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The influence of drug concentration, oil phase, and surfactants on the characteristics of dexamethasone-loaded nanocapsules was
investigated. The best formulations were obtained at dexamethasone concentrations of 0.25 and 0.50 mg.mL-1 (encapsulation
efficiency: 80-90%; mean size: 189–253 nm). The type of oil phase influenced only the stability of dexamethasone-loaded
nanocapsules. The association of polysorbate 80 and sorbitan monooleate provided a more stable formulation. Sunflower oil and
sorbitan sesquioleate used for the first time as oil phase and surfactant for nanocapsules, respectively, have allowed obtaining
suspensions with low mean size and narrow size distribution.
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INTRODUCTION

Dexamethasone is a poor-water soluble glucocorticoid that is
used clinically as an anti-inflammatory and immunosuppressive
agent. However, its use is often restricted by the induction of some
side effects (hypertension, peptic ulcers, hyperglycemia and
hydroelectrolytic disorders) mainly when administered by systemic
route.1 Topical administration of dexamethasone is clinically used
for the treatment of many ocular disorders, or diseases, like uveitis,2

allergic conjunctivitis,3 corneal postoperative period,4 as well as
for the treatment of skin disorders such as atopic dermatitis,5,6

allergic dermatitis, eczematous dermatitis,6,7 psoriasis, acne
rosacea,8 and phimosis.9

Over the last years many efforts have been made not only to
improve the efficacy and bioavailability of drugs but also to reduce
their adverse effects by means of the development of novel drug
carrier systems.10 Polymeric nanoparticles are one of these carrier
systems, which have been widely studied over the last two decades.
They are submicrometric particles (mean size below 1 μm) and
can be classified as nanospheres or nanocapsules.11 Nanospheres
are composed by a matrix of polymer and nanocapsules are
composed of an oily core surrounded by a thin polymer wall.12

Methods for the preparation of nanoparticles can start from either
monomers (interfacial polymerization method) or from preformed
polymers (nanoprecipitation and emulsification-diffusion
methods).11,13 These carrier systems have showed potential use
following topical (ocular, dermal) or systemic administration since
the small size of the nanoparticles allow them to permeate through
biological barriers.14 Polymeric nanoparticles have also been
recently reported as an efficient coating material for the control of
the drug release from microparticles.15-18

Some studies have been reported in the literature on the
preparation of different kinds of dexamethasone-loaded

nanoparticles.19-27 However, most of the studies used dexamethasone
only as a lipophilic drug model.

In our previous study we developed dexamethasone-loaded
nanospheres using poly (ε-caprolactone) and poly (D,L-lactide) as
biodegradable polymers.22 Both formulations were prepared by the
nanoprecipitation method and presented good encapsulation
efficiency (77.11 and 76.30%, respectively), nanometric mean size
(between 250 and 400 nm), and absence of crystals of dexa-
methasone after their preparation. In addition, the importance of
the dexamethasone-loaded nanospheres was evidenced by the fact
that they significantly improved the in vivo anti-inflammatory
activity of the nanoencapsulated drug compared to a commercial
formulation. Although the pharmacological activity of dexa-
methasone was achieved, the formulations presented poor stability,
showing a decline in the entrapment efficiency during the first month
storage.

Recently, Gómez-Gaete and co-workers27 have reported the
development of dexamethasone-loaded nanospheres prepared by a
solvent emulsion-evaporation technique, which also presented a
technological drawback to their development. Non-encapsulated
dexamethasone crystals in the suspensions were visualized by
optical microscopy just after the preparation. However, after several
strategies the authors reported the preparation of suitable
dexamethasone-loaded nanoparticles (230 μg/100 mg of PLGA
75:25) optimized for ocular delivery, using a mixture of
dichloromethane–acetone as the organic solvent and 10 mg of the
drug.

