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Abstract

Nanocarriers have provided the versatile platform for the delivery of various therapeutic 
and diagnostic agents. Liposome, niosomes, polymeric and solid lipid nanoparticles are 
the most promising nanocarriers that have been entered in the clinical trials and become 
commercially available. However, each system has been associated with some problems 
that can be minimized by using the combinatorial approach of hybrid nanocarriers. 
These hybrid systems combine the benefits of different structural components to syner-
gize the outcome of the therapy. In this chapter, the different types of hybrid nanocarriers 
have been described with particular emphasis on the brief rationale for the development 
of these hybrid nanocarriers along with different fabrication approaches with greater 
emphasize on the lipid polymer hybrid nanoparticles. A brief description factors govern-
ing the optimized response characteristics and their potential application of these hybrid 
nanoparticles are also presented.

Keywords: core shell hybrid nanoparticles, drug delivery, hybrid nanoparticles, 

nanoflowers

1. Introduction

In the recent decades, pharmaceutical nanotechnology has opened a new era for the research 

in the design and characterization of drug delivery systems (DDS) and biotechnological 

products. A variety of novel drug delivery systems and strategies emerged for diagnostic 

and therapeutic applications that explored the different structural components, fabrication 
methods and mechanisms of drug delivery and targeting [1]. These DDS emphasized on 
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the use of multiple nanomaterials and therapeutic moieties that renovate the current phar-

maceutical industry and biomedical sciences toward the better drug therapy [2]. These 

nanosized particles were utilized for the delivery of various molecules including different 
drugs, proteins, nucleic acid and other diagnostic agents. Some of these compounds may 

be encapsulated inside while others were adsorbed on the surface of these nanoparticles. 

These nanocarriers can amend the pharmacokinetics and pharmacodynamics of drug by 

enhancing the solubility, permeability and bioavailability in multiple ways. The availability 

of the encapsulated compound depends upon the nature of formulation components and 

the other external stimuli which enable the controlled as well as targeted delivery of these 

encapsulated compounds within the cellular microenvironment [3]. All these parameters 

ultimately achieve the higher concentration of the encapsulated drug that efficiently reaches 
the potential target site without affecting the normal tissues. These nanocarriers also aid 
to implement the concept of rational therapeutics by providing the tunable drug delivery 

systems based on the patient therapeutic demands.

Despite of excellent in-vitro performance, some drugs demonstrate poor in-vivo results 

because of low aqueous solubility, poor membrane penetrability, rapid clearance by the 

reticuloendothelial system, complex pathophysiological states of the disease and uncertain 

plasma levels leading to drug toxicity, thus, requiring such drug delivery systems that over-

come these problems [4]. Latest developments in the material sciences, polymer engineering 

and nanotechnology have enabled multidisciplinary research to formulate and evaluate dif-

ferent novel drug delivery systems that claimed increased drug solubility, penetration and 

retention at the targeted site in the body [5].

Among the different nanoparticulate systems, nanoparticles of different composition and 
lipid based vesicular carriers (liposome, lipid nanocarriers, solid lipid nanoparticles and drug 

lipid conjugates) have been frequently employed for the medical applications. The nanoparti-

cles may provide versatility in terms of composition. As, these include the polymeric nanocar-

riers, mesoporous nanoparticles, metal coated (gold, iron and silver), inorganic nanoparticles, 

quantum dots, carbon nanotubes, dendrimers and magnetic nanoparticles [6, 7]. Furthermore, 

all these systems were modified to mimic the desired therapeutic properties through different 
modification method and ligands such as (i) increase in the retention time and stability of the 
system, (ii) stimuli triggered release, (iii) targeted delivery of various agents and (iv) adminis-

tration of dual modalities simultaneously [8, 9].

Liposomes and niosomes have been considered as most promising domains among the lipid 

vesicular carriers. Liposomes are defined as the lipid vesicles having the single or multiple 
layers of the lipid providing the encapsulation of different therapeutic moieties while nio-

somes have the same morphology but contain nonionic surfactants instead of phospholipids 

as major structural components. They provide the better biocompatibility profile, easy surface 
modification of the vesicles, versatility in the loading of hydrophobic and hydrophilic drugs 
and improved pharmacokinetic properties [10, 11]. However, drug leakage or fast release 

from the system, reproducibility, poor physical and chemical stability on storage, higher cost 

and scale up issues are the major drawbacks associated with the vesicular systems [12, 13].
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Nanoparticles (polymeric, organic/inorganic, mesoporous silica, calcium carbonate and dif-

ferent metals, i.e., iron, silver and gold) established the second domain of the nanocarriers. 

These systems prove superiority in terms of smaller particle size, structural integrity, versatil-

ity in the polymeric materials, improved drug loading and release profile. They also provide 
the targeting capabilities in the case of magnetic iron oxide nanoparticles and better cellular 
interactions in case of organic and inorganic nanoparticles [14]. Similar to that of vesicular 

systems, these polymeric nanoparticles have some limitations in term of polymer toxicity, 

presence of toxic organic solvents, poor entrapment of hydrophilic drugs, polymer degrada-

tion and drug leakage before reaching the site of action [15].

The problems associated with the liposomes, polymeric nanoparticles and other carrier 

systems can be reduced by using a novel combinatorial approach of “hybrid nanoparti-

cles” (HNPs) that utilizes the positive attributes of two different components. These hybrid 
nanoparticles (HNPs) exploit the benefits of both systems (lipid and polymer/organic and 
inorganic materials) and the release profile of drug is based on the erosion and degrada-

tion of the core material by hydrolysis with in turn determined by water permeation into 

the outer shell layer and composition of the polymer. The core materials may be protected 

by the application of multiple layers of the shell materials and the interface of these layer 

acts as a site for the functionalization of the carrier system for the dual modalities of treat-

ment and diagnosis [16].

Similarly, core shell hybrid nanoparticles using different oils, metal oxides, organic and inor-

ganic components also provide newer system that has multilayered structure having the 

inner core outer shell with a suitable lipid or oil at the interface to develop a core shell hybrid 

structure. Recently, use of green approach offer more facile and potentially successful system 
with the added advantage of solvent-free nanohybrids with greater efficiency.

Such novel system consists of three different structural components as follows:

(i) The inner most core made up of different polymers (poly-lactic-co-glycolic acid [PLGA], 
polycaprolactone [PCL] and chitosan), lipids (cationic, anionic, zwitterion and neutral 
phospholipids and nonionic surfactants), inorganic materials (silica, iron oxide) and or-

ganic materials (polysaccharides) that encapsulate the therapeutically active moiety.

(ii) The intermediate lipid layer that covers the polymeric/inorganic core and enhance the 

biocompatibility of that system. It also acts as barrier to minimize the drug leakage and 

control the rate of polymer/inorganic core degradation by controlling the water permea-

tion into the core.

(iii) The outer most lipid or polymer-conjugate which act as a layer for functionalization of 

the system by making it target specific through the use of different ligands or increased 
its circulation and retention time by coating with the PEG. This layer may be modified 
with a suitably charged moiety to attach the antibodies, aptamer and other such mol-
ecules by electrostatic forces [17]. Different types of the hybrid nanocarriers having dif-
ferent morphology and different structural components Figure 1.
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In this chapter, the different types of hybrid nanocarriers have been described with particu-

lar emphasis on the brief rationale for the development of these hybrid nanocarriers along 

with different fabrication approaches with greater emphasize on the lipid polymer hybrid 
nanoparticles. A brief description factors governing the optimized response characteristics 

and their potential application of these hybrid nanoparticles are also presented.

2. Method of preparation

Different methods have been employed for the fabrication of hybrid nanocarriers depend-

ing upon their chemical composition and applications. The lipid-polymer hybrid, polymer-

inorganic hybrid, metal (gold, silver or iron) polymer, silica (SiO
2
) based hybrid nanosystems 

and hybrid polymeric nanocarriers have been most widely investigated [18]. Most of these 

hybrid carriers utilized two distinctive fabrication approaches. First, a two-step conventional 

approach process, in which the inner core and outer shell are prepared separately and then 

are coincubated for the formation of hybrid nanoparticle. The second approach is the single 

step, in which various state-of-the art techniques of the self-assembling are being incorpo-

rated. These processes are further modified with different chemical moieties to obtain ver-

satile hybrid nanoparticles meeting specific need of therapy [19]. In the present chapter, we 

will focus on the two step conventional as well as single step formulation approaches along 

Figure 1. Structure of lipid-polymer hybrid nanoparticles; (a) polymer core-lipid shell hybrid, (b) 3 layers polymer-lipid 

hybrid nanoparticles consisting of polymeric core (1) and two lipid layers (2,3) shell, (c) 4 layers hollow core lipid-

polymer hybrid, consisting of hollow core (1) covered by reverse surfactant layer (2), polymeric shell (3), and outer shells 

of two lipids (4). (d) organic core-inorganic shell and inorganic core-organic shell hybrid, (e) inorganic (metallic)-protein 

hybrid nanoflowers, and (f) graphene oxide coated mesoporous silica-inorganic hybrid nanoparticles.
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with recent innovations have been presented in order to prepare the hybrid nanocarriers with 

versatile characteristics.

2.1. Conventional two-step method

It was the first technique employed for the fabrication of hybrid nanocarriers. The inner core 
and outer shell components are prepared in two separate steps employing suitable polymers 

and chemicals and are then combined to form the hybrid nanoparticle [17]. The foremost type 

of core shell hybrid nanoparticles contained a core of the polymeric nanoparticles and an outer 

shell of preformed lipid component such as liposome or lipoparticles in appropriate ratios 

[20]. Further, the single or multilayered shell is prepared with other techniques such as sonica-

tion [21], extrusion or high pressure homogenization and vortexing [22]. The polymeric core 

is prepared by emulsification-solvent evaporation or solvent diffusion [23], desolvation [24], 

nanoprecipitation [25, 26], sonication [27] and high pressure homogenization [28] depending 

upon the hydrophobicity of the loading drugs, their applications [29] and the size of the core.

The single step method is applied when the core materials such as polymers, silica and organic 

substances are miscible with the drug payload and also are solubilized in the organic sol-

vent [30, 31]. The double emulsification step is employed when the compound is immiscible 
with the organic solvents and does not form covalent linkage with the core material. As this 

method requires multiple steps for mixing of different components, relatively larger hybrid 
nanoparticles are produced [32]. Further, any of the suitable technique such as ultrasonication 

or extrusion by high pressure homogenization also reduces the particle size as the polymer 

solution is passed through the nozzle under high pressure. Furthermore, the freeze drying or 

cooling at normal temperature produced free flowing characteristic particles [33, 34]. Another 

recent innovation is the application of nanoprecipitation method for the preparation of poly-

meric core. The polymer is dissolve in the suitable solvent and then precipitated by using the 

nonsolvent component [26].

The formed polymeric core and lipid vesicles are mixed by vortexing, extrusion, film hydra-

tion and ultrasonication techniques in order to formulate the hybrid nanoparticles. The mix-

ing processes provide the energy for the fusion or adsorption of the shell on the inner core 

material. Additionally, the electrostatic forces among these components also play their role for 

fabrication of hybrid nanoparticles [35]. It is worth mentioning here that mixing process must 

be carried out above the phase transition temperature of the lipid component. The formed 

hybrid nanoparticles are separated by the ultracentrifugation process [36, 37]. Different 
investigators such as Liang et al. [38] and Zhao et al. [39] prepared the hybrid nanoparticles 

and nanocells by the emulsification solvent evaporation technique employing the paclitaxel 
loaded polymeric nanoparticles as core and the PEG or folic acid conjugated octadecyl-qua-

ternary lysine-modified chitosan and cholesterol as lipid shell [38, 39].

2.2. Modified two-step methods

The modifications to the conventional two step method such as spray drying and litho-

graphic molding processes have also been employed for fabrication of hybrid nanoparticles 

[29]. The inner core is prepared by the spray drying which is dispersed in an appropriate 
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solvent containing the lipid, polymer or any inorganic material. The spray dried lipid coated 

core shell hybrid nanoparticles were collected after the completion [17].

Freeze or spray dried inhalation hybrid nanoparticles of levofloxacin, ciprofloxacin and iso-

niazid coated with multiple layers of the lipids were prepared using double emulsion solvent 

evaporation technique. These hybrid nanoparticles showed better inhalation efficiency, emitted 
particle size and diameter compared to the conventional two step methods [37, 40]. Another 

investigations employed nanospray drying for fabrication of hybrid nanoparticles using poly-

glutamic acid, poly lysine nanoparticles coated with the lipid materials [41]. Recently, Keloglu et 

al. [42] employed jet spray drying technique for the fabrication of hybrid microfibers-nanoparti-
cles having low density and greater strength using PLGA and poly lactic acid (PLA) [42].

