heterogeneous blood flow and vascular the  development  of  lipoidal  colloidal carriers with
resistance often leads to poor therapeutic response of stealth nature can be used as drug delivery approach for
drug administered with multiple drug resistance achieving better tumor targeting. This is done through
mechanism shown by the tumor cells [3, 4]. During such PEGylation of the surface ensuring the "stealth" property.
conditions tumor vasculature, can also be characterized While various natural polymer such as dextans, pullalans,
bydistorted vascular permeability, elevated interstitial gangliosides have also been used for such stealth
pressure, extracellular acidosis and hypoxia [5]. From long property [12, 13]. In one research work, salidoride
time back all such factors werestudied by pool of eminent entrapped lipid polymer nanoparticles were formulated
scientists for tumor targeting of chemotherapeutic agents. using PLGA-PEG-PLGA sequences of the polymer and
One such targeting mechanism based upon tumor lecithin and cholesterol as lipid and the evaluation result
vasculature was called as enhanced permeability and obtained for the formulated nanoparticles showed (65%)
retention (EPR) effect in which tumor vasculature shows entrapment efficiency, 150nm size and surface was
enhanced permeability allowing large molecules and lipids negatively charged (-23mV). It could efficiently release
to easily enter the extravascular space in tumors and salidroside from the nanoparticles and the drug act

drainage [6-8]. The circulation of colloidal carriers in



Am-Euras. J. Sci. Res., 11 (6): 420-425, 2016

421

against the tumor cells. It selectively showed antitumor (RES). While the nanoparticles having size of 400nm were
activity against PANC-1 and 4T1 cancer cell lines [14]. So, capable to reach the tumor extra vasculature. The
the main focus of this article was to illuminate the nanoparticles of 500nm were defined to be the maximum
effectiveness of newly developed lipid polymer hybrid size to move across the cell membrane [21]. 
nanoparticles for its use in tumor targeting through recent Several studieshave been focusing on the lipid
research publications as well as various patents. uptake and its metabolism. One study discussed about

The concept of prodrug for its unrecognition for the methods eg. adsorption, flip flop, acidification of
opsonization as well as cleavage mechanism at target site micelles, uptake accompanied through hepatocytes etc
is the only approach which can be used for tumor [22].
targeting of chemotherapeutic agents [2]. The In one research work, lipid polymer hybrid
development of such delivery system requires the nanoparticles were produced by a pattern tunnable micro
conjugation  of  chemotherapeutic agent with tumor vortex ensuring increase in production with proper
recognition moiety to which suitable linkers are attached efficiency in size. Solution of PLGA dissolved in
and having an outer layer of stealth polymer [15]. Hybrid acetonitrile from central outlet and lecithin and DSPE-PEG
lipid-polymer nanoparticles acting as one of the conjugate (lipid PEG) in 4% ethanol aqueous solutionin outer outlet
system can be used for tumor targeting [16]. The patented were passed through microfluidic channels and mixed
technique was published in 2008. The invention was rapidly. It was observed that by differing the flow rates,
related to the development of nanoparticulate colloidal the size of the nanoparticles could be controlled and high
delivery vehicle comprising a hydrophobic biodegradable productivity could be maintained [23]. In another work,
polymer in blend with a hydrophobic lipid author had demonstrated the in-situ polymerization of
componentwhich is either PEGylated phospholipid or soyabean oil. In this, soybean oil of different
simple phospholipid with attached targeting / recognizing concentration was interacted with mineral medium
compounds [17]. The development of lipid polymer hybrid comprising 1%w/vNH NO , 2.55%w/v NaH PO , 0.5%w/v
nanoparticles was mainly related to mitigate the limitations MgSO .7H O, 0.1%w/v CaCl .H2O, 0.02 %w/v
associated with liposomes as well as nanoparticles [18]. MnSO .H2O, 1%w/v Peptoneand 0.5%w/v Glucose was
Polymeric NPs which are suitable for systemic incubated with agitation (200rpm) at 37°C for 240hours.
administration may be produced by self-assembly of The self- assembled multilayered nanoparticles was
biodegradable copolymers consisting of two or more characterized and was suitable for both hydrophilic and
polymer blocks with different hydrophobicities. NPs were hydrophobic drugs because use of a mineral medium
mixed with liposomes to form lipid-polymer complexes eased entrapment of hydrophilic and soybean oil being
such as lipo-particles where the lipid bilayer fuses on the the entrapment site for hydrophobic drugs. The size of the
surface of polymeric NPs.In one research, the authors had particles obtained was approximately 2 cm in diameter [24].
relied upon the use of two preparation techniques, one One such effort used double emulsion technique for the
being,  two  step process in which polymer core and lipid formulation of solid lipid nanoparticles (SLNs). It made
shell are produced individually and then mixed whereas use of Methocel as the polymer. These hybrid
the second method is a single step process by nanoparticles were used for the oral drug delivery of
nanoprecipitation and self-assembly process [19]. insulin  because  methocel  lipid  nanoparticles  prevent