Some works in the literature have pointed out the potential of
the nanoencapsulation of dexamethasone to improve its topical or
systemic anti-inflammatory activities,22,26,28,29 to allow its intravitreal
injection,27 or to improve its ocular bioavailability.30 However, up
to now there had been no reports in the literature devoted to optimize
the encapsulation of dexamethasone in polymeric nanocapsules.
Considering these aspects, the aim of this study was to develop and
optimize a formulation of dexamethasone-loaded nanocapsules,
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which could be used for many purposes such as ocular
administration or incorporation in semi-solids or solid formulations
(topical or systemic administration, respectively). The following
parameters were investigated for the optimization of the nanocapsule
suspensions: dexamethasone content, the type of oily phase, and
the type of hydrophilic (high HLB) and hydrophobic (low HLB)
surfactant. Formulations were characterized by means of drug
content, encapsulation efficiency, mean size, polydispersity index,
pH, and stability under storage. In addition, we evaluated the
feasibility to use sunflower oil and sorbitan sesquioleate as
alternative oily phase and surfactant, respectively, to prepare
polymeric nanocapsule suspensions.

EXPERIMENTAL

Materials

Dexamethasone was obtained from Henrifarma (São Paulo,
Brazil). Poly-e-caprolactone (PCL), poloxamer 188, sorbitan
sesquioleate and sorbitan monooleate (Span 80®) were acquired
from Sigma (São Paulo, Brazil). Caprylic/capric triglyceride
mixture was delivered from Brasquim (Porto Alegre, Brazil);
sunflower oil and polysorbate 80 (Tween 80®) were supplied by
Henrifarma (São Paulo, Brazil). All others chemicals and solvents
presented pharmaceutical grade and were used as received.

Preparation and optimization of dexamethasone-loaded
polymeric nanocapsule suspensions

Nanocapsule (NC) suspensions were prepared (n = 3) by the
interfacial deposition of preformed polymer method as described
by Fessi and co-workers.31 Briefly, an organic solution consisted of
dexamethasone, an oily phase (3.3 mL), a lipophilic surfactant
(0.776 g), the polymer (PCL) (1.0 g) and acetone (267.0 mL) was
added under moderate magnetic stirring to an aqueous solution
(533.0 mL) containing a hydrophilic surfactant (0.776 g). The
magnetic stirring was maintained for 10 min. Then, the acetone
was eliminated and the aqueous phase concentrated by evaporation
under reduced pressure to a final volume of 100 mL (10 mg mL-1 of
polymer). Blank NC suspensions were prepared, as control, using
the same protocol described above, but omitting the presence of
the drug. All formulations were prepared protected from the light
and kept in the dark during all the time.

Formulations were optimized by the choice of dexamethasone
initial drug content in the suspension (0.25, 0.50 or 1.00 mg mL-1),
the type of the oily phase (caprylic/capric triglyceride mixture -
CCT or sunflower oil - SFO), the hydrophilic and lipophilic
surfactant [polysorbate 80 (P80) or poloxamer 188 (P188) and
sorbitan monooleate (SMO) or sorbitan sesquioleate (SSO),
respectively]. Additionally, in order to evaluate the influence of
the type of oily phase and the dexamethasone initial mass on the
physicochemical characteristics of the suspensions we carried out
a factorial design 22, as showed in Table 1.

Characterization of polymeric nanocapsule suspensions

Determination of drug content and encapsulation efficiency
Drug content (mg/mL) was determined (n = 3) after dissolution

of nanocapsules in acetonitrile (1 mL of suspension to 25 mL of
acetonitrile) and assayed by high performance liquid chroma-
tography – HPLC. The chromatographic system consisted of a
Gemini RP-18 column (150 x 4.60 mm, 5 μm, Phenomenex,
Torrance, USA) and a Shimadzu instrument (LC-10AVP Pump, UV-
VIS SPD-10AVP Module, Class-VP Software, Shimadzu, Tokyo,
Japan). The mobile phase at a flow rate of 1.0 mL min-1 consisted
of acetonitrile/water (45:55% v/v). The volume injected was 20 μL
and dexamethasone was detected at 254 nm.22,32 Validation of the
HPLC assay demonstrated that this method was linear (r2 = 0.9997)
in the range of 5 – 40 μg mL-1, precise (RSD: 1.33% for repeatability
and < 1.70% for intermediate precision), and accurate (mean
recovery: 101.58 ± 0.39%) within this range of concentration (5 –
40 μg mL-1). The specificity was tested in presence of the
nanoparticle adjuvants and demonstrated that these factors did not
alter the dexamethasone assay.33

