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Mini Review

Nanoscale drug delivery platforms have been developed over
the past four decades that have shown promising clinical results in
several types of cancer and inflammatory disorders. Nanoparticles
have special characteristics of high surface to volume ratio, size
controllability, and can be easily functionalized during synthesis
[1]. Biodegradable polymer nanoparticles have been used as
carriers for drugs, peptides, proteins, vaccines, and nucleotides [2].
Nanoparticles (NPs) can protect drug moieties from degradation
and provide sustained drug release. NPs are sometimes effective in
facilitating intracellular delivery of bioactive materials. Polylactide-
co-glycolic acid (PLGA) NPs have been used for various applications
in vaccination, cancer therapy, and the treatment of cerebral
disorders [3].

In particular, NPs have been widely investigated for use in
cancer therapy. NPs, if given intravenously, can extravasate into and
accumulate within tumor tissues that have defective blood vessels
and impaired lymphatic drainage [4]. This enhanced permeability
and retention (EPR) effect helps direct nanoparticles to tumor sites
[5]. Even though a lot of polymer nanoparticles have emerged as
a promising carrier, they have a number of intrinsic drawbacks.
These nanocarriers carrying therapeutic payloads are maximizing
the therapeutic outcomes while minimizing adverse effects. The
functionality of bare (polymer, metal, quantum dots, silica, etc.)
nanoparticles is limited to drug depot or drug solubilization in their
hard cores. When these systems are administered intravenously, the
nanoparticles undergo rapid clearance from systemic circulation
before reaching the site of action. Recent research shows that
surface functionalization of nanoparticles and development of
new nanoparticulate dosage forms help overcome these delivery

challenges and improve in vivo performance.

The objectives of these strategies are to improve their
functionality and in vivo performance. Functionalization of
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polymer nanoparticles includes surface modification by PEGylation
(PEG, polyethylene glycol), lipid- or surfactant-coating, polyion
complexation, and conjugation with cell-targeting ligands.
Functional polymer-based nanoparticulate systems offer various
beneficial outcomes, such as: minimization of opsonin adsorption,
prolongation of blood residence time, reduction of drug side effects,
elimination of the use of toxic adjuvants for drug solubilization,
improved targeted drug delivery, efficient cellular translocation
and subcellular trafficking, and synergic drug combination
therapy [6]. PEGylation technology contributes to (a) increasing
the aqueous solubility and stability, (b) reducing intermolecular
aggregation, (c) decreasing immunogenicity, and (d) prolonging
the systemic circulation time of a compound. PEG conjugation to
various hydrophobic groups or polymers enables the preparation
of self-assembling micelles. In addition, the end groups of PEG can
be modified to aldehyde, amino, carboxyl, or methyl groups to alter

the surface charge of a nanoparticulate carrier [7].

These PEG derivatives are used for conjugation with ligands
that have amine, thiol, or carboxyl groups. Due to their amphiphilic
nature, when block copolymers are dispersed in an aqueous
medium, they self-assemble into micellar forms. PEG acts as a
hydrophilic corona, while the second block serves as a hydrophobic
core. The hydrophobicity of polymer cores can be increased by
chemical derivatization. For example, mono-hexyl and di-hexyl
substituted lactide monomers have been used to produce hexyl-
PLGA via ring-opening polymerization [8]. This technology makes
it possible to prepare 20-80 nm micelles. PEG-hexyl-PLGA micelles,
due to their elevated hydrophobicity, have greater capacity for
loading hydrophobic drugs than do typical PEG-PLGA micelles.
For example, the aqueous solubility of cyclosporine A is 0.01 mM,
but its solubility in PEG-hexyl-PLGA micelles increases to 1.10 mM
[9]. Methoxy poly (ethylene glycol)-poly (lactic acid) copolymer
(mPEG-PLA) micelles encapsulated hydrophobic curcumin via a
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disulfide bond [10]. The extent of curcumin release from disulfide
bond-linked micelles was nearly three times higher compared to
the control micelles. Such rapid release led to a lower half maximal
inhibitory concentration (IC50) in HeLa cells at ~18.5 pg mL-1,
whereas the IC50 of control micelles was ~41.0 pg mL-1.

The cellular uptake study also revealed higher fluorescence
The

polymeric conjugate micelles could enhance curcumin delivery

intensity for redox-sensitive micelles. redox-sensitive
while avoiding premature release and achieving on-demand release
under the high glutathione concentration in the cell cytoplasm.
Curcumin, diferuloylmethane polyphenol, has been associated
with multiple health benefits, including cancer prevention by its
ability to modulate intracellular signaling pathways implicated
in inflammation, proliferation, invasion, survival, and apoptosis.
It has various therapeutic properties such as anti-inflammatory,
antimicrobial, antitumor, antiparasitic and antioxidant properties
[11]. Curcumin possesses anti-inflammatory effects that retard
hepatic fibrosis and cirrhosis in carbon tetrachloride (CCl4)-caused
liver fibrosis [12]. This herbal antioxidant alleviates fibrosis through
the effects of reduced activation, retarded mobility,and angiogenetic
activity on hepatic stellate cells (HSCs) [13]. Curcumin suppresses
HSC activation through disruption of transforming growth factor-
(TGF- B ) signaling [14] and activation of peroxisome proliferator-
activated receptor-c (PPAR-c) [15]. Approaches that increase
curcumin bioavailability have been suggested, and nanomedicine
appears to be a feasible way to increase the efficacy of curcumin
[16].

A further example includes PEGylated micelles/nanoparticles
(polyethylene glycol (PEG)), polyplexes, polymersomes, polylactide-
co-glycolic acid (PLGA)- based nanocomposites (core-shell-type
lipid-PLGA hybrids, cell-PLGA hybrids, receptor-specific ligand-
PLGA conjugates) and nanoparticulate systems, therapeutics and
theranostics. Each PLGA-based nanoparticulate dosage form has
specific features that distinguish it from other nanoparticulate
systems. The characteristics of PLGA-based nanostructures are
also controlled by the stereochemistry of lactic acid (D, L, or DL),
degree of crystallinity, lactic acid/glycolic acid ratio, and molecular
weight. PLGA is available with different end groups, namely a free
carboxylic end group and an ester-terminated group [17]. The PLGA-
polyethyleneimine (PEI) micelles showed better translocation into
human Kkeratinocytes than plain PLGA nanoparticles. It is likely
that such improvement in cellular uptake arose from the cationic
surface of PEI-PLGA micelles and the strong affinity of PEI to
lipopolysaccharides and cell membranes, as has been suggested
elsewhere [18].

A poly(L-cysteine)-b-PLGA copolymer, linked through a
disulfide bond, was formulated into a micellar dosage form [19].
The hydrophilic polyamino acid domain formed a corona around
the hydrophobic PLGA core. The chain lengths of block polymers
and the redox status of the disulfide bond affected the size of the
polymeric micelles. Other polypeptides made of aspartic acid,

glutamic acid, and lysine have also been used as coronary segments
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of PLGA-based micelles [20]. For example, carboxylic end groups
of PLGA chains were reacted with primary e-amino groups of a
cationic poly(L-lysine) (PLL), to produce PLGA-g-PLL copolymers of
various grafting percentages (3.6%-8.0%) [21]. These conjugates
self-assembled into 70-80 nm micelles in water. These polymeric
micelles are more thermodynamically stable and have lower critical
micelle concentrations than typical surfactant micelles. Discussed
functional PEG, PLGA, PLL, etc. -based nanoparticulate systems
are expected to deliver chemotherapeutic, diagnostic, and imaging

agents in a highly selective and effective manner.
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