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Abstract The aim of this study was the investigation of
powder-based formulations for nasal administration of tac-
rine hydrochloride. The anti-Alzheimer drug was encapsu-
lated in mucoadhesive microparticles based on chitosan/
pectin polyelectrolyte complexes. Microparticles were pre-
pared by means of two different technological approaches
(direct spray-drying and spray-drying followed by lyophili-
zation) and analysed in terms of size, morphology and
physico-chemical characteristics. Moreover, water uptake
and mucoadhesion ability were evaluated as well as drug
release and permeation behaviour. The results suggest that
lyophilization favours the formation of small particle aggre-
gates with a size of 10 pum, instead of single particles (size
smaller than 5 pm) such as direct spray-drying. Particles
obtained with the two loading methods present different
functional properties according to the different physical
state of the loaded drug and its possible interaction with
chitosan/pectin complex. Moreover, the presence of differ-
ent amount of chitosan and pectin in the complex influences
their ability to hydrate, interact with mucin and favour drug
permeation.
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Introduction

Powder-based mucoadhesive formulations have been wide-
ly studied for nasal drug delivery [1-5]. In fact, the high
degree of vascularization and high permeability of the mu-
cosa make the nose an interesting administration site for
systemic delivery of drugs and offers an interesting alterna-
tive to oral route, especially for the administration of drug
with low bioavailability [6, 7].

Microsystem size is one of the most important character-
istic for deposition of particles in nasal turbinates and olfac-
tory region, particularly when a possible nose to brain
delivery of drugs is aimed. Classically, large particles
(>10 um) are deposited in the nasal cavity after inhalation;
the larger the particles, the more anterior the deposition. For
smaller particles, the site of deposition depends on the
velocity at which the particles are inhaled and the turbulence
in the air flow. However, particles of size smaller than 1 pm
are not normally deposited in the nasal cavity, but travel
down to the trachea to reach the lung [8].

Despite numerous advantages that are associated to in-
tranasal route such as ease of administration, rapid onset of
action and avoidance of hepatic first-pass effects, the muco-
ciliary clearance mechanism [9] can seriously impair the
effectiveness of administration due to rapid depletion of
non-mucoadhesive dosage forms from the absorption site.
Mucoadhesive formulations can be used to prevent rapid
clearance of the formulation, increasing nasal residence time
and thereby allowing longer absorption times. Moreover, an
intimate contact with the nasal mucosa provides a higher
concentration gradient and thus increased absorption. How-
ever, nasal bioavailability differences have been observed
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for different powder-based mucoadhesive formulations ac-
cordingly to their influence on physiological parameters at
the site of administration. In particular, some papers focus
on the changes of structure and rheology of the mucus
caused by mucoadhesive formulations and evaluate how
the interaction between the formulation and the mucus
influences drug bioavailability [10-12]. In this study, for
the preparation of the mucoadhesive formulations, we se-
lected chitosan, the N-deacetylated product of the polysac-
charide chitin consisting of glucosamine and N-
acetylglucosamine, and pectin, an anionic polysaccharide
consisting mainly of D-galacturonic acid and its methyl ester
linked via a(1-4) glycosidic bonds. These polymers have
proven mucoadhesive properties resulting from the ability to
diffuse and engage in entanglements and intramolecular
bonding (Van der Waals forces, electrostatic attraction, hy-
drogen bonding, hydrophobic effects) with mucin [13].

Another interesting property of chitosan is the capacity to
interact with high molecular weight molecules with opposite
charge-like pectin to form polyelectrolyte complexes stabi-
lised essentially by ionic bounds and able to swell in bio-
logical fluid and control drug release [14].

The purpose of this study was the preparation and charac-
terization of microparticles based on chitosan/pectin polyelec-
trolyte complexes for nasal administration of tacrine (9-
amino-1,2,3,4-tetrahydroacridine), the first acetylcholines-
tearse inhibitor licenced for the treatment of Alzheimer's dis-
ease [15]. Despite tacrine is actually marked as oral dosage
forms, its administration is associated with low bioavailability
due to short elimination half-life, hepatic first-pass effect,
gastrointestinal side effect and reversible dose-dependent hep-
atotoxicity. Hence, the search for alternative routes, as nasal
route, has gained interest for this drug.