Free drug was determined in the clear supernatant following
separation of nanocapsules from aqueous medium by a combined
ultrafiltration-centrifugation technique (Ultrafree-MC® 10,000 MW,
Millipore, Bedford, USA). Encapsulation efficiency (%) was calculated
by the difference between the total and free drug concentrations
determined in the nanocapsule suspension (drug content) and in the
ultrafiltrate, respectively, using the HPLC method described above.

pH determination
The pH values of suspensions were determined by immersion

of the electrode directly in the suspension using a calibrated
potentiometer (MPA-210 Model, MS-Tecnopon, São Paulo, Brazil),
at room temperature.

Particle size analysis and polydispersity indices
The particle sizes and the polydispersity indices (n = 3) were

measured by photon correlation spectroscopy after adequate dilution
of an aliquot of the suspension in purified water (Zetasizer
Nanoseries, Malvern Instruments, Worcestershire, UK).

Optical microscopy
Suspensions of nanocapsules were placed between glass slides

and observed at magnifications of 100x and 400x with an Olympus
optical microscope (Model CH30RF200, Olympus®, Tokyo, Japan)
equipped with a photographic camera (Model PM-C35B, Olympus®,
Tokyo, Japan).

Stability studies

Formulations were monitored following preparation until 2
months of storage by means of drug content and encapsulation
efficiency, pH and particle size. NC suspensions were stored at
room temperature and protected from light.

Statistical analysis

Formulations were prepared and analyzed in triplicate. Results
are expressed as mean ± SD (standard deviation). One-way analysis
of variance (ANOVA) or two-way analysis of variance (ANOVA)
were employed in the comparison of the experimental data. Post-
hoc multiple comparisons were done by Tukey´s test. All analyses
were run using the SigmaStat Statistical Program (Version 3.0,
Jandel Scientific, USA).

Table 1. Factors and levels available in the factorial design

Factors Levels

A: Oily phase (-) Caprylic/capric triglycerides
mixture (CCT)
(+) Sunflower oil (SFO)

B: Dexamethasone (-) 0.25 mg mL-1

initial concentration (+) 0.50 mg mL-1
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RESULTS AND DISCUSSION

In our previous report we showed an increase of the in vivo
anti-inflammatory activity of dexamethasone-loaded nanospheres
compared to a dexamethasone commercial solution, however, these
systems showed a poor stability due to the drug leakage (surface
desorption and/or diffusion to the aqueous medium).22 In order to
overcome this drawback and to improve the stability of polymeric
colloidal systems containing dexamethasone, this study aimed to
develop dexamethasone-loaded polymeric nanocapsules, using a
biodegradable polymer (poly-ε-caprolactone).

The method used to prepare the nanocapsule suspensions
allowed to obtain polymeric colloidal systems, independently on
the factors evaluated (dexamethasone content, type of oily phase
and surfactants). However, the physicochemical characteristics,
mainly the incorporation efficiency and stability, were clearly
affected by these factors.

Influence of dexamethasone initial concentration

The influence of the initial concentration of dexamethasone
was evaluated keeping all the other parameters constant. In order
to study this influence, we prepared formulations (n = 3) containing
the following dexamethasone content: 1.00 mg mL-1, 0.50 mg
mL-1, 0.25 mg mL-1, and 0.00 mg mL-1 (blank formulation). Table 2
shows the physicochemical characteristics of dexamethasone-loaded
nanocapsules containing different theoretical drug contents.

