Available online at www.sciencedirect.com

international
SCIENCE@DIRECT joumal Of
L pharmaceutics
ELSEVIER International Journal of Pharmaceutics 291 (2005) 69-77

www.elsevier.com/locate/ijpharm

Development and bioadhesive properties of chitosan-ethylcellulose
microspheres for nasal delivery

A. Martinac, J. Filipovic-Greic2*, D. Voinovict?, B. Perissutfl, E. Franceschin®s

a Department of Pharmaceutics, Faculty of Pharmacy and Biochemistry, University of Zagreb, &id&olaZagreb, Croatia
b Department of Pharmaceutical Sciences, University of Trieste, P. le Europa 1, Trieste, Italy

Received 27 January 2004; received in revised form 18 June 2004; accepted 19 July 2004
Available online 31 December 2004

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
presence of chitosan at the surface, regardless of the drug content and the type of spray-dried system. The highest zeta-potentia
was measured for loratadine-free conventional microspheres, consisting of chitosan only13riV). Tensile studies showed
that both, EC/CM ratio and the type of spray-dried system influenced the bioadhesive properties of the microspheres in a way
that the microspheres with higher chitosan content were more bioadhesive and microspheres prepared from suspensions were
more bioadhesive than those prepared from emulsions, regardless of the same polymeric composition. The results suggested tha
the spray-drying method is useful to produce bioadhesive loratadine-loaded microspheres.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Microspheres, in general, are investigated for tar-
geted and controlled release drug delivery. A polymeric
* Corresponding author. Tel.: +385 1 46 12 608; device allows for slow, controlled, and predictable drug
fax: +38514612691. release over a period of time and hence reduces the
E-mail addressjelena filipovic-greic@7bf. htnet.hr overall amount of drug needetlgm, 2003. In nasal
(J. Filipovic-GrEic).
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drug delivery, coupling of bioadhesive properties to deacetylation degree 83.5%, Fluka, Buchs, Switzer-
microspheres is of great importance because of addi- land), ethylcellulose, EC (Sigma, St. Louis, USA),
tional advantages: efficient absorption and enhancedloratadine (Pliva d.d., Zagreb, Croatia). Buffer sub-
bioavailability of the drug, a much more intimate con- stances and all other chemicals or solvents used
tact with the mucus layer and reduction in frequency were of analytical grade and purchased from Kemika
of drug administration due to the reduction in mucocil- (Croatia).
iary clearance of drug delivery system adhering to nasal
mucosa Vasir et al., 20038 2.2. Preparation of microspheres

The aim of this work was to develop bioadhesive mi-
crospheres for nasal delivery of lipophilic model drug Drug-free and drug-loaded microspheres based on
loratadine. Loratadine is a second-generation antihis- chitosan were prepared by spray-drying of simple dis-
tamine that is rapidly absorbed after oral administra- persion, oil-in-water (O/W) emulsion and suspension,
tion and reaches peak plasma levels within 1-2 h. It using a Richi 190 mini spray drier (Flawil, Switzer-
undergoes extensive first-pass metabolism in the liver. land) with a standard 0.5 mm nozzle. The liquid was
Topical antihistamines are as effective as oral and may fed to the nozzle with peristaltic pump, atomised by the
be more beneficial in relieving nasal obstruction. Al- force of the compressed air and blown together with a
though there is little difference with regard to speed hot air to the chamber where the solvent in the droplets
of onset of clinical activity, unvanted effects are re- was evaporated. The dry product was then collected in
duced and the preparations can be prescribed withouta collection bottle. The drying conditions were as fol-
risk of interactions with any concomitant medications lows: spray flow rate of 0.25 I, compressed air flow
(Trigg and Davies, 1996 Polymers used for the mi-  rate of 700 NI L, inlet air temperature of 13% and
crosphere preparation were chitosan (CM) and ethyl- outlet air temperature of 8%.
cellulose (EC). For the simple dispersion system chitosan was sol-