A soft lithography particle molding technique was also utilized for the preparation of hybrid 

nanocarriers for the delivery of genes to various diseases. De Simon and his coworkers prepared 

the nanosized particles using the particle replication approach on the silicon wafers. The tech-

nique was referred to as Particle Replication in Nonwetting Templates (PRINT) [43]. The process 

involve the dissolution of the polymer (e.g., PLGA, PLA) in an organic solvents such as dimethyl 
formamide, methyl acetate and/or dimethyl sulfoxide along with the material to be encapsu-

lated. The PRINT molding device was employed to fabricate the nanoparticles which later were 

harvested with the help of polyethylene terephthalate sheet [43]. It produces the particles of 

different shapes and a wide size range depending upon the size of the molding cavities [44].

2.3. Single-step preparation methods

The low encapsulation efficiency due to the leakage of the drugs from the inner core during 

second step, batch variability and large time consumption are the common problems associ-

ated with the conventional two step methods [45]. These constraints can be overcome by 

designing the simple method that utilized the single step approach and also provide better 
control on the content uniformity, reproducibility and other characteristics of the system. 

The method involves the mixing of two different solutions containing the polymer and lipid 
that self-assembled to form the particles with the core shell hybrid structure [46]. The poly-

mer is dissolved in an appropriate organic solvent while the lipid solution is prepared in the 

water that may utilize the small fraction of organic solvent as solubilizing agent. The solution 

containing polymer is added to the lipid phase where the polymer precipitate to formed the 

nanoparticles and the lipid is self-assembled at the surface to form the hybrid nanoparti-

cles. Single-step preparation is usually achieved by nanoprecipitation, emulsification-solvent 
evaporation and solvent diffusion methods. These methods and their appropriate modifica-

tions are discussed here.

2.3.1. Emulsification solvent evaporation method

Emulsification solvent evaporation method is the most commonly employed single step 
approach for the fabrication of hybrid nanocarriers. The single emulsification solvent evapo-

ration [47] and double emulsification solvent evaporation (DESE) techniques are employed 
depending upon the nature and solubility of encapsulating drug. In the ESE method, the oil 

phase is formed by dissolving the polymer and the drug in the water immiscible organic  solvent. 
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The aqueous solution containing the lipid portion which act as a stabilizer itself during the self-

assembling process [48, 49]. The organic phase is then added dropwise into the aqueous phase 

under the sonication or stirring at the constant speed that results in the formation oil in water 

emulsion. During the emulsification process, the hydrophobic part of the lipid is adsorbed on 
the inner core material while the hydrophilic parts arrange themselves toward the aqueous 

medium forming the lipid coated hybrid nanoparticles [45, 50].

The single ESE method is employed for the encapsulation of hydrophobic drugs with low 

aqueous solubility [51]. Recently, the folate conjugated lipid polymer hybrid nanoparticles 

have been prepared by the emulsification solvent diffusion method for the targeted delivery 
of the doxorubicin using phosphatidylcholine (lecithin 99%) and 1,2-distearoyl-sn-glycero-

3-phosphoethanolamine (DPSE)-PEG-COOH as lipid portion and PLGA as a polymeric por-

tion [52]. The ESE method was also employed to formulate duel ligand hybrid nanocarriers 

for the targeted delivery of docetaxel. The hybrid nanoparticles possessed a uniform mono-

layer of the lipid over the polymeric core. The cell interaction studies revealed better endo-

cytosis profile with sustained release of the drug by preventing the diffusion of the aqueous 
medium in the polymeric core. However, the particle were relative larger compared to that 

prepared by the nanoprecipitation method. This might be attributed to higher drug loading  
that maintained the therapeutic concentration for the longer period of time [53].

The double emulsification solvent evaporation (DESE) has been employed for the hydrophilic 
drugs and nucleic acid such as siRNA (small interfering ribonucleic acid) which are not dis-

solved in different organic solvents along with the other suitable polymers or the core/shell 
materials [54]. The aqueous solution of desired substance is prepared and is then emulsified 
in the organic/oil phase containing the lipid and polymer. The resultant primary emulsion 

is again added to another aqueous solution containing the lipid (lecithin, phosphatidylcho-

line or DSPE) or surface ligand (PEG, half antibodies, aptamer) and a water-in-oil-in-water 
(w/o/w) multiple emulsion is prepared. The evaporation of the organic phase results in the 

formation of hybrid nanoparticles [55]. The particles with hollow core covered with an appro-

priate shell provide the space for the internalization of hydrophilic and small molecules. The 

evaporation of the organic solvent provides the multilayered shell which has larger size as 

compared to the other methods [17].

Su et al. [56] prepared the reduction sensitive hybrid nanoparticles of doxorubicin using chi-

tosan with the sodium dodecyl sulfate employing the double emulsification solvent evap-

oration method. The amphiphilic chitosan and lipid base micelles core provided a unique 

nanoconfiguration that is enveloped by the triglycerides which enhanced the loading effi-

ciency and provided the drug release profile up to eight folds [56].

2.3.2. Nanoprecipitation

This method is also known as salting out method. It is a well known method for fabrication 

of hybrid nanoparticles of size less than 100 nm. This method employs two miscible solvents 

with different solubilizing capacity for the polymer. First, the polymer core is formed by solu-

bilizing in solvent of greater solubility designated as good solvent which is then added to less 

soluble solvent designated as poor solvent. The two solutions are mixed by dropwise addition, 
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stirring or sonication. Good solvent being miscible with poor solvent diffuses into later, leav-

ing behind the core nanoparticles due to the precipitation of the polymer [19].

The core forming polymer and lipophilic drug are solubilized in a water-miscible organic sol-

vent like acetone, acetonitrile or ethanol [57]. The lipids, inorganic salts or silica are dispersed 

in water with moderate heating (~60–75°C) and/or addition of hydroalcoholic mixtures for 

proper dispersion of the lipids.

The hydrophilic drugs are added to the aqueous phase containing dispersed lipids [58]. 

The polymer containing organic phase is then added dropwise to lipid dispersion with con-

tinuous stirring to precipitate the polymer into nanoparticles. The monodispersed hybrid 

nanoparticles are collected after suitable application of vortexing, homogenization or 

ultrasonication [55, 59]. Concurrent to the precipitation process, the self-assembly of lipid 

molecules around the polymer molecules occurs due to the hydrophobic interactions. The 

polymer core captures the hydrophobic tails of lipid while the heads are facing toward the 

aqueous phase [17, 60]. Continuous stirring of dispersion for several hours is helpful in uni-

form lipid coating of hybrid nanoparticles and to ensure the complete removal of organic 

solvent [55]. Rotary evaporator may also be helpful for the removal of organic solvents [58].

The literature suggests 10% ethanolic solution is employed for solubilization of lipids and 

PEG may enhance the stability of hybrid nanoparticles [61]. According to the study of Ling 

et al. [58], dextran sulfate and lecithin/PEG-PLGA hybrid nanoparticles can entrap higher 

amounts of hydrophilic moiety, the vincristine.

Wang et al. [62] developed PLGA/TPGS-lecithin hybrid nanoparticles using a modified nano-

precipitation method. The PLGA was dissolved in acetone while lipids were dispersed in either 
aqueous or 4% ethanolic aqueous solution. An inverse-phase nanoprecipitation method (i.e. 

aqueous phase was added dropwise into organic phase consisting of acetone, the PLGA and 
the paclitaxel). Initially, the formation of hybrid nanoparticles was slow due to the higher pro-

portion of organic phase in the mixture. Continuous stirring and addition of water boosted the 

diffusion which leads to solidification of the hybrid nanoparticles. A stable hybrid nanoparticle 
formulation with low value of PDI (~0.1) was observed at 5:1 aqueous to organic phase ratio [62].

2.3.3. Sonication

Sonication is a fast technique for the fabrication of hybrid nanoparticles which utilizes ultra-

sonic waves rather than vortexing, solvent evaporation or heating. In this method, the two 

solutions designated as organic and aqueous phases lead to formation of inner core (polymer) 

and outer shell or coating materials (lipids), respectively. The sonication has been employed 

by Fang et al. [63] for the fabrication of hybrid nanoparticles of lecithin-PEG and PLGA by 
using this approach. The PLGA was dissolved in acetonitrile while the lecithin and the PEG 
were added in 4% ethanol solution. The former solution was carefully pipetted into the hydro 
alcoholic solution (aqueous to organic ratio was kept as 10:1). The hybrid nanoparticles were 
produced as this ‘cocktail’ mixture was placed in sonicator bath for five minutes at a frequency 
of 42 kHz and a power of 100 W. The main advantage of this technique is the formation of 

stable hybrid nanoparticles with short processing time and production rate is 20 times than 

other processes [63].

Advanced Technology for Delivering Therapeutics60



The sonication technique has been employed for PLGA and docetaxel hybrid nanoparticles by 
Liu et al. [64]. In another study, Mandal et al. [65] developed erlotinib loaded hybrid nanopar-

ticles of PCL in which erlotinib and PCL were dissolved in acetone and added to the aqueous 

phase containing lipids. Hybrid nanoparticles were produced after sonication for 10 minutes 

at a frequency of 67 kHz and a power of 200 W [65].

A unique method using the combination of modified nanoprecipitation and sonication meth-

ods is presented for the fabrication of hybrid nanoparticles. In this method, the lipids melt 

was mixed with ethanolic solution of Elacridar, a chemosensitizer, and placed in vacuum 

oven until complete removal of solvents. The doxorubicin being hydrophilic drug was added 

in water with surfactant (Pluronic-F68) and heated (72–74°C). The drug and surfactant disper-

sion was mixed with Elacridar-lipid mixture. The whole mixture was stirred for 10 min and 

then ultrasonicated for two cycles of three minutes. It produced submicron sized lipid emul-

sion which was dispersed in 4–9 times higher volume of cold water (maintained 4°C) which 

leads to the formation of hybrid nanoparticles [66, 67].

2.3.4. Green technology for the preparation of hybrid nanocarriers

The use of green technology has revolutionized the synthesis of hybrid nanocarriers due to 

the ecofriendly procedures that mitigate the threats of toxic impurities and use of the organic 

solvents. These ecofriendly approaches also provided low operating cost, better stability, 
compatibility and minimum health hazards [68]. The literature has suggested the successful 

implementation of solvent free approaches to formulate nanosized systems for the targeted 

delivery of different therapeutic and diagnostic moieties.

The heat chill method has been employed to prepare micelles using the amphiphilic diblock 

and triblock copolymers of polycaprolactone (PCL) for the encapsulation of insulin without 

using any organic solvent and has provide better stability of the entrapped proteins which are 
liable to denaturation in the presence of different organic solvents [69].

Kumar et al. prepared the green PLGA-oil hybrid nanoparticles of resveratrol employing the 
acrysol oil (a derivative of castor oil) as nontoxic solvent. The nanoparticles have a smooth 

outer morphology with improved drug release and stability profile [70].

2.3.5. Preparation of organic/inorganic hybrid nanoparticles

The concept of combining the characteristics of organic and inorganic components is quite old 

since the time of Egyptian inks. However, the modern organic-inorganic hybrid systems are 

not prepared by simple mixing these materials but may involve the weak electrostatic link-

ages (H-bonding or van der Waals forces) or strong chemical bonds, i.e., covalent bonds [71]. 

Multiple strategies are employed for the preparation of these hybrid particles. These include 

(i) polymerization of the different monomers, organosilanes and the metal oxides, (ii) self-
assembly of different structural components at nanoblock level with different organic and 
metal components, (iii) the functionalization of preformed nanocarriers with different organic 
compounds and (iv) making the core with organic materials and coating with the silica and 

different metallic components [72, 73].
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Structural components Physicochemical properties Application References

Size (nm) Zeta potential 

(mV)

Entrapment 

efficiency (%)

PLA

DPPC

PEG-PE

278 ± 16 (+) 20 to 50 N/A Steric stabilization of hybrid nanoparticles was enhanced at least up to 

150 mM NaCl (for more than 1 year at 4°C).

[27]

Paclitaxel

PLGA
PEGylated  
octadecyl-quaternized lysine 

modified chitosan

194 ± 7 22 ± 4 87 ± 2 Folic acid modified polymer core lipid shell hybrid carrier for targeted 
anti-cancer therapy. Higher internalization up to 14.8 folds was 

observed in flow cytometry.
It also showed higher cytotoxicity than commercial preparation 

(Taxol®). After 2 hours administration, it showed 3.70 fold higher bio 

distribution than Paclitaxel injection.

[39]

Levofloxacin
Ciprofloxacin
Ofloxacin 
PLGA
Phosphatidylcholine (PC), 

Stearic Acid (SA)

420

260

360

-26

+26

-22

19

4

5

The amount of the polymer and lipid were optimized for highly 

efficient hybrid system. Hybrid nanoparticles showed higher size and 
drug encapsulation in comparison to polymeric carriers. Different 
antibiotics like levofloxacin, ciprofloxacin and ofloxacin were 
encapsulated. Ciprofloxacin showed less EE due to less lipophilicity. 
Oppositely charged drug and lipid prevented nanoparticle formation 

which was remedied by the addition of counter ionic surfactant.