Materials and methods
Materials

Chitosan (Mw 110,000—-150,000; pKa 6.3), pectin from citrus
peel (Mw 30,000-100,000; pKa 4.0), tacrine hydrochloride
hydrate (MW 234.72), solvents and all other chemicals used
for this study were obtained commercially from Sigma-
Aldrich (Milan, Italy). Mucin (type II from porcine stomach;
bound sialic acid 1 %) was from Sigma-Aldrich (Milan, Italy).
Release and permeation studies were carried out in a pH 5.5
buffer solution with the following composition (millimolar):
4.2 Na,HPO,4 10H,0, 100.0 KH,POy,, 45.5 NaCl.

Preparation of chitosan/pectin microparticles

Different unloaded microparticles were prepared using var-
ious chitosan/pectin molar ratios (1:9, 1:1, 9:1; mol chitosan/
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mol pectin). Chitosan (1, 5, 9 mmol of monomer) and pectin
(9, 5, 1 mmol of monomer) were dissolved respectively in 1 L
of aqueous 5 mM HCI and 1 L of aqueous 5 mM NaOH.
Pectin solution was slowly added into the chitosan solution
and stirred for 24 h at room temperature. The suspension was
spray-dried by means of a Mini Spray Dryer B-290 (Buchi,
Switzerland), equipped with 1.4 mm diameter nozzle. The
drying conditions were set as follows: compressed spray gas
flow, 0.75 bar; airflow, 37.5 m3/h; pump rate, 7.5 ml/min; inlet
temperature, 140 °C. Previously, different spray-drier settings
were tested in order to study the drying effects on the particle
size. Three unloaded chitosan/pectin microparticles were
obtained (C/P(lf9)SD7 C/P(I:I)SD: C/P(g;l)SD).

In order to obtain loaded samples, two different methods
were performed: direct spray-drying of drug and excipients
or drug soaking on spray-dried microparticles followed by
lyophilisation. Loaded spray-dried microparticles were pre-
pared by the same procedure of unloaded samples adding
tacrine hydrochloride (1.48 mmol/g of chitosan/pectin total
welght) to chitosan solution (C/P/T(lzg)SD, C/P/T(];])SD and
C/P/T9.1ysp) before the addition of pectin solution. Lyoph-
ilized microparticles were prepared adding 10 mL of a
tacrine hydrochloride aqueous solution (55.17 mg/ml) to
1 g of different unloaded spray-dried microparticles. The
resultant suspensions were stirred for 2 h and lyophilized (C/
P/T(1:9)Lyoa C/P/T(];])Lyo and C/P/T(g;])Lyo).

Microparticle yield and loading efficiency

Spray-dried microparticle yields was calculated as the ratio
of final dry weight of each product, with respect to the initial
total amount of chitosan, pectin and tacrine hydrochloride
used for the preparation.

Encapsulation efficiency was evaluated by tacrine hydro-
chloride extraction followed by spectrophotometric analysis
at 324 nm, performed on a Cary 50 UV-Visible Spectropho-
tometer (Agilent, CA, USA). A calibration curve was con-
structed measuring the absorbance of five tacrine
hydrochloride standard solutions in the range of 6—
30 pg ml™'. About 10 mg of loaded microparticles were
added to 100 mL of pH 5.5 phosphate buffer in a Vision
Classic 6 dissolution tester (Hanson, CA, USA). The sus-
pension was stirred for 24 h at 37 °C to dissolve tacrine
hydrochloride, filtered through a 0.45-um polytetrafluoro-
ethylene filter (Whatman, USA) and measured in triplicate.
Loading efficiency was calculated as the detected amount of
tacrine hydrochloride with respect to the theoretical amount
of drug loaded in the sample and expressed as a percentage.

