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Abstract

Loratadine-loaded microspheres were prepared by spray-drying of dispersions, emulsions and suspensions differing in poly-
meric composition and solvents used. Conventional microspheres were obtained by spray-drying of dispersions composed of
chitosan (CM) as only polymer, while composed microspheres were obtained by spray-drying of two-phase systems composed
of chitosan and ethylcellulose (EC). Microspheres differed in EC/CM weight ratio (0:1, 1:2 and 1:3) and in loratadine/polymers
weight ratio (1:6 and 1:8).

The entrapment efficiencies were between 67.9 and 86.1%; less loratadine was entrapped as polymer/drug ratio decreased.
In comparison to one-phase systems composed of CM as only polymer, spray-drying of two-phase systems composed of both,
CM and EC resulted in improved loratadine entrapment (80.1–86.1%). All microspheres were positively charged, indicating the
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resence of chitosan at the surface, regardless of the drug content and the type of spray-dried system. The highest ze
as measured for loratadine-free conventional microspheres, consisting of chitosan only (32.7± 1.3 mV). Tensile studies show

hat both, EC/CM ratio and the type of spray-dried system influenced the bioadhesive properties of the microsphere
hat the microspheres with higher chitosan content were more bioadhesive and microspheres prepared from suspe
ore bioadhesive than those prepared from emulsions, regardless of the same polymeric composition. The results su

he spray-drying method is useful to produce bioadhesive loratadine-loaded microspheres.
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1. Introduction

Microspheres, in general, are investigated for
geted and controlled release drug delivery. A polym
device allows for slow, controlled, and predictable d
release over a period of time and hence reduce
overall amount of drug needed (Illum, 2003). In nasa
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drug delivery, coupling of bioadhesive properties to
microspheres is of great importance because of addi-
tional advantages: efficient absorption and enhanced
bioavailability of the drug, a much more intimate con-
tact with the mucus layer and reduction in frequency
of drug administration due to the reduction in mucocil-
iary clearance of drug delivery system adhering to nasal
mucosa (Vasir et al., 2003).

The aim of this work was to develop bioadhesive mi-
crospheres for nasal delivery of lipophilic model drug
loratadine. Loratadine is a second-generation antihis-
tamine that is rapidly absorbed after oral administra-
tion and reaches peak plasma levels within 1–2 h. It
undergoes extensive first-pass metabolism in the liver.
Topical antihistamines are as effective as oral and may
be more beneficial in relieving nasal obstruction. Al-
though there is little difference with regard to speed
of onset of clinical activity, unvanted effects are re-
duced and the preparations can be prescribed without
risk of interactions with any concomitant medications
(Trigg and Davies, 1996). Polymers used for the mi-
crosphere preparation were chitosan (CM) and ethyl-
cellulose (EC).

Chitosan is a biocompatible and biodegradable
polycationic polymer with low toxicity. The positive
charges on the chitosan polymer can give rise to a
strong electrostatic interaction with mucus or a neg-
atively charged mucosal surface. This is to provide a
longer contact time for drug transport across the nasal
membrane, before the formulation is cleared by the
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deacetylation degree 83.5%, Fluka, Buchs, Switzer-
land), ethylcellulose, EC (Sigma, St. Louis, USA),
loratadine (Pliva d.d., Zagreb, Croatia). Buffer sub-
stances and all other chemicals or solvents used
were of analytical grade and purchased from Kemika
(Croatia).

2.2. Preparation of microspheres

Drug-free and drug-loaded microspheres based on
chitosan were prepared by spray-drying of simple dis-
persion, oil-in-water (O/W) emulsion and suspension,
using a B̈uchi 190 mini spray drier (Flawil, Switzer-
land) with a standard 0.5 mm nozzle. The liquid was
fed to the nozzle with peristaltic pump, atomised by the
force of the compressed air and blown together with a
hot air to the chamber where the solvent in the droplets
was evaporated. The dry product was then collected in
a collection bottle. The drying conditions were as fol-
lows: spray flow rate of 0.25 l h−1, compressed air flow
rate of 700 Nl h−1, inlet air temperature of 135◦C and
outlet air temperature of 85◦C.