As can be seen, the formulation prepared to contain 1.00 mg
mL-1 showed by the HPLC analysis only 68% of this theoretical
concentration. This can be explained by the drug overloading
followed by its crystallization in the external aqueous phase. This
crystallization makes the system heterogeneous to the sampling
and may decrease the drug content in the HPLC analysis. Similar
results were observed during stability studies of diclofenac-loaded
nanocapsules.34,35 In addition, to confirm our hypothesis of
crystallization/precipitation we observed the suspension by optical
microscopy. Dexamethasone crystals, which were observed in this
suspension, were not observed in blank or in lower concentration
formulations (not shown). It means that at this concentration a
fraction of the active principle is not encapsulated. This
crystallization may be explained by the full organic solvent
evaporation, and the decrease in the dexamethasone solubility

leading to its precipitation in the continuous aqueous phase, as
demonstrated by previous reports.27,36

Regarding the formulations prepared at initial concentrations
of 0.50 and 0.25 mg mL-1 of dexamethasone, both presented drug
content according to the their theoretical value. However, the
formulation containing 0.50 mg mL-1 presented higher encapsulation
efficiency (p < 0.05) compared to the formulation containing 0.25
mg mL-1 of dexamethasone. In relation to the other physicochemical
characteristics, all formulations presented similar mean sizes
(between 225 and 260 nm), polydispersity indices below 0.25, and
pH in the acidic range. No difference was showed among the
physicochemical characteristics of dexamethasone-loaded
nanocapsules and unloaded-nanocapsules (blank formulation).

Comparing these results to our previous report,22 we can obser-
ve that the encapsulation efficiency of dexamethasone, at a
concentration of 0.50 mg mL-1, was higher for nanocapsules
(89.56%) than for nanospheres (77.11%). This fact may be explained
by the presence of the oily phase in nanocapsules making them
more hydrophobic than nanospheres.15

Influence of the oily phase

The type of oily phase used as core in preparation of polymeric
nanocapsules could have a great influence on the particle mean size
and polydispesity index due to the difference in its viscosity,
hydrophobic characteristic and interfacial tension.11 In order to study
the influence of the oily phase on the physicochemical characteristics
of dexamethasone-loaded nanocapsules, as well as to evaluate the
potential of using another oily phase (sunflower oil – SFO) to improve
dexamethasone encapsulation, we carried out a 22 factorial design, as
shown in Table 1. Oily phase and the dexamethasone initial
concentration were the factors evaluated. Caprylic/capric triglyceride
mixture (CCT) has been widely used to prepare nanocapsule
suspension15,37,38 as medium-chain triglyceride. It contains 50–80% of
caprylic acid and 20–50% of capric acid39. On the other hand, sunflower
oil (SFO) is a long-chain triglycerides mixture, whose main components
are oleic or linoleic acids, as unsatured fatty acids.40 Up to now there
had been no reports on the use of SFO to prepare polymeric nanocapsule
suspensions. The results of the factorial design are presented in Table
3. Neither the oily phase nor the drug concentration showed a significant
influence on the mean size and polydispersity index (p > 0.05). All
formulations presented mean size and polydispersity index below 280
nm and 0.25, respectively, and pH in the acid range (pH 5.0 – 6.0). On
the other hand, dexamethasone initial concentration presented a
significantly difference (p < 0.05) in relation to the encapsulation
efficiency. The nanocapsule suspensions containing higher drug
concentrations also presented the higher encapsulation efficiency,
regardless the type of oily phase. This factorial design study allowed
us to observe that the use of SFO instead of CCT did not improve
dexamethasone encapsulation in the polymeric nanocapsules, showing
the same result from both phases (around 90 and 80% at a concentration
of 0.5 and 0.25 mg mL-1, respectively). On the other hand, the results
showed the feasibility to use SFO as an oily phase in the preparation
of polymeric nanocapsules, which presented nanometric mean size
(189 – 230) and polydispersity index below 0.20. Nanocapsules
containing SFO as oily phase could become interesting considering
some properties of this oil like to accelerate the would healing process,41

to inhibit the increase of solid tumor growth,42 or to be added to many
cosmetic formulations.43