Chitosan is a biocompatible and biodegradable ubilized in 0.5% acetic acid solution at 1% (w/v) con-
polycationic polymer with low toxicity. The positive  centration. Loratadine was dissolved at two different
charges on the chitosan polymer can give rise to a concentrations (1 and 0.75%, w/v) in 96% ethanol.
strong electrostatic interaction with mucus or a neg- These solutions were than mixed with chitosan solu-
atively charged mucosal surface. This is to provide a tion in a 1:6 (v/v) ratio and subjected to spray-drying
longer contact time for drug transport across the nasal under process conditions described above. In that way,
membrane, before the formulation is cleared by the two different polymer/drug ratios (6:1 and 8:1, w/w)
mucociliary clearance mechanisBiffiglaand Chawla,  were obtained for the preparation of loratadine-loaded
2001). Thus, investigation of the zeta-potentialisanim- chitosan microspheres.
portant part of the microsphere characterization, asthe  For the O/W emulsion system, the oil phase con-
zeta-potential has a substantial influence on the adhe-sisted of EC dissolved in ethyl acetate (4%, w/v), and
sion of drug delivery systems onto biological surfaces chitosan solution (1%, w/v) in 0.5% (v/v) acetic acid
(Berthold et al., 1996 represented water phase. Loratadine was dissolved in

Microspheres were produced by spray-drying. The oil phase at the concentration of 2% (w/v), resulting in
drug encapsulation efficiency, the size and morphol- loratadine/EC ratio of 1:2 (w/w).
ogy, the zeta-potential and bioadhesive properties were  Emulsions were prepared by ultrasonic homogeni-
studied as a function of type of spray-dried system, sation (Cole-Parmer 4710 Series, USAx 30s, at
polymeric composition and the drug content. 60W, with 30s intervals) of the oil phase and the
part of the water phase, and were later diluted with the
rest of the water phase. O/W emulsions prepared dif-

2. Materials and methods fered in volume oil/water phase ratios that were 1:8 and

2.1. Reagents and chemicals 1:12. Theoretical polymer/drug ratios were 6:1 and 8:1
(w/w), respectively.
The following materials were used as received: Chi- Emulsions were stirred for 10 or 120 min using mag-

tosan of medium molecular weight, CN¥{ 400 000; netic stirrer (900 rpm) and were then subjected to spray-
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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

LD12 LD22 LE1? LE2?2 LS12 LS
Conc. CM (wlv, %) 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 2.5. Determination of the drug loading

employing prolonged period of stirring (120 min) sus-

pensions were formed, due to partial evaporation of  Loratadine was extracted from the microspheres

ethyl acetate from the oil phase, and consequent partialwith mixture of 0.1 M HCl and 96% ethanol (3:2, v/v;

precipitations of ethylcellulose. 15ml) under sonication in ultrasonic bath (Branson
Loratadine-free (empty) microspheres were pre- B1210E-DTH, Danbury, USA). The samples were fil-

pared following the same procedure as for loratadine- tered and the amount of loratadine was determined

loaded microspheres omitting loratadine. spectrophotometricallyA(=247 nm; Ultrospec Plus,
Table 1report the type and composition of spray- Pharmacia LKB). Preliminary studies showed that the

dried systems used for the preparation of loratadine- presence of dissolved polymers did not interfere with

loaded microspheres. loratadine absorbance at 247 nm.

2.3. Scanning electron microscopy (SEM) 2.6. Zeta-potential of the microspheres

The shape and surface characteristics of the mi-  Zeta-potential of the microspheres prepared was
crospheres were observed by scanning electron mi- determined by photon-correlation spectroscopy (Zeta-
croscopy. The microspheres were sputter-coated with Sizer 3000 HSA, Malvern Instruments) in 10 mM NacCl
Au/Pd using a vacuum evaporator (Edwards) and ex- solution (pH 6.7) at 25C.
amined using a scanning electron microscope (Philips
500, Eindhoven) at 10 kV accelerating voltage. 2.7. Tensile studies

