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bstract

Several classes of antifungal have been employed in candidiasis treatment, but patients with advanced immunodeficiency can present unsatis-
actory results after therapy. In these cases, high doses of drugs or the use of multiple agents are sometimes used, and hence increasing the risk
f serious side effects. Considering theses difficulties, the encapsulation of antifungal agents in nanoparticulate carriers has been used with the
bjective of modifying the pharmacokinetic of drugs resulting in more efficient treatments with less side effects. The purpose of this work was
he preparation, characterization and the investigation of the release profiles of radiolabeled fluconazole nanocapsules. The size, homogeneity and
eta potential of NC preparations were determined with a Zetasizer 3000HS. The morphology and the structural organization were evaluated by
tomic force microscopy (AFM). The release study in vitro of NC was evaluated in physiologic solution with or without 70% mouse plasma.
he labeling yield of fluconazole with 99mTc was 94% and the radiolabeled drug was stable within 24 h period. The encapsulation percentage of

9mTc-fluconazole in PLA-POLOX NC and PLA-PEG NC was approximately of 30%. The average diameter calculated by photon correlation
pectroscopy (PCS) varied from 236 to 356 nm, while the average diameter determined by AFM varied from 238 to 411 nm. The diameter/height
elation decreased significantly when 25% glutaraldehyde was used for NC fixation on mica. The zeta potential varied from −55 to −69 nm and
urface-modified NC showed lower absolute values than conventional NC. The in vitro release of 99mTc-fluconazole in plasma medium of the
onventional and surface-modified NC was greater than in saline. The drug release in plasma medium from conventional NC was faster than for
urface-modified NC. The results obtained in this work suggest that the nanocapsules containing fluconazole could be used to identify infectious

99m
oci, due to the properties, such as size, zeta potential and controlled release of Tc-fluconazole. The surface-modified nanocapsules could
onstitute a long-circulating intravenous formulation of fluconazole for treating sepsis caused by disseminated form of candidiasis. However, in
ivo studies should be considered and are under investigation.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Candida albicans is the most common fungal pathogen, and

s the organism responsible for the majority of localized fun-
al infections in humans (Martin, 1999). Patients with impaired
mmunity, such as those who have AIDS or are neutropenic as

result of cancer therapy, are at particular risk of developing
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dx.doi.org/10.1016/j.ijpharm.2007.08.002
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. albicans infections, which may become systemic. Dissem-
nated infection leading to candidemia can be devastating and
ause up to a 60 percent mortality rate in medical or post-surgical
ntensive care wards (Appleton, 2000).

Several category of antifungal has been used in candidiasis
reatment, but the efficacy of therapy depends on precocious
iagnosis and immunity of patient. Patients with advanced
mmunodeficiency can present clinical failure after therapy. In
hese cases are necessary high doses of drugs and the use of mul-
iple agents, thereby increasing the risk of serious side effects.
espite of these difficulties, the encapsulation of antifungal

gents in nanoparticulate carriers can be used with several advan-
ages, such as the possibilities of to restrict access of the drug
o the chosen sites and of drug delivering it at a controlled and
ustained rate to the desired site, increasing the drug therapeutic
fficacy and reducing the side effects. Some antifungal agents
ave been encapsulated in nanoparticles and promising results
as been observed in animal models and in clinical therapy.
hese studies include mainly the polyenes drugs, represented
y amphotericin B and nystatin (Maesaki, 2002; Mehta et al.,
987a,b; Otsubo et al., 1999). There are some few studies about
ssociation of azole antifungal with nanoparticles (Chasteigner
t al., 1998; Gupta et al., 2000; Agarwal and Katare, 2002).

Previous works have studied and characterized azole antifun-
al loaded in nanoparticles. The physico-chemical properties of
anoparticles are very important to evaluate the mechanisms
f drug-carrier association, the stability, homogeneity and mor-
hology of the formulations. Chasteigner et al. (1998) showed
hat the itraconazole, a triazole antifungal, yielded greater asso-
iation efficiencies with chemically modified �-cyclodextrin
anospheres composed of poly-�-caprolactone (PCL), and a
egatively charged steroidal surfactant, sodium deoxycholate,
han with other lipid-based drug carriers, such as liposomes and
holesterol complexes. Molina et al. (2001) studied three azoles
ntifungals (itraconazole, ketoconazole and DO870) loaded
n PLA-PEG nanospheres that showed a monodisperse size
istribution between 100 and 200 nm and efficiency of drug
ntrapment of 90, 87 and 92%, respectively. Moreover, the
traconazole was also encapsulated in PLGA nanocapsules,
nd the concentration of polymer, oil and drug had significant
ffect on nanocapsules particle size and on the amount of itra-
onazole entrapped in the nanoparticles (Prakobvaitayakit and
immannit, 2003).
A special attention was devoted to the nanocapsules (NC)