Although the nanocapsule suspensions containing the lower
initial dexamethasone content (0.25 mg mL-1) presented the lower
encapsulation efficiency, we did not discard these formulations
without evaluating their stability under storage (ambient temperature

Table 2. Physicochemical characteristics of dexamethasone-loaded
NC prepared with CCT as oily phase: influence of the initial theo-
retical drug content (mean ± SD)

Theoretical Drug Encapsulation Mean PI pH
drug content content efficiency size
(mg mL-1) (mg mL-1)  (%) (nm)

1.00 0.68 nd 236 0.20 5.52
 ± 0.14 ± 03 ± 01 ± 0.10

0.50 0.51 89.56 253 0.23 5.36
± 0.06 ± 1.21a ± 03 ± 05 ±0.15

0.25 0.27 82.24 229 0.14 5.49
± 0.03 ± 3.91b ± 16 ± 05 ±0.41

0.00 0.00 nd 253 0.21 4.99
± 0.00 ± 24 ± 07  ± 0.33

Means, in column, with the same letter are not significantly differ-
ent (ANOVA, p ≤ 0.05); nd: not determined (drug crystallization);
PI: polydispersity index
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and protected from light).
Stability studies showed that at a concentration of 0.5 mg mL-1

only the formulation containing CCT as oily phase, showed an
acceptable stability after 1 month of storage (Table 4), presenting
high decrease in the total drug content (0.52 to 0.27 mg mL-1) after 2
months. On the other hand, formulations prepared with SFO presented
a decrease in the drug content during the first month of storage.
These decreases could be explained by the drug leakage (surface
desorption and/or diffusion to the aqueous medium) and
crystallization, as previously demonstrated for dexamethasone-loaded
nanospheres.22 To confirm this hypothesis, we observed the
suspensions by optical microscopy during the storage time and
dexamethasone crystals could be detected. Blank formulations
submitted to the stability studies did not show the presence of crystals,
confirming the identity of the crystals observed in the drug-loaded
nanocapsule suspensions as dexamethasone crystals (not shown).
These alterations in the drug content during the storage time were
also accompanied by an increase of the standard deviation in the
mean size of particles. This increase was not observed for the blank
formulation and could be related to the presence of crystals of
dexamethasone in the continuous phase, as previously discussed.
According to previous studies reported in the literature, this
phenomenon could be attributed to the presence of nanocrystals,
stabilized by surfactants, which start to grow and precipitate with
time.11,37 Nevertheless, the analyses of mean size and polydispersity
index of the formulations (Table 4) did not present any significant
alteration during the storage time (2 months). Regarding the pH
values, all formulations presented a decline in their values during
the storage time (Table 4) if compared to the values obtained just
after the preparation (Table 3), whose decline was also observed for
blank formulations (pH 4.20 for both blank formulations – containing
CCT or SFO - after 2 months of storage). This decline may be
explained by the polymeric chains relaxation, which exposes a higher
number of terminal carboxylic groups.34,44 In comparison, blank
formulations presented stable mean sizes and polydispersity indices
during the storage time (250 – 270 nm and 0.21 - 0.26, respectively
for nanocapsules containing CCT; and 189 – 206 nm and 0.09 –

0.12, respectively for nanocapsules containing SFO). From these latter
results, it can be observed that the use of SFO as an oily phase leads
to colloidal suspensions presenting a smaller mean size (around 200
nm) and lower polydispersity index (around 0.10).

