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Abstract: The incorporation of miconazole nitrate (MCN) in mucoadhesive microparticles made of a water-soluble chito-
san salt, chitosan glutamate (CHG) was studied. These solid systems may be proposed for buccal or vaginal applications
against mycotic infections, taking advantage of the muco-adhesive and permeation enhancing properties of this polymer.
Two series of solid dispersions were obtained by either spray-drying and lyophilization, under different formulation vari-
ables. The in vitro release of MCN from both the series of microparticles was analyzed at pH simulating the mouth or
vaginal environments. A high amount (60 to 85%) of the loaded MCN was released quickly within the first 30 min both at
pH 5.0 and 6.6 from all the systems, while the release did not further increase in the following 4 h. These results suggest
that the released drug was the fraction of drug desorbed from the CHG particle surface, while a residual amount of drug
remained associated or entrapped within them.

An in vitro microbiological assay was carried out against different strains of Candida. MCN- CHG lyophilized solid dis-
persions gave enhanced inhibitory activity on yeast growth compared to the free drug, whereas the inclusion of MCN in
spray-dried microparticles generally did not improve the activity of the drug. The different physical properties of the two

kinds of dispersions seemed to be at the basis of the observed different in vitro antimycotic activity.
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INTRODUCTION

Chitosan (CH) is a hydrophilic, non-toxic biocompatible
and biodegradable polysaccharide obtained by alkaline
deacetylation of chitin. In the last decades it has been there-
fore proposed, together with its derivatives and salts, for the
production of different drug delivery systems [1-6]. Using
CH-based microspheres was recently improved for the
preparation of mucoadhesive formulations [7, 8]. CH in fact
enhances the absorption through the mucosa of small polar
molecules, peptides and protein drugs by means of the com-
bination of bioadhesion and transitory accessibility of the
tight junctions of cellular membranes [9]. Cell surface and
mucin are negatively charged molecules at physiological pH
and therefore good targets for the interaction with positively
charged bioadhesive cationic polymers, like CH [10].

Several types of chitosans are commercially available
with different molecular weight, degree of deacetylation,
presence of free or substituted acid/amine groups (i.e., chito-
san base or chitosan salts) [11]. For their characteristics, chi-
tosans have been proposed as drug carriers for the trans-
mucosal administration in buccal, nasal, ocular, gastrointes-
tinal, and vaginal therapy [12-20].
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For instance, CH conjugated to thioglycolic acid proved
to be an optimum carrier for vaginal release of antimycotic
drugs, such as clotrimazole [21]. Adding CH to methylcellu-
lose gel preparations allowed to increase the pH from 2.2 to
4.9, a value closer to the range of pH existing in the vaginal
habitat [22]. Vaginal tablets formed by CH and sodium algi-
nate were tested for delivery of metronidazole [23].

Miconazole nitrate (MCN) is an antifungal agent, widely
used orally or topically for the treatment of Candida infec-
tions of skin [24], mouth [25, 26] and vagina [27]. Such as
other antifungal azoles, MCN has been tested under alterna-
tive and novel modes of administration [28], including in-
traocular injections, impregnated bone cement, endobron-
chial and intrathecal administration; recently, a bioadhesive
formulation for the buccal delivery of MCN has been de-
scribed [29].

In this work we evaluated the incorporation of MCN in
mucoadhesive microparticles made of a water-soluble CH
salt, chitosan glutamate (CHG). Two series of solid disper-
sions were obtained by alternative techniques: spray-drying
and lyophilization (freeze-drying), using different formula-
tion variables.

These solid systems may be employed for buccal or
vaginal applications, in the presence of mycotic affections or
local super-infections, taking advantage of the muco-
adhesive properties of this polymer. Furthermore, even the
mechanism of membrane permeability enhancement is not
unquestionably delineated [30], CHG has shown an ability of
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improving the penetration of drugs across mucosae and
model cell membranes [31, 32].

