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Abstract. The aim of this study was to formulate salbutamol sulfate (SS), a model drug, as mucoadhesive
in situ gelling inserts having a high potential as nasal drug delivery system bypassing the first-pass
metabolism. /n situ gelling inserts, each containing 1.4% SS and 2% gel-forming polymer, hydroxypropyl
methylcellulose (HPMC), carboxymethylcellulose sodium (CMC Na), sodium alginate (AL), and chitosan
(CH) were prepared. The inserts were investigated for their different physicochemical properties. The
weight of inserts was 16-27 mg, drug content was 3.9-4.2 mg, thickness ranged between 15 and 28 um and
surface pH was 5-7. Cumulative drug released from the inserts exhibited extended release for more than
10 h following the decreasing order: CH>AL>CMC Na>HPMC. The drug release from CMC Na and AL
inserts followed zero-order kinetics while HPMC and CH inserts exhibited non-Fickian diffusion mech-
anism. The inserts exhibited different water uptake (7-23%) with the smallest values for CH. Differential
scanning calorimetry study pointed out possible interaction of SS and oppositely charged anionic polymers
(CMC Na and AL). The mucoadhesive in situ gelling inserts exhibited satisfactory mucoadhesive and
extended drug release characteristics. The inserts could be used for nasal delivery of SS over about 12 h;
bypassing the hepatic first-pass metabolism without potential irritation.

KEY WORDS: in situ gelling inserts; mucoadhesion; nasal delivery; salbutamol sulfate.

INTRODUCTION

Solid dosage forms are rarely investigated as nasal drug
delivery device. Attempts have been made to combine the
advantages of a solid, single unit dosage for nasal drug deliv-
ery by using carrier systems that hydrate quickly after contact
with mucosa. The proper choice of polymers can allow
mucoadhesion and controlled drug release and due to disso-
lution of the gel and/or mucociliary removal towards the
nasopharynx, there would be no need to remove the insert
mechanically after it is depleted of drug (1). Therefore, nasal
inserts based on mucoadhesive, release controlling polymers
which gel in situ, have high potential as nasal drug delivery.
Lyophillization technology has been applied to the prepara-
tion of mucoadhesive nasal insert with prolonged peptide drug
delivery (2). Bertram et al. studied the effect of polymers and
absorption enhancers in loading influenza vaccine in in situ
gelling nasal inserts for vaccination (3). Mclnnes et al. (4)
studied the use of nasal inserts which rapidly rehydrate upon
administration to form a more viscous gel and thus enhancing
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nasal residence time of nicotine. Many polymers have been
explored for developing nasal drug delivery systems. Various
studies have demonstrated the efficacy of HPMC in
mucoadhesive nasal drug delivery in the form of freeze dried
powder (5,6), gel (7), spray dried microspheres (8), and lyoph-
ilized insert (2,4,9,10). CMC Na has also been investigated for
nasal drug administration (11). Natural mucoadhesive poly-
mers candidates include chitosan (CH) and various gums such
as guar, xanthan, gellan, pectin, and alginates (12). Alginates
(AL) are classified as anionic mucoadhesives and therefore
utilized as a potential delivery vehicle to enhance effectiveness
and bioavailability of biomolecules applied to mucosal tissues
(13). Many authors have reported the favorable characteristics
of chitosan including mucoadhesive property (5,14), safety
(15), and strong permeation-enhancing capabilities (16). It
has been applied as mucoadhesive carrier for many drugs,
e.g., influenza A toxin (17), carvedilol (18), and insulin (19).

In the present study, salbutamol sulfate was chosen as a
model drug since it is well-absorbed orally; however, it suffers
from poor bioavailability due to first-pass metabolism.
Systemic bioavailability of salbutamol sulfate is about 50%
due to extensive presystemic metabolism in the GIT and liver,
the metabolite possesses little or no-adrenergic activity. The
plasma half-life of this drug is 4 to 6 h and thus it requires
multiple dosing a day (20).

The aim of this work was to formulate and characterize in
situ gelling mucoadhesive inserts for systemic drug delivery of
the model drug SS via the nasal route employing the simple
film casting method of aqueous solutions of the drug and
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different mucoadhesive polymers, namely HPMC, CMC Na,
AL, and CH were used. The in situ gelling inserts were eval-
uated for content uniformity, thickness, surface pH, water
uptake, in vitro drug release, mucoadhesion capabilities, and
thermal properties by differential scanning calorimetry
(DSC).