2.4. Particle size analysis Sixty milligrams of drug-loaded microspheres as
well as drug-free microspheres were compressed into
A microscopical image analysis technique for de- 5mm a diameter flat-faced test disc, which was at-
termination of microsphere size distribution was ap- tached to a precise torsion balance. A piece of porcine
plied. The morphology and particle size distributions nasal mucosa (2 chhwas mounted on the glass dish
(based on the numbers of particles) were determined inand placed on a mobile platform. The discs and the
an Olympus BH-2 microscope equipped with a cam- mucosal surfaces were brought in contact in simu-
era (CCD Camera ICD-42E; lkegami Tsushinki Co., lated nasal fluid (SNES; an aqueous solution con-
Japan) and computer-controlled image analysis systemtaining 8.77g NaCl, 2.98g KCI| and 0.59g CacCl
(Optomax V, Cambridge). The microspheres were dis- per litre) pH 6.3 at 22C. The value for the force
persed on a microscope slide. A microscopical field is of detachment was measured as a function of dis-
scanned by video camera. The images of the scannedplacement, by lowering the mobile platform at the
fields are digitalised and analysed by the software (Op- constant rate of 2mm mirt until total separation of
tomax V Software, Cambridge). In all measurements the components was achieved. The work of fracture,
at least 3000 particles were examined. equivalent to the total work of bioadhesion (TWA)
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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, USAwww.graphpad.coi

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 showrainles 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-
atively high (30-54%), considering the preparation
method employed. Similar yields were already reported
for this method Giunchedi et al., 2000 The loss of
material during spray-drying process is mostly due to
powder adhering to the cyclone walRgvanetto et al.,
1992. In this work, low values of yields could also be
attributed to the small amount of materials processed in
eachbatch (1 g), aswellastothe loss of the smallestand
lightest particles through the exhaust of the spray-dryer
apparatus as itis not equipped with a trap to recover the
lighter and smaller particlesS{unchedi et al., 2002

As shown inTable 2 the yields of spray-dried
microspheres depended on their composition. Thus,
higher yields were obtained for the conventional micro-
spheres prepared by spray-drying of simple dispersions
(samples LD1 and LD2), than for the composed micro-
spheres prepared by emulsion and suspension spray-
drying (samples LE1, LE2, LS1 and LS2). Emulsions

Table 2

The comparison of the main characteristics of loratadine-loaded and loratadine-free microspheres

Polymer/drug ratio (w/w)

Type of the

spray-dried
system

1:3%
Yield (%)

8:1 (EC:CM

1:2%
Yield (%)

6:1 (EC:CM

Diameter (Lm)

Zeta-potential (m\9

Sample Zeta-potential (m\9 Diameter (um) Sample

LDY
L

3.24+ 1.46 (2.93t 0.99)
3.38+1.33 (3.26+ 1.24)
3.50+ 1.53 (3.47 1.51)

27.5£1.3" (32.7+1.3)
27.5£1.2 (29.1+ 1.6)
28.1£ 2.0 (31.4+ 1.9)

50.2+ 1.9 (54.0£ 0.5)
41.6:1.2 (47.1+£2.2)
40.651.5 (46.5+£ 1.3)

LD&A
LE2
LS2

3.23+ 1.33 (2.93+ 0.99)
3.32+1.42 (3.20+ 1.33)
3.48+1.48 (3.33: 1.28)

27.3:0.8" (32.7£1.3)
26.6+ 1.4 (27.5: 1.7)

40.3+2.1 (54.0£0.5)
30.1£2.0 (42.3:1.2)

Dispersion
Emulsion

E1l

27.2£1.6 (27.0£1.1)

37£1.9 (40.3: 1.6)

LS1

Suspension

=3).

Values in brackets refer to loratadine-free microspheres. Values arefnf@én (n

2 EC:CM: weight ratio of EC dissolved in inner oil phase and chitosan dissolved in outer water phase of O/W emulsions.

b Product weight/total weight of starting components of the spay-dried systEd0.

¢ Zeta-potential was measured in 10 mM NaCl solution a&tQ@%pH 6.7).
d Samples with chitosan as the only polymer in composition.