The in vitro release of MCN was studied at different pH
values to evaluate the influence of polymeric matrix swelling
properties in simulated buccal or vaginal environments.

The antimycotic activity of the prepared systems was
studied by a classic in vitro microbiological assay.

MATERIALS AND METHODS
Materials

CHG used in this work (PROTASAN UP G 213) was
purchased from FMC Biopolymer (Drammen, Norway). Ac-
cording to the supplier certificate of analysis, viscosity was
131 mPas, pH 4.8, deacetylation degree 85%. The content of
glutamic acid was about 43%, that one of proteins about
0.2%.

MCN was kindly provided by Janssen Pharmaceutica
N.V. (Beerse, Belgium). Purity was higher than 99.95% (by
HPLC).

Preparation of Drug-Polymer Solid Dispersions by
Spray-Drying

MCN-loaded solid dispersions were prepared using dif-
ferent CHG-to-MCN weight ratios (2:1, 5:1, 9:1, or 19:1).
Weighed amounts of polymer and drug (for a constant total
amount of 600 mg) were dispersed under stirring in 100 ml
of distilled water; the mixtures were spray-dried with a Mini
Biichi B-191 spray-dryer (Biichi Laboratorius-Technik AG,
Flawil, Switzerland) using a standard 0.5 mm nozzle. The
process conditions of the spray-drying process were as fol-
lows: inlet temperature 104°C; outlet temperature 45-65°C;
spray-pressure about 2 atm and spray-rate of feed 5 ml/min.

The microparticles were harvested from the apparatus
collector as a dry, free-flowing material and were kept under
vacuum for 48 h at 30°C. Blank microspheres were prepared
using the same conditions of drug-loaded particles.

Preparation of Lyophilized Solid Dispersions

MCN and CHG, at the same weight ratios used in the
previous technique were dispersed in distilled water, if nec-
essary with gentle heating at 40°C. The mixtures were
quickly frozen by immersion in liquid nitrogen and lyophi-
lized for 24 h with an Edward Modulyo apparatus. White,
brittle and homogeneous-looking masses were obtained.

Samples from both the techniques were stored at room
temperature in amber glass vials, protected from direct light
and heat sources.

Yields of Production

The yields of production were calculated as the weight
percentage of the final product after drying, with respect to
the initial total amount of drug and polymer used for the
preparations.

Drug Content

The amount of drug incorporated into each solid system
was calculated by dispersing an exactly weighed amount of
microparticles (about 5 mg) in 10 ml of UV-grade methanol,
under mechanical stirring (Hematology Mixer, Fisher Scien-
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tific) for 6 h at room temperature. The resulting dispersion
was filtered through a 0.45 pm PTFE membrane filter
(Whatman) and read by UV spectrophotometry (Shimadzu
UV-1601) at the wavelength of 240 nm. The concentration
of MCN in each sample was extrapolated from a calibration
curve obtained in the same solvent. Each test was performed
in triplicate. The actual drug content was expressed as the
percentage of drug entrapped with respect to the amount
initially used for the preparations (Table 1).

IR Spectroscopy

Five milligrams of each sample were mixed with 30 mg
of KBr and compressed at 10 ton by a hydraulic press. The
resulting tablets were analyzed in comparison with the fol-
lowing samples: the starting (commercial) polymer material
(CHG), a polymer specimen heated at 200°C for 30 min, a
spray-dried polymer sample (CHG-0), pure MCN, a sample
of MCN obtained by spray-drying an aqueous solution of the
drug, and a drug-polymer physical mixture (1:19, w/w), pro-
duced by mixing the solid components in a porcelain mortar
for 30 min. The last sample corresponds to the CM1 system
in terms of drug-polymer ratio.