hat are a special type of nanometric colloidal carrier that pos-
esses an oily core surrounded by a polymeric wall, where
ipophilic and/or hydrophilic surfactants can be placed at the
nterface (Legrand et al., 1999). The ability of NC to mod-
fy the biopharmaceutical properties of lipophilic substances
as been demonstrated before by several authors (Barratt,
000). The NC generally presents high entrapment efficiency
or lipophilic drugs and low polymer content compared to
anospheres in total formulation (Mosqueira et al., 2006).

owever, conventional nanoparticles are rapidly cleared from

he circulation by phagocytes of the mononuclear phagocyte
ystem (MPS) (Gref et al., 1994). Surface modification of
anocapsules with hydrophilic polymers, such as polyethylene-
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w
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lycol (PEG), resulted in decreased recognition by the MPS,
hereby increasing the half-life of their circulation in the
lood (Mosqueira et al., 2001b). The fluconazole is a can-
idate to be entrapped within the oily core of nanocapsules
ecause this drug has low water solubility and a favorable par-
ition coefficient octanol/PBS (McEvoy, 2003). In this way, the
im of the present work was the preparation, characterization
nd the investigation of the release profiles of nanocapsules
repared with poly-d,l-lactide (PLA) and with the copoly-
er of monomethoxy-polyethyleneglycol-co-poly-d,l-lactide

PLA-PEG), containing radiolabeled fluconazole, which could
urther be employed in biodistribution studies.

. Materials and methods

.1. Materials

Soy lecithin (Epikuron® 170) was purchased from Lucas
eyer (France). Poly(d,l-lactic acid) PLA50 with an average
olecular mass (MW) of 75,000 Da and the surfactant polox-

mer 188 (Synperonic® F 68) were provided by Sigma–Aldrich
USA). Miglyol 810N (caprylic/capric triglyceride) was gift
rom Hulls (Germany). PLA-PEG (PLA of 49,000 Da containing
pproximately 10% PEG with a MW of 5000 Da) was provided
y Alkermes (USA) and was used without further purification.
he fluconazole was provided by Galena (Brazil) and 99mTc

pertechnetate form) was obtained as a sodium solution from a
9Mo generator (IPEN/Brazil). All the solvents used were ana-
ytical grade, and other chemicals were commercially available
eagent grade and used without further purification. Water was
urified by reverse osmosis (Simplicity 185, Millipore, Bedford,
SA).

.2. Methods

.2.1. Procedure and efficiency of fluconazole labeling with
9mTechnetium

Fluconazole was labeled according to the method described
y Lupetti et al. (2002). In a labeling vial were mixed 50 �L of
fluconazole solution (2 mg/mL), 4 �L of a solution containing
mg/mL of SnCl2·2H2O and 2 mg/mL of sodium pyrophos-
hate and 4 �L of a solution containing 10 mg/mL of KBH4
n 0.1 mol/L NaOH. After addition of 0.1 mL of 99mTc-sodium
ertechnetate solution (74 MBq), the mixture was gently stirred
t room temperature for 120 min and diluted with 0.01 mol/L
cetic acid to a final volume of 1 mL. The mixture was applied
o a Maxi-Clean C18 cartridge (Alltech Associations, EUA) pre-
iously flushed with 20 mL 0.01 mol/L acetic acid, to remove
he radioactive impurities, free pertechnetate and colloids. After
eing rinsed with 20 mL acetic acid, 99mTc-fluconazole was
luted with 2 mL methanol which was evaporated using hot air.
his procedure was repeated twice. The colloidal radioactivity
as entrapped in the cartridge.

