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Polymeric nanoparticle systems (nanocapsules and nanospheres) present potential applications as drug delivery systems. Nevertheless, their full applications have not been exploited due to their limited shelf life when
stored in aqueous medium. Drying polymeric nanoparticles using spray-drying represents a promising platform to improve the physicochemical stability of formulations and/or to control the release of hydrophilic and
lipophilic drugs. This article presents a brief overview of the most recent and ongoing research in the use of
spray-drying process to prepare and/or to dry polymeric nanoparticles formulations intended for drug administration.
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I.

INTRODUCTION

Spray-drying is a common technique used in pharmaceuticals to produce a dry powder from a liquid phase [1]. This
technique has also been employed as a microencapsulation
method because it can be adapted to the development of different systems, microspheres or microcapsules, depending on
the initial aqueous formulation, a solution, a suspension or
an emulsion [2]. Another application is its use as a preservation method, increasing the storage stability due to the water
elimination.
Nanoparticle, submicronic colloidal carriers, is a general
name to describe nanocapsules and nanospheres. Nanocapsules correspond to a polymeric wall enveloping an oil core,
while the nanospheres consist of a polymeric matrix [3].
Nanoparticles have been extensively studied over the last
years in order to control the drug release, to increase the drug
selectivity and effectiveness, to improve drug bioavailability
and decrease the drug toxicity [4,5]. Nevertheless, the full applications of polymeric nanoparticles have not been exploited
due to the lack of stability of formulations when conserved
in aqueous medium for a long period [6]. During the storage, microbiological growth, polymer hydrolysis and physicochemical instability as a consequence of particle aggregation
can take place [7]. According to Tewa-Tagne and co-workers,
efforts to develop more stable nanoparticle formulations have
been unsuccessfully carry out for many years [8]. The type
and the concentration of surfactants in the formulations have
been varied, but the results shown good stability only in the
short-term [9,10]. On the other hand, the incorporation of
nanoparticles in solid dosage forms resulted in phase separation after the addition of different polymeric binders to aque-
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ous suspensions of nanoparticles [11]. So, the development
of an effective technique to improve the shelf life of nanoparticles is a requirement.
Microparticles are generally composed by polymeric materials and present advantages such as a rapid and one step
production, ready distribution on a large surface of the body,
more constant plasma levels, higher accuracy in reproducibility dose-by dose, less decrease in bioavailability and minor
risk of toxicity due to the dose dumping [12,13]. A modern
microparticle formulation should be able to provide a controlled and well-defined drug release pattern.
In the last years our research group and others have been
involved in the study of the potential of the spray drying
technique to stabilize polymeric nanoparticle aqueous suspensions converting them into powders, as well as to prepare
innovative nanocoated-microparticles to control the drug release. So, this article presents a brief overview of most recent
and ongoing research in the use of spray-drying process to
prepare and/or to dry polymeric nanoparticles formulations
intended for drug administration.

II.

DRYING POLYMERIC NANOPARTICLE
SUSPENSIONS

Aiming to overcome the instability of nanocapsules, our
group proposed for the first time in 2000 the use of the spraydrying technique to convert nanocapsule or nanospheres
aqueous formulations into powders [14]. So, we reported oral
solid forms containing diclofenac-loaded nanoparticles, prepared using colloidal silicon dioxide (Aerosil R 200) as drying adjuvant (Figure 1A). The scanning electron microscopy
analysis of spray-dried powders showed spherical microparticles, which presented the nanoparticles on their surface. The
powders obtained from the nanocapsule suspensions showed
nanostructures adsorbed on the microparticles, with similar
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particle sizes (200 nm) than those determined by PCS in the
suspensions before dehydration process [14].

A

B

Drug

Aerosil® 200

C

Xerogel

D

Polymeric nanoparticles
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FIG. 1: Illustrative representation of the architecture of different
nanostructured microparticles obtained either by sequential assembly of silica and polymeric nanoparticles or by drying polymeric
nanoparticles: type A is prepared by drying the drug-loaded polymeric nanoparticles with colloidal silicon dioxide; type B is obtained
by drying the polymeric nanoparticles using water soluble materials;
and type C and D are prepared by coating the drug-loaded Aerosil R
200 or xerogel, respectively, with polymeric nanoparticles