Table1. Percent Drug Loading in CHG Matrixes Obtained
by Spray-Drying (CMXx) or Lyophilization (CMxL)

Sample (MCN-CHG Theoretical % Drug Actual % Dru;

Weight Ratio) Loading Incorporation
CM4 (1:2) 33.33 33.60+0.21
CM3 (1:5) 16.66 19.61 +0.05

CM2 (1:9) 10 12.70 +1.10
CM1 (1:19) 5 6.45+0.85
CM4L (1:2) 33.33 29.11 £0.84
CMB3L (1:5) 16.66 17.65+1.01
CM2L (1:9) 10 12.68 +0.45
CMIL (1:19) 5 6.70 +0.06

*Mean of three determinations + S.D.

Differential Scanning Calorimetry Analysis (DSC)

The thermal behavior of blank and drug-loaded micropar-
ticles and pure MCN were determined using a Mettler DSC
12E calorimeter, connected to a Haake D8-G thermocryostat.
A sample of indium was used as reference standard to cali-
brate the temperature and the enthalpy changes. An exactly
weighed amount of each sample (about 10 mg) was placed in
an 100-ul aluminum crucible. An empty pan was used as
reference. Each sample was subjected to a heating scan from
5 to 200°C, at a heating rate of 10°C/min.

The results are given as thermograms that show the de-
pendence on the temperature of heat flux exchanged within
the sample during the scan.

In Vitro Drug Release

To follow the release of MCN from the microspheres,
small tablets were formed by mixing 25 mg of each solid
dispersion with 75 mg of spray-dried lactose. Several tablets
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of each system were prepared, to study the drug release at
different time points.

The ingredients were crushed in a porcelain mortar for 15
min. The mixture was compressed (2 tons for 10 s) into 8-
mm diameter tables by means of an IR steel die. The ob-
tained 100-mg tablets were kept in an exsiccation chamber
until use. Control tablets containing 1 mg of pure MCN (to
ensure steady-state conditions) were prepared similarly.

Drug release from the above tablets was assessed by
means of a dialysis technique, using a QuixSep”™ Micro Dy-
alizer (Dasit, Cornaredo, Italy). It consisted of a cylinder,
closed at one end, with a diameter of 2 cm, a height of 1.5
cm and a capacity of 1 ml. One tablet and 600 pl of the re-
ceiving phase (0.06 M citrate buffer solution, pH 5.0 or 0.05
M phosphate buffer solution, pH 6.6; Italian Pharmacopoeia,
XI Ed.) were put in the cylinder. A natural cellulose dialysis
membrane (Spectrapor, cut-off 3,500 Da) was placed on the
open surface of the dialyzer and blocked on the QuixSep®™
through an elastic ring. The complete system was immersed
into a flask containing 40 ml of the same phosphate buffer
(external phase) and subjected to magnetic stirring at room
temperature. At predetermined times the dialyzer was ex-
tracted and the (partially broken) tablet was harvested using
an exact volume of UV-grade methanol (typically 2-4 ml).
The liquid phase contained in the QuixSep” (initially formed
by 600 pl of phosphate buffer) was added of 1.4 ml of
methanol. The two solutions were separately filtrated (0.45
pm PTFE membrane filter) and analyzed by UV as described
above.

The results of the two reading were combined to calcu-
late, by difference, the percentage of drug released in the
external phase.

Microbiological Assay

Some isolates of Candida spp. were studied. They inclu-
ded Candida albicans (n=2), Candida dubliniensis (n=1),
Candida glabrata (n=1), Candida humicola (n=1), Candida
krusei (n=1), Candida parapsilosis (n=1), and Candida tropi-
calis (n=1). The isolates were identified to the species level
by standard procedures. C. albicans ATCC 90028 reference
strain was also included, and C. krusei ATCC 6258 and C.
parapsilosis ATCC 22059 were used as quality control
strains.

In vitro antifungal susceptibility test was carried out us-
ing the NCCLS M27-A2 broth microdilution method [33].
CHG microparticles and pure MCN were diluted (w/v) in
RPMI 1640 medium (with L-glutamine and without sodium
bicarbonate) (Sigma, Sigma-Aldrich Chimica srl, Milan,
Italy) containing 2% glucose, buffered to a final pH of 7.0
with 0.165 M MOPS (Sigma). Serial two-fold dilutions
(from 64 pg/ml to 0.125 pg/ml) of each test substance were
placed in 96-well microtitre plates.