In a study, it was found that macromolecules with the degradation of insulin which was done by
molecular weight ranging from 15000 to 70000 g/mol could chymotrypsin, an intestinal enzyme, at the gastrointestinal
easily segregate at the solid tumor site with an ease. pH. These demonstrated with enhanced or doubled
Although, the size of the nanoparticles is an important entrapment efficiency of the insulin. The methocel hybrid
property for the accumulation at tumor site. This was nanocarrier ensured overcome of other drawbacks of the
further elaborated by comparing the smaller and larger oral drug delivery such as cytotoxicity [25]. The other
sized particles wherein the smaller molecules accumulated work  was  to establish influence of the cationic lipid on
at the target site much faster but larger molecules remain the  properties  of  Lipid  polymer hybrid nanoparticles.
accumulated for a much longer period of time. Hence, size The work includes the preparation of nanoparticles using
is an important parameter to be taken into consideration PLGA (poly D, L-lactic-co-glycolic acid) core and 1, 2-di-
[20]. The size of the nanoparticles reported to be less than (9Z-octadecenoyl)3-trimethyl ammonium propane
200nm can efficiently had a longer circulation time (DOTAP) as cationic lipid by emulsion solvent
because of low uptake by Reticuloendothelial system evaporation method using different concentration of lipid.
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It had better plasmid DNA binding capacity [26]. Another Hybrid Lipid Polymer Nanoparticulate Delivery
work was ensured bypassing of multidrug resistance in Composition: The innovators provides with a
cancer  cells.  The nanoparticles was prepared using biocompatible, stable polymer lipid hybrid nanoparticle.
dimethyldidoceylammonium bromide (DMAB), modified The formulation had no such characteristicof phase
poly lactic-co-glycolic acid (PLGA) surrounded by 1, 2- separation , drug leaking and precipitation.It was also
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) shell observed that combination of biodegradable polymer with
and Doxorubicin as a P-glycoprotein substrate. The solid lipids have showed good drug loading , stability and
nanoparticles have increased accumulation indrug possibility of regulating release patterns and degradation
resistant cells with its size approximately 200nm and parameters. Hybrid polymer-lipid nanoparticles (HPLNP)
loading content was 0.71%+- 0.06% [27]. In other comprised a biodegradable polymer, e.g.,
research, gelatin (Type a, cationic below its isoelectric polycaprolactone (PCL), polylactic-polyglycolic
point (7.0-9.0) as polymer, lecithin as lipid was cored with copolymer (PLGA) and a solid lipid, e.g., tripalmitin,
Amphotericin B by two step desolvation method for the glycerin stearate, tristearin, cholesterol, tocopherol
improved oral bioavailability. The particle was of size palmitate, tocopheryl succinate, stearyl stearate,
range 253+- 8nm and 50.61+- 2.20% entrapment efficiency tribehenin, cetostearyl alcohol, benzoyl behenate, stearic
and 0.274 +- 0.008 polydispersity index was obtained [28]. acid, camauba or candelilla wax, cocoa butter,
The research was done for the dual targeting of the SuppocireTM CM/DM, WecobeeTM M and other lipids,
nanoparticles. It was prepared to target solid gastric tumor having a melting point past 20°C i.e., solid at room
having Her2 and CD44 wit loaded SN38. The temperature. In one such formulation, PLGA , as polymer,
nanoparticles  were  prepared using biodegradable Tristerin , as lipid, ethylacetate , as solvent was used and
polymer  PLGA  and  lipid  shell  of  AHNP   peptide  and obtained nanoparticles of 185 nm with 95% yield while in
n-hexadecylamine (HAD)to the carboxyl group of other cases they used PCL, Cholesterol and ethylacetate
Hyaluronic acid (HA). The particle was of size range and resulted into 100% yield with size of 101nm [33].
353.6- 532.9 nm and specifically blocking CD44 and Her2
[29]. Adjuvant Incorporation of Immunotherapeutic: This