On the other hand, the micro-powders prepared from the
nanosphere suspensions presented a reduction in the particle
size which decreased from 200 nm to 60-90 nm after drying [15,16]. The polymeric nanoparticles used to coat the
inorganic microparticles can be prepared by nanoprecipitation or interfacial deposition of pre-formed polymers [17], as
well as by emulsification-diffusion technique [18]. Regarding the biological effects, after oral administration in rats,
the diclofenac-loaded nanocapsule spray-dried powders dispersed in water were valuable for reducing the gastrointestinal irritant effect of the non-steroidal anti-inflammatory drug
[19]. In parallel, a pharmacokinetic study in rats was also
conducted, showing a complete oral absorption of the drug
from spray-dried powders dispersed in water [19].
In addition, those diclofenac-loaded nanoparticle spraydried powders have been investigated after 14 months of storage at ambient temperature. The powders showed higher
chemical stability than the drug-loaded nanocapsule suspensions. Our study showed that besides the nature of the formulation, suspension or powder, the decrease in the drug content is dependent on the type and concentration of the surfactant system. An accelerate stability study carried out under
UVC light exposition followed by mass spectrometry analysis
demonstrated that 2-(2’,6’-dichlorophenyl)aminobenzyl alcohol and N-(2’,6’-dichlorophenyl)anthranilylaldehyde were
the diclofenac degradation products [20].
Nanocapsules and nanospheres containing an antiinflammatory drug were freeze-dried after addition of colloidal silicon dioxide to obtain intact dried nanoparticles
[21]. The micro-powder surfaces presented a homogeneous
nanocoating and satisfactory biological effect (gastrointestinal tolerance). However, in spite these promising results, the
freeze-drying technique is highly expensive and reserved for
products with high added value [22]. So, we continued our
study in the use of spray-drying to dry the polymeric nanoparticle suspensions. In the case of the nanocapsule spray-dried
powders, the oil concentration in the suspension presented an
important influence on the homogeneous recovering of the
particles. The powders prepared using low oil concentration
showed two patterns of nanoparticles on the microparticle
surface [23].

Indeed, based on those results we acquired the knowledge
needed for the design of homogeneous nanocoating surfaces.
The morphologic control of the micro-powder coating is determined by the use of either polymeric spheres or vesicular
nanoparticles. These studies showed the different behavior of
polymeric nanocapsules and nanospheres in the preparation
of these organic-inorganic microparticles [15,16,19,23]. The
nanosphere suspension (polymeric matrix) or the nanocapsule suspension (vesicular nanostructure) led to microparticles presenting different and homogeneous nanocoating after
the drying process [16]. It is important to note that considering this drying strategy the drug is encapsulated in the polymeric nanoparticles. In spite the evident advantages of the
spray-drying in the presence of silicon dioxide as a strategy
to dry the aqueous suspensions, the interactions between the
polymeric nanoparticles and the silicon dioxide had not been
investigated.
Viewing to understand what kind of interactions takes
place, Tewa-Tagne and co-workers demonstrated that the interactions occurring in the feed are directed by hydrogen
bounds and they were more sensitive to the silica concentration than that of nanocapsules [8]. SEM analyses of the
powders showed spherical separated microparticles formed
by the association of nanocapsules and silica when they are
mixed at adequate concentrations in the feed before spraydrying. On the other hand, fused agglomerated particles presenting nanocapsules at their surface, characterized by irregular shapes and a strong adhesiveness were prepared when the
silica concentration was not sufficient.
More recently, the effects of formulations and spray-drying
process variables on the powders properties has been studied
in order to optimize the process [22]. Due to the high numbers
of parameters involved in the spray-drying process, particular
attention is required in the process optimization. Responses
such as temperature, moisture content, operation yield, particle size and particle densities are useful to determine the
optimal operational conditions. In the particular case of drying nanocapsules using silicon dioxide as an auxiliary agent,
the concentrations of both determined the powder characteristics. Besides silicon dioxide, soluble supports such as lactose,
PVP-K30 and mannitol can also be employed to dry nanocapsules [24]. Using nanocapsules at a concentration of 1% (w/v)
and lactose at 10 % (w/v), the powder had adequate morphology and ease reconstitution in water (Figure 1B). Focusing
on the size distribution after reconstitution, satisfactory result
has been observed using mannitol and PVP-K30 both at 10 %
(w/v).