Inocula were prepared by the spectrophotometic method
[33]. The test organisms were grown on Sabouraud Chlo-
ramphenicol agar plates (Bio-Mérieux) at 35°C and subcul-
tured at least twice to ensure purity and viability. The inocu-
lum suspension was prepared by picking five colonies, each
of at least 1 mm in diameter, from 24-h-old cultures and sus-
pending the material in 5 ml of sterile 0.85% NaCl. The tur-
bidity of cell suspensions measured at 530 nm was adjusted
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with sterile saline to match the transmittance produced by a
0.5 McFarland barium sulfate standard. This procedure pro-
duced a cell suspension containing 1 x 10°to 5 x 10° CFU/ml
that was then diluted twice with RPMI 1640 medium and
distributed among the wells of the microtitre plate (100
pl/well). The final concentration of each inoculum was 0.5-
2.5 x 10° CFU/ml. The growth control wells contained 100 pl
of sterile drug-free medium and were inoculated with 100 pl
of the corresponding inoculum. The quality control organ-
isms were tested in the same manner as the other isolates and
were included each time an isolate was tested. In addition,
100 pl of uninoculated drug-free medium was included as a
sterility control. Plates were sealed and incubated aerobically
at 35°C. The first visual reading was carried out after 24 h of
incubation, and the minimum inhibitory concentration (MIC)
value was recorded as the lowest concentration that inhibited
visible growth; after 48 h of incubation, the plates were agi-
tated on a rotating platform to simplify reading of the end-
points, and the lowest concentration that reduced turbidity by
>50%, compared with that in the control-growth well, was
recorded as the MIC.

RESULTS AND DISCUSSION

The two techniques employed, spray-drying and lyophili-
zation, allowed to obtain solid systems of CHG loaded with
MCN at different weight ratios. In the first case, free-flowing
microparticles were obtained, while lyophilization produced
a light bulk material.

The yield of production was of course quantitative in the
case of lyophilization, whereas the spray-drying process al-
lowed to obtain a yield of about 60-65%, well in agreement
with other similar studies reported in the literature.

Drug loading values in the prepared solid systems are
reported in Table 1. In the solid systems obtained by spray-
drying the measured microparticle composition was often
variable, indicating that during the preparation the different
solubility of the drug and polymer leads to a phase separa-
tion and to not homogeneous dispersions.

In a separate experiment (data not shown), weighed
amounts of spray-dried microparticles were put in contact
under slow stirring with methanol for 15 min at room tem-
perature. The amount of dissolved MCN was then measured
by UV analysis. Considering the limited time of contact with
the solvent, the drug dissolved in methanol can be consid-
ered to come only from microparticle surface. About one
third of the loaded drug was quickly desorbed from the parti-
cles in the organic phase: this prompt release indicates a
more external localization of MCN in these microparticles,
as well as a weak physico-chemical interaction of the drug
with the polymeric network.

CHARACTERIZATION OF THE SYSTEMS IN THE
SOLID PHASE

The FT-IR spectrum of CHG showed the characteristic
absorption bands at 3436, 2916 e 2850 cm™, representing
respectively the -OH, -CH, and -CH; groups (Fig. 1). The
amine group gave broad absorption bands between 3400-
3500 cm™ and around 1670 cm™. The spectrum of a CHG
specimen after spray-drying showed the peak of amino group
at 1631 cm™. After heating at 200°C, some changes were
observed around 1700 cm™ and especially a shift to higher
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fields of the signal at 1400 cm™'; furthermore, a new signal
appeared at 1288 cm™. All these variations indicate a modi-
fication, even though partial, in the chemical structure of the
matrix, probably due to a partial deacetylation of chitosan
induced by the thermal stress.