MATERIALS AND METHODS

Salbutamol sulfate and HPMC 4,000 cp were kindly pro-
vided by Pharco Pharmaceutical Co., Alexandria, Egypt. High
viscosity CMC Na (1% aqueous solution 1,500+400 cp) and
sodium chloride were purchased from BDH Chemical Ltd.,
Poole, England. High molecular weight AL was obtained
from Sisco Research Laboratories, Mumbai, India. Medium
molecular weight CH and Mucin were obtained from porcine
stomach, Type II, Sigma, St Louis, USA. Glycerol, calcium
chloride, potassium chloride, and agar were procured from
ADWIC, EL-Nasr Pharmaceutical Chemicals Co., Cairo,
Egypt. All other chemicals were of analytical grade.

Preparation of SS Nasal Inserts

In situ gelling inserts were prepared by film casting meth-
od. Aqueous solution-I was prepared by dissolving the poly-
mer 2% (CMC Na, HPMC, AL, and CH), in addition to
glycerol (1% as a plasticizer) in 10 ml of distilled water (or
1% acetic acid solution for CH) and then stirred (magnetic
stirring 1000, Jenway, England) for 2 h. Aqueous solution-II
was prepared by dissolving 1.4% SS in 5 ml of water (or 1%
acetic acid solution for CH insert). Both solutions I and II
were mixed and further stirred for 1 h. The resulting solution
was stored at 4°C overnight to allow removal of entrapped air
bubbles. The solution was then casted onto a glass Petri dish
(5 cm in diameter) and dried in an incubator (Hereaus,
Germany) at 40°C for 24 h. The film was carefully removed
from the Petri dish, checked visually for any imperfections and
circular inserts of 10-mm diameter were cut from the resulting
film with a cork borer. The thickness of inserts was measured
using a micrometer (Moore and Wright Ltd. Britain Tool,
Factory Sheffield, UK) and the inserts were stored in glass
vials and kept in a desiccator over anhydrous CaCl, at room
temperature until further investigations.

Differential Scanning Calorimetery

DSC analyses were performed for drug, polymers, phys-
ical mixtures (keeping the same ratio between drug and poly-
mer as present in the inserts), and the tested formulations.
Samples of 3 mg each were placed in aluminum pan and
heated at the rate of 10°C/min to 400°C. The instrument
(Perkin Elmer, Germany) was calibrated with Indium and
dry N, was used as carrier gas with a flow rate of 25 ml/min.

Drug Content

Drug content was determined by dissolving the inserts in
simulated nasal fluid (SNF of pH 6.5 was composed of
7.45 mg/ml NaCl, 1.29 mg/ml KCI and 0.32 mg/ml
CaCl,.2H,0) (21) under continuous shaking for 24 h in
a thermostated shaking water bath (GFL Type 1083,
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Gesellschaft Fur Labortechnik, GmbH &Co., Burgwedel,
West Germany) maintained at 37°C. The resulting solution
was filtered through a millipore filter 0.45 pm and the amount
of SS was then determined spectrophotometricaly
(Ultraviolet-Spectrophotometer, Pharmacia LKB Ultrospec
IIT double beam, England) at 2 max 276 nm.

Surface pH

The inserts were left to swell for 2 h on the surface of agar
plate. Agar solution was prepared by dissolving 2% w/v agar in
SNF by heating under stirring, then poured into a Petri dish
for gel formation at room temperature. Surface pH, was mea-
sured by means of a pH paper placed on the surface of the
swollen inserts (22). The measurements were performed in
duplicate.