The labeling yield and stability of 99mTc-fluconazole were

etermined using instant thin-layer chromatography (ITLC)
ith methyl-ethyl-ketone as the eluent. Only 99mTc in the

orm of pertechnetate was eluted by this method. The 99mTc-
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uconazole remained at the site of origin. The stability of
9mTc-fluconazole was also determined after incubation of
00 �L of the solution in 500 �L of mouse serum at 37 ◦C.
fter 15, 30, 60, 90, 120, 360 and 1440 min, the amounts of

ree/released pertechnetate were assessed by ITLC as described
bove. The radioactivity of chromatography strips was deter-
inate in a gamma radiation counter equipped with a NaI (TI)

rystal (ANSR, ABBOT, USA).

.2.2. Size-exclusion chromatography analysis
A 2 mL volume of radiolabeled fluconazole was applied

nto a column of Sephadex G150 (20 cm × 0.6 cm) previously
ushed with 20 mL of phosphate-buffered saline (PBS, pH 7.3).
liquots of 1 mL were eluted and the radioactivity was deter-
ined in a gamma radiation counter equipped with a NaI (TI)

rystal (ANSR, ABBOT, USA). The same procedure was per-
ormed with unlabeled fluconazole (2 mg/mL) and the eluted
liquots were evaluated by absorbance measurements at 220 nm.
he profiles of the two formulations were compared.

.2.3. Preparation of nanocapsules
Conventional nanocapsules (PLA NC) were prepared accord-

ng to the method described by Fessi et al. (1989) and those
terically stabilized with PEG were prepared using the method
eported by Mosqueira et al. (2001a). Poly(d,l-lactic acid) (MW
5,000 Da) was used together with Poloxamer 188, a surfac-
ant that contains polyethyleneglycol chains in its structure, to
repare conventional NC. In this case, the poloxamer is only
dsorbed at the NC surface. Surface-modified NC was prepared
sing the diblock polymer PLA-PEG (PLA, 49,000 Da and PEG,
000 Da) in the absence of poloxamer. Briefly, the polymer
0.6%, w/v) was dissolved in a mixture of methanol acetone
1:3) containing 0.75% (w/v) of soy lecithin (Epikuron® 170)
nd 2.5% (v/v) of Miglyol® 810N. In the case of conventional
C, this organic solution was poured into the external aque-
us phase containing 0.75% (w/v) of Synperonic® F68 with
tirring. The solvents were evaporated to 10 mL under reduced
ressure (Fisatom Rotary Evaporator, Brazil). The NC contain-
ng the drug was prepared by the same method with purified
9mTc-fluconazole suspended in a mixture methanol acetone
1:3).

.2.4. Determination of 99mTc-fluconazole encapsulated in
anocapsules

The percentage of encapsulation of 99mTc-fluconazole in
he nanocapsules was calculated by the difference between the
otal drug radioactivity in the colloidal suspension and the free
9mTc-fluconazole in the external aqueous phase. The frac-
ion of colloidal suspension in the external phase was assessed
y the ultrafiltration/centrifugation method in an AMICON
evice (Microcon, MWCO 10,000 Da, Millipore®) centrifuging
00 �L of NC suspension at 1800 × g for 15 min. The non-

ncapsulated 99mTc-fluconazole was found in the ultrafiltrate,
nd the 99mTc-fluconazole associated with the NC was retained
n the upper compartment of the device. The percentage of
adioactivity associated with the NC was determined by the

(
d
w
o
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ollowing Eq. (1):

% drug loading) = ATotal − Aultrafiltrate

ATotal × 100 (1)

here A: activity determined in a gamma radiation counter
quipped with an NaI (TI) crystal (ANSR, ABBOT, USA).

To obtain purified NC, free of unloaded 99mTc-fluconazole,
he method described above was used, and the 99mTc-
uconazole-loaded NC were then diluted in saline solution.
hese purified NC were used in further characterization and

elease experiments.