Microparticle size and SEM analysis

Particle size distributions were determined by laser diffrac-
tometry using a LS100 Q particle size analyser (Beckman
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Coulter, Miami, FL, USA). Each sample was dispersed in 1-
butanol, sonicated for 1 min and then measured in triplicate.

Loaded microparticles were fixed onto the support and
coated with gold-palladium under an argon atmosphere,
using a gold sputter module in a high-vacuum evaporator.
Samples were then observed with LEO 420 (LEO Electron
Microscopy Ltd., England), using secondary electron imag-
ing at 15 kV in order to examine the structure of the
microparticles.

Physico-chemical characterization

X-ray powder diffractograms were collected on a Panalytical
X’Pert Pro automated diffractometer equipped with X’Celer-
ator, CuKa, using glass sample holder. Tube voltage and
amperage were set at 40 kV and 40 mA, respectively. The
program used for data collection was set to record only the
data points within the range of 340 °26.

Calorimetric measurements were performed using a DSC
200 F3 Maia® (METZSCH, Germany) differential scanning
calorimeter equipped with an intra-cooler. The samples were
placed in aluminium pierced pans, and the heating was
carried out at 10 °C min~' in a N, atmosphere.

Water uptake ability

About 10 mg of loaded microparticles were placed into a
DVS Intrinsic instrument (SMS, UK) at 37 °C and dried in a
200 standard cubic centimetres stream of dry nitrogen
(<0.1 % relative humidity) for 1 h to establish the dry mass.
The sample was then exposed to 90 % relative humidity for
several hours in order to measure its kinetic moisture sorp-
tion. Results were expressed as percent water uptake as
follow: percent water uptake (Y%oWU)=(Wy—Wp)*x100/
Wp, where Wy, is the mass of hydrated microparticles and
Wp is the dry mass of the microparticles.

Mucoadhesion properties

Mucoadhesive properties of the microparticles were studied
using the periodic acid/Schiff (PAS) colorimetric method for
the determination of free mucin concentration in aqueous
standard solution after absorption of mucin on the micro-
particles [16].

Calibration curves were constructed using five mucin
standard solutions (1, 2, 3, 4, 5 mg/10 ml). After adding
1 ml of periodic reagent (30 pl of 50 % periodic acid
solution in 20 ml of 7 % acetic acid solution, freshly pre-
pared), the solutions were incubated for 2 h at 37 °C. The
solutions were cooled to room temperature and 1 ml of
Schiff’s reagent (Sigma-Aldrich, Milan, Italy) was added.
After 30 min, the absorbance of the solutions was measured

by spectrophotometric analysis at 555 nm (UV-1601 spec-
trophotometer, Shimadzu, Milan, Italy).

Loaded microparticles were analysed adding 10 mg of
sample to 40 ml of a mucin standard solution (0.5 mg/ml).
The suspension was stirred at 500 rpm for 1 h and centri-
fuged at 4,000 rpm for 2 min. The supernatant was used for
the measurement of free mucin content using the periodic
acid/Schiff colorimetric method. The free mucin content
was extrapolated from the calibration curve and the resulting
bound mucin was plotted as a percentage for each loaded
sample.

Release studies

Release studies were performed in a Vision Classic 6 Dis-
solution Tester (Hanson, CA, USA) using as a dissolution
medium a volume of 100 ml of pH 5.5 phosphate buffer
stirred at 50 rpm and maintained at 37 °C. After adding
10 mg of microparticles to the dissolution medium, the
solution UV absorbance was measured at 324 nm after 2,
4, 6, 8, 10, 20, 30, 40, 50, and 60 min by a Cary 50 UV-
Visible Spectrophotometer (Agilent, CA, USA) coupled
with optical fibre immersed in the solution. A calibration
curve was constructed measuring the absorbance of five
tacrine hydrochloride standard solutions in the range of 6—
30 ug ml™'; good linearity was found (+*=0.9991).

