
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=iedd20

Download by: [Bruno Sarmento] Date: 11 October 2016, At: 23:49

Expert Opinion on Drug Delivery

ISSN: 1742-5247 (Print) 1744-7593 (Online) Journal homepage: http://www.tandfonline.com/loi/iedd20

Exploitation of lipid-polymeric matrices at
nanoscale for drug delivery applications

Débora Sgorla, Élcio J. Bunhak, Osvaldo A. Cavalcanti, Pedro Fonte & Bruno
Sarmento

To cite this article: Débora Sgorla, Élcio J. Bunhak, Osvaldo A. Cavalcanti, Pedro Fonte
& Bruno Sarmento (2016) Exploitation of lipid-polymeric matrices at nanoscale for
drug delivery applications, Expert Opinion on Drug Delivery, 13:9, 1301-1309, DOI:
10.1080/17425247.2016.1182492

To link to this article:  http://dx.doi.org/10.1080/17425247.2016.1182492

Accepted author version posted online: 25
Apr 2016.
Published online: 11 May 2016.

Submit your article to this journal 

Article views: 43

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=iedd20
http://www.tandfonline.com/loi/iedd20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/17425247.2016.1182492
http://dx.doi.org/10.1080/17425247.2016.1182492
http://www.tandfonline.com/action/authorSubmission?journalCode=iedd20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=iedd20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/17425247.2016.1182492
http://www.tandfonline.com/doi/mlt/10.1080/17425247.2016.1182492
http://crossmark.crossref.org/dialog/?doi=10.1080/17425247.2016.1182492&domain=pdf&date_stamp=2016-04-25
http://crossmark.crossref.org/dialog/?doi=10.1080/17425247.2016.1182492&domain=pdf&date_stamp=2016-04-25


REVIEW

Exploitation of lipid-polymeric matrices at nanoscale for drug delivery applications
Débora Sgorlaa, Élcio J. Bunhaka, Osvaldo A. Cavalcantib, Pedro Fontec,d and Bruno Sarmento a,d,e,f

aCentro de Ciências Médicas e Farmacêuticas, Universidade Estadual do Oeste do Paraná, Cascavel, Brasil; bDepartamento de Farmacologia e
Terapêutica, Universidade Estadual de Maringá, Maringá, Brasil; cUCIBIO, REQUIMTE, Department of Chemical Sciences - Applied Chemistry Lab,
Faculty of Pharmacy, University of Porto, Porto, Portugal; dCESPU, Instituto de Investigação e Formação Avançada em Ciências e Tecnologias da
Saúde and Instituto Universitário de Ciências da Saúde, Gandra-PRD, Portugal; ei3S, Instituto de Investigação e Inovação em Saúde, Universidade
do Porto, Portugal; fINEB − Instituto de Engenharia Biomédica, Universidade do Porto, Porto, Portugal

ABSTRACT
Introduction: Progress in drug delivery and a better quality of life for patients, relies on the develop-
ment of new and suitable drug carrier systems, with unequivocal therapeutic benefits, low systemic
toxicity and reduced side effects. Lipid-polymeric nanoparticles have been explored to produce nano-
carriers due to their features and applications such as high drug entrapment, physical-chemical stability
and controlled release properties.
Areas covered: In this review, we describe several hybrid nanoparticles obtained from mixing a
polymer with a lipid matrix. This association can potentiate the efficacy of drug delivery systems, due
to the enhancement of encapsulation efficiency and loading capacity, tailoring the drug release
according to the therapeutic purpose, and improving the drug uptake by targeting it to specific
receptors. Contrary to lipid nanoparticles, these hybrid nanoparticles can decrease the initial burst
release and promote a more sustained and localized release of the drug.
Expert Opinion: Lipid-polymeric nanoparticles are versatile vehicles for drug delivery by different
administration routes in the treatment of multiple diseases. Different solid lipids, polymers, surfactants
and techniques for producing these carriers have been investigated, revealing the importance of their
composition to achieve optimal characteristics to drug delivery.
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1. Introduction

The development of suitable drug carrier systems is a constant
demand to ensure progress in drug therapy, mainly because a
lot of bioactive molecules still possess intrinsic drawbacks
related with therapy failure such as poor solubility and perme-
ability, rapid elimination from the body, and high drug toxi-
city.[1,2] In this context, nanotechnology has been
revolutionizing the development of new therapies. The nanos-
cale drug delivery development is providing tools to allow
drug uptake through physiological barriers, raising their bioa-
vailability and decreasing their toxicity and side effects.