.2.5. 99mTc-fluconazole release from nanocapsules
The 99mTc-fluconazole released from the NC formula-

ions was determined in saline solution and in 70% mouse
lasma/saline at different times at 37 ◦C under sink condi-
ions. In the release experiments, 125 �L of NC suspension
as incubated with 500 �L of each medium at 37 ◦C with
oderate stirring. At each point of time chosen, the exter-

al phase was separated from the total NC suspension by the
ltrafiltration/centrifugation technique in Ultrafree® units with
0.1 �m pore size (Millipore®) that allowed the filtration of

erum proteins. In this method, 400 �L of medium with NC
uspension was added to the upper compartment of the device,
nd it was centrifuged at 1800 × g for 15 min. The separation
embrane used in this study allowed the elution of the free

9mTc-fluconazole or that associated with plasmatic protein,
hile the NC remained in the compartment above the ultrafil-

ration membrane. This analysis was evaluated in time periods
f up to 240 min. The percentage of radioactivity released from
C was determined from following Eq. (2), where A: activ-

ty determined in a gamma radiation counter (ANSR, ABBOT,
SA).

% drug release) = Aultrafiltrate

ATotal × 100 (2)

.2.6. Characterization of the nanocapsules

.2.6.1. Photon correlation spectroscopy analysis. The mean
ize of the nanocapsules was determined by photon correla-
ion spectroscopy. This method allows the determination of the

ean diameter of the particle and the polydispersity index (PI),
hich is a dimensionless measure of the broadness of the par-

icle size distribution. Particle size was evaluated in a Zetasizer
S3000 (Malvern Instruments, Malvern, UK). Samples were

nalyzed after appropriate dilution in ultra-pure Milli-Q water.
eported values were expressed as mean ± standard deviation

or ten different batches of each nanocapsule formulation.

.2.6.2. Atomic force microscopy imaging. AFM observation
as performed in air at room temperature, on a Dimension
000 apparatus, as well as on Multimode Equipment, both mon-
tored by a Nanoscope IIIa controller from Digital Instruments

Santa Barbara, CA, USA). A droplet (5 �L) of sample was
eposited on a freshly cleaved mica surface, spread and dried
ith a stream of argon. Another method of sample fixation
n mica surface was evaluated: a droplet (5 �L) of 25% glu-
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Table 1
Composition of NC preparations

NC formulation Polymer (molar ratio) Polymer (%, w/v) POLOX (%, w/v) Lecithin (%, w/v) Miglyol (%, w/v) FLU (mg/mL)

PLA-POLOX PLA50 0.6 0.75 0.75 2.5 −
PLA-PEG PLA50-PEG 49-5a 0.6 − 0.75 2.5 −
99mTc-FLU-PLA-POLOX PLA50 0.6 0.75 0.75 2.5 +
99mTc-FLU-PLA-PEG PLA50-PEG 49-5a 0.6 − 0.75 2.5 +
FLU-PLA-POLOX PLA50 0.6 0.75 0.75 2.5 2
F a − 0.75 2.5 2

F : poloxamer 188; Lecithin: soy lecithin with approximately 70% phosphatidylcholine.

t
b
p
T
s
l
c
5
w
t
a
a
m

2
a
a
s
N
u
d

2

e
w
e
P
s

3

f
e
s
n
t
P
S
i
c
d
a

Table 2
99mTcO4

− released after incubation of 99mTc-fluconazole with mouse serum

Time (min) % 99mTcO4
−

0 5.54 ± 1.20a

15 5.83 ± 1.17a

30 5.72 ± 0.70a

60 6.62 ± 1.36a

90 6.07 ± 1.23a

120 7.15 ± 1.64a

360 6.28 ± 1.26a

1440 5.91 ± 1.42a

The results represent the mean ± standard deviation (n = 4) for each determina-
t
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phy in Sephadex G150 showed a radioactivity peak coincident
with unlabeled fluconazole, between 5 and 9 mL, detected by
absorbance measurement at 220 nm (Fig. 1). These results con-
LU-PLA-PEG PLA50-PEG 49-5 0.6

LU: fluconazole; PEG: polyethyleneglycol; PLA: poly(d,l-lactic acid); POLOX
a Formulations containing approximately 10% PEG.

araldehyde was deposited on a freshly cleaved mica surface
efore deposition of the NC sample. After applying the sam-
le, the liquids were mixed and dried with a stream of argon.
he images were obtained in tapping mode, using commercial
ilicon probes from NanosensorsTM, with cantilevers having a
ength of 228 �m, resonance frequencies of 75–98 kHz, spring
onstants of 29–61 N/m and a nominal tip curvature radius of
–10 nm. The scan rate used was 1 Hz. Dimensional analyses
ere performed using the “section of analyses” program of

he system. A minimum of ten images from each sample was
nalyzed to assure reproducible results. The values represent
n average ± standard deviation of approximately 40 particle
easurements.