* P<0.05, compared to LD microspheres.
** P<0.05, compared to loratadine-free microspheres.
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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 to the subsequent shrinking of the microspheres
polymeric composition, as emulsions and suspensionsafter solid crust is formed. This effect is even more
were composed of chitosan and ethylcellulose, while evident for loratadine-free (empty) microspheres
simple dispersions were composed of chitosan only. It prepared from simple dispersioridg. 1). Comparing
may be concluded that lower yields for the preparation loratadine-loaded and loratadine-free composed
of composed microspheres were due to EC inducement.microspheres Kig. 2) it could be concluded that
Yields of the loratadine-free microspheres were 3—-14% loratadine incorporation in such systems had no
higher than yields of the corresponding loratadine- influence on surface or morphological characteristics
loaded microspheres, for all types of spray-dried of microspheres prepared. From SEM images of
systems. Such difference in yields between loratadine- microspheres it could be concluded that two-phase
free and loratadine-loaded microspheres could be de-system spray-drying resulted in microspheres with
scribed as insignificant, since the production yield was better loratadine entrapment than spray-drying of
mostly determined by technological characteristics of simple dispersions. It could be ascribed to the presence
the method employed, as described abd@vieiichedi of lipophilic ethylcellulose in two-phase systems.
etal., 2002. Particle size analysis indicated narrow logarithmic-
SEM analysis of the samples revealed that all normaldistribution for all samples with about 90% par-
microspheres prepared were spherical in shape.ticles having spherical diameter up tB and only
Fig. 1presents morphology of conventional loratadine- 5% particles less thani2m, with mean diameters rang-
loaded microspheres (sample LD2), with crystals of ingbetween 3.321.42 and 3.5 1.53um (Table 2.
loratadine visible at the surface. The type of spray-dried colloidal system influenced
SEM images of the composed, loratadine-loaded particle size characteristics. Thus, spray-drying of dis-
and loratadine-free microspheres, prepared by persions produced smaller microspheres than spray-
spray-drying of two-phase systems (emulsions and drying of two-phase systems. Similar observation was
suspensions) are shown ig. 2 The pores at the  alreadyreportedinthe literaturdé etal., 1999 There
surface are suspected to be the result of rapid evap-was no significant difference in mean diameters among
oration of ethyl acetate, when compared to the water the microspheres prepared by two-phase system spray-
evaporation. During the solvent evaporation process, drying, showing that the polymeric composition, poly-
crust that is first formed on the surface of the droplets mer/drug ratio and duration of stirring of emulsions did
prevents the evaporation of the solvent causing the not influence particle size characteristics.
building up of the vapour pressure. As a result, small ~ The entrapment efficiencies were always very high,
eruption openings—pores are formetlVgng and between 67.9 and 86.1%Tgble 3. In the case
Wang, 2002. Surface indentations could be attributed of simple dispersion spray-drying, the microspheres
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HT-13.82 kU

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 LD1), indicating that less loratadine was entrapped as
showed higher loratadine entrapment (72.0%; sam- polymer/drug ratio decreased. In comparison to these
ple LD2) than the microspheres prepared with the systems composed of chitosan as only polymer, spray-
theoretical polymer/drug ratio 6:1 (67.9%; sample 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% 8:1 (EC.CM=1:3%

Sample Drug loading (%8) EE (%f Sample Drug loading (%8) EE (%)
Dispersion LDf 9.7+ 0.9 67.9+ 6.1 LDA 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.# 0.7 82.6+ 5.0 LS2 7.3+ 0.3 80.1+ 4.1

Values are meaitt S.D. (h=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 microspherd<0.
¢ Entrapment efficiency (EE): drug loading/theoretical drug loacirig0.
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- spray-drying, led to formation of more compact chi-
proved P <0.05) loratadine entrapment (80.1-86.1%). tosan layer around EC cores of microspheres ob-
Itis in agreement to previous conclusions drawn from tained.