Permeation studies across sheep nasal mucosa

Permeation studies were performed as previously described
[17]. Briefly, sheep nasal mucosa was carefully removed
from the underlying bone of turbinates by cutting with
haemostatic forceps and pulling the mucosa off. The mucosa
was washed with saline solution for 30 min and placed in a
Franz-type permeation cell with a diffusional area of
1.5 cm?. Loaded microparticles (15 mg) were placed in the
donor compartment in contact with the mucosa. A pH 5.5
phosphate buffer (12 ml), stirred and maintained at 37 °C by
the means of a surrounding jacket, was used as receiver
phase and every hour samples of 100 pl were taken and
replaced by fresh medium. The studies were carried on for
6 h, analysing the samples of receiving phase by high
performance liquid chromatography UV. The cumulative
amount of tacrine hydrochloride was plotted against the
time.

A reversed-phase chromatography was performed using a
Thermo Scientific Hypersil GOLD C8 column and a mobile
phase composed of pH 3.5, 30 mM potassium phosphate
buffer/acetonitrile/methanol/triethylamine (698:100:200:2,
v/v/v/v). The chromatographic system was composed of a
Shimadzu (Milan, Italy) LC-10ATVP chromatographic
pump, Shimadzu SPD-10AVP UV-Vis detector and manual
Rheodyne 7125 injector with a 20-pl-sample loop. Using a
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Table 1 Yield of production, drug loading and loading efficiency
(mean+DS; n=3)

Yield of Drug loading
production (%) (%)

Loading
efficiency (%)

CIP/T1.0) 48.08+3.09 66.30+0.90 79.9+0.3

C/SI]’)/T(I;I) 65.92+4.54 74.36+1.23 66.342.4

C?EE)/T(9;1) 45.64+5.33 79.82+0.98 74.343.7

cﬁf?/T(H) - 89.56+1.27 89.6+0.7

C/LIY’;)T(H,) - 92.34+1.44 92.3+0.6
Lyo

flow rate of 1 ml/min and UV detection at 240 nm, tacrine
hydrochloride was eluted in about 4 min. Data were pro-
cessed by means of CromatoPlus computerised integration
system Shimadzu (Italia, Milan, Italy). A calibration curve
with a good linearity (+*=0.9996) was obtained in the range
30-1,000 ng ml ™"

Statistical analysis

ANOVA was used to determine statistical significance. Dif-
ferences were considered to be significant for values of p<
0.05.

Results

Microparticle yield and loading efficiency

The microparticle yield of spray-dried sample varied from
46 to 66 % (Table 1). Drug loading efficiency was from 66.3
to 79.9 % for the spray-dried formulations and approached
90 % for lyophilized powders.

Microparticle size and SEM analysis

From Table 2, it can be seen that powders of micrometric

size were obtained for all samples. In particular, spray-dried
microparticle size was lower than lyophilized microparticle

size and increasing amounts of pectin increased the size of
the microparticles. Microparticles were visualised by SEM
studies (Fig. 1). All samples presented dimensions consis-
tent with that measured by laser diffractometry. Spray-dried
particles showed similar characteristics: particles had spher-
ical shape, rough surface and heterogeneous size. Drug
incorporation did not affect the surface morphology of par-
ticles (data not shown). On the contrary, lyophilized par-
ticles appeared aggregate and showed an irregular shape.

Physico-chemical characterization

Unloaded microparticles C/P(l:9)SD3 C/P(I:I)SD and C/P(9:1)SD
showed an amorphous XRPD pattern (Fig. 2) with a peak at
about 32 °26 associable to the presence of NaCl in the com-
plex (Fig. 2d). After loading by lyophilisation, the diffracto-
grams of C/P/T(j.1y1y, and C/P/T(i.9y1, showed that tacrine
hydrochloride is present as crystalline form of anhydrous drug
(Fig. 3b and c) [18]. In the pattern of C/P/T;.9yy, two peaks
with low intensity in the range of 7-9 °20 were also visible.
The XRPD analysis of spray-dried-loaded C/P/T9.1ysp
showed an amorphous profile with some peaks associable to
those of anhydrous tacrine hydrochloride (Fig. 3d). C/P/T .y,
sp € C/P/T(y.9)sp microparticles showed the same diffracto-
gram with crystalline peaks which cannot be related to known
crystalline forms of tacrine hydrochloride- or tacrine-free base
(Fig. 3e and f).