Regarding stability studies on nanocapsule suspensions
containing an initial drug content of 0.25 mg mL-1, the crystallization
of the dexamethasone could not be prevented by lowering the drug
concentration in the formulations (Table 4). Dexamethasone-loaded-
nanocapsule (0.25 mg mL-1) prepared with the CCT presented an
acceptable stability also after 1 month of storage like the formulation
containing 0.50 mg mL-1 of drug. In relation to the suspensions
prepared with SFO, although they presented a mean drug content
during the storage time (0.27 ± 0.05 and 0.24 ± 0.03 mg mL-1, after
1 and 2 months, respectively) around the theoretical value (0.25
mg mL-1), these values presented a high variation (RSD:10 – 20%)
among the formulations (n = 3). This variation was also observed
in the encapsulation efficiency values and may be related to the
presence of drug crystals in the continuous phase. The mean size
and polydispersity values of these formulations did not change
during the storage time and all formulations presented a decline in
their pH values during the storage time, as observed for the
formulations containing 0.50 mg mL-1 of drug.

Influence of the surfactants

Nanocapsules can be stabilized by steric or electrostatic
repulsion, depending on the nature of the surfactant. Surfactants
are necessary to obtain small and stable oil droplets. This way,
surfactants can affect the physicochemical properties of the

Table 4. Stability studies: physicochemical characteristics of dex-
amethasone-loaded NC (0.5 mg mL-1 and 0.25 mg mL-1) after 1 and
2 months of storage at ambient temperature and protected from
light (mean ± SD)

Time Drug Encapsulation Mean PI pH
(months) content efficiency size

(mg mL-1)  (%) (nm)

0.5 mg mL-1

Oily phase: CCT
1 0.52 90.79 247 0.23 4.19

± 0.07 ± 2.40 ± 05 ± 0.03 ± 0.09

2 0.27 nd 278 0.29 4.09
± 0.06 ± 54 ± 0.08 ± 0.06

Oily phase: SFO
1 0.27 nd 220 0.18 4.70

± 0.04 ± 16 ± 0.01 ± 0.31

2 0.21 nd 252 0.21 3.96
± 0.06 ± 52 ± 0.07 ± 0.09

0.25 mg mL-1

Oily phase: CCT
1 0.25 80.36 227 0.17 4.23

± 0.03 ± 2.24 ± 20 ± 0.05 ± 0.10

2 0.22 61.41 278 0.17 3.91
± 0.02 ± 2.06 ± 32 ± 0.08 ± 0.22

Oily phase: SFO
1 0.27 79.74 224 0.15 4.85

± 0.05 ± 7.32 ± 05 ± 0.02 ± 0.30

2 0.24 81.25 280 0.19 3.98
± 0.03 ± 10.9 ± 28 ± 0.06 ± 0.27

nd: not determined (drug crystallization); PI: polydispersity index

Table 3. Physicochemical characteristics of dexamethasone-loaded
NC and the respective blank formulations: influence of the oily
phase and the initial dexamethasone evaluated by a 22 factorial
design (mean ± SD)

Oily phase Drug Encapsulation Mean PI pH
content efficiency size

(mg mL-1)  (%) (nm)

CCT 0.51 89.56 253 0.23 5.36
± 0.06 ± 1.21a ± 03 ± 0.05 ± 0.15

0.27 82.24 229 0.14 5.49
± 0.03 ± 3.91b ± 16 ± 0.05 ± 0.41

SFO 0.51 87.50 229 0.15 5.99
± 0.06 ± 0.17a ± 12 ± 0.01 ± 0.11

0.27 78.07 227 0.17 5.72
± 0.01 ± 1.88b ± 04 ± 0.03 ± 0.21

Blank formulations TCM 253 0.21 4.99
± 24 ± 0.07 ± 0.33

SFO 189 0.09 5.83
± 04 ± 0.04 ± 0.18

Means, in column, with the same letter are not significantly differ-
ent (Two-way ANOVA, Tukey’s test, p ≤ 0.05); PI: polydispersity
index
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nanoparticles such as size, drug loading, and drug stability.11,35,45,46

The surfactant influence on the physicochemical characteristics of
the nanocapsule suspensions and the evaluation of this strategy as
a tool to improve the stability of dexamethasone-loaded
nanocapsules were studied. Thus, we chose the formulation
containing 0.50 mg mL-1 of drug and prepared it with CCT as oily
phase due to its better stability and higher drug content compared
to the other formulations, as previously demonstrated.