[45]

Doxorubicin

PLGA
DEPE-PEG
Lecithin

118.7 ± 

0.75

15.19 ± 3.85 45.76 ± 6.58 Folate receptor mediated drug delivery of anti-cancer agent, 

doxorubicin, resulted in higher cell internalization and enhanced cell-

killing effect toward MCF-7 cells with a significantly lower IC50.

[52]

PLGA
DSPE-PEG
Poly (β-aminoester) poly-1

280 ± 70 (+) 40 ± 7 N/A mRNA loaded pH sensitive particles reached cytosol offering low 
cytotoxicity followed by translation at a frequency of ∼30%. Intranasal 

administration of abovementioned system led to in vivo expression of 

protein as soon as 6 hours after administration.

[57]

Vincristine

PLGA
Poly ethylene glycol (PEG)
Dextran sulfate

121.8–133 -8.5 to -14.6 64.7 to 93.6 Vincristine loaded hybrid nanocarriers resulted in 3.3-fold increase in 

apparent bioavailability, while its uptake was 12.4-fold higher than 

plain drug solution.

[58]
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Structural components Physicochemical properties Application References

Size (nm) Zeta potential 

(mV)

Entrapment 

efficiency (%)

Docetaxel

PLGA
Lecithin

PEG

70–80 -30 to -35 59 ± 4 Docetaxel loaded Hybrid nanoparticle exhibited 20 hourrs as T
5o

. These 

carriers also exhibited good stability in 10% bovine serum albumin and 

in 10% plasma solution.

[59]

Paclitaxel

PLGA
Soybean lecithin

D-α-tocopheryl polyethylene 
glycol 1000 succinate (TPGS)

120–150 -15 to -20 >80 Developed carriers provided sustained release up to 8 days with a high 

tumor targeting potential through EPR effect. It also showed superior 
antitumor efficacy by inhibiting 58.8% volume of tumor at day 28.

[62]

PLGA
DSPE-PEG

65 -47.7 N/A A new quick single step preparation method is reported which needs 

5 min to get accomplished. This method increased the production 

rate 20-fold without compromising determinant features of hybrid 

particles. Particles developed such exhibited good colloidal stability in 

PBS and serum over 5 days.

[63]

Docetaxel

PLGA
DEPE-PEG

2000

263.6 -20.74 66.88 Folic acid conjugation increased 38.2% for 0.5 hour incubation and 54% 

increase for 2 hours incubation during cell uptake study. Cell viability 

studies showed that formulation was 93.65% more effective than 
commercial preparation Taxotere®.

[64]

Erlotinib

DEPE-PEG
2000

Dipalmitoylphosphatidylcholine 

(DPPC)

N-[1-(2,3-Dioleoyloxy)

propyl]-N,N,N-

trimethylammonium methyl-

sulfate (DOTAP)

161–271 -47 77.18 Erlotinib loaded Core Shell Lipid Polymer Hybrid Nanoparticles 

demonstrated 170 nm size with 66% Entrapment efficiency and greater 
uptake and efficiency in A549 cells.

[65]

Doxorubicin

Elacridar

Pluronic F-68

187–272 -19.7 to -22.9 71.2–89.3 Formulation shows up to 89% encapsulation efficiencies of Dox and 
GG918 in PLN with more uptake and cytotoxicity of Dox to MDR cells

[67]
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Structural components Physicochemical properties Application References

Size (nm) Zeta potential 

(mV)

Entrapment 

efficiency (%)

Resveratrol

PLGA
375 ± 13 -22 ± 1.6 76 ± 4.2 G-PONHs have higher biocompatibility and stability, but moderate 

cytotoxicity compared to standard NPs. It also involves the application 

green synthesis approach for the hybrid nanocarriers

[70]

Paclitaxel

Poly-lactic-co-glycolic acid 

(PLGA)
Soybean lecithin

1,2-Distearoyl-sn-glycero-3-

phosphoethanolamine 

(DSPE-PEG)

186.9 ± 

8.52

-29.5 ± 2.0 81.34 ± 3.41 More drug reaches target site crossing Blood brain barrier and 

survival time for mice was PtxR-FPLNs (42 days), Ptx-FPLNs (38 days) 

compared to PtxR (18 days) and Paclitaxal (14 days)

[76]

Melatonin

Poly lactic acid (PLA)

Didodecyldimethylammonium 

bromide (DDAB)

Cetyltrimethylammonium 

bromide (CTAB)

180–218 +15.4 to -36.1 90.35 Coating with cationic lipids provides sustained and prolonged drug 

release, a pronounced benefit in ophthalmic application
[77]

Docetaxel

PLGA
DEPE-PEG

2000

Soybean lecithin

60–70 -40 to -60 ∼62 The system provides 62% entrapment efficiency and almost 50% drug 
release in 20 hours. The incorporation of PEG provides stability over 
120 hours. TC 50 value ranged between 4.58 and 5.55 mg.

[78]

PLGA
DSPE-PEG

50–150 N/A N/A Different lipid ratios were evaluated for the entrapment, particle size, 
stability of the system. The current system provides that pH sensitive 

release and targeting which aggregate the drug in the acidic tumor 

microenvironment.

[79]

Poly caprolacton (PCL)

Glyceryl tripalmitate
58–2009 -5.82 to -46.31 5.81–60.32 The system indicates biphasic release of the drug in which the burst 

release id presented in the initial hour. The cellular uptake was 83.3% 

in L929 cells. It also provides better colloidal stability over 120 hours.

[81]

Human IgG
Poloxamer-188

135–799 +16.7 to +17.9 30.3–60 The system was loaded with the SiRNA. Which show the loading 

capacity of up to 2.04%, entrapment efficiency 60% in the optimized 
formulation. It provides the targetibility with the antibody and the 

sustain release was demonstrated by 20% release over the study time.

[82]
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Structural components Physicochemical properties Application References

Size (nm) Zeta potential 

(mV)

Entrapment 

efficiency (%)

PCL

Grape leaf extract
Curcumin

∼291 -24.3 The resulting drug delivery system improves the antimicrobial efficacy 
against two bacterial strains in addition to antifungal activity and can 

be an alternative approach to antibacterial agents.

[83]

Doxorubicin

Epoxidized soybean oil

Pluronic F68

200–350 -23.1 70 to 80 The system promotes cytotoxicity of DOX against MDR to about 

eightfolds. Uptake and retention of drug by MDR was also significantly 
increased.

[84]

Carboxymethyl chitosan

Calcium phosphate

PEG

102 ± 1.7 -8.25 ± 0.76 78 It gives excellent delivery of siRNA to cancer proximity through EPR 

effect. Particularly hTERT containing nanoparticles promotes silencing 
of hTERT expression and induction of cell apoptosis pathways.

[85]

Doxorubicin

Sorafenib

126.3 ± 

16.4

-21.4 ± 4.6 90.5 ± 3.4 and 

70.8 ± 2.8

DOX-SOR combination in iRGD conjugated HNPs produces more 
apoptotic rates up to 44.7% than 33.4% with plain drug combinations 

or 37% with HNPs without iRGD.

[86]

Doxorubicin

Mitomycin C

∼150 ∼ -25 >90 Co delivery of anticancer agents using HNPs is more effective than 
simple combination therapy with advantages of high local delivery. It 

provides the 2–4 fold increase in the cellular uptake of the drug in the 

cancer cells.

[87]

Lipid modified PEG 24 ± 5 -38 ± 1 N/A The system describes engineering of functionalized lipid conjugated 

polymeric nanoparticles with more specific targeting approach and 
imaging and bio sensing based on fluorescence.

[88]

Doxorubicin

Combretastatin A4

PLGA
PC

DSPE-PEG
Cholesterol

180–200 N/A N/A The system contains two different therapeutic agents which provide 
the site targeted release of the anti-angiogenesis agent and the anti-

cancer drugs.

[89]

Curcumin

PLGA
DPPC

DSPE-PEG

171.6 ± 8.2 N/A N/A By treating the metastatic breast cancer cells with the lipid-polymer 

hybrid nanoparticles of Curcumin decreased the adhesion onto tumor 

necrosis factor by 70% in capillary flow.

[90]
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Structural components Physicochemical properties Application References

Size (nm) Zeta potential 

(mV)

Entrapment 

efficiency (%)

Docetaxel

PLA

Chitosan

208–255.7 -21.3 to + 52.4 75.9 PLA/chitosan nanoparticles provide rapid initial release of 40% drug in 

5 hours and 70% cumulative release in 24 hours.

[91]

Docetaxel

Curcumin

PLGA

169.6 ± 4.6 -35.7 ± 1.9 89.8 ± 3.1 and 

81.9 ±5.6

The drugs loaded hybrid nanoparticles showed enhanced cytotoxicity 

and tumor growth inhibition.

[92]

Docetaxel

DSPE-PEG
PLGA

110 ± 13.5 -25.67 ± 1.45 77.65 ± 0.57 The system increases the cellular update of docetaxel 2.5 folds and 

anti-proliferative activity 2.69–4.23 folds.

[93]

Doxorubicin

Chitosan

Hyaluronic acid

264 ± 2.2 -12.3 ± 2.0 97.8 ± 1.3 It is used to deliver anticancer drugs which results in enhanced 

circulation half-life and reduce the elimination of drug

[94]

Table 1. Hybrid nanoparticles with different structural components and their applications.
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In conventional sol-gel approach, the hydrolysis process is used to obtain the hybrid system. 

The reaction involves the organically modified metal oxides which crosslinks with the poly-

mers of multiple functionalities. These components may or may not be present in the organic 

solvents and possibly trapped within the inorganic material. However, use of self-assembling 

procedures in last few decades provided new methods for the fabrication. During the process, 

the inorganic materials (triblocks) were arranged by the use of organic surfactants. The prepa-

ration of the mesoporous hybrid with multiple functionalities provide highly porous surface 

which further modified based on the applications [74].

Shen and Shi [75] reported a method for preparation of  the organic/inorganic hybrid based 

dendrimers. The metal or inorganic nanoparticles were entrapped in the dendrimers template 

to provide a modified surface morphology which can be tuned by different functional compo-

nents to provide the biocompatibility and better colloidal stability [75] (Table 1).

3. Factors affecting hybrid nanocarriers

Hybrid nanoparticles are trimmed to an acceptable level of particle size, drug carrying capac-

ity and site specificity through incorporation and adjustment of ratios of different chemical 
components. The variations of structural components of HNPs have an obvious influence on 

HNPs’ characteristics [17, 96]. The principal factors of HNPs’ formulation are (i) lipid/poly-

mer ratio, (ii) PEGylation and (iii) polymer nature.

3.1. Lipid/polymer ratio

The lipid covering the polymeric core provides substantial benefits to HNPs and their dis-

tinction over nonhybrid nanoparticles. The ratio of two building blocks (lipid-polymer) of 

hybrid particles have significant role in stabilizing the formulation, monodispersibility and 
encapsulation efficiency [45, 97].

At a lower L/P ratio, the nanoparticle surfaces are not entirely covered with lipids, which can 

form bridges with lipid part of other particles causing aggregation and formation of larger 

particles. At a relative higher lipid concentration, it tends to decrease the production yield as 

whole amount is not incorporated in particles and free lipids will arrange themselves to form 

liposomes can affect the homogeneity of formulation. Therefore, the concentration of lipids 
should be optimized that cover to polymeric core on the basis of particle size and production 

yield [59, 98]. Chew et al. prepared HNPs with PC and PLGA carrying antibiotics with W
PC

/

WPLGA value <15- up to 90%. At lipid amount below 15% larger particles were formed (800–

1000 nm) and a sharp decrease in particle size was observed at an optimum concentration i.e. 

30% lipids, an optimum particle size (260–400 nm) and 80% production yield was achieved. 

The lipid ratio above the optimum concentration i.e. 30% did not reduce particle size but it 

decreased the yield as the entire lipid was not utilized [45].

An optimum lipid to polymer ratio also provides the colloidal stability of HNPs by providing an 

optimum surface charge density which is responsible for electrostatic repulsive forces that prevent 
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particle coalescence and stabilizes the formulation. In case where the lipid part is insufficient and 
the resulting electrostatic repulsive forces are weak, some agents like PEG can be incorporated in 
the formulations to provide steric repulsion and stabilization of the HNPs [52, 80–98].

The charge on lipid part which is responsible for electrostatic repulsion between particles is 

shielded when mixture of cationic and zwitterionic lipids is employed. Anionic heads of zwit-
terionic lipids face outwards which reduces of cationic lipids charge and promotes aggrega-

tion of particles. However, the higher cationic lipid concentration may overcome this charge 

screening and aggregation can be minimized [59, 99]. The zwitterionic lipid such as 1,2-dipal-
mitoyl-sn-glycero-3-phosphocholine (DPPC) produces less aggregation than a cationic lipid, 

1,2-dipalmitoyl-3-trimethylammonium propane (DPTAP). Therefore, it zwitter ionic lipid 
provides more stability than ionic lipids [55, 59].