For the simple dispersion system chitosan was sol-
ubilized in 0.5% acetic acid solution at 1% (w/v) con-
centration. Loratadine was dissolved at two different
concentrations (1 and 0.75%, w/v) in 96% ethanol.
These solutions were than mixed with chitosan solu-
tion in a 1:6 (v/v) ratio and subjected to spray-drying
under process conditions described above. In that way,
two different polymer/drug ratios (6:1 and 8:1, w/w)
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ucociliary clearance mechanism (Singla and Chawla
001). Thus, investigation of the zeta-potential is an
ortant part of the microsphere characterization, a
eta-potential has a substantial influence on the a
ion of drug delivery systems onto biological surfa
Berthold et al., 1996).

Microspheres were produced by spray-drying.
rug encapsulation efficiency, the size and morp
gy, the zeta-potential and bioadhesive properties
tudied as a function of type of spray-dried syst
olymeric composition and the drug content.

. Materials and methods

.1. Reagents and chemicals

The following materials were used as received: C
osan of medium molecular weight, CM (Mr 400 000
ere obtained for the preparation of loratadine-loa
hitosan microspheres.

For the O/W emulsion system, the oil phase c
isted of EC dissolved in ethyl acetate (4%, w/v),
hitosan solution (1%, w/v) in 0.5% (v/v) acetic a
epresented water phase. Loratadine was dissolv
il phase at the concentration of 2% (w/v), resultin

oratadine/EC ratio of 1:2 (w/w).
Emulsions were prepared by ultrasonic homog

ation (Cole-Parmer 4710 Series, USA; 2× 30 s, a
0�W, with 30 s intervals) of the oil phase and
art of the water phase, and were later diluted with
est of the water phase. O/W emulsions prepared
ered in volume oil/water phase ratios that were 1:8
:12. Theoretical polymer/drug ratios were 6:1 and
w/w), respectively.

Emulsions were stirred for 10 or 120 min using m
etic stirrer (900 rpm) and were then subjected to sp
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Table 1
The type and composition of spray-dried systems in the preparation of loratadine-loaded microspheres

Type of spray-dried system

Dispersion Emulsion Suspension

LD1a LD2a LE1a LE2a LS1a LS2a

Conc. CM (w/v, %) 1 1 1 1 1 1
Conc. EC (w/v, %) 4 4 4 4
EC/CM (w/w) 0/1 0/1 1/2 1/3 1/2 1/3
Polymers/loratadine (w/w) 6/1 8/1 6/1 8/1 6/1 8/1

a Sample.

drying under process conditions described above. By
employing prolonged period of stirring (120 min) sus-
pensions were formed, due to partial evaporation of
ethyl acetate from the oil phase, and consequent partial
precipitations of ethylcellulose.

Loratadine-free (empty) microspheres were pre-
pared following the same procedure as for loratadine-
loaded microspheres omitting loratadine.

Table 1report the type and composition of spray-
dried systems used for the preparation of loratadine-
loaded microspheres.

2.3. Scanning electron microscopy (SEM)

The shape and surface characteristics of the mi-
crospheres were observed by scanning electron mi-
croscopy. The microspheres were sputter-coated with
Au/Pd using a vacuum evaporator (Edwards) and ex-
amined using a scanning electron microscope (Philips
500, Eindhoven) at 10 kV accelerating voltage.

2.4. Particle size analysis

A microscopical image analysis technique for de-
termination of microsphere size distribution was ap-
plied. The morphology and particle size distributions
(based on the numbers of particles) were determined in
an Olympus BH-2 microscope equipped with a cam-
era (CCD Camera ICD-42E; Ikegami Tsushinki Co.,
Japan) and computer-controlled image analysis system
( dis-
p ld is
s nned
fi (Op-
t nts
a

2.5. Determination of the drug loading

Loratadine was extracted from the microspheres
with mixture of 0.1 M HCl and 96% ethanol (3:2, v/v;
15 ml) under sonication in ultrasonic bath (Branson
B1210E-DTH, Danbury, USA). The samples were fil-
tered and the amount of loratadine was determined
spectrophotometrically (λ = 247 nm; Ultrospec Plus,
Pharmacia LKB). Preliminary studies showed that the
presence of dissolved polymers did not interfere with
loratadine absorbance at 247 nm.