In the 1990s, solid lipid nanoparticles (SLN) were intro-
duced with the purpose of gathering the advantages of
other colloidal carriers such as polymeric nanoparticles,
nanoemulsions, and liposomes [3–5] but avoiding some of
their disadvantages.[6] The mean particle diameter is fre-
quently in the range of 50–1000 nm and they are composed
of lipids in solid state at room and body temperature.[6–8] The
lipids employed to produce SLN are physiologically well toler-
ated, with reduced risk of acute and chronic toxicity.[1,9]
Additionally, SLN may also control and/or target drug release,
improve the stability of drugs enhancing its bioavailability,
and ease scale up for industrial production.[8] Because of all
these features, SLN have attracted increasing attention during
recent years and have been extensively investigated to

encapsulate anticancer drugs,[10] to incorporate or adsorb
proteins and peptides,[11] and also used in gene delivery.
[12] Moreover, SLN have been used in different administration
routes, such as parenteral,[13,14] oral,[15,16] ocular,[17]
pulmonary,[18] dermal,[6,19] and rectal.[20] Although SLN
present many advantages, some limitations have also been
reported, such as low drug loading capacity, high water
content of the dispersions that may expulse the active
compounds during storage, polymorphic transitions, and
lipid crystallinity.[1,13] To overcome these disadvantages, a
new generation of lipid nanoparticles comprised by nanos-
tructured lipid carriers (NLC) and lipid–drug conjugates (LDC)
have been developed by introducing modifications to SLNs.

NLC are produced by mixing different blends of solid with
liquid lipids (oils), preferably in a ratio from 70:30 to 99:1,
lowering the melting point of mixtures comparatively to the
solid lipid alone. The natural consequence for the lipid matrix
is an increase in the drug loading capacity due to a less-
ordered matrix, resulting in more spaces available for drugs
in the nanoparticles core, reducing the potential expulsion of
the active compound during storage.[6,18,19] The LCD were
developed as a different approach to improve the loading
capacity of hydrophilic active compounds, so the lipophilicity
of hydrophilic drugs may be increased by its conjugation with
lipids and can either be prepared by salt formation or by
covalent linking.[7,14,21]
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Recently, a new approach to enhance the features of lipid-
based nanoparticles has been based in the modification of the
lipid matrix with polymers, creating a lipid-polymeric matrix
entrapping drugs. Such platforms are fully described in this
review. The physical association between polymers and lipids
in the same particle is able to enhance the encapsulation
efficiency and loading capacity of drugs, taking advantage of
polymer moieties to target specific cell receptors, and
decrease the initial burst release usually associated with SLN.
These hybrid particles are good alternatives to decrease sys-
temic toxicity and number of administrations, consequently
reducing side effects and improving treatment adherence by
patients.

The purpose of this review is to fully describe the recent
findings of the use of lipid-polymeric nanoparticles. Thus, it is
important to understand how the polymers can improve the

features of lipid matrices, which polymers have been studied
so far and how they are embedded in the matrix to load
drugs, whereas they are hydrophilic or lipophilic, and also
the different diseases that can potentially be treated by
these carriers.

2. Hybrid lipid-polymeric nanoparticles

2.1. Types of lipid-polymeric nanoparticles

Polymers can be located in nanoparticles in four different
manners: (1) surrounding the solid lipid core, (2) complexed
with the drug, (3) dispersed at the solid lipid matrix, or (4) in a
polymeric core (Figure 1). For example, when zidovudine, a
model hydrophilic active, was encapsulated in a lipid-poly-
meric nanoparticle, the pemulen polymer created a layer
around Cutina® HR matrix. In this delivery system, the lipid in
which the drug would is dispersed needs to be polar, because
zidovudine is hydrophilic, so the hydroxyl groups in Cutina®

HR may render a partial hydrophilic environment accommo-
dating the drug within the solid matrix. The pemulen polymer,
which is an amphipathic macromolecule due to both its
hydrophilic (poly acrylic acid blocks) and lipophilic region
(methacrylate unit) may help to reduce the interfacial tension
between the lipid and the external water phase, facilitating
zidovudine encapsulation.[22] Additionally, pemulen can cre-
ate a diffusion barrier that could control the drug release.[23]

The ionic complexation between anionic polymers and
cationic drugs may increase its loading into lipid-polymeric
nanoparticles, improving drugs bioavailability. Examples of this
are the assembly of nanocarriers containing dextran sulfate for
delivery of doxorubicin/verapamil or quinidine/verapamil [24]
and sodium alginate-polymyxin B sulfate complex entrapped

Article highlights

● Solid lipid nanoparticles (SLN) are considered safe vehicles for drug
delivery, composed of lipids in solid state at room and body
temperature.