The choice of the surfactants was made considering their different
HLB (hydrophilic-lipophilic balance) values. High HLB surfactants
used as hydrophilic surfactants were polysorbate 80 - P80 and
poloxamer 188 - P188 (HLB of 15.0 and 29.0, respectively). Sorbitan
monooleate (SMO) and sesquioleate (SSO) were used as lipophilic
surfactants (HLB of 4.3 and 3.7, respectively). Dexamethasone-loaded
nanocapsules and blank formulations were prepared using the
following surfactant association: P80/SMO, P80/SSO, and P188/
SMO. The physicochemical characteristics obtained from these
different formulations just after the preparation are shown in Table
5. The only formulations which presented drug content close to the
theoretical value (0.50 mg mL-1) were the ones prepared with the
association of P80/SMO and P80/SS0. The change in the HLB of the
hydrophilic surfactant from 15 to 29 decreased the affinity of
dexamethasone to the polymeric nanocapsule leading to an increase
in its crystallization in the continuous phase. It can be explained by
the higher solubilizing ability of surfactants presenting a high HLB
value, which could dislocate the drug from the nanocapsule to the
continuous medium followed by its precipitation. Regarding the
change of the surfactant with low HLB value it was observed that the
decrease in its HLB value from 4.3 to 3.7 (for SMO and SSO,
respectively) resulted in a decrease in the mean size and in the

polydispersity index of drug-loaded as well as of drug–unloaded
formulations (Table 5). The influence of the type and concentration
of surfactants in the formation of nanocapsules and in their mean
size and polydispersity index were already reported in the
literature.11,45,47,48 However, most of the studies demonstrated the
influence of the hydrophilic surfactant. Alvarez-Román and co-
workers11 showed an increase of the mean size of poly(ε-caprolactone)
nanocapsules prepared in presence of poloxamer 188 (HLB = 29) in
relation to the same nanocapsules prepared in presence of polysorbate
85 (HLB = 11). On the other hand, Quintanar-Guerrero and co-
workers49 demonstrated a decrease in the mean size of polymeric
nanocapsule prepared with polysorbate 80 (HLB = 15) in relation to
the nanocapsule suspension prepared with poloxamer 188 (HLB =
29). Moreover, Schaffazick and co-workers50 did not show any
influence regarding the type of surfactant on the mean size or on the
drug encapsulation of poly(ε-caprolactone) nanocapsules containing
melatonin. In our studies we showed the influence of the HLB value
of the hydrophilic and lipophilic surfactant on the drug loading
efficiency and mean size, respectively.

Regarding the stability studies of the drug-loaded formulations
prepared with different surfactant associations, only the formulation
prepared with P80/SMO showed an acceptable stability after 1 month
of storage (Table 6). The instability observed for the other formulations
was related to the drug content (decrease or high variation among the
batches) and consequently the encapsulation efficiency. As can be seen
in Table 6, no changes were observed on the mean size or polydispersity
of the suspensions. pH values decreased during the storage time for all
formulations, as previously commented.

In order to confirm the decrease in the mean size of the
nanocapsule as well as in the polydispersity index by the change in

Table 6. Stability studies: physicochemical characteristics of dexamethasone-loaded NC prepared with different surfactant associations
after 1 and 2 months of storage at ambient temperature and protected from light (mean ± SD)

Time Drug content Encapsulation Mean size PI pH
(months) (mg mL-1) efficiency (%) (nm)

Surfactants: P80/SMO
1 0.52 ± 0.07 90.79 ± 2.40 247 ± 05 0.23 ± 0.03 4.19 ± 0.09

2 0.27 ± 0.06 nd 278 ± 54 0.29 ± 0.08 4.09 ± 0.06
Surfactants: P188/SMO
1 0.54 ± 0.19 nd 260 ± 39 0.18 ± 0.09 4.90 ± 0.50