.2.6.3. Zeta potential analyses. The zeta potential was evalu-
ted by Laser Doppler Electrophoresis (LDE) measurements in
Zetasizer HS3000 (Malvern Instruments, Malvern, UK). The

amples were analyzed following dilution by 1:1000 in 1 mM
aCl at a conductivity of approximately 120 ± 20 mS/cm2. Val-
es reported are the mean ± standard deviation of at least three
ifferent batches of each nanocapsule formulation.

.2.7. Statistics
All experiments were performed in triplicate and were

xpressed as mean values ± standard deviations, unless other-
ise stated. Mean sizes, zeta potential and drug release data at

ach time point were compared by an ANOVA test using the
rism 4.0 program while considering a probability of 5% to be
ignificant.

. Results and discussion

NC containing 99mTc-fluconazole were prepared by the inter-
acial deposition of the preformed polymer followed by solvent
vaporation, a simple and rapid method of obtaining nanocap-
ules suitable for intravenous administration. Two types of
anocapsules containing 99mTc-fluconazole were developed in
his work: conventional PLA NC and surface-modified PLA-
EG NC. The composition of NC is summarized in Table 1.

urface-modified nanocapsules (PLA-PEG NC) were included

n this study because their uptake by the mononuclear phago-
yte system is substantially delayed, thereby increasing the time
uring which they circulate in the blood stream (Mosqueira et
l., 2001b).

F
o

ion.
a Identical letters indicate that there is no significant difference between the
ata presented (P > 0.05).

.1. Labeling yield of fluconazole with 99mTechnetium

After the purification process, 94% of the radioactivity
as associated with 99mTc-fluconazole. The results of stabil-

ty studies of 99mTc-fluconazole in mouse serum for 24 h
t 37 ◦C did not show a significant increase in 99mTcO4

−
elease (P > 0.05) as determined by ITLC (Table 2). These
esults showed that 99mTc-fluconazole is a stable molecule in
he presence of serum components, and it proved to be suit-
ble for use in biodistribution studies. Furthermore, the elution
rofile of 99mTc-fluconazole by size-exclusion chromatogra-
ig. 1. Chromatography profile of 99mTc-fluconazole and unlabeled fluconazole
n Sephadex G150.
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Table 3
Characteristics of the NC preparations

NC formulation Mean size ± S.D.a

(nm)
Mean size ± S.D.b

(nm)
Mean size ± S.D.b

(nm)c
Polydispersity
index

� Potential ± S.D.d

(mV)e

PCS AFM AFM (glut.)

PLA-POLOX 282 ± 24 411 ± 128 193 ± 26 0.340f −69.6 ± 8.4
PLA-PEG 236 ± 40 238 ± 124 212 ± 39 0.340f −57.9 ± 3.7
99mTc-Fluconazole-PLA-POLOX 356 ± 45 298 ± 151 200 ± 40 0.375f −66.2 ± 6.7
99mTc-Fluconazole-PLA-PEG 351 ± 24 264 ± 95 202 ± 45 0.418f −55.4 ± 7.8
Fluconazole-PLA-POLOX 347 ± 15 nd nd 0.116g −62.3 ± 1.6
Fluconazole-PLA-PEG 330 ± 20 nd nd 0.272g −58.1 ± 6.2

nd: not determined.
a Standard deviation of measurements from 10 different batches.
b Standard deviation of size measurements of 40 nanocapsules.
c Samples fixed with 25% glutaraldehyde.
d Standard deviation of at least three measurements obtained from different batches.
e S/cm
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Measurement after 1:1000 dilution in 1 mM NaCl (conductivity, 120 ± 20 �
f Homogeneous samples (≤0.5).
g Monodispersed samples (≤0.3).

rmed the chemical integrity of fluconazole molecule after the
adiolabeling process. Free pertechnetate and colloids repre-
ented less than 6% of the total radioactivity in the labeling
olution. The fluconazole labeling yield obtained in the present
ork are in agreement with those previously published by
upetti et al. (2002).

.2. Nanocapsule characterization

The percentage of encapsulation was 29.3 ± 3.5 and
2.2 ± 1.5% for PLA NC and PLA-PEG NC preparations,
espectively. The nature of the polymer, PLA or PLA-PEG, did
ot modify the percentage of 99mTc-fluconazole encapsulated
P > 0.05).