SEM micrographs of the microspherésgs. 1 and 2 Zeta-potential of loratadine-loaded microspheres
ranged between 2651.4 and 28.%#2.0mV and
3.2. Zeta-potential of the microspheres was always lower than zeta-potential of corresponding

loratadine-free microspheres. Influence of the drug en-

The zeta-potential of the loratadine-loaded and trapped on the zeta-potential of the microspheres was
loratadine-free microspheres was measured in 10 mM already reported in the literaturklgang et al., 2003
NaCl solution at 25C (pH 6.7). The results obtained It was noted that zeta-potential decreased with the in-
are presented iTable 2 Also, as the control, the crease of the drug content in the preparation. Reduc-
zeta-potential of EC microparticles was measured in tion of zeta-potential caused by loratadine was much
the same medium and wasl7.8+ 1.6 mV. The neg- more evident for the conventional microspheres, pre-
ative zeta-potential for EC microparticles in medias pared from the simple dispersions (27.5 and 32.7 mV,
such as acetate buffer (1mM; pH 4) and phosphate loaded and free, respectively), than for the composed
buffer (0.1 mM; pH 7) was already reporteddd et al., microspheres, prepared from the emulsions (27.5 and
1998. 29.1mV, loaded and free, respectively), or suspen-

All microspheres prepared were positively charged, sions (28.1 and 31.4mV, loaded and free, respec-
indicating the presence of chitosan at the surface tively).
of all microspheres formed, regardless of the drug  Stronger effect of loratadine on surface character-
content and the type of spray-dried system. The istic such as zeta-potential in case of the conventional
highest zeta-potential was measured for loratadine- microspheres composed of chitosan only than in the
free conventional microspheres, consisting of chitosan case of composed microspheres consisted of both,
only (32.7+1.3mV, loratadine-free samplesLD1and EC and CM, is in agreement to SEM micrographs
LD2), which was expected since chitosan free amino (Figs. 1 and 2that revealed that loratadine was more
groups are responsible for the measured positive zeta-present at the surface of conventional than composed

potential Berthold et al., 1996 microspheres. B
Zeta-potential of loratadine-free composed micro- Recently, it was reportedSkapin and Matije\d,
spheres, ranging between 27..1 and 31.4- 1.9 mV, 2009 that introduction of non-solvent (water) into

was significantly P<0.05) lower than the zeta- ethanol solution of loratadine and its subsequent evap-
potential of loratadine-free conventional microspheres. oration could produce spherical particles which on age-
It can be explained by the inducement of EC in two- ing of their aqueous dispersions containing a small
phase systems and partial presence of EC at the surfaceamount of ethanol transforms into fibrils. Such par-

of the composed microspheres. As showmable 2 in ticles showed negative zeta-potential at pH 6 (about
case of loratadine-free composed microspheres, zeta-—40 mV, 0.001 molt® KCI solution).
potential of the microspheres with EC/CM ratio 1:2, In the dispersions from which the conventional mi-

w/w was lower than the zeta-potential of the micro- crospheres were prepared loratadine was dissolved in
spheres with EC/CM ratio 1:3, w/w, regardless of water/ethanol mixture. It could be speculated that evap-
the type of spray-dried system (emulsion or suspen- oration of ethanol during spray-drying process resulted
sion). It may be concluded that a better chitosan coat- in similar structures, which affected the surface char-
ing of EC cores was obtained when higher chitosan acteristics of microspheres as well as zeta-potential.
content (EC/CM 1:3) was employed. Also, micro- It is important to conclude that the zeta-potential
spheres prepared from suspensions with higher chi- of all microspheres prepared was positive, indicating
tosan content were higher positively charged, than the presence of chitosan at the surface of the micro-
microspheres prepared from emulsions of the same spheres. That observation is of great importance, since
polymeric composition. It seems like that in case positive charge originating from chitosan is necessary
of suspensions, partial evaporation of ethyl acetate for the interaction with negatively charged mucus, and
and consequent partial precipitation of EC prior to consequently, bioadhesioH¢ et al., 1998
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Fig. 3. The comparison of bioadhesive properties of loratadine-fi@@iid 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 experime
+S.D. * Differs from LD loratadine-loaded microspher€s<0.05); ** differs from other microsphere®& 0.05).