● To overcome some disadvantages of SLN, different lipid-based nano-
particles have been engineered such as nanostructured lipid carriers
(NLC), lipid-drug conjugates (LDC) and more recently lipid-polymeric
nanoparticles.

● Different polymers of natural or synthetic nature may be used to
modify the lipid structure of nanoparticles.

● This hybrid nanoparticle system can incorporate drugs with different
physical-chemical properties, and be administered by different routes
according to the therapeutic target.

● Lipid-polymeric nanoparticles have shown very promising results in
drug delivery.

This box summarizes key points contained in the article.

Figure 1. Different types of hybrid lipid-polymeric nanoparticles considering the localization of the polymer. (a) surrounding the solid lipid core, (b) complexed with
the drug, (c) dispersed at the solid lipid matrix or (d) forming a polymeric core.
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into SLN.[25] The latter revealed to be less toxic than free
polymyxin, and enhanced the minimal inhibitory concentration
against the evaluated strains. In addition to ionic complexation
between dextran sulfate and doxorubicin, Ramasamy et al.
developed a carrier in which the solid lipid core containing
the complex was coated with two layers of polymers to further
improve nanoparticles delivery features.[26] The first layer was
composed of chitosan interacting with hyaluronic acid (HA) by
electrostatic interaction, with shorter HA chains diffusing
between the longer chitosan polymer chains. The HA may be
useful to control the release kinetics of drugs and act as target-
ing moiety, ensuring a constant exposure at the tumor site, and
thus present a low systemic cytotoxicity and enhance the ther-
apeutic effect of doxorubicin.

Another strategy is by incorporating curcumin into lipid-
polymeric nanoparticles composed by stearic acid as solid
lipid, poly-hydroxyethyl methacrylate (PHEMA) as polymer
and Pluronic F68 as emulsifier. These nanoparticles allowed a
high drug loading, and the conjoint effort to encapsulate
curcumin appeared to be promising due to the potential of
long-term systemic circulation.[27] Besides, in some papers,
the poly(lactic-co-glycolic acid) (PLGA) was very important to
form the primary w/o emulsion during SLNs preparation,
when its content was increased the stability of the emulsion
was improved and it also enhanced encapsulation efficiency
and loading capacity of the drug.[28–30]

A different strategy may use the polymer to create the
nanoparticle core, surrounded by the lipid which is conjugated
with polyethylene glycol (PEG) chains allowing a longer half-
life in blood circulation. These nanoparticles tend to accumu-
late into the cytoplasm of cells and the drug release may occur
by progressive hydrolysis of the polymeric matrix in the lyso-
somal environment.[31–33]

Most of lipid-polymeric nanoparticles present a controlled
or sustained release with a reduced burst release. Abbaspour
et al. explained that the burst release can be related with
hydrophilic drugs accumulated at the o/w interface and in
the outer shell during nanoparticles preparation; on other
hand, when the drug is in the lipid core, a more prolonged
release would be achieved.[34] Therefore, the polymer incor-
poration (ionic complexed with the drug or dispersed at the
lipid matrix) can facilitate drug partitioning in the lipid phase,
increasing the amount of drug entrapped within the lipid
matrix and result in a slower drug release. Polymer surround-
ing the solid lipid core can offer a barrier for diffusion of
incorporated drug and at the same way result in an enhanced
sustained slow-release profile.

Still talking about stability in some researches were studied
the store stability of the lipid-polymeric nanoparticles, some of
them assessed it for 1 or 2 weeks others for 1–6 months or
even 1 year (in different temperature conditions). In all tests,
there were no significant changes in hybrid nanoparticle fea-
tures such as particle size, zeta potential, or percent drug
encapsulation, demonstrating their stability over the different
conditions. For example, Ridolfi et al. evaluated their lipid-
polymeric nanoparticles during 1 year at 4°C protected from
the light.[35] The results indicate a high physical stability,
explained by their high zeta (55.9 ± 3.1 at time zero and
after 1 year 63.7 ± 2.7 mV). In general, particles could be

dispersed stably when absolute value of zeta potential was
above 30 mV due to the electric repulsion between particles.