2.6. Zeta-potential of the microspheres

Zeta-potential of the microspheres prepared was
determined by photon-correlation spectroscopy (Zeta-
sizer 3000 HSA, Malvern Instruments) in 10 mM NaCl
solution (pH 6.7) at 25◦C.

2.7. Tensile studies

Sixty milligrams of drug-loaded microspheres as
well as drug-free microspheres were compressed into
5 mm a diameter flat-faced test disc, which was at-
tached to a precise torsion balance. A piece of porcine
nasal mucosa (2 cm2) was mounted on the glass dish
and placed on a mobile platform. The discs and the
mucosal surfaces were brought in contact in simu-
lated nasal fluid (SNES; an aqueous solution con-
taining 8.77 g NaCl, 2.98 g KCl and 0.59 g CaCl2
p e
o dis-
p the
c f
t ture,
e A)
Optomax V, Cambridge). The microspheres were
ersed on a microscope slide. A microscopical fie
canned by video camera. The images of the sca
elds are digitalised and analysed by the software
omax V Software, Cambridge). In all measureme
t least 3000 particles were examined.
er litre) pH 6.3 at 22◦C. The value for the forc
f detachment was measured as a function of
lacement, by lowering the mobile platform at
onstant rate of 2 mm min−1 until total separation o
he components was achieved. The work of frac
quivalent to the total work of bioadhesion (TW
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was calculated as the area under the force/distance
curve.

2.8. Statistical analysis

Statistical data analyses were performed using the
Student’st-test withP< 0.05 as the minimal level of
significance. Calculations were performed with the
GraphPad Prism program (GraphPad Software, Inc.,
San Diego, USA;www.graphpad.com).

3. Results and discussion

3.1. Characterisation of microspheres

Six samples of loratadine-loaded, and correspond-
ing loratadine-free microspheres were prepared by
spray-drying of three different types of systems: simple
dispersions, emulsions and suspensions. Suspensions
were prepared out of emulsions, employing longer stir-
ring time (120 min). Thus, partial extraction and evap-
oration of ethyl acetate from the inner oil phase was ob-
tained, which resulted in partial ethylcellulose precipi-
tation. The main characteristics of spray-dried systems
and microspheres prepared are shown inTables 2 and 3.
Microspheres differed in EC/CM weight ratio (0:1, 1:2
and 1:3) and in case of loratadine-loaded microspheres,
in loratadine/polymers weight ratio (1:6 and 1:8).

The yields of spray-dried microspheres were rel-
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tively high (30–54%), considering the prepara
ethod employed. Similar yields were already repo

or this method (Giunchedi et al., 2000). The loss o
aterial during spray-drying process is mostly du
owder adhering to the cyclone walls (Pavanetto et al
992). In this work, low values of yields could also
ttributed to the small amount of materials process
ach batch (1 g), as well as to the loss of the smalles

ightest particles through the exhaust of the spray-d
pparatus as it is not equipped with a trap to recove

ighter and smaller particles (Giunchedi et al., 2002).
As shown in Table 2, the yields of spray-drie

icrospheres depended on their composition. T
igher yields were obtained for the conventional mic
pheres prepared by spray-drying of simple dispers
samples LD1 and LD2), than for the composed mi
pheres prepared by emulsion and suspension s
rying (samples LE1, LE2, LS1 and LS2). Emulsi
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Fig. 1. SEM micrographs of loratadine-loaded (left) and loratadine-free (right) microspheres (LD2) prepared by spray-drying of simple
dispersion.

and suspensions differed from simple dispersions in
polymeric composition, as emulsions and suspensions
were composed of chitosan and ethylcellulose, while
simple dispersions were composed of chitosan only. It
may be concluded that lower yields for the preparation
of composed microspheres were due to EC inducement.
Yields of the loratadine-free microspheres were 3–14%
higher than yields of the corresponding loratadine-
loaded microspheres, for all types of spray-dried
systems. Such difference in yields between loratadine-
free and loratadine-loaded microspheres could be de-
scribed as insignificant, since the production yield was
mostly determined by technological characteristics of
the method employed, as described above (Giunchedi
et al., 2002).