Heated CHG

CHG

CHG-0

| | | |
3500 3000 2000 1000 cm™
Fig. (1). FT-IR spectra of CHG, a spray-dried CHG sample (CHG-
0) and a polymer sample heated for 15 min at 200°C.

The IR spectrum of MCN displayed three strong peaks
between 1700 and 1575 cm™ (Fig. 2). In the spectra of CHG-
MCN microparticles prepared by spray-drying the character-
istic signals of the drug were masked by the large bands of
the polymer network (Fig. (2) reports the spectrum of CM1
as an example). In every case, the drug and the polymer
seemed to produce a homogeneous solid solution with low
crystallinity, as also confirmed from the DSC experiments
(vide infra). Noteworthy, also in the IR spectrum of the
physical mixture (Fig. 3), prepared without solvents, the
same phenomenon was observed; this suggests that the sim-
ple physical mixing of the two ingredients made possible to
form a homogeneous mixture.

Finally, the FT-IR spectra of solid systems obtained by
lyophilization of the drug and polymer dispersions are re-
ported in Fig. (4). Besides a better resolution of the signals in
the region between 1700 and 1500 cm™, the peaks of the
drug after its dispersion in the polymeric matrix were also in
this case hardly distinguishable.

On the other hand, the DSC analysis confirmed also the
absence of drug crystalline cores in these lyophilized sys-
tems, with the exception of the CM4L dispersion, that con-
tains the highest percentage of MCN, and whose DSC run
gave a slight endothermic signal at a temperature compatible
with that one of MCN fusion (cf. Fig. 8).

The results of DSC calorimetric analysis are given in
Figs. (5-8). The thermogram of commercial CHG showed
two endothermic peaks, at 73°C and 120°C, due to the
evaporation of adsorbed moisture, and another broad endo-
thermic signal, centred at 175°C, probably due to the chemi-
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cal degradation of the material (Fig. 5). The amorphous
character of the polymer was confirmed by the absence of
clear fusion peaks. The CHG specimen heated at 200°C for
15 min, and then cooled and subjected to the DSC scan, gave
an almost void thermogram (Fig. 5), indicating that the mate-
rial underwent a significant degradation in these conditions,
as already remarked in the IR analysis. Moreover, a succes-
sive scan of the last sample gave no peak around 175°C, con-
firming that the thermal degradation of the polymer was ir-
reversible.

MCN
CM1
CHG-0
T T T t T

3500 2500 1500 cm

Fig. (2). FT-IR spectra of pure MCN, spray-dried CHG and a mi-
croparticle system prepared by spray-drying.

G
| | I
3500 2500 1500 cm

Fig. (3). FT-IR spectra of a CHG-MCN 19:1 (w/w) physical mix-
ture, compared to CHG.
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Fig. (4). FT-IR spectra of CHG-MCN microparticle samples pre-
pared by lyophilization: (a) spray-dried CHG-0; (b) CHG-CM3L;
(¢) CHG-CMA4L.

Conversely, the DSC curves of CHG after spray-drying
did not show significant differences in comparison with the
initial polymer, apart from a trace of residual humidity (Fig.
6). These findings validated the compatibility of the spray-
drying operative conditions with such polymer material.

Pure CHG

——  Heated CHG
—  Heated CHG (2nd scan)

X H = B m 0 0 L - e R L 5 16D ".'_ :3: 30 .".(_
Fig. (5). DSC curve of a commercial CHG sample and after treat-
ment at 200°C for 15 min.