The particle size, polydispersity index and zeta potential
f prepared conventional and surface-modified NC containing
9mTc-fluconazole are presented in Table 3. The mean size and
ize distribution of the nanoparticles have a key role in determin-
ng their fate following administration, their interaction with the
ell membrane and their penetration across the physiological
rug barriers (Feng et al., 2004). Some authors have demon-
trated that the mean diameter of nanoparticles has an influence
n the biodistribution studies because large particles are rapidly
aken up by MPS, thereby reducing their half-lives in the circula-
ory system (Owens and Peppas, 2006). The polydispersity index
s indicative of the size distribution, and it showed that the differ-
nt NC formulations prepared by the nanoprecipitation method
ere homogeneous (PI < 0.5). However only fluconazole-loaded
C were monodisperse (PI ≤ 0.3). The particle size of this for-
ulation was the most homogeneous even when compared with

he unloaded PLA and PLA-PEG NC. The mean size of NC
btained in this study (236–356 nm) are in agreement with
ata obtained by others authors that observed NC diameters
etween 200 and 300 nm (Couvreur et al., 2002; Mosqueira et

l., 2006). Torchilin (2000) showed that nanoparticles ranging
rom 10 to 500 nm in size can extravasate and accumulate in
reas with increased vascular permeability. Therefore, the NC
izes obtained in this study are suitable for reaching infectious

t
(

d

).

nd inflammatory foci. It seems that the introduction of flu-
onazole in the NC composition increases the particle size. The
ean diameters of unloaded NC were smaller than NC contain-

ng 99mTc-fluconazole or unlabeled fluconazole (P < 0.05). The
nteraction of fluconazole with phospholipid bilayers has previ-
usly been investigated (Pascual et al., 1993; Ambrosini et al.,
998), and it could be one of the reasons for the effect observed
n this work because all NC formulations contained a high per-
entage of phosphatidylcholine. Ambrosini and co-workers have
uggested that fluconazole interacts with the polar head group
egion without penetration into the apolar hydrocarbon region
f bilayers.

Zeta potential results (Table 3) showed that the unloaded
C and NC containing radiolabeled and unlabeled fluconazole

xhibited a negative charge with values ranging from −55.4 to
69.6 mV, as is typically observed for these types of systems

omposed of PLA polymer (Mosqueira et al., 2001a). The pres-
nce of PEG resulted in a reduction in absolute values of the zeta
otential for unloaded NC and NC containing 99mTc-fluconazole
P < 0.05). Previous studies showed that formulations with PEG
hains have a reduced zeta potential when compared with con-
entional nanoparticles (Fresta et al., 2001; Mosqueira et al.,
001b; Ameller et al., 2004; Faria et al., 2005). According to
osqueira et al. (2006), the reduction of the zeta potential is a

esult of the presence of the PEG layer at NC surface that shifts
he plane of shear to the outer boundary of the layer, thereby

asking the real zeta potential value. Although the PLA-PEG
C showed reduced zeta potential, the absolute values are still
igh compared with previously reported zeta potential for PLA-
EG nanospheres (Gref et al., 1994). It was demonstrated that

ecithin in the nanocapsules formulation contributed to the main-
enance of the high negative surface charge masking the effects
f PEG chains in the zeta potential measurements (Mosqueira
t al., 2001a). However, in vivo the same amount of PEG at

he NC surface increases eight fold the AUC (plasma) in mice
Mosqueira et al., 2001b).

The images produced by the AFM technique are three-
imensional, with a high resolution in the nanometrical scale
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ig. 2. AFM images of height (A and C) and phase (B and D) of PLA-POLOX
9mTc-fluconazole (lower images) showing spherical nanostructures. Scan size:

Neves et al., 1998). In this technique, the preparation of the
ample is very simple. It is deposited in a partially dried state
nto freshly cleaved mica plates, a fact that allows simultane-
us characterization of particle shape, structure and interparticle
rganization. All nanocapsule preparations presented a spherical

orm in the AFM images (Figs. 2 and 3). The NC presented a het-
rogeneous distribution in size and height in three-dimensional
mages (Fig. 3). The PLA-POLOX nanocapsules (Fig. 2A and
) presented more complex images than those obtained with

Fig. 3. Three-dimensional AFM image of height of PLA-POLOX NC.
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ontaining 99mTc-fluconazole (upper images) and of PLA-PEG NC containing
× 5 �m.