SEM analysis of the samples revealed that all
microspheres prepared were spherical in shape.
Fig. 1presents morphology of conventional loratadine-
loaded microspheres (sample LD2), with crystals of
loratadine visible at the surface.

SEM images of the composed, loratadine-loaded
and loratadine-free microspheres, prepared by
spray-drying of two-phase systems (emulsions and
suspensions) are shown inFig. 2. The pores at the
surface are suspected to be the result of rapid evap-
oration of ethyl acetate, when compared to the water
evaporation. During the solvent evaporation process,
crust that is first formed on the surface of the droplets
prevents the evaporation of the solvent causing the
building up of the vapour pressure. As a result, small
e
W ted

to the subsequent shrinking of the microspheres
after solid crust is formed. This effect is even more
evident for loratadine-free (empty) microspheres
prepared from simple dispersions (Fig. 1). Comparing
loratadine-loaded and loratadine-free composed
microspheres (Fig. 2) it could be concluded that
loratadine incorporation in such systems had no
influence on surface or morphological characteristics
of microspheres prepared. From SEM images of
microspheres it could be concluded that two-phase
system spray-drying resulted in microspheres with
better loratadine entrapment than spray-drying of
simple dispersions. It could be ascribed to the presence
of lipophilic ethylcellulose in two-phase systems.

Particle size analysis indicated narrow logarithmic-
normal distribution for all samples with about 90% par-
ticles having spherical diameter up to 5�m and only
5% particles less than 2�m, with mean diameters rang-
ing between 3.32± 1.42 and 3.50± 1.53�m (Table 2).

The type of spray-dried colloidal system influenced
particle size characteristics. Thus, spray-drying of dis-
persions produced smaller microspheres than spray-
drying of two-phase systems. Similar observation was
already reported in the literature (He et al., 1999). There
was no significant difference in mean diameters among
the microspheres prepared by two-phase system spray-
drying, showing that the polymeric composition, poly-
mer/drug ratio and duration of stirring of emulsions did
not influence particle size characteristics.

The entrapment efficiencies were always very high,
b e
o res
ruption openings—pores are formed (Wang and
ang, 2002). Surface indentations could be attribu
etween 67.9 and 86.1% (Table 3). In the cas
f simple dispersion spray-drying, the microsphe
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Fig. 2. SEM micrographs of drug-loaded (left) and drug-free (right) microspheres prepared by spray-drying of emulsions (up; LE2) and
suspensions (down; LS2) with EC/CM weight ratio of 1:3.

prepared with theoretical polymer/drug ratio 8:1
showed higher loratadine entrapment (72.0%; sam-
ple LD2) than the microspheres prepared with the
theoretical polymer/drug ratio 6:1 (67.9%; sample

LD1), indicating that less loratadine was entrapped as
polymer/drug ratio decreased. In comparison to these
systems composed of chitosan as only polymer, spray-
drying of two-phase systems composed of both, chi-

Table 3
Preparation and characteristics of chitosan microspheres with loratadine

Type of spray-dried system Polymer/drug ratio (w/w)

6:1 (EC:CM = 1:2)a 8:1 (EC:CM = 1:3)a

Sample Drug loading (%)b EE (%)c Sample Drug loading (%)b EE (%)c

Dispersion LD1d 9.7 ± 0.9 67.9± 6.1 LD2d 8.0 ± 0.6 72.0± 5.6
Emulsion LE1 12.3± 0.7 86.1± 4.9* LE2 9.3± 0.4 83.7± 3.9*

Suspension LS1 11.7± 0.7 82.6± 5.0* LS2 7.3± 0.3 80.1± 4.1

Values are mean± S.D. (n= 3).
a EC:CM: weight ratio of EC dissolved in inner oil phase and chitosan dissolved in outer water phase of O/W emulsions.
b Actual drug content/examined quantity of microspheres× 100.
c Entrapment efficiency (EE): drug loading/theoretical drug loading× 100.
d Samples with chitosan as the only polymer in composition.
∗ P< 0.05, compared to LD microspheres.
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tosan and ethylcellulose resulted in significantly im-
proved (P< 0.05) loratadine entrapment (80.1–86.1%).
It is in agreement to previous conclusions drawn from
SEM micrographs of the microspheres (Figs. 1 and 2).