Pokharkar et al. evaluated the store stability of the hybrid
nanoparticles in three different temperatures, at 4°C, 25°C/60%
RH, and 40°C/75% RH and also achieved good results.[23] At
the end of 6 months, the sizes were 240 ± 2.1, 248 ± 3.42, and
251 ± 4.2 nm and the encapsulation efficiency were calculated
to be 82.19 ± 2.1%, 80.73 ± 3.7%, and 78.91 ± 2.19%, for it
temperature, respectively. Furthermore, the zeta potential also
remained within −40.16 ± 2.53 and −43.16 ± 3.13 mV at all the
three temperature conditions.

Moreover, all lipid-polymeric nanoparticles had a semisphe-
rical to spherical morphology and the average particle size
ranged from 50 to 900 nm, its submicron-sized particles and
also the solid state of physiological lipid-based carriers favor
the pharmaceutical and biopharmaceutical applications of
lipid-polymeric nanoparticles.

Gao et al. developed microspheres for colon-specific drug
delivery and achieved a pH-dependent controlled drug
release.[36,37] The 10-hydroxycamptothecin (HCPT)-loaded
lipid-polymeric microspheres uptake at the upper gastrointest-
inal tract were decreased and increased in the colon tissue. It
is confirmed in the pharmacokinetics studies that compared
the results between hybrid microspheres and enteric ones.
After oral administration, the enteric microspheres released
HPCT in the ileum or the ileocecal region, resulting in higher
drug concentration for systemic absorption before reaching
the colon. On the other hand, due to slow and incomplete
release of HCPT from lipid-polymeric microspheres in the
terminal ileum, the peak time of drug absorption was delayed
to 6 h (by contrast 2 h to enteric microspheres), being easily
retained by the mucosa when they reach the colon, and
decreasing the possible systemic bioavailability.

In vitro tests showed that insulin entrapped into nanopar-
ticles prepared with stearic acid–octaarginine (SA-R8), passed
through a Caco-2 monolayer more efficiently than unloaded
insulin.[38] Moreover, insulin-loaded lipid-polymeric nanopar-
ticles promoted the internalization of insulin in these cells 8
times higher than insulin-loaded SLN. Figure 2 shows the
glucose response profiles after subcutaneous or duodenal
administration to streptozocin-diabetic rats and it was in
agreement with aforementioned studies that these hybrid
nanoparticles is a useful tool for delivering macromolecules
across cell membranes. According to the authors, lipid-poly-
meric nanoparticles achieved good hypoglycemic effects with
a maximum blood glucose lowering of 29.7% at 1.5 h, better
than insulin-loaded SLN that was 73.2% at 2 h.

Another carrier, lipid-polymeric nanoparticles prepared
with wheat germ agglutinin-N-glutaryl-phosphatidylethano-
lamine conjugate (WGA) also enhanced the intestinal uptake
of insulin.[39] These nanoparticles protected insulin from
degradation by digestive enzymes in in vitro tests, and
in vivo they exhibited enhanced hypoglycemic effect after
oral administration. This system presented an insulin relative
bioavailability of 7.11% in comparison to subcutaneous insu-
lin and to insulin-loaded SLNs with only 4.99%. These results
occurred because the lipid-polymeric nanoparticles improved
the intestinal uptake of insulin, decreasing the blood glucose
level.
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2.2. Effect of polymer–lipid–drug interactions

Lipid-polymeric nanoparticles can be administered by differ-
ent routes, so it is important to understand how the polymers
can interfere on cell–lipid matrix interaction or like the lipid–
polymer conjunct acts on cellular level.

The nasal route was chosen to analyze the delivery of
tenofovir disoproxil fumarate (TDF) entrapped into hybrid
nanoparticles in a gel.[23] The drug permeation through
nasal mucosa was enhanced by action of lauric acid that can
increase the fluidity of membrane phospholipids, and pemu-
len polymer can open the tight junctions increasing the para-
cellular pathway transport. Histopathology studies after
nanoparticles permeation showed no significant effect in the
mucosa structure.

Chitosan is known by its bioadhesive properties, so when
this polysaccharide is used for topical delivery of a drug it is
possible increase the retention of the drug at the site of action
because its positive charges adhere to negative-charged skin.
Besides, chitosan antimicrobial activity could be added to
certain drugs. In their study, Ridolfi et al. assessed the in
vitro cytotoxicity of the lipid-polymeric nanoparticles loaded
with tretinoin in keratinocytes because these ones are the
predominant resident cells in the epidermis and observed
absence of cytotoxicity.[35] Moreover, a better antibacterial
activity against Proprionibacterium acnes and Staphylococcus
aureus were achieved with the hybrid nanoparticles. It was
necessary for a low lipid-polymeric nanoparticles concentra-
tion to inhibit the growth of these bacteria compared to
tretinoin-loaded SLN.