Pure MCN showed a clear endothermic peak at 186°C,
corresponding to its fusion temperature (Fig. 6). Such a peak
was still present, with the same intensity, also in a drug
specimen subjected to the spray-drying (not shown). Thus,
the DSC analysis confirmed that the preparative conditions
used are compatible with the physico-chemical stability of
the drug.
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The 19:1 physical mixture gave a DSC profile very simi-
lar to that one of pure CHG, with no signal of fusion of
MCN crystals (Fig. 6). Such findings can be explained in
terms of a complete amorphisation of MCN in the polymer
matrix. However, as also suggested by the IR analysis, it is
also possible that a chemical interaction between the drug
and the polymer occurred through the simple mechanic mix-
ing of the two components in a dry state, leading to the dis-
appearance of free drug crystals.

M
CHG-0
Physical mixture

ol

s & X
et

Fig. (6). DSC curves of MCN, a spray-dried CHG sample (CHG-0)
and the 19:1 CHG-MCN physical mixture.

The DSC curves of spray-dried microparticles (CM1-
CM4) and of the freeze-dried samples (CM1L-CM4L) are
showed in Figs. (7) and (8), respectively.

CHG-CM1
CHG-CM2
CHG-CM3
CHG-CM4
Spray-dried CHG-0

= o =
L ¥ v

Fig. (7). DSC curves of CHG-MCN microparticles obtained by
spray-drying.

The microparticles obtained by spray-drying gave DSC
curves very similar to that one of pure CHG (Fig. 7). The
release of adsorbed moisture (between 85-110°C), residue of
the solvent used in the preparation, was clearly observed, but
the large endothermic signal at 175°C, peculiar of CHG was
still visible. The drug present in these systems did not give
any fusion peak, with the exception of the system containing
the highest percentage of MCN (CHG-CM4), whose ther-
mogram showed a weakened endothermic signal at a tem-
perature corresponding to MCN fusion.

The DSC results for the prepared solid systems indicated
that MCN was dispersed or dissolved homogeneously in the
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polymer matrix in a monomolecular or microcrystalline
form, however loosing its original crystalline structure. Over
a critical concentration (i.e., a drug-polymer ratio of 1:2), the
solid solution resulting from the two components reached a
saturation threshold. The excess drug remained in a crystal-
line form, as demonstrated by the presence of the corre-
sponding calorimetric fusion signal.

Thus, CHG and MCN can be considered able to form
homogeneous solid dispersions by spray-drying their co-
solution; the limit of solubility of the drug in this polymeric
matrix ranged between 20% (CHG-CM3 microparticles)
and 33% (w/w) (CHG-CM4).

The solid systems obtained by co-lyophilization of CHG
and MCN did not show a very different thermotropic behav-
iour (Fig. 8). Also in these systems the drug appeared to be
homogeneously dispersed in the polymeric network, at least
up to a 33% ratio in weight; the system containing a higher
drug amount (CHG-CM4L) showed instead a small endo-
thermic peak attributed to the fusion of residual drug crystals
(Fig. 8). Furthermore, the large endothermic signal of the
polymer was less evident in the latter microparticles, com-
pared to the systems containing lower percentages of drug
(CHG-CM1L, CM2L, and CM3L). The polymer was
probably completely involved in the physico-chemical inter-
action with the drug, present in excess with respect to its
solubility in the polymeric matrix itself.

CHG-CM1L
— CHG-CM2L
—  CHG-CM3L

CHG-CM4L

WX XM & S 6D 0 B0 0 100 10 120 130 140 150 60 170 180 1 200
el bempesshune T

Fig. (8). DSC curves of CHG-MCN solid dispersions obtained by
lyophilization.

In Vitro Drug Release

The release of MCN from spray-dried and lyophilized
microparticles was investigated using a receiving aqueous
phase buffered at pH 6.6 (the pH value of saliva). The solid
dispersions were converted into tablets before the experi-
ment, to simulate a possible buccal administration form.
Moreover, the large volume of receiving phase used in con-
ventional dissolution tests would not give reliable results for
a buccal muco-adhesive formulation. Thus, we used a dialy-
sis technique and a device (QuixSep”™) requiring a very small
volume of external phase (< 1 ml).