Water Uptake

This was conducted according to the method of Bertram
and Bodmeier (9). A sponge (7%3.5x%3 cm, house hold sponge,
China) was fully soaked in the hydration medium (SNF) and
placed in a container filled with the same medium to a height
of 1 cm in order to keep the sponge soaked during the exper-
iment. Square filter paper (3x3 cm) was also soaked in the
medium and positioned on the top of the sponge. This exper-
imental setup was equilibrated for 30 min and accurately
weighed inserts were placed on the filter paper and the water
uptake was determined at regular 1-h time intervals for 8 h.
The weight increase of the insert was calculated as the weight
of hydrated insert and wet filter paper minus weight of wet
filter paper. Percent Water uptake of inserts was calculated
using the following equation:

Ww — Wd

Water uptake (mg/mg) = wd

Where Ww is the weight of swollen insert after time ¢ and
Wd is the original weight of the insert at zero time.

Hydrophilicity of Inserts

The hydrophilicity of the in situ gelling inserts was tested
by measuring their moisture absorption capacity. Preweighed
inserts were placed above a saturated solution of ammonium
chloride at room temperature (relative air humidity of 79%).
The inserts were weighed after 48 h and moisture content
calculated from the weight increase.

In Vitro Mucoadhesion Testing

Mucoadhesion was performed by adapting the displace-
ment method of Bertram and Bodmeier (9). The inserts were
placed on the top of the agar/mucin gel, casted on a glass plate
and was inclined (angle 60°) in an incubator at 37°C. The
displacement (downwards movement of the insert) in centi-
meter was measured hourly up to 9 h. The adhesion potential
is thus inversely related to the displacement of the insert.
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In Vitro Drug Release

The method was a modification of that previously men-
tioned by Bertram and Bodmeier (9) and Varshosaz et al. (23).
A self-made diffusion cell was used for the drug release studies
mimicking humidity properties of nasal mucosa. The lower end
of polyethylene tube (inner diameter is 14 mm) was closed with
a tightly stretched thin sponge (cosmetic sponge, China) after
the insert was placed interiorly on the thin sponge and placed
vertically into a 5-ml SNF as the release medium in a 25-ml glass
beaker. Accordingly, the tube was adjusted exactly to the height
of release medium surface so that the sponge was wetted but not
submersed. The release experiments were subjected to horizon-
tal shaking (75 rpm) in a thermostated controlled water bath at
37°C. At specified time intervals, the 5 ml of the release medium
was taken as a sample and replaced by pre-warmed fresh 5 ml of
SNF at 37°C. SS content of the samples was analyzed by U.V
spectrophotometry at 4 max 276 nm and the concentration of
drug was determined from a previously constructed calibration
curve. Placebo inserts were also subjected to the drug release
test to quantitate the contribution of polymers to U.V. absorp-
tion. The actual drug loading of inserts was determined by
dissolving the inserts in SNF followed by U.V analysis. All
measurements were performed in triplicates (mean+SD). %
Dissolution efficiency (%DE) as a parameter for the compari-
son of the release profiles was calculated from the area under
the curve at time t (using the trapezoidal rule) and expressed as
a percentage of the area of the rectangle described by 100%
dissolution in the same time (24).

Analysis of Drug Release Data

The data obtained from the in vitro release experiments
were analyzed by the following commonly used exponential
equation of Korsmeyer et al. (25):

M,/M., = kt"
Log M{/M,, =log k +n log t

Where M,/M,,, the fraction of released drug at time ¢; k,
release constant and is depending on structural and geometric
characteristics of the drug/polymer system; and n, release
exponent indicative of the release mechanism.

RESULTS AND DISCUSSION

Film casting method was adopted in this study because it is
simple, less expensive, and is easily prepared on laboratory
scale. Preliminary trials pointed out that polymer concentrations
above 3% w/w resulted in highly viscous gel unsuitable for film
formation. Glycerin was added as a plasticizer since it was found
compatible with the drug and polymers used and gave soft and
flexible inserts compared to the brittle ones without glyc-
erin. The final formulations containing 1.4% w/w SS, 2%
w/w polymer and 1% glycerol were assessed for the fol-
lowing attributes.