3.2. Zeta-potential of the microspheres

The zeta-potential of the loratadine-loaded and
loratadine-free microspheres was measured in 10 mM
NaCl solution at 25◦C (pH 6.7). The results obtained
are presented inTable 2. Also, as the control, the
zeta-potential of EC microparticles was measured in
the same medium and was−17.8± 1.6 mV. The neg-
ative zeta-potential for EC microparticles in medias
such as acetate buffer (1 mM; pH 4) and phosphate
buffer (0.1 mM; pH 7) was already reported (He et al.,
1998).

All microspheres prepared were positively charged,
indicating the presence of chitosan at the surface
of all microspheres formed, regardless of the drug
content and the type of spray-dried system. The
highest zeta-potential was measured for loratadine-
free conventional microspheres, consisting of chitosan
only (32.7± 1.3 mV; loratadine-free samples LD1 and
LD2), which was expected since chitosan free amino
groups are responsible for the measured positive zeta-
potential (Berthold et al., 1996).

Zeta-potential of loratadine-free composed micro-
spheres, ranging between 27± 1.1 and 31.4± 1.9 mV,
was significantly (P< 0.05) lower than the zeta-
p res.
I wo-
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o
c zeta-
p :2,
w ro-
s of
t pen-
s oat-
i san
c ro-
s chi-
t than
m ame
p ase
o tate
a to

spray-drying, led to formation of more compact chi-
tosan layer around EC cores of microspheres ob-
tained.

Zeta-potential of loratadine-loaded microspheres
ranged between 26.6± 1.4 and 28.1± 2.0 mV and
was always lower than zeta-potential of corresponding
loratadine-free microspheres. Influence of the drug en-
trapped on the zeta-potential of the microspheres was
already reported in the literature (Huang et al., 2003).
It was noted that zeta-potential decreased with the in-
crease of the drug content in the preparation. Reduc-
tion of zeta-potential caused by loratadine was much
more evident for the conventional microspheres, pre-
pared from the simple dispersions (27.5 and 32.7 mV,
loaded and free, respectively), than for the composed
microspheres, prepared from the emulsions (27.5 and
29.1 mV, loaded and free, respectively), or suspen-
sions (28.1 and 31.4 mV, loaded and free, respec-
tively).

Stronger effect of loratadine on surface character-
istic such as zeta-potential in case of the conventional
microspheres composed of chitosan only than in the
case of composed microspheres consisted of both,
EC and CM, is in agreement to SEM micrographs
(Figs. 1 and 2) that revealed that loratadine was more
present at the surface of conventional than composed
microspheres.

Recently, it was reported (Škapin and Matijevíc,
2004) that introduction of non-solvent (water) into
ethanol solution of loratadine and its subsequent evap-
o age-
i mall
a ar-
t bout
−

mi-
c ed in
w vap-
o lted
i har-
a ial.

tial
o ting
t icro-
s since
p sary
f and
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otential of loratadine-free conventional microsphe
t can be explained by the inducement of EC in t
hase systems and partial presence of EC at the su
f the composed microspheres. As shown inTable 2, in
ase of loratadine-free composed microspheres,
otential of the microspheres with EC/CM ratio 1
/w was lower than the zeta-potential of the mic
pheres with EC/CM ratio 1:3, w/w, regardless
he type of spray-dried system (emulsion or sus
ion). It may be concluded that a better chitosan c
ng of EC cores was obtained when higher chito
ontent (EC/CM 1:3) was employed. Also, mic
pheres prepared from suspensions with higher
osan content were higher positively charged,
icrospheres prepared from emulsions of the s
olymeric composition. It seems like that in c
f suspensions, partial evaporation of ethyl ace
nd consequent partial precipitation of EC prior
ration could produce spherical particles which on
ng of their aqueous dispersions containing a s
mount of ethanol transforms into fibrils. Such p

icles showed negative zeta-potential at pH 6 (a
40 mV, 0.001 mol l−1 KCl solution).
In the dispersions from which the conventional

rospheres were prepared loratadine was dissolv
ater/ethanol mixture. It could be speculated that e
ration of ethanol during spray-drying process resu

n similar structures, which affected the surface c
cteristics of microspheres as well as zeta-potent