MCN is only very slightly soluble in water. Under the
used experimental conditions, only 20% MCN went in solu-
tion after 2 h, and about 30% after 6 h (Fig. 9). On the other
hand, chitosan is known to increase the dissolution proper-

The Open Drug Delivery Journal, 2008, Volume 2 49

ties of poorly water soluble drugs [30, 34, 35], due to the
reduced size of microparticles and the consequent increased
surface area. MCN in fact showed a rapid released from both
kinds of solid dispersion, independently on the drug-to-
polymer ratio (Fig. 9). The percentage of drug released after
30 min remained then constant for the following 6 h.

By comparing the two techniques of production, interest-
ing differences were observed. In the spray-dried systems,
drug release rate was higher and somewhat inversely related
to the MCN content in the microparticles, whereas in the
lyophilized dispersions a direct relationship between drug
loading and its in vitro release rate was observed.

These findings can be explained by considering that in
the lyophilized materials lower interactions were originated
between the drug and the polymer; thereby, the latter exerts
less influence on drug dissolution rate, which was linearly
related to MCN concentration in the system (the so-called
dissolutive behavior). On the other hands, these systems did
not show a real time-dependent drug release profile, but
rather a quick desorption from the polymer matrix, as as-
sessed by the above described drug release test in methanol
(not shown).
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Fig. (9). In vitro MCN release profile from spray-dried (CMx) or
lyophilized CHG microparticles (CMxL). The receiving phase con-
sisted of a pH 6.6 phosphate buffer solution. Experiments were
carried out in triplicate at r.t. Standard deviation (not shown) was
within + 4.1 % for all samples.

Conversely, during the spray-drying process a more inti-
mate interaction would occur between the two ingredients.
Thus, a higher drug loading would have resulted in a lower
permeability of the polymeric network to the diffusion of the
dispersed drug. Moreover, the spray-drying process abets the
homogeneous dispersion of the drug in the polymeric matrix
and the conversion of MCN crystals into microcrystalline or
amorphous forms, as suggested by the IR and calorimetry
studies. These phenomena could have both enhanced the
dissolution rate of the dispersed drug.

The in vitro release test was repeated with the lyophilized
microparticles using an aqueous buffer solution at pH 5.0, to
simulate a vaginal pH environment. MCN has in fact a re-
markable therapeutic interest for the treatment of mycotic
affections of the genital female apparatus [36, 37].
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The pH of the dissolution buffer markedly affected the
release rate of MCN. At pH 5 significant lower amounts of
drug were in fact released from the polymer dispersions (Fig.
10), compared to what observed at pH 6.6 (Fig. 9). Except
for the CM3L system, also in these pH conditions a prompt
drug release was already observed after 30 min, while the
dissolved drug amount remained constant for the following 2
h of the test.
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Fig. (10). In vitro MCN release profile at pH 5.0 from lyophilized
CHG microparticles. Experiments were carried out in triplicate at
room temperature. Standard deviation (not shown) was within + 4.9
% for all samples.

Chitosans display a higher swelling capacity at acidic pH
values. Therefore, the lower drug release observed at pH 5
can be justified by considering that the lower solubility of
MCN in the buffered aqueous medium was the limiting step
that determined the overall drug release rate. In other words,
the speed of dissolution of the drug in the two buffer solu-
tions, at pH 5 or 6.6, determined the amount of drug
desorbed from the tested polymeric systems, rather than the
ability of the last ones to swell in contact with the aqueous
phase and to release the dispersed drug (drug diffusion proc-
ess).
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Microbiological Activity

Table 2 reports the MIC values measured for pure MCN
or dispersed in the CHG matrixes. As shown, pure CHG did
not possess an intrinsic inhibitory activity against the tested
Candida strains growth.