LA-PEG (Fig. 2C and D) because they had few nanometer
ayers (2–10 nm) with different heights, probably because the
resence of lecithin and poloxamer. On the other hand, PLA-
EG NC (Fig. 2C and D), without poloxamer, presented more
omogeneous particles that were less contaminate by layers. The
verage size of unloaded conventional NC obtained by AFM
ere 411 ± 128 nm, while those containing 99mTc-fluconazole
ere 298 ± 151 nm (n = 40). However, these differences were
ot significant, in contrast to the results observed by PCS.
he average diameter calculated was 238 ± 124 nm (n = 40) for
nloaded PLA-PEG NC and 264 ± 95 nm (n = 40) for PLA-
EG NC containing 99mTc-fluconazole. The mean sizes were
ot significantly different (P > 0.05). However, the variation in
iameters represented by the standard deviation of measure-
ents obtained by AFM was larger than those measured by PCS

or both NC types. This observation can be explained as a possi-
le NC flattening and aggregation process that takes place after
rying on a mica surface. In fact, the flattening phenomenon was
robably related to variations in polymeric wall thickness and
n its homogeneity (Leite et al., 2005).

The diameter/height ratios were calculated from the topo-
raphical profile (Table 4). The values showed a ratio of
pproximately 11 for both types of unloaded NC. These
esults confirmed the existence of flattened forms that were
lso suggested by Montasser et al. (2002) who worked with
anocapsules prepared with the co-polymer dichlorophthaloyl-

o-diethylenetriamine and observed a diameter/height ratio of
2. Similarly, Leite et al. (2005) observed a ratio of approx-
mately 10 for poly-�-caprolactone NC. The diameter/height
atios observed in the present study were very similar, con-
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Table 4
Diameter/height ratios of nanocapsules analyzed by AFM

NC formulation Diameter/height ratio ± S.D.a

Not fixed with
glutaraldehyde

Fixed with
glutaraldehyde

PLA-POLOX 11.1 ± 1.1 1.7 ± 0.5
PLA-PEG 11.0 ± 2.6 6.1 ± 2.3
99mTc-Fluconazole-PLA-POLOX 16.6 ± 3.6 2.2 ± 0.6
9
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T
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i
h
c
taraldehyde could be an important method in sample preparation

F
w

F
o

9mTc-Fluconazole-PLA-PEG 15.4 ± 3.0 6.0 ± 1.6

a Standard deviation of 40 measurement.

rming the flattening process during AFM analysis. When
he 99mTc-fluconazole was associated with the NC, the diam-
ter/height ratios increased to values of 15.4 and 16.6 for
9mTc-fluconazole-PLA-POLOX and 99mTc-fluconazole-PLA-
EG NC, respectively (Table 4). These NC were evaluated by
FM, 24 and 48 h after deposition on the mica surface, as is
hown in detail in Fig. 4. The observations demonstrated the
ccurrence of an aggregation process and flattening phenom-
na on mica that caused a fusion of NC and, consequently,
n increase in NC sizes after 48 h. NC containing 99mTc-

f
fl
p

ig. 4. AFM images of height of PLA-POLOX NC containing 99mTc-fluconazole, 2
hite arrows indicate the aggregation of NC. Scan size 5 �m × 5 �m.

ig. 5. AFM images of height of PLA-POLOX NC containing 99mTc-fluconazole pr
f the formulation on the mica plates. Scan size 20 �m × 20 �m.
f Pharmaceutics 349 (2008) 152–160

uconazole showed more pronounced flattening phenomena in
he samples when compared with unloaded NC, probably due
o increased complexity on NC wall formation in the presence
f the radiolabeled drug. On the other hand, this aggrega-
ion process was not observed when 25% glutaraldehyde was
sed on the mica surface (Fig. 5), suggesting that nanocapsules
aintained their structures unaltered 48 h after the deposition.
urthermore, the diameter/height ratio obtained for NC fixed
ith 25% glutaraldehyde (Table 4) decreased significantly to
.7 and 6.1 for unloaded PLA-POLOX NC and PLA-PEG NC,
espectively. The same process occurred with NC containing
9mTc-fluconazole, where the values were reduced to 2.2 and 6
or PLA-POLOX NC and PLA-PEG NC, respectively (Table 4).
he greater ratio founded for PLA-PEG NC, despite of drug
ssociation, indicate that PEG located on NC surface probably
nduces a lower degree of NC wall interaction with glutaralde-
yde. Thus, these observations suggest that the fixation of NC
ontaining radiolabeled fluconazole on the mica surface by glu-
or AFM analysis. The glutaraldehyde seems to reduce the
attening process by hardening the wall of the NC and thus
reserving its shape and morphology. This sample treatment