III. PREPARING INNOVATIVE
NANOPARTICLE-COATED MICROPARTICLES

As described above, we have developed a method to dry
nanoparticulated aqueous suspensions by spray-drying in order to obtain dried nanoparticle formulations. Actually, the
powders consisted of microparticles of silicon dioxide coated
by polymeric nanoparticles (containing a drug) (Figure 1C).
Besides the higher stability compared to the original nanoparticle suspension, these powders have the ability to control
and sustained the drug release. Melatonin-loaded nanocapsule spray-dried powder improved the physical stability of the
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formulation and controlled the drug release profile in comparison with the pure drug [25]. Moreover, a monoexponential
model described the release profile and the drug release was
governed by swelling, relaxation and dissolution of the polymer.
Indeed, coating techniques are largely employed in order
to control the drug release from dosage forms for oral administration, as well as to protect the drug from inactivation
or the gastrointestinal mucosa against drug damage. In general coating processes are carried out on single unit dosage
forms, as tablets or capsules, after their production [26]. Several reports in the literature show that the coating of particles presents more advantages compared to the coating of
unit dosage forms [27,28]. These advantages are given by the
more reproducible gastrointestinal transport, higher bioavailability, more uniformly spread out in the gastrointestinal tract
and reduction of the local irritation. The main useful methods
in particle coating are air suspension (Wurster process, fluidbed dryer), centrifugation, spray drying, coacervation (aqueous phase separation) and interfacial polymerization [26].
Taking into account that coating systems using organic solvents need to be avoided due to safety and economic disadvantages and that the polymeric nanoparticles are aqueous
dispersions, we considered that the latter could be also useful
to coat the microparticles to control the drug release. In this
way, new nanoparticle-coated drug-loaded organic-inorganic
microparticles using the spray-drying technique were proposed (Figure 1C). In 2004, we reported for the first time the
preparation of spray-dried nanoparticle-coated microparticles
using diclofenac and unloaded nanoparticles (nanospheres or
nanocapsules) prepared with Eudragit S100 R as a coating
material [29]. The work showed the preparation of these
microparticles using a one-step and a two-step method. In
the one-step method the microparticles were prepared by the
addition of the drug and silicon dioxide directly into the
nanoparticle suspension before the spray-drying. On the other
hand, using the two-step method, an organic-inorganic core
was previously prepared by mixing the drug and silicon dioxide in acetone followed by solvent evaporation under reduced
pressure. This core was redispersed in the nanoparticle suspension before the drying process. All formulations showed
the presence of nanostructures on their surface forming a
covering layer which particle diameters were in accordance
with the original suspension. When the diclofenac (sodium
salt) was employed as hydrophilic model, the powders prepared in two steps (core previously prepared) showed satisfactory gastroresistance. The use of diclofenac (acid form)
as hydrophobic model also conducted to powders presenting good gastroresistance using triacetin as a plasticizer in
the nanocapsule formulations [30]. The type of the coating layer (nanospheres or nanocapsules) had also an important influence on the protective efficiency against gastrointestinal injury after oral administration of diclofenac, which
gastrointestinal side-effects, such as irritation, ulceration and
mucosal damage are well known. Following oral administration in rats, nanocapsule-coated diclofenac-loaded microparticles demonstrated a significant protective effect of the gastrointestinal mucosa against ulceration [30].
The morphological studies showed that these nanoparticlecoated drug-loaded microparticles presented a decrease in
the powder surface area compared to the powders before
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coating independently on the preparation method (one-step
or two-steps) or the drug model (diclofenac salt or acid)
[31]. The decrease in the surface area was also dependent
on the type of polymeric nanoparticle used as coating material. Nanocapsule-coated microparticles showed a higher decrease in the surface area, as well as in the pore size distribution in the mesoporous region, compared to the nanospherecoated microparticles [30,31]. The effects of spray-drying
process variables (inlet temperature and feeding spray rate)
on the physicochemical properties of the powders were also
studied in order to optimize the coating process. They were
dependent on the type of the coating material. The control
of these processing variables allowed obtaining nanosphere
or nanocapsule-coated microparticles with satisfactory yields,
particle sizes, encapsulation efficiencies and low water contents [30].
The use of another nanostructured suspension obtained by
the dispersion of Eudragit S100 R in phosphate buffer pH 7.4
(50 – 400 nm) instead of nanocapsule or nanosphere suspensions to prepare nanoparticle-coated microparticles were also
reported by our research group [32]. These spray-dried microparticles present similar advantages to nanocapsule and
nanosphere-coated microparticles considering the gastrointestinal protection against diclofenac mucosal damage and
control of drug release. The major advantage of this microparticulated system is the absence of organic solvent either
in the preparation of the polymeric nanostructure suspension
or in the coating step.
The efficient control of drug release from nanoparticlecoated microparticles was also showed by an in vitro
drug transport study across Caco-2 cell monolayers [33].
Nanoparticle-coated dexamethasone-loaded microparticles
were prepared and showed efficient coating by the polymeric
nanostructures as observed by SEM and atomic force microscopy (Figures 2 and 3). In accordance with the in vitro
drug release studies at pH 7.4, nanocapsule-coated microparticles presented lower permeability coefficient values across
this human intestinal cell line compared to the free dexamethasone solution, mainly in the presence of a plasticizer in
the microparticle formulation. This lower permeability across
the cell layers is explained by the more internal localization of
the drug in this formulation as confirmed by the mathematical
modeling of the drug release data [33]. Furthermore, cytotoxicity studies showed that the nanoparticle-coated microparticles are non-toxic to the membranes of Caco-2 cells. This
recent study reinforced that nanocapsule-coated microparticles represent a promising platform for the development of
controlled oral drug delivery systems.
Regarding the mechanism of drug release from these
nanoparticle-coated microparticles, Domingues and coworkers showed a controlled release of indomethacin, a nonsteroidal anti-inflammatory drug, from nanocapsule-coated
microparticles prepared in one step compared to the pure drug
[34]. The drug release profiles fit to the monoexponential
equation and the Korsmeyer-Peppas model, which allowed
the proposition of a non-Fickian release mechanism dependent on the nanocapsule-coated microparticle desagglomeration [34].
Recently, we proposed the use of silica xerogel as core
material considering that its use instead of Aerosil R 200
to encapsulate drugs could have the advantage of delaying
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drophilic drugs.
Table 1 summarizes the nanostructured microparticles prepared by drying polymeric nanoparticles in order to obtain
stable products and/or controlled release formulations. The
different systems (Figure 1A-D) are able to encapsulate and
control the release of drugs which characters are hydrophilic
or lipophilic depending on its localization in the phases of
microparticles.
IV.