3.3. Bioadhesion studies clear correlation between the amount of drug in prepa-
ration and the decrease in bioadhesion: the total work of
Results of tensile studies with loratadine-loaded adhesion for the microspheres with chitosan/loratadine
and loratadine-free chitosan microspheres are shownratio 8:1 (sample LD2) and 6:1, w/w (sample LD1),
in Fig. 3 decreased 2.5-fold and 3.1-fold, respectively, com-
The highest total work of adhesion was measured for pared to the control (loratadine-free microspheres;
loratadine-free conventional microspheres, consisting Fig. 3). This is most likely due to the presence
of chitosan only (4.2 0.3pJ; loratadine-free samples  of loratadine at the surface of the microspheres,
LD1 and LD2), which was expected since chitosan free which reduced the chitosan-mucin interaction and
amino groups are responsible for the interaction with consequently the bioadhesion. In addition, loratadine
mucin. This resultis in agreementwith the highest zeta- seemed to cause the reduction in zeta-potential of the
potential measured for this sample. microspheres, which also reduced their mucoadhesive
Tensile studies performed with composed lorata- properties. At the same time, there was no significant
dine-free microspheres showed that both, EC/CM ratio difference in bioadhesion between loratadine-loaded
and the type of spray-dried system (emulsion or sus- and loratadine-free composed microsphefés.(3),
pension) influenced the bioadhesive properties of the
microspheres obtaine&ig. 3). 5
Thus, the microspheres with higher chitosan content
(EC/CM 1:3, wiw; samples LE2 and LS2) were more
bioadhesive than the microspheres with lower chitosan 4
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, 2 2% o pa 20
when suspensions were spray—dned and wher_1 higher Zeta-potential (mV)
content of chitosan is employed in the preparation.
The lowest bioadhesion was observed with Fig. 4. Correlation between zeta-potential and bioadhesion of

loratadine-loaded conventional microspheres {1.5  |oratadine-loaded microspheres prepared by spray-drying of two-
0.4 and 1.9:0.2p.J; samples LD1 and LD2), with a  phase systems.

TWA (uJ)
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indicating insignificant influence of loratadine on nisolone sodium phosphate as model for anti-inflammatory

surface properties in composed systems that consisted  drugs. J. Control Release 39, 17-25. o

of both, chitosan and ethylcellulose, which was Giunchedi, P., Gavini, E'Z Bon_acucma, G., Palmieri, G.F,

responsible for improved loratadine encapsulation 2000. Tabletted polylactide microspheres prepared by a w/o
p P p A emulsion-spray drying method. J. Microencapsul. 17, 711—
For all two-phase systems the clear correlation be- 750

tween bioadhesion and zeta-potential could be drawn Giunchedi, P., Juliano, C., Gavini, E., Cossu, M., Sorrenti, M.,

as presented |ﬁ|g 4, S|m||ar|y’ He and co-workers 2002. Formulation ar\d invivo evaluatior_l ofchlorhexidine buccal

(1998) evaluated the mucoadhesive properties of chi- tablets prepared using drug-loaded chitosan microspheres. Eur.

. . . . J. Pharm. Biopharm. 53, 233-239.

tosan a_nd chitosan _mlcrospheres by measuring mucmHe, P., Davis, S.S., lllum, L., 1999. Sustained release chitosan mi-

adsorpt!on onthe m|Cr0_5pheresi and concluded thatthe  crospheres prepared by novel spray drying methods. J. Microen-

adsorption was proportional to the absolute values of  capsul. 16, 343-355.

the positive Zeta-potentiaj of chitosan microspheres and He, P., Davis, S.S., lllum, L., 1998. In vitro evaluation of the mu-

negative zeta-potential of mucus glycoprotein coadhesive properties of chitosan microspheres. Int. J. Pharm.
' 166, 75-88.

Huang, Y.C., Chiang, C.H., Yeh, M.K., 2003. Optimizing formula-
. tion factors in preparing chitosan microparticles by spray-drying
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