Figure 4 reports the DSC profiles of drug-loaded micro-
particles. As reported by Sorrenti et al. [18], anhydrous
tacrine hydrochloride shows a melting peak at 284.4 °C.
The thermograms of C/P/T(;.1yry, and C/P/T(;.9y1y, showed
an endothermic peak at 118.4 and 117.3 °C, respectively. No
peaks were observed in the DSC analysis of C/P/T(9.1)sp.
Instead, the others spray-dried microparticles C/P/T(;.1)sp
and C/P/T(j.9)sp showed an endothermic peak at 182.6 and
177.5 °C, respectively.

Water uptake ability

Figure 5 shows the results of water uptake studies of loaded
microparticles under 90 % relative humidity and 37 °C.
Water uptake ability was lower for lyophilized micropar-
ticles (C/P/T(1.9)1y0 and C/P/T(y.1y1y0). Moreover, higher

Table 2 Particle size distribution of loaded microparticles (mean+SD, n=3)

Mean (um) Median (um) SD (um) Mode (um) dio (um) dso (um) doo (m)
C/P/T 10050 5.19 3.56 5.62 5.35 0.856 3.56 10.7
C/P/T180 371 2.35 4.73 231 0.831 2.35 6.97
C/P/T 0,150 1.64 1.31 1.40 2.69 2.8 1.31 3.54
CIP/T1yp0 9.03 5.57 9.47 5.88 1.31 5.57 22.8
C/P/T o560 19.0 17.1 15.5 26.1 1.75 17.1 38.7
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Fig 1 Scanning electron micrographs of loaded microparticles

amount of pectin in the complexes provided greater water
uptake for all the samples analysed.

Mucoadhesion properties

Figure 6 shows mucoadhesive properties of the loaded micro-
particles studied using the PAS colorimetric method. As can
be seen, mucoadhesive properties depend on preparative tech-
nique and on complexes composition. In fact, spray-dried
microparticles showed higher mucoadhesive ability than ly-
ophilized samples. Moreover, complexes containing high pec-
tin amounts showed greater mucoadhesion capacity.

Release studies
Release profiles from loaded microparticles at pH 5.5 are

shown in Fig. 7. Higher drug release can be observed for
lyophilized microparticles. A decrease in drug release can be

A C/PTas%b
B. C/P/T1:1)sD
C. C/P/Tw:1)sp
D. C/P/T9)Lyo
E. C/P/Ta:1)Lyo

observed in the spray-dried microparticles containing higher
pectin amounts.

Permeation studies across sheep nasal mucosa

Figure 8 shows that C/P/T;.iyy, favoured the best drug
permeation with a percentage of permeated tacrine hydro-
chloride approaching 100 % in 3 h. At the same time, C/P/
T(l:l)SD and C/P/T(9:1)SD allowed great drug permeation.
The presence of high amount of pectin in the spray-dried
and lyophilized microparticles (C/P/T(;.0ysp C/P/T(1.9)1y0)
provided a sustained drug permeation.

Discussion

Powder-based formulations are widely studied for nasal
drug delivery due to their ability to prolong the intimate

Fig. 2 X-ray powder g
diffraction of unloaded £
microparticles i™

A

w0 B

@01 C

4 D

(A)C/Pagy (B)C/Puy (C)C/Pe:y (D) NaCl
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Fig. 3 X-ray powder £
diffraction of loaded 5 s
microparticles g
000 - A
; % Iz] |I5 ?Iﬂ Theta ")
(A) Tacrine HCL (B) C/P/Ta:1Lyo (C) C/P/Ta:9)Lyo
(D) C/P/Te:1ysp (E) C/P/Ta:1psp (F) C/P/T:9sp

contact with the nasal mucosa and thus increasing absorp-
tion and bioavailability [19]. One of the most important
anatomical region of the nose for drug absorption is the
respiratory region, which is richly vascularised and contains
three nasal turbinates. The deposition of the particles in this
region depends on the microsystems size. In this work, we
used two different preparative approaches based on spray-
drying technique [20]: direct spray-drying of excipients/
drug solutions or spray-drying of excipients followed by
lyophilyzation in the presence of drug. Yields of production
of spray-dried chitosan microparticles are in general quite
low [20, 21]. The microparticles prepared using chitosan/
pectin complexes in the presence of drug showed nice yield
values in the range of 45-65 % (Table 1). The two different
loading methods allowed to obtain particles with different
size. In particular, lyophilized microparticles presented the
best size for nasal administration having a mean diameter