The two potential benefits that lipid augments to the HNPs are the encapsulation efficiency 
and retardant release of the incorporated drugs. The former is achieved by preventing drug 

leakage during self-assembling process, whereas the latter is due to reduced interaction of 

lipids with dissolution medium [17, 100]. The charge on the surface of lipids and drugs also 

affects the entrapment efficiency due to interaction of surface charge of HNPs and the charge 
of the drug. The loading of ciprofloxacin in the PLGA-PC hybrid system is not successful due 
to the interaction of cationic drug with the anionic lipids [19, 78].

A significant higher percent encapsulation of docetaxel (59 ± 4) was achieved in HNPs 
assembled from lecithin, DSPE-PEG and PLGA i.e. compared to PLGA-PEG nanoparticles 
with 19 ± 3 (mean ± SD). This effect is attributed to the fencing action of lipids which keeps 
hydrophobic drugs within the core and retards water penetration. The lipid-polymer hybrid 

formulations also provide a sustained release of drug when compared with nonhybrid for-

mulation due to less water penetration and reduced escape of drug molecules from poly-

meric core. A consistent 50 % release of docetaxel from lecithin-PLGA hybrid system was 
observed compared to the PLGA-PEG NPs and PLGA NPs released same amount of drug in 
10 hours and 7 hours, respectively. The pH of the dissolution media also affected the encap-

sulation of drugs, for example, the erlotinib EE % was 77.1%, 28.83% and 18.45% at pH values 

of 7.4, 5.4 and 3.4, respectively [55, 59, 78, 100].

3.2. PEGylation

The steric stabilization of HNPs systems to withstand salt solutions, buffer actions and uptake 
by macrophages is provided by the appropriate surface modification by employing PEG. The 
term is called as PEGylation. PEGs can escalate circulation times of HNPs by preventing par-

ticle aggregation, opsonization and adsorption of plasma proteins [27, 78].

Incorporation of PEG-lipid affects the colloidal stability of HNPs by two ways (i) chain length 
of PEG-lipid and (ii) molar Ratio of PEG-lipid. HNPs coated with PEG-lipid longer chains 
exhibited more stability than the shorter chain PEG-lipid coated particles. Similarly, at the 

fixed chain length more PEG-lipid incorporated onto polymer core and thickness of lipid shell 
increased which lowered the zeta potential and hence stability is enhanced [78, 80].
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Yang et al. studied the effect of lipid/polymer ratio and PEGylation on HNPs prepared from 
PLA/mPEG-PLA polymer and BHEM-Chol cationic lipid. HNPS prepared from mPEG-PLA 
were smaller and more stable in PBS at the given lipid/polymer ratio than PLA alone [61].

Fang et al. formulated HNPs using 0.10–0.35 lipid-PEG/PLGA ratios without incorpo-

rating lecithin. Initially particle reduced with increase in lipid amount and optimized at 

0.30 lipid-PEG/PLGA ratio after which further increase in lipids did not affect particle 

size and PDI. At an optimized (0.30 lipid-PEG/PLGA) ratio, lipid-PEG was replaced with 
mole equivalents of lecithin. The stable particles of 60 nm were obtained at 50% lipid-PEG 
replacement. Upon 70% lipid-PEG replacement, the size was increased to 100 nm and at 
80% lipid-PEG replacement with lecithin, the unstable particles were obtained. This insta-

bility of particles is due to the replacement of higher lipid-PEG content, a major stability 
component of HNPs [63].

3.3. Nature of polymer

The characteristics such as density and surface charge play an important role in the fabrica-

tion of HNPs [35]. The density of polymer also has substantial effect on stability and particle 
size [59, 78]. HNPs fabricated from high density polymer are less stable toward increasing 

ionic strength of medium due to the higher sedimentation rate when electrostatic charges 

are shielded. PLA is 1.18 times denser than poly(styrene); hence, HNPs prepared with PLA 

core have less colloidal stability toward increasing ionic strength of medium [35]. Zhang et al. 

evaluated that change in viscosity of PLGA polymer from 0.19 to 0.82 resulted a decrease in 
particle diameter from 92.7 nm to 66.7 nm [59].

Adsorption of lipid over polymeric particle surface to form lipid shell depends upon cur-

vature and surface charge of particle. Cationic lipids exhibit more adsorption than zwitter 
ions toward the anionic polymeric core due to the electrostatic attractions polymeric core 
from anionic polymer PLA has greater affinity for DPTAP cationic lipid than the zwitter-

ionic DPPC. Lipid rearrangement around polymeric core can be quick and complete if the 

affinity between polymer and lipid is high. Larger size distribution and free lipid structures 
are observed when lipids cannot rearrange around polymeric core due to weaker affinity. 
Modification in pH of medium can improve the affinity of polymer for lipid by surface charge 
variation at different pH levels [35, 101, 102].

4. Applications of hybrid nanocarriers

Hybrid systems combine properties of two or more materials, thus, appear superior to indi-

vidual material system. Usually, one component of hybrid system is active, whereas other is 

used to improve biocompatibility, circulation life and targeting. Many new hybrid systems 

use second material to improve efficiency of first materials. By suitable selection of mate-

rials, hybrid systems find wider applications in medical field. Hydrophilic polymers have 
been widely used to impart stealth property to nanoparticles. However, stealth coating does 
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not improve or impart new functional aspect of nanoparticles. Thus, many researchers do 

not regard PEG coated as hybrid systems. Similarly, nanoparticles conjugated with targeting 
ligands cannot be regarded as hybrid system.

4.1. Lipid polymer hybrid nanoparticles (LPHN)

LPHN consists of a drug containing polymeric core which is coated by a lipid shell. In these 

systems, inner polymer core contains drug and lipid shell is used to enhance penetration 

through biological membranes and to control drug release. Polymeric core can be made from 

hydrophilic or hydrophobic polymer. Term lipid-polymer hybrid is also used for systems that 

contain polymer core with lipid coating. Lipid is preferred carrier material for hydrophobic 

drugs due to higher encapsulation efficiency and extended release pattern. A polymeric coat-
ing is applied over lipid core to impart certain characteristics required for novel biomedical 

applications.

In addition of polymeric and lipid layers, surface of LPHN may be modified with different 
materials. In one study, a hydrophobic drug was loaded in a hydrophobic biodegradable 

polymer to enhance encapsulation efficiency of a hydrophobic drug. Then, a lipid layer is 
applied to stabilize core and shell, and to prolong drug release. Finally, hydrophilic poly-

meric layer, consisting of DSPE-PEG (1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
carboxy (polyethylene glycol)2000) was applied to improve pharmacokinetics of LPHN. The 

three-layer LPHN showed high encapsulation and sustained release of hydrophilic drug 

[59]. A hydrophilic polymer monolayer may be applied to LPHN to escape phagocytosis 

and early removal from body. Generally, polyethylene glycol (PEG) is used to provide this 
stealth property and enhance circulation time of nanoparticles. PEG will attract water to 
make an aqueous layer which protect LPHN from attachment of opsonin proteins and let it 
escape the uptake by reticuloendothelial (RES) system. Hydrophilic polymer layer can also 

enhance colloidal stability of LPHN due to steric hindrance effect [5]. As stealth layer can 

also hinder interaction with target cells, PEG can be conjugated with other monomers or 
polymers to form block copolymers that are specific to certain stimuli. This approach enables 
long circulating LPHN that can shed stealth layer when come in contact with target cells. 

The stimuli could be intracellular and extracellular protease enzymes, low pH or reducing 

agents [103].

Selection of polymeric matrix plays a major role in drug delivery properties of LPHN. LPHN 

are commonly used for poor water soluble or hydrophobic drugs. A hydrophobic polymer 

core can encapsulate higher amount of hydrophobic drug and vice versa. Two or more drugs 

could also be loaded into the core of LPHN. On the other hand, LPHN with hydrophilic and 

hydrophobic drug could be made to contain one drug in core and the other in shell. Wong 

et al. [67] prepared LPHN containing lipid core to encapsulate hydrophobic drug Elacridar 

(GG918) and hydrophilic shell of hydrolyzed polymer of epoxidized soybean oil (HPESO) to 
encapsulated doxorubicin. They found that both drugs were released in sustained manner 

for more than 72 hours (Figure 2). Simultaneous delivery of chemosensitizer GG918 was able 
to revert multidrug resistance to anticancer drug doxorubicin. These simultaneously loaded 

LPHN showed better efficacy than free drug solution or LPHN of any of the two drugs.
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As a wide variety of polymers and lipids are available, LPHN can be prepared to theoretically 

load any therapeutic moiety. Nucleic acid based therapeutics i.e. plasmid DNA, antisense 

oligonucleotide, small interfering RNA and small hairpin RNA, have shown promise to cure 

many diseases. LPHN have emerged as nonviral carriers for nucleic acid products with low 

toxicity, immunogenicity and cost of production. Cationic polymers and lipids have been 

widely investigated for this purpose. Cationic groups can bind negatively charged nucleic acid 

molecules and deliver to target cells. Zhong et al. [104] prepared LPHN with biodegradable 

PLGA and two cationic lipids i.e. 1, 2-dioleoyl-3-trimethyammonium-propane (DOTAP) or 
3β-[N-(N′,N′-dimethylaminoethane)-carbamyl]cholesterol (DC-Chol). LPHN were prepared 
by two either with cationic lipid core so that DNA is loaded inside core or with cationic lipid 

shell so that DNA is loaded on surface. The in vitro evaluation was done in human embryonic 

kidney cells. They found that LPHN with DNA on surface showed higher transfection effi-

ciency than those with DNA inside core. Next, they prepared LPHN with polymer both inside 

core and on the surface which showed efficiency similar to that of LPHN with DNA on sur-

face. This study concluded that LPHN can show transfection efficiency about 600 times higher 
than unbound DNA. However, cationic lipids and polymers may have some problems on 

their own. They may interact with biological components, be nonbiodegradable or toxic after 

systemic administration. These factors are controlled by hydrophobic chain length, nature of 

cation group and linkage. To solve these problems, Shi et al. [54] prepared novel LPHN with 

four distinct layers. First is a hollow core i.e. aqueous droplet containing nucleic acid which is 

coated by an inner lipid layer of cationic lipid ethylphosphocholine.

The cationic lipid orients itself in such a way that cationic group faces inward and its hydro-

phobic chain faces outward. Third layer is formed by ester terminated PLGA. It is a hydropho-

bic polymer that intermingles with protruding chains of cationic lipid. Finally, self-assembled 

lecithin and DSPE-PEG form outer coating to facilitate transfection and to impart stealth 
property to LPHN. This LPHN system release loaded siRNA in sustained manner up to 6 

days and enhanced gene expression in mice.

Figure 2. Drug release from gold nanoparticles containing solid lipid nanoparticles. F1 (5mg diacerein) and F2 (10 mg 

diacerein) show sustained release of drug for 39 and 48 hours. However, F3 had same composition as F2 but drug release 

was conducted at 40°C. F5 and F6 contained increasing amount of hydrophilic gold nanoparticles with 5 mg diacerein. 

F7 contained gold nanoparticles same as F6 but 10 mg diacerein. Finally, F8 contained lipophilic gold nanoparticles with 

10 mg diacerein. Drug release was faster at higher temperature (F3) as compared to 37°C. Furthermore, hydrophilic 

gold nanoparticles containing formulations F5, F6 and F7 released drug in less than 5 hours, whereas hydrophobic gold 

nanoparticles showed prolonged release up to 25 hours.
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A recent trend in drug delivery research has focused on the development of human-like vesic-

ular drug delivery system. This concept emerged when exosome were found to be responsible 

for cell to cell communication in tumors and regulate tumor microenvironment. It was believed 

that exosomes isolated from patients may be filled with antitumor drugs and injected back 
to the patients for personalized treatment. As isolation of exosomes from patients is compli-

cated and very costly, this dream was realized by synthesizing surface antigens of exosomes 

by genetic engineering and grafting on the surface of drug containing liposomes or other 

vesicular systems [5]. In addition to this, many bacterial and viral antigens have been used. 

These antigens are used for the delivery of vaccine and act as immune adjuvant i.e. enhance 

immune response to vaccine. Moreover, polymeric core produce better adjuvant effects than 
lipid core. Bershteyn et al. [105] prepared PLGA core and phospholipid bilayer coated LPHN 
that were stabilized by PEG for simultaneous loading of antigen and adjuvant. The protein 
adjuvant was covalently bonded on surface and lipophilic adjuvants, such as monophospho-

ryl lipid A and α-galactosylceramide, which were loaded in lipid bilayer. Immune response 
was shown at dose as low as 2.5 ng which was detectable after 100 days. It was also found 

that α-galactosylceramide shows rapid rise in antibody titer whereas monophosphoryl lipid 
A produced response in sustained manner. Interestingly, coloading of both adjuvants with 

antigen further increased antigen titer by 12 fold. These results show that LPHN can reduce 

dose of antigen to reduce cost and side effects.