The administration of HCPT and insulin were assessed by
oral route. For the first, the polymer (Eudragit S100) employed
an important role to deliver the drug to the site of action.[37]
On the other hand, the polymers used in the fabrication of
nanocarriers for insulin delivery were responsible for protect
the active from enzymatic degradation and enhanced its
uptake and hypoglycemic effect.[38,39] So, in both cases,

polymers were used to protect the drugs from harsh environ-
ment of the upper gastrointestinal tract.

The parenteral route is the most common to administrate
anticancer drugs and polymers influence the drug release
kinetics, prolonging its half-life in blood circulation by decreas-
ing unnecessary interactions between plasma proteins and
nanoparticles. Lipid-polymeric nanoparticles formulated by
Palange et al. were constituted by a polymeric core that was
responsible for drug release through progressive hydrolyses in
the lysosomal environment. On the other hand, the PEG chains
and lipid layer, which formed a surface coating, would provide
a long circulation half-life.[31]

3. Applications of lipid-polymeric nanoparticles on
drug delivery

Both synthetic and natural polymers are used to produce new
drug delivery systems, and Table 1 summarizes the composi-
tion of several modified lipid-polymeric nanoparticles. The
table also describes the drugs that were incorporated into
hybrid nanoparticles and shows that these systems can encap-
sulate different actives from several therapeutic classes.

Eudragit S100 is a synthetic polymer used to produce lipid-
polymeric microspheres for colon-specific drug delivery with a
pH-dependent drug release.[36,37] Consequently, a lower sys-
temic toxicity and a more efficient therapy probably may be
achieved with this particles, because the lipid (Compritol 888
ATO) and polymer (Eudragit S100) have a synergetic action for
delivery of the drug to the site of action. This synergism occurs
due to the polymer and lipid arrangement, allowing the
release of the drug on to the colon because the solid lipid
prevents the rapid or premature swelling of the polymer and
thus helping to control the drug release. Therefore, the poly-
mer forms a film on both internal and external surfaces of the
lipid matrix, allowing the pH sensitive drug release and the
lipid matrix can restrict the swelling property of Eudragit,
decreasing the early drug release caused by the polymer
swelling. The polymeric coating is formed during the freeze-
drying process due to an earlier solidification of lipid than the
polymer; Compritol 888 ATO might solidify immediately after
being sprayed, even before immersion in liquid nitrogen,
while Eudragit S100 did not solidify until it enters the liquid
nitrogen; so, most of the polymer might condense on the
surface of the solidified lipid during the process. The model
drug of these studies was HCPT, a semisynthetic analog of
camptothecin, an insoluble drug which had the systemic
absorption greatly reduced after administration of these car-
riers, because the system could develop a sustained-release,
decreasing drug release in the upper gastrointestinal tract and
target selectively the diseased tissue in the colon.

Dextran sulfate is an anionic polysaccharide and natural
polymer used to form complexes with cationic drugs, to
improve the drug-loading efficiency in SLN or lipid-polymeric
nanoparticles.[25,26,34,40] This polymer commonly used with a
molecular weight of 5 kDa forms electrostatic interactions with
drugs influencing its sustained release because the strong ionic
interactions form a hydrophobic complex prolonging its reten-
tion in the lipid matrix, which is represented by Figure 1(b). The
complexation of dextran sulfate with drugs may be affected by

Figure 2. Glucose response profiles at blood circulation after subcutaneous or
duodenal administration into diabetic-rats. (A) subcutaneous administration of
insulin (2 IU/Kg); (B) insulin standard solution (25 IU/Kg); (C) duodenum admin-
istration of Ins-SLNs (25 IU/Kg); (D) SA-R8.Ins-SLNs (25 IU/Kg). Adapted with
permission from [38].
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the degree of substitution, chain length, and branching density
of the anionic polymer. Moreover, the interactions of the com-
plex with the solid lipid matrix may influence the drug release
profile, which occurs mainly by ion exchange and diffusion.