Fig. 4 Differential scanning
calorimetry of loaded
microparticles

DSC AmWimg)
I2.

4

s 100

ranging from 9 to 19 um (Table 2). As known, the choice of a
suitable actuator influences the plume ability to impact and
cover nasal mucosa, but in general, particles with smaller di-
ameter favour a fluffier and larger plume, which can move
slowly and cover a higher mucosa surface area [22]. Moreover,
improved nasal distribution and limited deposition in the lower
airways of smaller particles can be prevent by novel nasal
delivery concept such as bi-directional nasal delivery [23]. In
this view, particles with 2—5 pwm of diameter (spray-dried micro-
particles) could be evaluated for nasal application (Table 2).

As expected, different preparative methods also influence
drug loading capacity. In particular, drug loading efficiency
was higher for lyophilized powders (approached 90 %),
being lyophilization assurance of minimal loss of drug
(Table 1).

As microparticles enter in contact with water molecules,
hydration occurs. Figure 5 shows that water uptake ability

Peak: 1184 °C

150 ’ i i T 200 i i i T 280 i i i T 300
Temperature I'C

(A) C/P/Tq:nLye (B) C/P/T.0)Ly0 (C) C/P/T0:1ysp (D) C/P/T:nsp (E) C/P/T:9ysp
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Fig. 5 Water uptake ability 160
(expressed as percentage; SD ====C/P/T(9:1)SD
did not exceed 5 %) seeeeee C/P/T(1:1)SD
140 C/P/T(1:9)SD
— . C/P/T(1:1)Lyo
120 | == =C/P/T(19)Ly0

100

80

%WU

60

40

20

0 50

was particularly high for spray-dried samples, accordingly
the lower dimensions of the particles. Moreover, at the
experimental conditions (pH 6.0), pectin (pKa 4.0) was
highly negative charged and chitosan (pKa 6.3) presented
low charge density [24], allowing greater entry of water for
the complexes presenting high amount of pectin.

Another important characteristics for nasal powders is
their mucoadhesion capacity. In fact, microparticles formed
by adhesive materials are retained in the nasal cavity with
half-life clearance of 3 h or longer, compared with 15—
20 min for usual formulations [25]. Chitosan/pectin micro-
particles prepared in this study, presented good mucoadhe-
sion ability (Fig. 6). In particular, spray-dried particles
showed higher mucoadhesive ability accordingly to their
lower dimensions and higher surface to volume ratio, guar-
anteeing an intimate contact with the mucus layer. Again, at
the experimental conditions (mucin solution, pH 5.5) pectin
and sialic acid (pKa 2.6) presented negative charges [26],
while chitosan chains were positive charged. Despite these
conditions which favour chitosan interaction with mucin,

Fig. 6 Mucoadhesive capacity 60%
of loaded microparticles
(expressed as percentage of s
. 50%
mucin not absorbed on
microparticle surface, mean+
SD., n=3) 40%
£
5 30%
3
=
20%
10%
0%

C/P/T(9:1)SD  C/P/T(1:1)SD

100

150
Time (min)

200 250 300

greater amount of pectin in the complexes allowed higher
mucoadhesion. This behaviour can be explained due to the
different water uptake ability of pectin and chitosan, thus
providing a more or less efficient chain mobility and phys-
ical entanglement with mucus, respectively [27].