It is important to conclude that the zeta-poten
f all microspheres prepared was positive, indica
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Fig. 3. The comparison of bioadhesive properties of loratadine-free (�) and loratadine-loaded (�) microspheres prepared by spray-drying of
simple dispersions (LD), emulsions (LE) and suspensions (LS) with polymer/drug ratio of 6:1 (LD1, LE1, LS1) and 8:1 (LD2, LE2, LS2).
Bioadhesive properties were evaluated by tensile studies and are expressed as the TWA. Indicated values are means of at least three experiments
±S.D. * Differs from LD loratadine-loaded microspheres (P< 0.05); ** differs from other microspheres (P< 0.05).

3.3. Bioadhesion studies

Results of tensile studies with loratadine-loaded
and loratadine-free chitosan microspheres are shown
in Fig. 3.

The highest total work of adhesion was measured for
loratadine-free conventional microspheres, consisting
of chitosan only (4.7± 0.3�J; loratadine-free samples
LD1 and LD2), which was expected since chitosan free
amino groups are responsible for the interaction with
mucin. This result is in agreement with the highest zeta-
potential measured for this sample.

Tensile studies performed with composed lorata-
dine-free microspheres showed that both, EC/CM ratio
and the type of spray-dried system (emulsion or sus-
pension) influenced the bioadhesive properties of the
microspheres obtained (Fig. 3).

Thus, the microspheres with higher chitosan content
(EC/CM 1:3, w/w; samples LE2 and LS2) were more
bioadhesive than the microspheres with lower chitosan
content (EC:CM 1:2, w/w; samples LE1 and LS1).
Also, microspheres prepared from suspensions (sam-
ples LS1 and LS2) were more bioadhesive than micro-
spheres prepared from emulsions (samples LE1 and
LE2), regardless of the same polymeric composition.
It can be explained by already mentioned better sepa-
ration and formation of EC cores and chitosan coating,
when suspensions were spray-dried and when higher
content of chitosan is employed in the preparation.

The lowest bioadhesion was observed with
l .5
0 a

clear correlation between the amount of drug in prepa-
ration and the decrease in bioadhesion: the total work of
adhesion for the microspheres with chitosan/loratadine
ratio 8:1 (sample LD2) and 6:1, w/w (sample LD1),
decreased 2.5-fold and 3.1-fold, respectively, com-
pared to the control (loratadine-free microspheres;
Fig. 3). This is most likely due to the presence
of loratadine at the surface of the microspheres,
which reduced the chitosan-mucin interaction and
consequently the bioadhesion. In addition, loratadine
seemed to cause the reduction in zeta-potential of the
microspheres, which also reduced their mucoadhesive
properties. At the same time, there was no significant
difference in bioadhesion between loratadine-loaded
and loratadine-free composed microspheres (Fig. 3),

F n of
l two-
p

oratadine-loaded conventional microspheres (1±
.4 and 1.9± 0.2�J; samples LD1 and LD2), with
ig. 4. Correlation between zeta-potential and bioadhesio
oratadine-loaded microspheres prepared by spray-drying of
hase systems.
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indicating insignificant influence of loratadine on
surface properties in composed systems that consisted
of both, chitosan and ethylcellulose, which was
responsible for improved loratadine encapsulation.

For all two-phase systems the clear correlation be-
tween bioadhesion and zeta-potential could be drawn
as presented inFig. 4. Similarly, He and co-workers
(1998)evaluated the mucoadhesive properties of chi-
tosan and chitosan microspheres by measuring mucin
adsorption on the microspheres, and concluded that the
adsorption was proportional to the absolute values of
the positive zeta-potential of chitosan microspheres and
negative zeta-potential of mucus glycoprotein.

4. Conclusions

It may be concluded that due to the presence of
ethylcellulose, the composed microspheres were char-
acterised by improved loratadine entrapment efficiency
in comparison to conventional chitosan microspheres.
Thus, composed microspheres should ensure longer re-
tention of the drug delivery system at the site of deposi-
tion, as loratadine was significantly less present at their
surface, and consequently had less influence on bioad-
hesion. Higher chitosan content (EC/CM 1:3) ensured
more compact coating of EC cores of microspheres,
improving their bioadhesive properties.
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