Sodium alginate, another biocompatible natural polymer is
obtained from brown algae, and its molecular weight is within
150–170 Da. It has been employed in improving lipophilicity
of cationic drugs by complexation and in specific for antibio-
tics such as clindamycin and polymyxin B, two drugs widely
used to treat certain types of infectious diseases. The forma-
tion of the complex is extremely important to increase the
drug loading capacity and encapsulation efficiency of hydro-
philic drugs in lipid-based nanoparticles.[25,34] The encapsu-
lation of the complex into lipid nanoparticles is usually
performed by high-pressure homogenization. In an antibiotic
susceptibility test, Severino et al. demonstrated that the
sodium alginate/polymyxin complex (ratio 1:1) loaded into
lipid nanoparticles increased the solubility of the drug in the
bacterial membrane, enhancing the total inhibition of bacter-
ial growth.[25]

HA, a biodegradable and biocompatible polysaccharide,
has aroused interest for several biomedical applications.[45–
48] Han et al. demonstrated that HA with a molecular weight
of 1000 kDa was unable to open the junctions between
epithelial cells, suggesting that it may present a good long-
term safety.[46] Moreover, the affinity of HA for CD44 recep-
tors overexpressed in many tumor cells, makes this natural
polymer a potent ligand for targeting of cancer drug delivery.
[26,45,47] Previously, Ramasamy et al. produced hybrid nano-
particles for delayed release of doxorubicin.[26] The drug was
complexed with dextran sulfate and entrapped into a lipid
matrix coated with two layers of polymers, first with low
molecular weight chitosan and externally coated with HA
3 kDa. The carboxyl groups of HA ionically interact with the
amine groups of chitosan, and this layer may control the
degradation of the lipid matrix, and minimize protein adsorp-
tion and opsonization in bloodstream, prolonging the plas-
matic nanoparticle half-life. After administration of a single
intravenous dose (10 mg/kg) of each of the nanoarchitectures
into rats, free drug was quickly cleared from the circulation
(within 6 h) compared to hybrid nanoparticles that maintained
the therapeutic drug levels during all the study period
(Figure 3). Moreover, pharmacokinetic studies revealed doxor-
ubicin-loaded lipid-polymeric nanoparticles presented the
maximum retention time, six times that of the free drug, and
1.5 times that of the DOX loaded SLNs.

In another study, Qu et al. developed a cisplatin-loaded
NLC coated with HA. The carriers were administered to BALB/
c nude mice, and demonstrated to be effective to inhibit
gastric tumors. The authors hypothesized that the lower
systemic toxicity of the coated nanoparticles compared to
free cisplatin and uncoated carriers, probably occurred due
to the presence of HA and its affinity to specific receptors.
[45] Both cisplatin and 5-fluoracil (5-FU) are indicated for
gastric cancer chemotherapy; however, they exhibit some
drawbacks such as nephrotoxicity in the case of cisplatin,
and mucositis, nausea, and emesis in the case of 5-FU.
These drawbacks may be avoided by their encapsulation
into the developed carrier.

Curcumin, a hydrophobic natural compound extracted
from Curcuma longa, has demonstrated anticancer properties,
but it can suffer degradation at alkaline pH and has poor oral
bioavailability. To overcome these problems and promote a
sustained release, curcumin was encapsulated in hybrid nano-
particles prepared with stearic acid and PHEMA, a hydrophilic
polymer obtained from HEMA (2-hydroxyethyl methacrylate).
[27] These lipid-polymeric nanoparticles may be promising
nanocarriers due to their potential of long-term systemic cir-
culation, arising from the combination of the PHEMA and
stearic acid prepared with the use of copolymer nonionic
surfactants (Pluronic F-68) as emulsifiers. This drug delivery
system demonstrated to be an effective and potential alter-
native method to conventional treatments for tumor treat-
ment in MCF-7 cell line.

Pemulen™ is a commercial polymeric emulsifier with high
molecular weight (about 500 kDa), composed of cross-linked
copolymers of acrylic acid and a hydrophobic portion. It is able
to form a gel network around the drug-loaded lipid core
(prepared with Cutina® HR or lauric acid), so the concentration
of the polymer is the major factor in stabilizing lipid-polymeric
nanoparticles dispersions containing hydrophilic actives.
[22,23] Pemulen may form a barrier that can help to encapsu-
late drugs and control its release from the nanoparticle matrix.
Pokharkar et al.. described the formation of a strong
H-bonding between the amino (–NH2) group of the drug
and the carboxyl (–COOH) group of the polymer.[23] This
drug was TDF, a nucleotide reverse transcriptase inhibitor
that acts against the human immunodeficiency virus (HIV),
but it is a poor oral bioavailability molecule. To overcome
this issue, as previously mentioned, it was created a lipid-
polymeric nanoparticle for its administration by nasal route
using lauric acid associated with Pemulen.

