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Polymer-based nanocapsules have been widely studied as a potential drug delivery system in recent years.
Nanocapsules—as one of kind nanoparticle—provide a unique nanostructure, consisting of a liquid/solid core with a
polymeric shell. This is of increasing interest in drug delivery applications. In this review, nanocapsules delivery systems
studied in last decade are reviewed, along with nanocapsule formulation, characterizations of physical/chemical/biologic
properties and applications. Furthermore, the challenges and opportunities of nanocapsules applications are also
proposed.
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| 1. Introduction

Over the past century, nanotechnology has increasingly acquired a crucial role in drug delivery W& diagnostic B4,
biomedical imaging B8 and other medicine-related domains [EIE, Employing nanoparticles as delivery system—
currently a hot topic of nanotechnology in medical applications—has been widely studied and developed due to their
biocompatibility, controlled- and targeted-release abilities 2L Nanoparticles are generally defined as “solid colloidal
particles with nano-dimension size (1-1000 nm)” 2231 Nevertheless, in the literature, the most common nanoparticle
size referred to is between 100-500 nm, in order to avoid fast clearance upon intravenous administration, prolong
circulation half-life, and at the same time, increase the probability of crossing various biologic barriers and preventing
accumulation in capillaries and/or other organs 1413l polymeric nanoparticles can not only modulate the pharmacokinetic
properties of various active substances due to the subcellular size of nanoparticles, but also affect biocompatibility and/or
biodegradability of polymers employed to produce the nanoparticles. Depending on their internal structure, polymeric
nanoparticles may be further classified as nanospheres or nanocapsules 8. As suggested by the name, a polymeric
nanosphere has usually a regular sphere structure, which is composed of a solid polymeric matrix. In the other hand, a
polymeric nanocapsule consists of a liquid/solid core coated with a polymeric shell, which is absent in the nanosphere 14,
In recent years, polymeric hanocapsules have attracted more interest in drug delivery applications, benefitting from their
core-shell microstructure. Compared with polymeric nanospheres, the solid/oil core of nanocapsules can effectively
increase drug-loading efficiency, while reduce the polymeric matrix content of nanoparticles 18l In addition, the
encapsulated payload can be isolated from tissue environment by the polymeric shell, thereby avoiding the degradation or
burst release induced by pH, temperature, enzymes and other factors. Additionally, the polymeric shell can be
functionalized by smart molecules able to interact with targeted biomolecules, thus enabling for targeting drug delivery 2
[20[21]

Benefitting from above advantages, polymeric nanocapsules have been increased interest and applied in pharmaceutical
field as drug delivery carriers. Since several specialized reviews have already discussed in-depth the nanotechnologies
and polymeric materials for the formulation of nanocapsules 2223 in the present review, we focused our attention on the
nanocapsules delivery systems developed in last decade. Furthermore, the challenges and opportunities of nanocapsules
applications will be heighted and discussed.

| 2. Challenge of Nanocapsules as Drug Delivery System

According to a fair amount of theoretical and experimental work, polymeric hanocapsules have demonstrated enormous
potentials and wide spaces to be applied as drug delivery systems for various biomedical applications. Nanocapsules are
being implemented to overcome limitations of conventional drug delivery approaches by achieving high drug-content
loading for both hydrophilic and hydrophobic drugs, as well as targeted and sustained delivery. However, there are still
several technical challenges with polymeric nanocapsules that need to be further developed before industrial application.