Term LPHN may also be extended to nanoparticle systems consisting of two or more polymer 

at least one of which is lipophilic. A hydrophilic shell may be applied to drug containing hydro-

phobic (or lipophilic) polymeric core to impart mucoadhesion or to make them stealth. For 

example, PEG or chitosan coating has been widely used to improve circulation life of sustained 
release solid lipid nanoparticles [106]. On the other hand, a hydrophobic polymer shell may be 

formed over hydrophilic polymer core to enhance LPHN absorption through biological mem-

branes. This approach is especially useful for oral administration of therapeutic macromolecules 

[107]. Recently, Liu et al. has synthesized supramolecular vectors for gene delivery. First, ada-

mantyl-terminated polyethyleneimine was admixed with β-cyclodextrin to encapsulate nucleic 
acid, i.e., DNA or siRNA which was further coated with adamantyl-PEG. The supramolecular 
vector was stabilized by host-guest interaction. This LPHN system showed low toxicity and 

high transfection efficiency during in vitro experiments. Graphene is another two-dimensional 
framework of carbon atoms that is investigated for hybrid applications. When treated with suit-

able reagents, it can be oxidized, hydroxylated, carboxylated or halogenated. These functional 

groups can be conjugated with different materials desired for biomedical applications [108].

4.2. Inorganic/organic hybrid nanoparticles (IOHN)

IOHN are synthesized from organic and inorganic materials. Most commonly, core is made 

of inorganic materials and the shell of an organic material is applied to improve its phar-

macokinetic parameters. On the other hand, inorganic shell may be applied to the core of 

organic materials to impart different properties. IOHN are interesting because they offer 
properties of both materials. Like organic polymer, they can be functionalized with different 
groups. Like metallic nanoparticles, inorganic shell provides physical and chemical stability 
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to polymeric core. Generally, the inorganic portion is developed by reduction of metal ions 
to zerovalent state. Inorganic core is synthesized by mixing metal ions solution with a reduc-

ing agent with or without heating. However, inorganic shell may be synthesized either by 

reduction of metal ions on polymeric core or by deposition of preformed metal colloids on 

organic core.

Methods for synthesis of organic core and shell have already been discussed in detail in a 

chapter. We have prepared IOHN consisting of gold core with fatty acid shell. First, gold 
nanoparticles were synthesized with lecithin bilayer (hydrophilic surface) and lecithin 

monolayer by acid treatment (hydrophobic surface). The gold nanoparticles were added 

to molten fatty acids and emulsified with aqueous surfactant solution. Upon cooling, we 
found that gold nanoparticles with hydrophobic surface are more stable as compared to 

gold nanoparticles with hydrophilic surface [109]. The presence of gold nanoparticles in core 

enhanced drug release rate from lipid nanoparticles. This can be attributed to the presence 
of gold nanoparticles that push drug toward periphery and reduce diffusion path length 
(Figure 1). In another study, we prepared an organic core of lecithin and inorganic shell of 

gold nanoparticles. First, lecithin nanoparticles were prepared and loaded with drug. Next, 

preformed gold nanoparticles were adsorbed on its surface. We found that drug release was 

controlled by both gold nanoparticles. Gold nanoparticles retard release of drug due to phys-

ical barrier. Lecithin controlled release of anti-inflammatory drug from core in pH-depen-

dent manner [110]. Gold is also known to possess anti-inflammatory effect. In this study, 
gold shell was found to synergize anti-inflammatory effect of encapsulated drug diacerein 
by many folds (Figure 3).

Various organic materials have been used to prepare IOHN to improve their performance. 

The materials that are used to synthesize or stabilize nanoparticles may impart specific func-

tion. The most pronounced function is enhanced penetration inside target cells which in turn 

controls toxicity of IOHN. Freese et al. [47] studied toxicity of gold nanoparticles with dif-

ferent organic coatings with neutral, positive and negative charge. The results showed that 

IOHN with positive charge coating shows more internalization in cells, and thus, higher tox-

icity. The cell membrane has a negative charge, whereas the IOHN are positively charged 

 particles. This charge difference triggers the rapid binding to the cell surface and internaliza-

tion of these IOHNs. As gold can cause toxicity at higher dose, higher internalization in cell 

will lead to high toxicity [111].

Metallic nanoparticles smaller than 100 nm are usually responsive to different stimuli, a 
technique that has been widely employed in diagnosis and therapy. IOHN with metallic 

core can be used for thermotherapy of cancer whereby IOHN produces heat when exposed 

to external magnetic field. Similarly, metallic moieties, i.e., nanoparticles or tagged poly-

mers, can be bound to core of organic materials. These nanoparticles will be targeted to 

cancerous tissues and magnetic moieties will produce hyperthermia under external stimuli. 

When core of organic material is loaded with drug, inorganic part can release the drug by 

hyperthermia-mediated degradation of core after reaching the target site [5]. In addition 

to magnetic field, inorganic nanoparticles are also responsive to infrared and ultrasound 
waves. This makes IOHN interesting candidates for biomedical imaging of targeted tis-
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sues. More recently, multimodal IOHN have ensured imaging and drug release from the 

same system after systemic administration. This target can be achieved in two ways. First, 

magnetic field of low frequency or intensity is applied for imaging of IOHN. Once in cancer 

Figure 3. Efficacy of anti-inflammatory drug encapsulated in lecithin core-gold shell hybrid nanoparticles; (A) Anti-
inflammatory effect of diacerein is synergized in the presence of gold as compared to pure drug, diacerein. PEG-AuNP 
= PEG coated gold nanoparticles, LD-NP = diacerein loaded lecithin nano[articles, L PEG-AuNP = Lecithin nanoparticles 
surface coated with PEG coated gold nanoparticles, L Cit-AuNP = Lecithin nanoparticles surface coated with citrate 
coated gold nanoparticles, L B-AuNP = Lecithin nanoparticles surface coated with sodium borohydrate coated gold 

nanoparticles, LD PEG-AuNP = L PEG-AuNP loaded with diacerein, LD Cit-AuNP = L Cit-AuNP loaded with diacerein, 
LD B-AuNP = L B-AuNP loaded with diacerein. (B) represents decrease in swelling as measured by Vernier caliper before 

(a, b, c, d, e, f, g) and 3 h after (b´,c´, d´, e´, f´, g´)   from untreated (b), diacerein (c), PEG-Au NPs (d), LD PEG-Au NPs (e), 
LD Cit-Au NPs (f), and LD B-Au NPs (g) treatments groups, while a is normal rat paw.
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tissue, intensity or frequency is increased to produce hyperthermia-based cell killing or 

drug release [112]. Secondly, inorganic materials responsive to more than one stimulus can 

be used. One stimulus aids in imaging, whereas second stimulus will lead to drug release 

or thermotherapy [113].

IOHN have also been prepared with hollow core enclosed inside a hybrid shell. Hollow core 

IOHN can be prepared by many ways. First strategy is to make layer of inorganic or organic 

material which is then stabilized by other component of IOHN system. Similarly, it can con-

sist of a mixed shell of inorganic and organic materials enclosing hollow core. Metal-tagged 

polymers with amphiphilic nature self-assemble to form micelles in aqueous solution or after 

reaching the target microenvironment [114]. Whole virus or virus capsid has been investigated 

as drug delivery systems by many researchers due to its inherent high penetration in cells.

Portney et al. [115] hybridized virus capsid with quantum dots and single-wall carbon nano-

tubes to yield hybrid structures that can find various applications. These hybrid structures 
are very stable to chemical and mechanical stress. IOHN with metallic core and organic 

shells have been widely investigated for diagnostic application. Although, organic shell 

usually employed to improve the pharmacokinetics and targeting properties of the metallic 

nanoparticles but may be beneficial by enhancing the diagnostic efficiency of the system. The 
most prominent example is nucleic acid-based biosensors with metallic core. When metallic 

nanoparticles aggregate, they show blue shift due to increase in size. Metallic core is coated 

with single-stranded DNA (ssDNA) that can identify specific sequence on target DNA and 
bind it. In bioassay, when metallic nanoparticle conjugated ssDNA start bind target DNA, 

they come close to each other and test solution color changes from red to blue. This indicates 

the presence of target DNA as visualized by naked eye or through UV-visible spectropho-

tometer [116].

4.3. Metalloprotein hybrid nanoflowers (MPHNs)

Although MPHN can be categorized as inorganic-organic hybrid NP, they are discussed here 

separately due to difference in structure and many fold increased surface area. The  flower-like 
structure of MPHN is due to the presence of proteins that stabilize metallic crystals in the struc-

ture. Proteins act as glue and hold metallic crystals in a pattern which mimics flower petals. 
Unlike inorganic-organic hybrids, synthesis of MPHN occurs in three stages. First stage is the 

growth stage in which metal ions bond with proteins through amide bond. This acts as nucle-

ation site leading to growth of primary crystals. In the second stage, metalloprotein crystals 

aggregate to form larger structures bearing primary petals like structures. Finally, anisotropic 

growth on metalloprotein aggregates leads to formation of complete petals. Generally, their 
size lies in the range of 2–30 μm which is another reason to differentiate MPHN from OIHN. 
MPHN is mostly used for bioassay whereby desired enzyme is conjugated with metallic part. 

Encapsulation efficiency of enzymes in MPHN has been achieved up to 66%. Enzyme load-

ing above or below this limit decreases encapsulation efficiency. Nevertheless, enzyme effi-

ciency of MPHN varies between 85% and 1000%. Enzyme efficiency higher than free enzyme 
is due to many reasons. MPHN shows high surface area due to petal-like projections. The 

petals also have hole-like spaces between them that may be up to 100 nm in diameter. It is 
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also observed that immobilized enzyme shows cooperative interaction to enhance enzyme effi-

ciency. Similarly, metal ions, such as copper, calcium and manganese, may also help enzyme 

in catalysis. Copper (Cu2+) is the most widely used metal with different enzymes. Cu2+ and lac-

case enzyme MPHN have been developed for detection of phenols. The prepared MPHN was 

adsorbed on filter, and a mixture of phenol and 4-aminoantipyrine was added to it. Laccase-
assisted reaction of both compounds produced red antipyrine dyes in 5 minutes. The changes 

in color will be visible with the naked eye, and UV-visible spectrophotometer can be used for 

quantitative detection. The MPHN-coated filters are reusable and are much faster than chro-

matography and mass spectrometry based methods. Likewise, MPHN of Cu2+ and horseradish 

peroxidase was prepared for detection of phenol and hydrogen peroxide. This MPHN was 

able to detect very low amounts of phenol (1 μM) and hydrogen peroxide (0.5 μM) as change in 

color was observed with the naked eye. It has been found that hydrogen peroxide induces cell 

death at concentration higher than 50 μM and the limit of detection of free enzyme is around 

20 μM. Thus, these MPHNs will be very efficient to detect slight changes in hydrogen peroxide 
efficiently even below its threshold level. Cu2+ and trypsin MPHN have been used to carry out 

proteolysis which is an important step in protein identification. The enzyme efficiency of proteo-

lytic MPHN is similar or superior to free enzyme but are fast and reusable.

Another form of nanoflowers is synthesized using deoxyribonucleic acid (DNA) which, like 
proteins, possesses high number of nitrogen molecules and serves as a template for nano-

flowers. In one study, a drug and a dye molecule was bonded to DNA that was used to 
synthesize nanoflowers. These nanoflowers showed multimodel property of drug delivery 
and imaging by using FRET technology. More recently, capsular MPHNs have been pre-

pared with improved characteristics. This technique involved coating of MPHN with prot-

amine and silica. Then, metallic core is removed from capsular MPHN system. Capsular 

nanoflowers show higher enzyme efficiency and improved stability in harsh environmental 
conditions.

4.4. Mesoporous silica hybrid nanoparticles

Silica has been widely used in drug delivery due to its nontoxic and biocompatible nature. 

Silica shell has been applied to metallic nanoparticles to reduce their toxicity in various bio-

medical applications. Mesoporous silica nanoparticles (MSNPs) are silica materials with 

mesopores of up to 50 nm. They are also termed as hollow mesoporous silica nanoparticles 

due to the fact that mesopores are hollow. The advantages of MSNP are enhanced surface 

area and that hollow mesopores can be loaded with therapeutic molecules. First, MSNPs 

were loaded with drugs. Later, MSNPs were used for the delivery of different dyes and mac-

romolecules such as enzymes. MSNP hybrids have been prepared with both organic and 

inorganic materials. One problem with the use of MSNP is the leakage of drugs from pores. 

Sreejith et al. [117] used graphene oxide (GO) coating on MSNP to prevent leakage of drugs. 
After drug loading, GO coating is applied which acts as blanket to physically block the pores. 
GO coating also prevents encapsulated drug from environmental degradation. In addition to 
applications in drug delivery, MSNPs are also used for diagnosis and imaging.

Maji et al. [118] prepared MSNP-GNP (gold nanoparticle) hybrids for detection of hydrogen 
peroxide. They coated MSNP with graphene oxide, and GNPs were coated on this surface. 
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The hybrids were first used for electrochemical detection of hydrogen peroxide in the pres-

ence of other biological molecules. Later, MSNP-GNPs were successfully used for in vivo 
imaging in mice. MSNP surface can be modified with different functional groups that provide 
opportunities to form hybrid with different materials [118].