In a work by researchers, the core shell lipid polymer invention ensures composition and system for delivery of
hybrid nanoparticles was prepared and loaded with nanoparticle towards the stimulation of cells of immune
Erlotinib. It was prepared by single step sonication system as the nanoparticles was used to entrap various
method using polycaprolactone (PCL) as polymeric core immunostimulant moieties. The patent ensures designing,
and phospholipid shell composed of 1, 2-distearoyl-sn- manufacturing and using inventive nanocarriers and
g l y c e r o - 3 - p h o s p h o e t h a n o l a m i n e - N - pharmaceutical compositions [34].
[Methoxy(Polyethylene glycol)-2000(DSPE-PEG2000) and
hydrogenated soy phosphatidylcholine (HSPC). It was Lipid Polymer Hybrid Particles: The patent by inventor
characterized with mean size of 170nm and 66% includes an aqueous core enclosed by an amphiphilic
entrapment efficiency [30]. Further, the work moved layer which is further surrounded by a polymeric matrix .
towards  the use of natural polymer, Chitosan was used The inner core entrap hydrophilic drug eg. Nucleic acids
for oral drug delivery of insulin using hybrid proteins, peptides. The polymer layer is also used to
nanoparticles. The lipid nanoparticles (LNPs) were of size entrap hydrophobic drugs and could be surrounded by
265.3+-34 nm to 387.4+- 35.6 nmand 85% entrapment conjugated lipoidal molecules . The major step is of
efficiency [31]. In a recent contribution towards the formulating both polymer and lipid based nanoparticles
advancement of hybrid nanoparticles, the core shell with a size range of less than 400 micrometers. An example
nanoparticles were achieved for the delivery of small of formulation is an aqueous core optionally containing a
interfering  RNA.  The hybrid nanoparticles was prepared nucleic acid (e.g., siRNA) is surrounded by an inner lipid
by using PLGA as inner polymer layer, PEG as outer layer, (e.g., EPCl4: 1) layer. The hydrophobic portions of the
while in between these two layer a lecithin layer was inner lipids interact with a polymeric shell (e. g., PLGA),
present. The hollow core entrapped and reported targeted which encapsulates a drug (e.g., docetaxel). The polymeric
gene delivery of the small interfering RNA [32]. shell is surrounded by an outer lipid layer that includes

Patents Associated With Lipid Polymer Hybrid one or more lipids (e.g., lecithin) and a PEGylated lipid
Nanoparticles: [35].
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Porous Nanoparticle Supported Lipid Bilayer Supramolecular Structure Biodegradable Polymeric
Nanostructures: Another patent, provides the Assembly for Drug Delivery: This invention introduces
description and formulation of the protocells. These are a novel drug carrier into a living body consistingof a
nanostructures which contains porous particle core and highly water-soluble polymer that can carry and release a
enclosed by a lipid bilayer. It was capable to entrapping drug at a desired rate. It is a supramolecular-structured
more than one component , further, unloading of those biodegradable polymeric assembly that can release the
components at the particular target site. These were found drug as a purpose of the specific actions of
to capable to deliver peptides , antibodies. The polymer biodegradation of a diseased body. Characterized in that
allowed better stability of the protocells. The protocells the linear polymeric chain compound threading through
including porous nanoparticles had 110nm in at least one the structural cavity of the cyclic compounds is
dimension [36]. poly(Ethylene glycol), poly(Propylene glycol),