2 0.58 ± 0.35 nd 261 ± 39 0.17 ± 0.08 4.65 ± 0.45
Surfactants: P80/SSO
1 0.45 ± 0.16 nd 230 ± 23 0.18 ± 0.07 6.28 ± 0.12

2 0.33 ± 0.09 nd 249 ± 51 0.21 ± 0.10 5.89 ± 0.49

nd: not determined (drug crystallization); PI: polydispersity index

Table 5. Physicochemical characteristics of dexamethasone-loaded NC and the respective blank formulations: influence of the hydrophilic
(Polysorbate 80 – P80 or Poloxamer 188 – P188) and the hydrophobic surfactant (sorbitan monooleate - SMO or sorbitan sesquioleate -
SSO). Mean ± SD

Surfactant Drug content Encapsulation Mean size PI pH
association (mg mL-1) efficiency (%) (nm)

P80/SMO 0.51 ± 0.06 89.56 ± 1.21 253 ± 03 0.23 ± 0.05 5.36 ± 0.15
P188/SMO 0.33 ± 0.06 nd 258 ± 42 0.17 ± 0.08 6.90 ± 0.24

P80/SSO 0.46 ±0.03 93.48 ± 3.46 212 ± 07 0.09 ± 0.02 7.47 ± 0.19

Blank P80/SMO 253 ± 24 0.21± 0.07 4.99 ± 0.33

formulations P188/SMO 251 ± 15 0.14 ± 0.04 7.17 ± 0.23

P80/SSO 205 ± 09 0.11 ± 0.01 7.71 ± 0.06

nd: not determined (drug crystallization); PI: polydispersity index
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the low HLB value surfactant and the instability of the suspensions
due to presence of the drug we carried out the stability study with
blank formulations. As observed for the drug-loaded formulations,
all blank formulations showed a decrease in their pH values after 2
months (4.09 ± 0.06, 4.65 ± 0.45 and 5.89 ± 0.49 for formulations
containing the surfactant association P80/SMO, P188/SMO and
P80/SS0, respectively). The use of the lipophilic surfactant with
lowest HLB value (SSO) to prepare blank formulations led to the
preparation of formulations presenting the lowest values of mean
size and polydispersity index after the storage time (211 ± 16 nm,
0.14 ± 0.03, respectively, after 2 months) compared to the
suspension prepared with SMO as surfactant (P80/SMO: 252 ± 21
and 0.26 ± 0.04; P188/SMO: 254 ± 23 and 0.13 ± 0.04, respectively,
after 2 months). The particle size and polydispersity index
characteristics remained similar during all the storage time for the
blank formulations. From these results, the strong influence of HLB
of the surfactant on the mean size and polydispersity index of the
suspensions could be clearly observed. This study is the first report
on the use of sorbitan sesquioleate as a stabilizer agent for polymeric
nanocapsules and showed its good efficiency to form nanocapsules
with narrow diameter distribution.

CONCLUSION

This work showed the technological feasibility to prepare
dexamethasone-loaded polymeric nanocapsules at a concentration
of 0.5 mg mL-1, which presented encapsulation efficiency close to
90% and nanometric particle size. The choice of the oily phase and
the surfactant association (hydrophilic/lipophilic surfactant) was
fundamental to improve the stability of these formulations. The
use of caprylic/capric triglyceride mixture as oily phase and the
association of polysorbate and sorbitan monooleate as surfactants
led to more stable formulations. In addition, the use of sunflower
oil and sorbitan sesquioleate was showed for the first time as
alternatives of oily phase and lipophilic surfactant, respectively, to
prepare nanocapsules with good colloidal properties (low mean size
and narrow size distribution). Studies are in progress to incorporate
these dexamethasone-loaded nanocapsules in solid dosage forms
as well as in semi-solid formulations, as alternatives to systemic or
topical delivery of dexamethasone.
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