4 h (A) and 48 h (B) after deposition of formulation on the mica surface. The

eviously fixed with 25% glutaraldehyde, 24 h (A) and 48 h (B) after deposition
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ig. 6. Release profile of 99mTc-fluconazole from PLA and PLA-PEG NC in
aline or saline with 70% of mouse plasma at 37 ◦C.

urnished information that more closely approximated the real
C size and morphology.

.3. 99mTc-fluconazole release from nanocapsules

The profiles for in vitro release of 99mTc-fluconazole from
LA and PLA-PEG nanocapsules are shown in Fig. 6. The
xperiments were preformed under sink conditions to avoid the
nterference of the solubility of the drug with the in vitro release.

fast release of radioactivity for all NC types was observed in
he first 15 min. A fast release of drug in the first few minutes
fter dilution in release media has been interpreted by several
uthors as drug adsorbed at the NC surface (Schaffazick et al.,
003; Mosqueira et al., 2006). However, plasma protein prob-
bly acts as a driving force that promotes 99mTc-fluconazole
esorption from the NC surface as a result of its binding capac-
ty, which removes drug from bulk solution and thus maintains
he concentration gradient (Mosqueira et al., 2006). Therefore,
he release of 99mTc-fluconazole by PLA-POLOX and PLA-
EG NC was greater in the plasmatic medium. In this medium,

t was possible to distinguish differences between the two for-
ulations. The drug release by PLA-PEG NC was significantly

maller at all times studied (P < 0.05). The PEG layer around the
C probably reduced the amount of drug released by impairing
rotein binding at NC surface, such as also observed by Gref et
l. (1995) and Mosqueira et al. (2006).

After the immediate release of 99mTc-fluconazole by PLA-
OLOX NC, a plateau was observed, indicating no further
dditional release of effectively encapsulated drug. The poly-
eric wall of PLA was not able to control release of the drug,
hich would explain the fast, although incomplete release from
LA-POLOX NC. Furthermore, previous studies suggest that

he poloxamer could increase the amount of drug release from
C (Mosqueira et al., 2006). On the other hand, the PLA-PEG
C showed different biphasic release profile, with the initial

urst and after a gradual and incomplete drug release up to
40 min, in plasma and saline media. Those release profiles of
9mTc-fluconazole from NC indicate that PLA-PEG NC show
ifferent properties of drug release control compared with PLA-

F
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OLOX NC. These differences could be attributed to the form
f PEG or poloxamer association to the NC surface, by covalent
rafting (PLA-PEG) or by adsorption (PLA-POLOX).

Finally, the results indicate that PLA-PEG NC offered advan-
ageous properties as a delivery system of 99mTc-fluconazole
ver PLA-POLOX formulation, because they show a reduc-
ion in drug release as a result of the minor interaction with
lasma proteins. These data are in agreement with the stud-
es of Mosqueira et al. (2006), where a better ability to retain
nd release a lipophilic antimalarial drug was observed with
LA-PEG NC when compared with PLA NC stabilized with
oloxamer in media containing plasma.

. Conclusion

Both types of nanocapsule preparations studied in this work
ere able to encapsulate the 99mTc-fluconazole with the same
ield. The homogeneity, the adequate sizes and the negative
eta potential of both types of nanocapsules containing 99mTc-
uconazole indicate that these formulations could be used
or reaching infectious foci, such as those induced by Can-
ida albicans. Moreover, the presence of covalently grafted
EG chains at the surface provides a hydrophilic steric bar-
ier, limiting and controlling the release of 99mTc-fluconazole.
herefore, it is expected that in further in vivo studies, the PLA-
EG nanocapsules containing fluconazole would constitute in
long-circulating intravenous formulation for treating Candida

nfections.
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