2.1. Thickness Characterization of Polymeric Shell

Compared with nanospheres, the core-shell morphologic structure is one of the particular advantages of nanocapsules as
drug delivery system. The thickness of the polymer shell plays a critical role in nanocapsule formulation, active substance
protection as well as release profiles 2423, However, there is little discussion regarding the quantitative measurement of
the polymeric shell of nanocapsules in most of studies; only few examples can be here reported. The main
characterization method of the thickness is observation via transmission electron microscopy (TEM) 28271 For example,
a 10-nm polymeric shell has been qualitatively estimated by TEM from argon oil/oleoyl polyoxylglycerides/Eudragit® RS
nanocapsules [28],

To obtain more specific values for shell thickness, mathematical calculation has also been carried out. The shell thickness
of the nanocapsules formulated based on the scarified core template can be calculated as the different value between the
particle radius of the completed nanocapsules and the scarified template. The thickness of polymeric shell of
polydopamine/Au hollow nanocapsules was calculated as 70 nm 22,

The surface parameter variation before and after polymer coating can be also applied for the estimation of shell thickness.
It has been demonstrated that variation versus salinity of the medium— which may be attributed to the nanoparticle
surface—can be calculated through the Eversole and Boardman equation B9, The thickness of dextran’s outer layer of a
Miglyol® 810/dextran nanocapsules was estimated as 5 nm by calculating the salinity difference using the Eversole and
Boardman equation 311,

2.2. Organic Solvent Free Formation

Organic solvents play a critical role in polymeric nanocapsule formulation. Organic solvents have to be strictly eliminated
from the formulation by purification procedure because of their toxicity in humans. Nonetheless, traces of organic solvents
that cannot be adequately removed may cause toxic effects in clinical application. Additionally, nanoparticles are usually
captured by immune cells—such as macrophages or mononuclear phonotypes—which indicates that the trigger of
inflammation and the toxic organic solvent is considered as one of the reason for this inflammatory situation induced by
nanoparticles 2. Despite potential toxic risks, the organic solvent removal step can also influence the stability of
nanoparticles B3 Therefore, it is significant and imperative to develop polymeric nanocapsule using solvent-free methods.

There are several studies that report the formulation of polymeric nanocapsules by solvent-free approach. Two
formulation strategies are possible: either by using solvent-free organic phase for nanoemulsion preparation or form
polymeric shell by polymerization in aqueous environment. A solvent-free protamine nanocapsule was developed as
carrier for a model lipophilic anti-inflammatory agent, cyclosporine A. The nanocapsules were prepared by a
nanoemulsion method. The organic phase was prepared by mixing Maisine 35-1 and Tween® 80 which acted as oleic
compound and surfactant, respectively. Anionic surfactant sodium deoxycholate and polyethylene glycol-40 stearate were
added to the water phase. Polyethylene glycol-40 stearate was added to prevent the aggregation of nanocapsules. The
organic and inorganic phases were prepared into nanoemulsion and added to protamine aqueous solution B4 along with
magnetic stirring to obtain a nanocapsule formulation. Resulted protamine nanopatrticles presented a particle size around
160-180 nm with a narrow distribution (PDI = 0.2). This solvent-free method can be considered as a promising strategy
for nanocapsule prepared by water-soluble polymers. Another interesting example is that of Steelandt et al. who
developed polymeric nanocapsules containing an oleic core and a poly-e-caprolactone shell B3], Poly-g-caprolactone was
heated at the glass transition temperature then mixed with oleic compound and surfactant to act as organic phase for
emulsion preparation. This method can be considered as potential method for preparation of nanocapsules based on
hydrophobic crystalline or amorphous polymer.

The polymeric nanocapsules can also be prepared by monomer polymerization in organic solvent free condition to
preform polymeric shell. For example, a nanocapsule was formulated by free radical polymerization of monomers
acrylamide and 2-aminoethyl methacrylate hydrochloride in the deoxygenated buffer 281, However, the polymerization
method can also lead new toxic issue by residual monomers, cross linker or other chemical compounds.