Drug release from microparticles (Fig. 7) was higher for
lyophilized samples than spray-dried samples. The higher
drug availability could be attributed to a lower interaction of
chitosan/pectin complex with tacrine hydrochloride. In fact,
as can be seen in Fig. 3, C/P/T(j.1yy0 and C/P/T(i.0)1y0
contained free tacrine hydrochloride in its anhydrous crys-
talline form. For C/P/T(;.;)sp and C/P/T(;.9ysp, crystalline
peaks could not be related to known crystalline forms of
tacrine hydrochloride or tacrine-free base, suggesting a pos-
sible interaction of the drug with pectin in the complex. This
interaction was confirmed also by the appearance, in DSC
profiles (Fig. 4), of endothermic peaks at 182.6 and 177.5 °
C for C/P/T(i.1ysp € C/P/T(i.9ysp, respectively,
corresponding to melting of a new crystalline form of tac-
rine, different from anhydrous tacrine hydrochloride (7,=

C/P/T(1:9)SD C/P/T(1:1)lyo C/P/T(1:9)Lyo
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—a— C/P/T(1:9)5D
——C/P/T(1:1)5D
—&— C/P/T(9:1)5D
—e— C/P/T(1:9)Lyo
—»—C/P/T(1:1)Lyo

Fig. 7 Fractional amount of 100%
tacrine hydrochloride released 909
(mean=£SD., n=3) over time at %
pH 5.5 from loaded 80%
microparticles
70%
0
g 60%
€ s0%
=
40%
30%
20%
10%
0%
0

284.4 °C). Finally, C/P/T.;)sp presented an intermediate
behaviour accordingly to the simultaneous presence of
amorphous and crystalline tacrine hydrochloride.

When microparticles are placed on nasal mucosal
membrane, chitosan/pectin complexes interactions with
the biological substrate can strongly influenced drug
permeation. In fact, despite all the formulations allowed
100 % of drug release in 1 h (Fig. 7), drug diffusion
through sheep nasal mucosa was differently modulated
by the different polyelectrolyte complexes. Particularly
for the lyophilized samples, the presence of low amount
of chitosan in the complex (C/P/T(.o)y,) drastically
reduced drug permeation (Fig. 8). This behaviour can
be observed also for the spray-dried samples and can be
attributed to chitosan ability to enhance drug permeation
through mucosal membranes [28]. Moreover, as ob-
served for release studies, the interaction of tacrine with
chitosan/pectin complex (spray-dried samples) deter-
mined a lower permeation.

This work has contributed to the understanding of
chitosan/pectin polyelectrolyte complex formation and

10 20 30 40 50 60
Time (min)

interaction with tacrine hydrochloride. The results of
this study indicated that chitosan/pectin polyelectrolyte com-
plexes can be employed for the formulation of mucoadhesive
microparticles with different functional properties. The selec-
tion of suitable chitosan/pectin molar ratio and the technolog-
ical approach employed for drug loading, allowed to modulate
water uptake and mucoadhesion behaviour, as well as tacrine
hydrochloride permeation at the administration site. Naturally,
after microparticles administration, physiological responses
(increased mucous production and blinking of the vibrissae
and alteration of rheological parameters of the mucus) can
affect in vivo residence time of the applied formulation and
consequently drug bioavailability. Moreover, drug bioavail-
ability can be differently influenced by the different mucoad-
hesion ability of spray-dried and lyophilized microparticles. In
fact, the effective residence time of the formulation determines
a more or less complete drug permeation. For all these rea-
sons, this work will be furthered by performing rheological
studies on microparticles mucoadhesivity in simulated physi-
ological conditions and intranasal absorption studies in animal
models.

—&—C/P/T(1:9)SD
——C/P/T(1:1)SD
—m—C/P/T(9:1)SD
—@—C/P/T(1:9)Lyo
—¥—C/P/T(1:1)Lyo

Fig. 8 Permeation profiles of 100%
tacrine hydrochloride across the
sheep nasal epithelium 90%
(expressed as fractional amount 80%
of tacrine hydrochloride
permeated over time, mean=+ 70%
SD, n=3) 60%
8
€ s0%
< 40%
30%
20%
10%
0%
0
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