5. Conclusion and future prospects

Hybrid nanocarriers provide a novel platform that synergizes the effects of therapeutic and 
diagnostic agents through tunable properties such as particle size, structure, composition, 

preparatory method and easy surface and charge modifications. Here, we describe the dif-
ferent parameters related to development, optimization as well as characterization to obtain 

a robust platform for the drug delivery and other biomedical applications. We can still try to 

focus some unmet challenges of this novel drug delivery system. These challenges include 

development and optimization of the application of target ligands in appropriate ligand den-

sity that will improve the pharmacokinetics as well as pharmacodynamics profiles of all the 
drugs loaded in these hybrid nanoparticles either single or in combination with other thera-

peutic and diagnostic agents. Similarly, development of these hybrid nanocarriers at large 

scale has received less attention. So it is a key parameter to translate the system for large-scale 
applications by using the different methods mentioned in the section of method of prepara-

tion especially the one-step self-assembly method that is likely to improve the production in 

a facile and economic manner.

Author details

Asadullah Madni*, Nayab Tahir, Mubashar Rehman, Ahmed Raza, Muhammad Ahmad 

Mahmood, Muhammad Imran Khan and Prince Muhammad Kashif

*Address all correspondence to: asadpharmacist@hotmail.com

Faculty of Pharmacy and Alternative Medicine, The Islamia University of Bahawalpur, 

Bahawalpur, Pakistan

References

[1] Li M, Luo Z, Zhao Y. Hybrid nanoparticles as drug carriers for controlled chemotherapy 

of cancer. The Chemical Record. 2016. DOI: 10.1002/tcr.201600029.

[2] Gong J, Chen M, Zheng Y, Wang S, Wang Y. Polymeric micelles drug delivery system in oncol-
ogy. Journal of Controlled Release. 2012;159(3):312–323. DOI: 10.1016/j.jconrel.2011.12.012.

[3] Mieszawska AJ, Kim Y, Gianella A, van Rooy I, Priem B, Labarre MP, et al. Synthesis 
of polymer–lipid nanoparticles for image-guided delivery of dual modality therapy. 

Bioconjugate Chemistry. 2013;24(9):1429–1434. DOI: 10.1021/bc400166j.

Hybrid Nano-carriers for Potential Drug Delivery
http://dx.doi.org/10.5772/66466

77



[4] Mehnert W, Mäder K. Solid lipid nanoparticles: production, characterization and 
applications. Advanced Drug Delivery Reviews. 2001;47(2):165–196. DOI: 10.1016/
S0169-409X(01)00105-3.

[5] Madni A, Sarfraz M, Rehman M, Ahmad M, Akhtar N, Ahmad S, et al. Liposomal drug 

delivery: a versatile platform for challenging clinical applications. Journal of Pharmacy 
& Pharmaceutical Sciences. 2014;17(3):401–426. DOI: http://dx.doi.org/10.18433/J3CP55.

[6] Fan J, Fang G, Wang X, Zeng F, Xiang Y, Wu S. Targeted anticancer prodrug with meso-

porous silica nanoparticles as vehicles. Nanotechnology. 2011;22(45):455102.

[7] Prabaharan M, Grailer JJ, Pilla S, Steeber DA, Gong S. Gold nanoparticles with a mono-

layer of doxorubicin-conjugated amphiphilic block copolymer for tumor-targeted drug 

delivery. Biomaterials. 2009;30(30):6065–6075. DOI: 10.1016/j.biomaterials.2009.07.048.

[8] Torchilin V. Multifunctional and stimuli-sensitive pharmaceutical nanocarriers. 

European Journal of Pharmaceutics and Biopharmaceutics. 2009;71(3):431–444. DOI: 
10.1016/j.ejpb.2008.09.026.

[9] Krishnamurthy S, Vaiyapuri R, Zhang L, Chan JM. Lipid-coated polymeric nanopar-

ticles for cancer drug delivery. Biomaterials Science. 2015;3(7):923–936. DOI: 10.1039/
C4BM00427B

[10] He Y, Zhang L, Song C. Luteinizing hormone-releasing hormone receptor-mediated 

delivery of mitoxantrone using LHRH analogs modified with PEGylated liposomes. 
International Journal of Nanomedicine 2010;5:697–705. DOI: 10.2147/IJN.S12129.

[11] Zhang L, Zhu D, Dong X, Sun H, Song C, Wang C, et al. Folate-modified lipid–polymer 
hybrid nanoparticles for targeted paclitaxel delivery. International Journal of Nanomedi-
cine 2015;10:2101–2114. DOI: 10.2147/IJN.S77667.

[12] Lee S-M, Ahn RW, Chen F, Fought AJ, O’halloran TV, Cryns VL, et al. Biological evalu-

ation of pH-responsive polymer-caged nanobins for breast cancer therapy. ACS Nano. 

2010;4(9):4971–4978. DOI: 10.1021/nn100560p.

[13] Montasser I, Shahgaldian P, Perret F, Coleman AW. Solid lipid nanoparticle-based calix 

[n] arenes and calix-resorcinarenes as building blocks: synthesis, formulation and char-

acterization. International Journal of Molecular Sciences. 2013;14(11):21899–21942. DOI: 
10.3390/ijms141121899.

[14] Liechty WB, Kryscio DR, Slaughter BV, Peppas NA. Polymers for drug delivery systems. 

Annual Review of Chemical and Biomolecular Engineering. 2010;1:149. DOI: 10.1146/
annurev-chembioeng-073009-100847.

[15] Reis CP, Neufeld RJ, Ribeiro AJ, Veiga F. Nanoencapsulation I. Methods for preparation 
of drug-loaded polymeric nanoparticles. Nanomedicine: Nanotechnology, Biology and 
Medicine. 2006;2(1):8–21. DOI: 10.1016/j.nano.2005.12.003.

[16] Zheng M, Yue C, Ma Y, Gong P, Zhao P, Zheng C, et al. Single-step assembly of DOX/
ICG loaded lipid–polymer nanoparticles for highly effective chemo-photothermal com-

bination therapy. ACS Nano. 2013;7(3):2056–2067. DOI: 10.1021/nn400334y.

Advanced Technology for Delivering Therapeutics78



[17] Hadinoto K, Sundaresan A, Cheow WS. Lipid–polymer hybrid nanoparticles as a new 

generation therapeutic delivery platform: a review. European Journal of Pharmaceutics 
and Biopharmaceutics. 2013;85(3):427–443. DOI: 10.1016/j.ejpb.2013.07.002.

[18] Qi D, Cao Z, Ziener U. Recent advances in the preparation of hybrid nanoparticles 

in miniemulsions. Advances in Colloid and Interface Science. 2014;211:47–62. DOI: 
10.1016/j.cis.2014.06.001.

[19] Zhang L, Zhang L. Lipid–polymer hybrid nanoparticles: synthesis, characterization and 
applications. Nano Life. 2010;1(1):163–173. DOI: 10.1142/S179398441000016X.

[20] Hu C-MJ, Zhang L, Aryal S, Cheung C, Fang RH, Zhang L. Erythrocyte membrane-
camouflaged polymeric nanoparticles as a biomimetic delivery platform. Proceedings 
of the National Academy of Sciences. 2011;108(27):10980–10985. DOI: 10.1073/pnas. 
1106634108.

[21] Allen TM, Cullis PR. Liposomal drug delivery systems: from concept to clinical appli-
cations. Advanced Drug Delivery Reviews. 2013;65(1):36–48. DOI: 10.1016/j.addr.2012. 
09.037.

[22] Zhang L, Granick S. How to stabilize phospholipid liposomes (using nanoparticles). 
Nano Letters. 2006;6(4):694–698. DOI: 10.1021/nl052455y.

[23] Mieszawska AJ, Gianella A, Cormode DP, Zhao Y, Meijerink A, Langer R, et al. 
Engineering of lipid-coated PLGA nanoparticles with a tunable payload of diagnostically 
active nanocrystals for medical imaging. Chemical Communications. 2012;48(47):5835–
5837. DOI: 10.1039/C2CC32149A.

[24] Jain S, Valvi PU, Swarnakar NK, Thanki K. Gelatin coated hybrid lipid nanoparticles 
for oral delivery of amphotericin B. Molecular Pharmaceutics. 2012;9(9):2542–2553. DOI: 
10.1021/mp300320d.

[25] Kamaly N, Xiao Z, Valencia PM, Radovic-Moreno AF, Farokhzad OC. Targeted poly-

meric therapeutic nanoparticles: design, development and clinical translation. Chemical 
Society Reviews. 2012;41(7):2971–3010. DOI: 10.1039/C2CS15344K.

[26] Nicolas J, Mura S, Brambilla D, Mackiewicz N, Couvreur P. Design, functionaliza-

tion strategies and biomedical applications of targeted biodegradable/biocompat-

ible polymer-based nanocarriers for drug delivery. Chemical Society Reviews. 2013; 

42(3):1147–1235. DOI: 10.1039/C2CS35265F.

[27] Thevenot J, Troutier A-L, David L, Delair T, Ladavière C. Steric stabilization of lipid/
polymer particle assemblies by poly (ethylene glycol)-lipids. Biomacromolecules. 2007;8 

(11):3651–3660. DOI: 10.1021/bm700753q.

[28] De Miguel I, Imbertie L, Rieumajou V, Major M, Kravtzoff R, Betbeder D. Proofs of the 
structure of lipid coated nanoparticles (SMBV™) used as drug carriers. Pharmaceutical 

Research. 2000;17(7):817–824. DOI: 10.1023/A:1007504124603.

[29] Enlow EM, Luft JC, Napier ME, DeSimone JM. Potent engineered PLGA nanoparticles 
by virtue of exceptionally high chemotherapeutic loadings. Nano Letters. 2011;11(2): 
808–813. DOI: 10.1021/nl104117p.

Hybrid Nano-carriers for Potential Drug Delivery
http://dx.doi.org/10.5772/66466

79



[30] Chaisri W, Hennink WE, Okonogi S. Preparation and characterization of cephalexin 

loaded PLGA microspheres. Current Drug Delivery. 2009;6(1):69–75. DOI: 10.2174/ 
156720109787048186.

[31] Cohen-Sela E, Teitlboim S, Chorny M, Koroukhov N, Danenberg HD, Gao J, et al. Single 
and double emulsion manufacturing techniques of an amphiphilic drug in PLGA 
nanoparticles: formulations of mithramycin and bioactivity. Journal of Pharmaceutical 
Sciences. 2009;98(4):1452–1462. DOI: 10.1002/jps.21527.

[32] Kang F, Singh J. Effect of additives on the release of a model protein from PLGA micro-

spheres. AAPS PharmSciTech. 2001;2(4):86–92. DOI: 10.1007/BF02830570.

[33] Dong Y, Feng S-S. Poly(d,l-lactide-co-glycolide)(PLGA) nanoparticles prepared by 
high pressure homogenization for paclitaxel chemotherapy. International Journal of 
Pharmaceutics. 2007;342(1):208–214. DOI: 10.1016/j.ijpharm.2007.04.031.

[34] Paillard-Giteau A, Tran V, Thomas O, Garric X, Coudane J, Marchal S, et al. Effect of vari-
ous additives and polymers on lysozyme release from PLGA microspheres prepared by 
an s/o/w emulsion technique. European Journal of Pharmaceutics and Biopharmaceutics. 
2010;75(2):128–136. DOI: 10.1016/j.ejpb.2010.03.005.

[35] Thevenot J, Troutier A-L, Putaux J-L, Delair T, Ladaviere C. Effect of the polymer nature 
on the structural organization of lipid/polymer particle assemblies. The Journal of 
Physical Chemistry B. 2008;112(44):13812–13822. DOI: 10.1021/jp805865r.

[36] Liao Z, Wang H, Wang X, Zhao P, Wang S, Su W, et al. Multifunctional nanoparticles 

composed of a poly(dl-lactide-coglycolide) core and a paramagnetic liposome shell 

for simultaneous magnetic resonance imaging and targeted therapeutics. Advanced 

Functional Materials. 2011;21(6):1179–1186. DOI: 10.1002/adfm.201002314.

[37] Wang H, Zhao P, Su W, Wang S, Liao Z, Niu R, et al. PLGA/polymeric liposome for 
targeted drug and gene co-delivery. Biomaterials. 2010;31(33):8741–8748. DOI: 10.1016/j.
biomaterials.2010.07.082.

[38] Liang XF, Wang HJ, Luo H, Tian H, Zhang BB, Hao LJ, et al. Characterization of novel mul-
tifunctional cationic polymeric liposomes formed from octadecyl quaternized carboxy-

methyl chitosan/cholesterol and drug encapsulation. Langmuir. 2008;24(14):7147–7153.  
DOI: 10.1021/la703775a.