2.3. Aggregation and Storage

Based on fabrication procedure, nanocapsules are in general yielded into aqueous dispersion. However, it has been
highlighted that nanocapsules tend to be unstable and aggregate in water suspension, thereby inducing leaking of
payload. In this case, to store nanocapsules into dried form is generally preferable to improve the stability of
nanocapsules and also prolong the store term 4. Moreover, to adapt preparations of particular pharmaceutical dosage
forms, such as oral tablet, it is necessary to manufacture the polymeric nanocapsules suspension into dry state for further
preservation and usage [B8l27139 spray drying as one of the common drying method has been applied for recovery of



nanocapsules into solid dry state. To enhance the stability of nanocapsules by avoiding their aggregation during the drying
process, protectants such as inulin or polyvinyl alcohol were used 4941l Byt the application of spray drying method may
induce thermal degradation of polymeric nanocapsules and also drug loading 42, Lyophilization carried out in presence of
a lyoprotectant is another strategy for desiccation of nanocapsules 431, However, thin polymeric shell of nanocapsules
may compromise the stability of the whole delivery system because of the low working pressure, especially when
nanocapsules are characterized by an oil or a hollow core 4. After all, lyophilization is considered an expensive
technique due to the experimental conditions, time and equipment need 2. Therefore, optimization for an appropriate
desiccation procedure for the stabilization and storage of polymeric nanocapsules is most urgent needed.

2.4. Sterilization

Sterilization of polymeric nanocapsules is also a major challenge in the development of appropriate drug delivery system
for clinical trials and commercial manufactures. Several approaches have been studied to sterilize nanopatrticles for in vivo
experiments. Membrane filtration is a physical method to sterilize nanoparticles by using 0.22 pum filters: this method
allows for the removal of microorganisms from nanocapsules water suspension 8. This method does not need
extraneous heat, radiation or chemicals which could induce damage or degradation of polymeric nanocapsules 47481,
However, membrane filtration presents the limitation for the nanocapsules possessing particle size higher 200 nm. In
addition, it could cause decrease of product yield due to filter clogging by nanocapsules. Autoclaving is another effective
technique that has been applied for polymer nanoparticles sterilization via controlled temperature and pressure 250,
However, aggregation, morphology deformation and also chemical degradation were observed for several polymeric
nanoparticles 152 Additionally, size increasing was detected for nanocapsules with an oil core Miglyol®-based. The size
increased depended either on swelling of polymeric shell or expansion of oil core under the harsh environment of
temperature and pressure B3, Gamma irradiation can provide homogeneous sterilization to inactive the microorganisms
and avoid the risk of high temperature or pressure 4531 However, it may cause physical or chemical degeneration of
either polymeric nanocapsules or loaded drugs. As a conclusion, at the present, to maintain a contaminant-free fabrication
procedure of polymeric nanocapsules is the most optimal strategy for the preparation of sterilized nanocapsules.
Additionally, novel and advanced strategies for sterilization of polymeric nanocapsules are imperative.

Furthermore, more novel polymeric materials, surfactants and also chemical ingredients have been used to formulate
functional polymeric nanocapsules in order to meet applications in demand which are bringing more opportunities but also
challenges for the polymeric nanoparticles as drug delivery systems.

| 3. Conclusion

Research of polymeric nanoparticles has widely attracted attention recently. This minireview has reported the studies and
progress of polymeric nanocapsules as drug delivery system in pharmaceutical field, in last decade. To perform the
specific core-shell nanostructure, various materials were used for polymeric nanocapsule formulation via the interfacial
deposition method, nano-emulsion template method or lay-by layer method. The selection of polymers and formulation
methods mainly depends on the characteristics of pharmaceutical ingredient and application purpose. Polymeric
nanocapsules as drug delivery systems can improve the bioavailability of payloads and achieve sustained and targeted
delivery. Likewise, they can also effectively reduce the harmful effects between payload and tissue environments. By
loading the drug inside polymeric nanocapsules, it can protect the drug from failure or degradation caused by biologic
environment. Meanwhile, it can also reduce the side-effect induced by drug to health tissue. To date, many studies have
mainly focused on the development and characterization of bioactive substance-loaded polymeric nanocapsules.
However, the storage and sterilization methods of formed drug-loaded polymeric nanocapsules are needed attentions and
researches. Additionally, future perspectives in polymeric nanocapsules should focus on studies of using new and most
performing polymers to develop advanced delivery system, thereby extending the applications of polymeric nanocapsules
in pharmaceutical fields.
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