Chitosan is a polysaccharide with biodegradable, biocom-
patible, and bioadhesive properties, since this positively
charged polymer may adhere to negative charged epithelia

Figure 3. Plasma concentration-time profiles of different nanosystems after
intravenous administration into rats. Adapted with permission from [26].
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and mucous membranes. It can be employed in many phar-
maceutical applications, such as oral administration of insulin,
[48] ocular drug delivery,[49] and more specifically to the
cornea [50] and may also exhibit antibacterial activity.[51]
Chitosan has been used in combination with SLN for topical
treatment of acne, forming a coating on nanocarriers surface.
[35] In this system, the polysaccharide with a molar mass of
296.6 kDa and deacetylation degree of 82.83 ± 3.63%
increased the retention of tretinoin at the application site
enhancing the antibacterial activity and thus increasing the
therapeutic efficacy. Chitosan derivatives may also be asso-
ciated with SLN for antitumor drugs release.[26,43] Chitosan
oligosaccharide with a molecular weight of 450 kDa, and was
adsorbed onto the negative charge surface of SLN through
electrostatic interaction, which can control the release rate of
drugs. The coating of SLN with chitosan oligosaccharide could
reduce the burst release of the drug comparatively to SLN
without polymer.[43]

PEG is a polymer commonly used in pharmaceutical pro-
ducts and as a food additive. The modification of nanocarriers
with PEG is useful to inhibit their cellular uptake by mono-
nuclear phagocyte system increasing the plasma half-life of
nanoparticles. PEGylated SLN have been applied in the devel-
opment of anticancer drug such as paclitaxel and vinorelbine
bitartrate (VB)-loaded nanocarriers, and a good biocompatibil-
ity of nanoparticles was observed, the phagocytosis during
blood circulation decreased, and the uptake of nanoparticles
by cancer cells improved.[41,44]

Similar to other anticancer drugs, paclitaxel is effective against
many solid tumors, but its application is limited by poor its
hydrophilicity. Therefore, paclitaxel may be encapsulated into
lipid-polymeric nanoparticles to improve its cytotoxicity.[44]
Another drug, VB, a semi-synthetic vinca alkaloid, has excellent
hydrophilicity but it can be degraded at high temperatures; so, to
entrap this drug, it is necessary to use a technique without heat
exposure, such as cold homogenization technique.[41]

PLGA is a biocompatible and biodegradable polymer
approved by the FDA – Food and Drug Administration.[28–
30] PLGA is an amphiphilic molecule because they are com-
posed of lactic acid (hydrophobic) and glycolic acid (hydro-
philic), and may be used to load hydrophilic peptides and
proteins or plasmid DNA into SLN. It has been used in a
wide range of molecular weight within 5–143 kDa, and may
play an important role to overcome the difficulties of encap-
sulating hydrophilic proteins or DNA into SLN, and then
improve its therapeutic potential. In addition, PLGA-based
lipid-polymeric nanoparticles associated with PEG can even
originate a longer blood half-life.[31,32] The degradation of
nanocarriers in acid pH (5.0) such as in cell lysosomal environ-
ment avoids drug loss in places with different pH such as
during circulation (pH 7.4) and also maximizes the dose deliv-
ered to the target cells.[31] The drug tested in this study was
curcumin and due to anti-inflammatory activity it was used to
modulate the expression of proteins involved in tumor cell
proliferation, adhesion, and migration decreasing the meta-
static process. Then, when encapsulated in lipid-polymeric
nanoparticles, the drug was active in two different targets
both circulating breast cancer cells (MDA-MB-231) and
inflamed endothelial cells.

A soybean-oil-based anionic polymer was obtained from
epoxidized soybean oil and used to produce a new lipid-
polymeric nanoparticle system for anticancer drug delivery.
[42] To form hydrolyzed polymer, the epoxidized soybean oil
was polymerized by boric trifluoride diethyl etherate, and then
hydrolyzed with sodium hydroxide. After the manufacturing
process, the weight average molecular weight of the polymer
was determined by gel permeation chromatography and
found to be about 4.9 kDa. The complex of doxorubicin and
soybean-oil-based anionic polymer was loaded into SLN of
stearic acid, and an enhanced efficacy against multidrug-resis-
tant breast cancer cells was observed.

Another widely used biodegradable polymer in drug deliv-
ery is polycaprolactone, which may be used to deliver low
molecular weight drugs such as erlotinib.[33] This drug is used
to treat non-small-cell lung cancer by inhibiting tyrosine
kinase of epidermal growth factor receptor. Its encapsulation
into lipid-polymeric nanoparticles may overcome adverse
effects after oral administration. The developed carrier exhib-
ited a biphasic release profile, being the diffusion of the pre-
dominant mechanism of drug release and it was observed a
significant reduction of cell viability of A549 cells after 72 h,
compared to an erlotinib solution. Furthermore, it was
observed an accumulation of nanoparticles into cytoplasm of
cells.