[39] Zhao P, Wang H, Yu M, Liao Z, Wang X, Zhang F, et al. Paclitaxel loaded folic acid 

targeted nanoparticles of mixed lipid-shell and polymer-core: in vitro and in vivo evalu-

ation. European Journal of Pharmaceutics and Biopharmaceutics. 2012;81(2):248–256. 
DOI: 10.1016/j.ejpb.2012.03.004.

[40] Li X, Anton N, Arpagaus C, Belleteix F, Vandamme TF. Nanoparticles by spray dry-

ing using innovative new technology: the Büchi Nano Spray Dryer B-90. Journal of 
Controlled Release. 2010;147(2):304–310. DOI: 10.1016/j.jconrel.2010.07.113.

Advanced Technology for Delivering Therapeutics80



[41] Hitzman CJ, Elmquist WF, Wattenberg LW, Wiedmann TS. Development of a respira-

ble, sustained release microcarrier for 5-fluorouracil I: in vitro assessment of liposomes, 
microspheres, and lipid coated nanoparticles. Journal of Pharmaceutical Sciences. 
2006;95(5):1114–1126. DOI: 10.1002/jps.20591.

[42] Keloglu N, Verrier B, Trimaille T, Sohier J. Controlled association and delivery of 
nanoparticles from jet-sprayed hybrid microfibrillar matrices. Colloids and Surfaces B: 
Biointerfaces. 2016;140:142–149. DOI: 10.1016/j.colsurfb.2015.12.039.

[43] Hasan W, Chu K, Gullapalli A, Dunn SS, Enlow EM, Luft JC, et al. Delivery of multiple 
siRNAs using lipid-coated PLGA nanoparticles for treatment of prostate cancer. Nano 
Letters. 2011;12(1):287–292. DOI: 10.1021/nl2035354.

[44] Caldorera-Moore M, Glangchai L, Shi L, Roy K. Step and flash imprint lithography 
for the fabrication of shape-specific, enzymatically-triggered, drug nanocarriers. UNE. 
2016;13:15.

[45] Cheow WS, Hadinoto K. Factors affecting drug encapsulation and stability of lipid–poly-

mer hybrid nanoparticles. Colloids and Surfaces B: Biointerfaces. 2011;85(2):214–220.  
DOI: 10.1016/j.colsurfb.2011.02.033.

[46] D'Addio SM, Prud'homme RK. Controlling drug nanoparticle formation by rapid 

precipitation. Advanced Drug Delivery Reviews. 2011;63(6):417–426. DOI: 10.1016/j.
addr.2011.04.005.

[47] Freese C, Gibson MI, Klok H-A, Unger RE, Kirkpatrick CJ. Size-and coating-dependent 
uptake of polymer-coated gold nanoparticles in primary human dermal microvascular 

endothelial cells. Biomacromolecules. 2012;13(5):1533–1543. DOI: 10.1021/bm300248u.

[48] Chu C-H, Wang Y-C, Huang H-Y, Wu L-C, Yang C-S. Ultrafine PEG-coated poly(lactic-
co-glycolic acid) nanoparticles formulated by hydrophobic surfactant-assisted one-

pot synthesis for biomedical applications. Nanotechnology. 2011;22(18):185601. DOI: 
10.1088/0957-4484/22/18/185601/meta.

[49] Liu Y, Pan J, Feng S-S. Nanoparticles of lipid monolayer shell and biodegradable 
polymer core for controlled release of paclitaxel: effects of surfactants on particles 
size, characteristics and in vitro performance. International Journal of Pharmaceutics. 
2010;395(1):243–250. DOI: 10.1016/j.ijpharm.2010.05.008.

[50] Bershteyn A, Chaparro J, Yau R, Kim M, Reinherz E, Ferreira-Moita L, et al. Polymer-
supported lipid shells, onions, and flowers. Soft Matter. 2008;4(9):1787–1791. DOI: 
10.1039/B804933E.

[51] Yang Z, Luo X, Zhang X, Liu J, Jiang Q. Targeted delivery of 10-hydroxycamptothecin 
to human breast cancers by cyclic RGD-modified lipid-polymer hybrid nanoparticles. 
Biomedical Materials. 2013;8(2):025012. DOI: 10.1088/1748-6041.

Hybrid Nano-carriers for Potential Drug Delivery
http://dx.doi.org/10.5772/66466

81



[52] Zheng M, Gong P, Zheng C, Zhao P, Luo Z, Ma Y, et al. Lipid-polymer nanoparticles 
for folate-receptor targeting delivery of doxorubicin. Journal of Nanoscience and 
Nanotechnology. 2015;15(7):4792–4798. DOI: 10.1166/jnn.2015.9604.

[53] Yang Z, Tang W, Luo X, Zhang X, Zhang C, Li H, et al. Dual-ligand modified polymer-
lipid hybrid nanoparticles for docetaxel targeting delivery to Her2/neu overexpressed 

human breast cancer cells. Journal of Biomedical Nanotechnology. 2015;11(8):1401–1417. 
DOI: 10.1166/jbn.2015.2086.

[54] Shi J, Xiao Z, Votruba AR, Vilos C, Farokhzad OC. Differentially charged hollow core/
shell lipid–polymer–lipid hybrid nanoparticles for small interfering RNA delivery. 

Angewandte Chemie. 2011;123(31):7165–7169. DOI: 10.1002/ange.201101554.

[55] Mandal B, Bhattacharjee H, Mittal N, Sah H, Balabathula P, Thoma LA, et al. Core–shell-
type lipid–polymer hybrid nanoparticles as a drug delivery platform. Nanomedicine: 
Nanotechnology, Biology and Medicine. 2013;9(4):474–491. DOI: 10.1016/j.nano.2012. 
11.010.

[56] Su C-W, Chiang M-Y, Lin Y-L, Tsai N-M, Chen Y-P, Li W-M, et al. Sodium dodecyl 

sulfate-modified doxorubicin-loaded chitosan-lipid nanocarrier with multi polysaccha-

ride-lecithin nanoarchitecture for augmented bioavailability and stability of oral admin-

istration in vitro and in vivo. Journal of Biomedical Nanotechnology. 2016;12(5):962–972. 
DOI: 10.1166/jbn.2016.2227.

[57] Su X, Fricke J, Kavanagh DG, Irvine DJ. In vitro and in vivo mRNA delivery using 
lipid-enveloped pH-responsive polymer nanoparticles. Molecular Pharmaceutics. 

2011;8(3):774–787. DOI: 10.1021/mp100390w.

[58] Ling G, Zhang P, Zhang W, Sun J, Meng X, Qin Y, et al. Development of novel self-
assembled DS-PLGA hybrid nanoparticles for improving oral bioavailability of vincris-

tine sulfate by P-gp inhibition. Journal of Controlled Release. 2010;148(2):241–248. DOI: 
10.1016/j.jconrel.2010.08.010.

[59] Zhang L, Chan JM, Gu FX, Rhee J-W, Wang AZ, Radovic-Moreno AF, et al. Self-
assembled lipid−polymer hybrid nanoparticles: a robust drug delivery platform. ACS 
Nano. 2008;2(8):1696–1702. DOI: 10.1021/nn800275r.

[60] He C, Lu J, Lin W. Hybrid nanoparticles for combination therapy of cancer. Journal of 
Controlled Release. 2015;219:224–236. DOI: 10.1080/17425247.2016.1211637.

[61] Yang X-Z, Dou S, Wang Y-C, Long H-Y, Xiong M-H, Mao C-Q, et al. Single-step assem-

bly of cationic lipid–polymer hybrid nanoparticles for systemic delivery of siRNA. ACS 

Nano. 2012;6(6):4955–4965. DOI: 10.1021/nn300500u.

[62] Wang G, Yu B, Wu Y, Huang B, Yuan Y, Liu CS. Controlled preparation and antitu-

mor efficacy of vitamin E TPGS-functionalized PLGA nanoparticles for delivery of 
paclitaxel. International Journal of Pharmaceutics. 2013;446(1):24–33. DOI: 10.1016/j.
ijpharm.2013.02.004.

Advanced Technology for Delivering Therapeutics82



[63] Fang RH, Aryal S, Hu C-MJ, Zhang L. Quick synthesis of lipid−polymer hybrid 
nanoparticles with low polydispersity using a single-step sonication method. Langmuir. 

2010;26(22):16958–16962. DOI: 10.1021/la103576a.

[64] Liu Y, Li K, Pan J, Liu B, Feng S-S. Folic acid conjugated nanoparticles of mixed lipid 
monolayer shell and biodegradable polymer core for targeted delivery of Docetaxel. 

Biomaterials. 2010;31(2):330–338. DOI: 10.1016/j.biomaterials.2009.09.036.

[65] Mandal B, Mittal NK, Balabathula P, Thoma LA, Wood GC. Development and in vitro 
evaluation of core–shell type lipid–polymer hybrid nanoparticles for the delivery of 

erlotinib in non-small cell lung cancer. European Journal of Pharmaceutical Sciences. 
2016;81:162–171. DOI: 10.1016/j.ejps.2015.10.021.

[66] Wong HL, Bendayan R, Rauth AM, Xue HY, Babakhanian K, Wu XY. A mechanistic 

study of enhanced doxorubicin uptake and retention in multidrug resistant breast can-

cer cells using a polymer-lipid hybrid nanoparticle system. Journal of Pharmacology 
and Experimental Therapeutics. 2006;317(3):1372–1381. DOI: 10.1124/jpet.106.101154.

[67] Wong HL, Bendayan R, Rauth AM, Wu XY. Simultaneous delivery of doxorubicin and 

GG918 (Elacridar) by new polymer-lipid hybrid nanoparticles (PLN) for enhanced 
treatment of multidrug-resistant breast cancer. Journal of Controlled Release. 2006;116 

(3):275–284. DOI: 10.1016/j.jconrel.2006.09.007.

[68] Kumar S, Lather V, Pandita D. Green synthesis of therapeutic nanoparticles: an expand-

ing horizon. Nanomedicine. 2015;10(15):2451–2471. DOI: 10.2217/nnm.15.112.

[69] Payyappilly SS, Panja S, Mandal P, Dhara S, Chattopadhyay S. Organic solvent-free low 
temperature method of preparation for self assembled amphiphilic poly(ϵ-caprolactone)–

poly(ethylene glycol) block copolymer based nanocarriers for protein delivery. Colloids 

and Surfaces B: Biointerfaces. 2015;135:510–517. DOI: 10.1016/j.colsurfb.2015.07.075.

[70] Kumar S, Lather V, Pandita D. A facile green approach to prepare core-shell hybrid 

PLGA nanoparticles for resveratrol delivery. International Journal of Biological Mac-
romolecules 2016;84:380–384. DOI: 10.1016/j.ijbiomac.2015.12.036.

[71] Gómez-Romero P, Sanchez C. Hybrid materials, functional applications. An introduc-

tion: Wiley-VCH Verlag GmbH & Co. KGaA: Weinheim, Germany; 2004.

[72] Van Bommel KJ, Friggeri A, Shinkai S. Organic templates for the generation of inorganic 
materials. Angewandte Chemie, International Edition. 2003;42(9):980–999. DOI: 10.1002/
anie.200390284.

[73] Sanchez C, Belleville P, Popall M, Nicole L. Applications of advanced hybrid organic–

inorganic nanomaterials: from laboratory to market. Chemical Society Reviews. 
2011;40(2):696–753. DOI: 10.1039/C0CS00136H.

[74] Corriu RJ, Mehdi A, Reyé C, Thieuleux C. Control of coordination chemistry in both 
the framework and the pore channels of mesoporous hybrid materials. New Journal of 
Chemistry. 2003;27(6):905–908. DOI: 10.1039/B302027D.

Hybrid Nano-carriers for Potential Drug Delivery
http://dx.doi.org/10.5772/66466

83



[75] Shen M, Shi X. Dendrimer-based organic/inorganic hybrid nanoparticles in biomedical 

applications. Nanoscale. 2010;2(9):1596–1610. DOI: 10.1039/C0NR00072H.

[76] Agrawal U, Chashoo G, Sharma PR, Kumar A, Saxena AK, Vyas SP. Tailored polymer–
lipid hybrid nanoparticles for the delivery of drug conjugate: dual strategy for brain 
targeting. Colloids and Surfaces B: Biointerfaces. 2015;126:414–425. DOI: 10.1016/j.
colsurfb.2014.12.045.

[77] Carbone C, Manno D, Serra A, Musumeci T, Pepe V, Tisserand C, et al. Innovative hybrid 

vs polymeric nanocapsules: the influence of the cationic lipid coating on the “4S”. Colloids 
and Surfaces B: Biointerfaces. 2016;141:450–457. DOI: 10.1016/j.colsurfb.2016.02.002.

[78] Chan JM, Zhang L, Yuet KP, Liao G, Rhee J-W, Langer R, et al. PLGA–lecithin–PEG 
core–shell nanoparticles for controlled drug delivery. Biomaterials. 2009;30(8):1627–1634. 
DOI: 10.1016/j.biomaterials.2008.12.013.

[79] Clawson C, Ton L, Aryal S, Fu V, Esener S, Zhang L. Synthesis and characterization of 

lipid–polymer hybrid nanoparticles with pH-triggered poly(ethylene glycol) shedding. 