Based on the actual MCN concentration in each formula-
tion, the in vitro assay indicated that the antimycotic activity
of MCN was enhanced by its dispersion in the polymer
(Figs. 11 and 12). In some cases, a 15-20-fold reduction of
the MIC values was registered (Fig. 11). The increased activ-
ity was particularly remarkable for those Candida strains
against which free MCN was less active (e.g., C. Krusei, C.
Parapsilosis, C. Tropicalis) (cf. Table 2).
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Fig. (11). Enhancement of MIC values after MCN after co-
lyophilization with CHG, in respect to the free drug. Experimental
MIC values are given in Table 2.

The lyophilized CHG-MCN dispersions showed a better
inhibitory activity on yeast growth than spray-dried mi-
croparticles. Although a linear relationship between the ac-
tual drug content in the dispersions and the MIC values was
observed in general, in many cases a better inhibitory activ-
ity against Candida growth was measured for the formula-
tions which contained the highest drug amounts (CM3L and
CM4L). Worthy to note, MCN did not undergo any chemi-

Table2. MIC Values for Pure MCN or Carried in CHG Matrixes. The Activity of Pure CHG is Reported for Comparison. The
Actual MCN Concentration in 1 mg of Each Formulation is Reported in Brackets
STRAIN MCN CM1 CM3 CM4 CMI1L CM2L CM3L CM4L CHG
1.0 mg) | 64.5pg) | (196.1 ug) | (336.0 pg) | (67.0 ng) | (126.8 pg) | (1765 ug) | (291.1 pug)

C. albicans ATCC 90028 0.5 4 4 2 4 2 0.125 0.125 >64
C. albicans 0.5 2 1 1 0.5 0.25 0.25 >64
C. albicans* <0.125 2 2 1 1 0.5 0.25 0.25 >64
C. dubliniensis 0.125 1 0.5 0.125 0.25 0.25 0.125 0.125 >64
C. glabrata 0.125 2 1 2 0.25 0.25 0.25 >64
C. humicola 2 4 4 4 8 8 4 1 64
C. krusei ATCC 6258 4 16 16 16 16 16 8 8 >64
C. krusei 4 8 8 4 16 4 2 >64
C. parapsilosis ATCC 22059 4 16 16 4 4 4 4 4 >64
C. parapsilosis 4 32 32 16 16 4 4 >64
C. tropicalis 2 64 64 32 32 32 16 16 >64
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cal change or degradation under both the preparation proc-
esses used, namely spray-drying and freeze-drying, as con-
firmed by the IR and DSC analysis on pure MCN samples
submitted to the same conditions used for the preparation of
microspheres. Since also its antimycotic activity should have
not been affected by these processes, the measured MIC val-
ues would thereby reflect the drug concentration after its
release from microspheres in the assay wells. In this respect,
a good correlation was obtained between the in vitro release
tests (Fig. 9) and the microbiological assay results.

The relatively lower antimycotic activity shown by
spray-dried microspheres (Table 2 and Fig. (12)) can be as-
cribed to their physical state. A more compact and dense
polymer matrix was obtained through this technique, with
respect to the lyophilisation that gave a light material. Con-
sequently, the diffusion of the incorporated MCN out of the
microparticles was less effective and resulted in a lower drug
concentration in the culture wells at the time (48 h) at which
the MIC values were registered.
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Fig. (12). Enhancement of MIC values for MCN in spray-dried
CHG microparticles, with respect to the free drug. Experimental
MIC values are given in Table 2.

A final consideration can be made by comparing the in
vitro release tests with the microbiological assay: for in-
stance, microparticles CM3 and CM4L gave a very close
drug release profile (Fig. 9) but were very different in terms
of antimycotic activity (Figs. 11 and 12). Analogously, the
lyophilized systems CM1L, CM2L and CM3L, that dis-
played a similar release profile of the entrapped drug, dem-
onstrated a different in vitro inhibitory activity. These results
can of course be originated by the different experimental
conditions used, above all the volume of receiving aqueous
phase and the presence, in the microbiological assay, of a
'capturing' biophase that drove the diffusion of the drug from
the solid particles. However, these considerations suggest to
use caution in relating data from the different experiments.
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