FIG. 2: SEM micrographs of nanocapsule-coated dexamethasoneloaded microparticles obtained by spray-drying (photo width = 2.93
µm).

CONCLUSION

The nanostructured microparticles that were reviewed in
this article are useful to encapsulate either lipophilic or hydrophilic drugs. In addition, drying polymeric nanoparticles
using spray-drying technique is a promising platform to improve the physicochemical stability of formulations and/or to
control the release of drugs. Finally, the use of different materials leads to well defined complex architectures and determines the routes of drug administration.
V.
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FIG. 3: AFM image of nanocapsule-coated dexamethasone-loaded
microparticles (1 µm x 1 µm image).

the drug release because the drug is also encapsulated in the
mesoporous besides its encapsulation in the xerogel macropores [35]. Moreover, to diminish the burst release of the
drug from the xerogel the particles have been coated with
polymeric nanoparticles (Figure 1D). The silica xerogel has
been prepared in situ in the presence of the drug, sodium diclofenac, used as hydrophilic model. Then, the powder has
been coated with polymeric nanocapsules by spray-drying.
The drug release experiments showed the gastroresistance
and the efficacy of the new system in reducing the burst release and in sustaining the sodium diclofenac dissolution profile. The nanocapsule-coated drug-loaded xerogel microparticles showed potential use for controlling the release of hy-
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Table 1. Nanostructured microparticles: composition, preparation technique, model of structure and main results.

PCL1-and Eud2 S90®-NC3

SiO2/spray-drying

Type of
nanostructured
microparticles
A

PCL–NC and PCL-NS4

SiO2/spray-drying

A

PCL–NC and PCL-NS

SiO2/spray-drying

A

PCL–NC and PCL-NS
PCL- and Eud S90®- NC and -NS

SiO2/spray-drying
SiO2/freeze-drying

A
A

Polymeric nanoparticles

PCL-NC

SiO2/spray-drying

A

PCL- and Eud S100®- NC
PCL-NC
PCL-, Eud S100®-, Eud RS100®and poly(lactide)- NC

SiO2/spray-drying
SiO2/spray-drying

A and B
A

SiO2/spray-drying

A

Eud S100®-NC

SiO2/spray-drying

C

PCL-NC

SiO2/spray-drying

no drug

Eud S100®- NC and -NS

SiO2/spray-drying

C

PCL-NC

SiO2/spray-drying

no drug

PCL-NC

PVP-K30, mannitol or
lactose/spray-drying

B

SiO2/spray-drying

C

Eud S100®-NC and -NS
Eud S100®-NC and -NS
1

Drying
adjuvant/technique

SiO2/spray-drying
2

3

D
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