A tricarbocyanine dye, indocyanine green (ICG) loaded into
hybrid nanoparticles was used to evaluate its biodistribution
and accumulation in tumors.[32] These nanoparticles
enhanced ICG stability and their size influenced endocytosis
and tumor accumulation, and they were tolerable and safe in
vivo tests, being good tools for cancer imaging for diagnostic
and photothermal therapy.

Nanotechnology applied to the delivery of insulin has been
deeply debriefed to avoid the uncomfortable administrations
in conventional treatment of diabetes. Insulin presents high
hydrophilicity that difficult its incorporation in lipid cores,
faces degradation in acid pH and has poor oral bioavailabil-
ity.[28,30,38,39] Obviously, its oral administration with accep-
table bioavailability, would bring an enormous contribution to
diabetes treatment, improving patient compliance. Two differ-
ent strategies to modify SLN and promote the oral adminis-
tration of insulin were developed,[38,39] one using WGA and
the other using stearic acid–octaarginine. Both modified SLN-
induced insulin uptake after oral administration, and in vitro
tests revealed that these systems were able to protect insulin
from degradation by digestive enzymes and showed an
enhanced hypoglycemic effect.

4. Conclusion

In a general way, the results demonstrated a good potential of
the lipid-polymeric nanoparticles until now. Their features
such as morphology, size, superficial charge, and stability
were positive, indicating a possible successful final perfor-
mance of the drug delivery system to pharmaceutical and
biopharmaceutical applications. A lot of different drugs both
hydrophilic as hydrophobic were loaded into hybrid nanopar-
ticles with high encapsulation efficiency due to the association
between solid lipids and polymers that favor the drug
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partitioning in the lipid phase and also improve the release
profile, resulting in a controlled drug release. Furthermore,
these nanoparticles have been performed for various admin-
istration routes to become their access more specific to the
site of action.

5. Expert opinion

SLN have attracted great attention since their development in
the early 1990s, since they showed good biocompatibility, being
well tolerated by the human body. Despite being a considered
safe carrier for drug delivery, SLN present some disadvantages
such as low drug loading capacity and premature release of the
drug. To overcome these drawbacks, new types of lipid nano-
particles have been developed, such as NLC, LDC, and lipid-
polymeric nanoparticles. The latter are produced using different
strategies to facilitate the incorporation of drugs and into lipid-
polymeric matrices. In drug delivery, it is extremely important to
obtain high encapsulation efficiency and loading capacity of
drugs ensuring its therapeutic efficacy. The lipid-polymeric nano-
particles developed so far have shown high drug encapsulation
efficiency and loading capacity, and good in vivo performance.
Additionally, these hybrid nanoparticles have the potential to
load both hydrophilic and lipophilic drugs and target their deliv-
ery to specific tissues or organs.

Lipid-polymeric nanoparticles may be produced with differ-
ent solid lipids and polymers of synthetic or natural origin, but
their combination must be carefully regarded to avoid unde-
sirable interactions with each other and with the drug, nega-
tively affecting the carrier features. When the composition of
hybrid nanoparticles is properly regarded, they can load a
wide array of drugs to be administered through different
routes and according to the therapeutic target. The polymers
of hybrid nanoparticles may play important roles in prolong-
ing nanoparticles half-life in the bloodstream, protecting the
drug stability, creating a diffusion barrier that can control the
release kinetics of drugs and also act as targeting moiety for
specific drug delivery.

The hybrid nanoparticles have been mainly used in cancer
therapy due to their ability for target drug delivery, increasing
the therapy efficacy and reducing potential side effects and
toxicity; or even used to deliver proteins such as insulin for
oral administration due to the ability of carriers to protect
proteins from enzymatic degradation and increase the intest-
inal uptake. These abilities of nanoparticles have the potential
to drastically improve the quality of life of patients. Besides
the positive results obtained so far, further work is needed to
deeply understand the interactions of hybrid nanoparticles
with cells, revealing potential toxicity issues and showing
their safe application. Additionally, the interactions between
polymers, lipids, and drugs within the nanoparticles need to
be clearly debriefed to assure the drug stability and the
mechanisms of drug release and targeting.

The ongoing developments of lipid-polymeric nanoparti-
cles have proposed these carriers as good candidates to deli-
ver a wide array of drugs and reach the market in the future.
Therefore, the quality of life of patients may be drastically
improved and severe pathological conditions may be treated
by these promising carriers.
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