Langmuir. 2011;27(17):10556–10561. DOI: 10.1021/la202123e.

[80] Troutier A-L, Delair T, Pichot C, Ladavière C. Physicochemical and interfacial investiga-

tion of lipid/polymer particle assemblies. Langmuir. 2005;21(4):1305–1313. DOI: 10.1021/
la047659t.

[81] Devrim B, Kara A, Vural I, Bozkir A. Lysozyme-loaded lipid-polymer hybrid nanoparti-

cles: preparation, characterization and colloidal stability evaluation. Drug Development 
and Industrial Pharmacy. 2016:1–12. DOI: 10.1080/03639045.2016.1180392.

[82] Dim N, Perepelyuk M, Gomes O, Thangavel C, Liu Y, Den R, et al. Novel targeted 
siRNA-loaded hybrid nanoparticles: preparation, characterization and in vitro evalua-

tion. Journal of Nanobiotechnology. 2015;13:61. DOI: 10.1186/s12951-015-0124-2.

[83] El-Sherbiny IM, El-Shibiny A, Salih E. Photo-induced green synthesis and antimicrobial 

efficacy of poly (ɛ-caprolactone)/curcumin/grape leaf extract-silver hybrid nanoparti-

cles. Journal of Photochemistry and Photobiology B: Biology. 2016;160:355–363.

[84] Wong HL, Rauth AM, Bendayan R, Manias JL, Ramaswamy M, Liu Z, et al. A new 
polymer–lipid hybrid nanoparticle system increases cytotoxicity of doxorubicin against 

multidrug-resistant human breast cancer cells. Pharmaceutical Research. 2006;23(7): 
1574–1585. DOI: 10.1007/s11095-006-0282-x.

[85] Xie Y, Qiao H, Su Z, Chen M, Ping Q, Sun M. PEGylated carboxymethyl chitosan/calcium 
phosphate hybrid anionic nanoparticles mediated hTERT siRNA delivery for anticancer 

therapy. Biomaterials. 2014;35(27):7978–7991. DOI: 10.1016/j.biomaterials.2014.05.068.

[86] Zhang J, Hu J, Chan HF, Skibba M, Liang G, Chen M. iRGD decorated lipid-polymer 
hybrid nanoparticles for targeted co-delivery of doxorubicin and sorafenib to enhance 

anti-hepatocellular carcinoma efficacy. Nanomedicine. 2016;12(5):1303–1311. DOI: 
10.1016/j.nano.2016.01.017.

Advanced Technology for Delivering Therapeutics84



[87] Zhang RX, Cai P, Zhang T, Chen K, Li J, Cheng J, et al. Polymer–lipid hybrid nanopar-

ticles synchronize pharmacokinetics of co-encapsulated doxorubicin–mitomycin C 

and enable their spatiotemporal co-delivery and local bioavailability in breast tumor. 

Nanomedicine: Nanotechnology, Biology and Medicine 2016;12(5):1279–1290. DOI: 
10.1016/j.nano.2015.12.383.

[88] Kandel PK, Fernando LP, Ackroyd PC, Christensen KA. Incorporating functionalized 

polyethylene glycol lipids into reprecipitated conjugated polymer nanoparticles for bio-

conjugation and targeted labeling of cells. Nanoscale. 2011;3(3):1037–1045. DOI: 10.1039/
C0NR00746C.

[89] Sengupta S, Eavarone D, Capila I, Zhao G, Watson N, Kiziltepe T, et al. Temporal tar-

geting of tumour cells and neovasculature with a nanoscale delivery system. Nature. 

2005;436(7050):568–572. DOI: 10.1038/nature03794.

[90] Palange AL, Di Mascolo D, Carallo C, Gnasso A, Decuzzi P. Lipid–polymer nanopar-

ticles encapsulating curcumin for modulating the vascular deposition of breast cancer 

cells. Nanomedicine: Nanotechnology, Biology and Medicine. 2014;10(5):e991-e1002. 
DOI: 10.1016/j.nano.2014.02.004.

[91] Wang W, Chen S, Zhang L, Wu X, Wang J, Chen J-F, et al. Poly(lactic acid)/chitosan 
hybrid nanoparticles for controlled release of anticancer drug. Materials Science and 

Engineering C 2015;46:514–520. DOI: 10.1016/j.msec.2014.10.048.

[92] Yan J, Wang Y, Zhang X, Liu S, Tian C, Wang H. Targeted nanomedicine for pros-

tate cancer therapy: docetaxel and curcumin co-encapsulated lipid-polymer hybrid 
nanoparticles for the enhanced anti-tumor activity in vitro and in vivo. Drug Delivery. 

2016;23(5):1757–1762. DOI: 10.3109/10717544.2015.1069423.

[93] Shi K, Zhou J, Zhang Q, Gao H, Liu Y, Zong T, et al. Arginine-glycine-aspartic acid-
modified lipid-polymer hybrid nanoparticles for docetaxel delivery in glioblastoma 
multiforme. Journal of Biomedical Nanotechnology. 2015;11(3):382–391. DOI: 10.1166/
jbn.2015.1965.

[94] Ramasamy T, Tran TH, Choi JY, Cho HJ, Kim JH, Yong CS, et al. Layer-by-layer coated 
lipid–polymer hybrid nanoparticles designed for use in anticancer drug delivery. 

Carbohydrate Polymers. 2014;102:653–661. DOI: 10.1016/j.carbpol.2013.11.009.

[95] Wu B, Yu P, Cui C, Wu M, Zhang Y, Liu L, et al. Folate-containing reduction-sensitive 

lipid-polymer hybrid nanoparticles for targeted delivery of doxorubicin. Biomaterials 

Science. 2015;3(4):655–664. DOI: 10.1039/C4BM00462K.

[96] Messerschmidt SK, Musyanovych A, Altvater M, Scheurich P, Pfizenmaier K, Landfester 
K, et al. Targeted lipid-coated nanoparticles: delivery of tumor necrosis factor-function-

alized particles to tumor cells. Journal of Controlled Release. 2009;137(1):69–77. DOI: 
10.1016/j.jconrel.2009.03.010.

[97] Varthya M, Pawar H, Singh C, Dora CP, Jena SK, Suresh S. Development of novel 
polymer-lipid hybrid nanoparticles of tamoxifen: in vitro and in vivo evaluation. 
Journal of Nanoscience and Nanotechnology. 2016;16(1):253–260. DOI: 10.1166/jnn. 
2016.10651.

Hybrid Nano-carriers for Potential Drug Delivery
http://dx.doi.org/10.5772/66466

85



[98] Kumar S, Sangwan P, Lather V, Pandita D. Biocompatible PLGA-oil hybrid nanopar-

ticles for high loading and controlled delivery of resveratrol. Journal of Drug Delivery 
Science and Technology. 2015;30:54–62. DOI: 10.1016/j.jddst.2015.09.016.

[99] Makino K, Yamada T, Kimura M, Oka T, Ohshima H, Kondo T. Temperature-and ionic 

strength-induced conformational changes in the lipid head group region of liposomes 

as suggested by zeta potential data. Biophysical Chemistry. 1991;41(2):175–183. DOI: 
10.1016/0301-4622(91)80017-L.

[100] Hallan SS, Kaur P, Kaur V, Mishra N, Vaidya B. Lipid polymer hybrid as emerg-

ing tool in nanocarriers for oral drug delivery. Artificial Cells, Nanomedicine, and 
Biotechnology. 2016;44(1):334–349. DOI: 10.3109/21691401.2014.951721.

[101] Mornet S, Lambert O, Duguet E, Brisson A. The formation of supported lipid bilayers 

on silica nanoparticles revealed by cryoelectron microscopy. Nano Letters. 2005;5(2): 
281–285. DOI: 10.1021/nl048153y.

[102] Schmitt J, Danner B, Bayerl TM. Polymer cushions in supported phospholipid bilayers 
reduce significantly the frictional drag between bilayer and solid surface. Langmuir. 
2001;17(1):244–246. DOI: 10.1021/la001275v.

[103] Romberg B, Hennink WE, Storm G. Sheddable coatings for long-circulating nanopar-

ticles. Pharmaceutical Research. 2008;25(1):55–71. DOI: 10.1007/s11095-007-9348-7.

[104] Zhong Q, Chinta DMD, Pamujula S, Wang H, Yao X, Mandal TK, et al. Optimization 

of DNA delivery by three classes of hybrid nanoparticle/DNA complexes. Journal of 
Nanobiotechnology. 2010;8(1):1. DOI: 10.1186/1477-3155-8-6.

[105] Bershteyn A, Hanson MC, Crespo MP, Moon JJ, Li AV, Suh H, et al. Robust IgG 
responses to nanograms of antigen using a biomimetic lipid-coated particle vaccine. 

Journal of Controlled Release. 2012;157(3):354–365. DOI: 10.1016/j.jconrel.2011.07.029.

[106] Luo Y, Teng Z, Li Y, Wang Q. Solid lipid nanoparticles for oral drug delivery: chito-

san coating improves stability, controlled delivery, mucoadhesion and cellular uptake. 

Carbohydrate Polymers. 2015;122:221–229. DOI: 10.1016/j.carbpol.2014.12.084.

[107] Harde H, Agrawal AK, Jain S. Tetanus toxoids loaded glucomannosylated chitosan 
based nanohoming vaccine adjuvant with improved oral stability and immunostimu-

latory response. Pharmaceutical Research. 2015;32(1):122–134. DOI: 10.1007/s11095- 
014-1449-5.

[108] Badhulika S, Terse-Thakoor T, Villarreal C, Mulchandani A. Graphene hybrids: syn-

thesis strategies and applications in sensors and sensitized solar cells. Frontiers in 

Chemistry. 2015;3. DOI: 10.3389/fchem.2015.00038.

[109] Rehman M, Asadullah Madni AI, Khan WS, Khan MI, Mahmood MA, Ashfaq M, et al. 

Solid and liquid lipid-based binary solid lipid nanoparticles of diacerein: in vitro eval-
uation of sustained release, simultaneous loading of gold nanoparticles, and poten-

tial thermoresponsive behavior. International Journal of Nanomedicine. 2015;10:2805. 
DOI: 10.2147/IJN.S67147.

Advanced Technology for Delivering Therapeutics86



[110] Javed I, Hussain SZ, Shahzad A, Khan JM, Rehman M, Usman F, et al. Lecithin-
gold hybrid nanocarriers as efficient and pH selective vehicles for oral delivery of  
diacerein—in-vitro and in-vivo study. Colloids and Surfaces B: Biointerfaces. 2016; 
141:1–9. DOI: 10.1016/j.colsurfb.2016.01.022.

[111] Umair M, Javed I, Rehman M, Madni A, Javeed A, Ghafoor A, et al. Nanotoxicity of 
inert materials: the case of gold, silver and iron. Journal of Pharmacy & Pharmaceutical 
Sciences. 2016;19(2):161–180. DOI: 10.18433/J31021.

[112] McCarthy JR, Weissleder R. Multifunctional magnetic nanoparticles for targeted imag-

ing and therapy. Advanced Drug Delivery Reviews. 2008;60(11):1241–1251. DOI: 
10.1016/j.addr.2008.03.014.

[113] Lee N, Yoo D, Ling D, Cho MH, Hyeon T, Cheon J. Iron oxide based nanoparticles 
for multimodal imaging and magnetoresponsive therapy. Chemical Reviews. 

2015;115(19):10637–10689. DOI: 10.1021/acs.chemrev.5b00112.

[114] Shi J, Jiang Y, Wang X, Wu H, Yang D, Pan F, et al. Design and synthesis of organic–
inorganic hybrid capsules for biotechnological applications. Chemical Society Reviews. 

2014;43(15):5192–5210. DOI: 10.1039/C4CS00108G.

[115] Portney NG, Singh K, Chaudhary S, Destito G, Schneemann A, Manchester M, et al. 
Organic and inorganic nanoparticle hybrids. Langmuir. 2005;21(6):2098–2103. DOI: 
10.1021/la047525f.

[116] Zhou W, Huang P-JJ, Ding J, Liu J. Aptamer-based biosensors for biomedical diagnos-

tics. Analyst. 2014;139(11):2627–2640. DOI: 10.1039/C4AN00132J.

[117] Sreejith S, Ma X, Zhao Y. Graphene oxide wrapping on squaraine-loaded mesopo-

rous silica nanoparticles for bioimaging. Journal of the American Chemical Society. 
2012;134(42):17346–17349. DOI: 10.1021/ja305352d.

[118] Maji SK, Mandal AK, Nguyen KT, Borah P, Zhao Y. Cancer cell detection and thera-

peutics using peroxidase-active nanohybrid of gold nanoparticle-loaded mesoporous 

silica-coated graphene. ACS Applied Materials & Interfaces. 2015;7(18):9807–9816. 
DOI: 10.1021/acsami.5b01758.

Hybrid Nano-carriers for Potential Drug Delivery
http://dx.doi.org/10.5772/66466

87