Nanoparticles with Lipid Core and Polymer Shell structured biodegradable polymeric assembly
Structures for Protein Drug Delivery Prepared by characterized in that the drug to be combined with
Nanoencapsulation: The invention relates to the stabilized cyclodextrins is a peptide drug [40].
nanoparticles involving lecithin playing role as a
component of core structure and enclosed covering by Core Shell Nanoparticles Including Nucleic Acid
polaxamer. It referred to the freeze-dried nanoparticles Hydrogel and Method of Producing the Same: This
with lecithin, aqueous drug solution and polaxamer in the invention embodies a functional complex particle prepared
presence of a cryoprotectant. These were also added with by  filling  a  nucleic acid hydrogel inside a liposome and
some additives for the stabilization such as emulsifier. a  method  of  producing  the  core  shell nanoparticles.
Both the lecithin and the polaxamer with the protein drug The invention may have an effect of increasing an
were prepared individually. Thepolaxamer or a block expression of protein factors included in the particle by
copolymer is a poly(Oxyethylene)-poly(Oxypropylene)- incorporating an X-shaped nucleic acid monomer in the
poly(Oxyethylene)  triblock  copolymer, which is usually nucleic acid hydrogel. Accordingly, when the core-shell
called poloxamer [37]. particle is prepared using the method according to an

Carbohydrate Based Lipid Compositions and introduction of a genome into the nucleic acid hydrogel
Supramolecular Structures Comprising Same: In this may be obtained and thereby the core-shell particle may
patent, it refers to the exceptional class of the be used as a protein production platform copying a cell
nanoparticles wherein the glycerolsubstrate is replaced nucleus, wherein the lipid includes one or more selected
with carbohydrate. Zwitter ion, cationic, anionic from the group consisting of 1, 2-dihexadecanoyl-sn-
carbohydrate based phospholipid was synthesized and glycero-3-phosphoethanolamine, triethylammonium salt
evaluated. The hybrid lipid nanoparticles were generated (Texas Red DHPE), cholesterol, 1-palmitoyl-2-oleoyl-sn-
with different ingredient of carbohydrate based glycero-3-phosphocholine (POPC), 1-palmitoyl-2-oleoyl-
phospholipid such as dimyristylphosphocholine (DPMC), sn-glycero-3-phospho-(1'-rac-glycerol) (POPG) and
nucleic acid etc leading to the supramolecular structures. mixtures thereof [41].
It was also replaced by polyether, polyester, polyamine,
polyacrylic acid, polysaccharide [38]. CONCLUSION

Targeted and Triggered Chitosan Lipid Core Shell Lipid  polymer hybrid nanoparticles constituting
Nanoparticles for Combination Chemotherapy: The lipids is carried in the blood plasma in the form of
patent is aimed to ensure chitosan lipid polymer hybrid chylomicrons or micelles. Although, lymphatic system is
nanoparticles for the action of two or more anticancer the route of the lipid metabolism. From the various
drugs. It was such designed to evoke drug release at the studies, it can be extracted that insertion of cholesterol
target site under the influence of enzyme with a size of into the formulation, increases the half- life of the lipid and
less than 200nm. It was also interacted with transferrin decreasing the lipid clearance and these could further
peptide to counter the transferrin receptors on cancerous result into the extension of the drug release. Lipid polymer
cells. These ultimately under fire the cancer cells with two hybrid nanoparticles on further advancement can also be
or more cancer treating drugs [39]. used  for  the  therapy  of  other  diseases  apart   from  the

polyisobutylene or a block copolymer. A supramolecular-

embodiment of the invention, an effect of facilitating an
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cancer  therapy  such as diabetes. It can also be used in 10. Alexis, F., E. Pridgen, L.K. Molnar and O.C.
the delivery of immunostimulatory agents, genes, Farokhzad, 2008. Factors Affecting the Clearance and
hormones etc. These nanoparticles can be administered Biodistribution of Polymeric Nanoparticles.
by intravenous route as well as by oral administration by Molecular Pharmaceutics, 5(4): 505-15. 
preventing it from enzymal degradation representing its 11. Kakde,  D.,  D.  Jain, V. Shrivastava, R. Kakde and
stealth property. A.T. Patil, 2011. Cancer therapeutics-opportunities,
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