Thermal Analysis

DSC has been widely used as a rapid thermal method for
examining drug—excipient compatibility. SS in the pure form
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showed a sharp endothermic peak at 168.58°C with transition
melting range between 166.00°C and 171.82°C. Examination
of the thermograms (figures not shown) revealed that the
peak transition endotherms in the presence of crystalline drug
in the physical mixtures were reduced and broadened indicat-
ing a decrease in crystalline form of the drug. This reduction
could be attributed to the partial transformation of drug par-
ticles from crystalline to amorphous form or due to the exis-
tence of the drug in the form of fine crystallites (26). Kim et al.
(27) pointed out that the thermograms of physical mixtures
with excipients will display the characteristic features of the
active compound if no interaction occurs. Comparing the
thermograms of the tested formulae and their respective phys-
ical mixtures indicated disappearance of the endothermal
peak corresponding to the crystalline drug in the thermograms
of the in situ gelling formulations of CMC Na and AL, indi-
cating that SS may have transformed to the amorphous state
and dissolved in the polymeric matrix. This finding could be
attributed to the possible electrostatic interaction between the
cationic drug and the anionic polymers (Figures not shown).
On the contrary, the drug peaks in the thermograms of phys-
ical mixtures and those for HPMC and CH inserts appeared
with reduced intensities, which may confirm the chemical
integrity of the drug. Scans for physical mixture of CH
and SS could not be done because CH was in the form of
flakes and could not be ground to give a homogeneous
powder mixture.

The enthalpy of the pure drug was found to be 148.56
j/g and the corresponding values for the individual poly-
mer and the physical mixtures ranged between 35.68 and
108.82 j/g (data not shown). The percentage of relative
enthalpy is frequently employed as a criterion for the
extent of drug—polymer interactions and for predicting
the transformation of a crystalline to an amorphous form
(27). The decrease in enthalpy, as indicated by the lower
percentage of relative enthalpy change (AH%) of all for-
mulated inserts, relative to the pure drug (24.04-59.30%)
(Data not shown) confirms variable extents of reduction
in crystallinity of the drug.

Drug Content, Weight Uniformity, and Thickness
of the Inserts

All formulae were prepared with 1.4% SS so as to contain
4 mg per circular insert of 10-mm diameter. This size was
found to be suitable for handling and nasal insertion.
Physical examination of the prepared inserts revealed smooth
appearance with no visible cracks for each of the individual
formulations. As shown in Table I, drug content, weight, and
thickness of the inserts were constant within each formulation,
as evident by low standard deviation values.

Variation in thickness and weight between different for-
mulations may be due to differences in density, molecular
weight, and viscosity of the different polymers (28).

Table T point out the small thickness (15-27 um) and
weight values (1627 mg) of the prepared inserts, which is
considered advantageous for nasal application. After prelimi-
nary evaluation in human volunteers, the dry and hydrated
inserts with nasal mucosa did not result in foreign body sen-
sation and was augmented by the observed reasonable pH of
the tested inserts (Table T).
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Table I. Physicochemical Parameters and % Moisture Uptake for the In Situ Gelling Nasal Inserts of Salbutamol Sulfate

Thickness Drug content/insert Weight (mg+SD) Surface pH % Moisture
Formulation (um=SD) (n=10) (mg+SD) (n=6) (n=10) (n=2) uptake®
CMC Na 15.1+0.9 42+13 18.5+0.8 6-7 16.9+0.02
HPMC 20.3+0.5 43+0.2 16.4+1.4 67 12.8+0.03
AL 26.6+0.7 3.9+0.5 19.8+3.6 6-7 22.9+0.02
CH 27.1+0.8 4.1+0.7 27.5+0.9 5-6 7.0+0.03

HPMC hydroxypropyl methylcellulose, CMC Na carboxymethylcellulose sodium, AL sodium alginate, CH chitosan, SD standard deviation
“Moisture uptake by the in situ gelling nasal inserts after 48 h at room temperature and 79.3% RH

Surface pH of Inserts

The determined pH values of the tested formulations
were found to be in the range of 6-7 for all inserts except
CH inserts (pH 5-6) due to the use of acetic acid as a solvent
for chitosan. pH values of inserts were within the range of the
reported pH of physiological nasal fluid (29).

Hydrophilicity of Inserts

The absorption of water vapor from the surrounding air
by polymers can be used as a measure for insert hydrophilicity.
Examining the inserts under such condition was considered of
importance in characterizing a formulation which could be
subjected to a high humidity environment in the nasal cavity.
It is hypothesized that initial moisture content acts as the
deciding factor in moisture absorption (30). The results in
Table I revealed that the %moisture absorption (7-23%)
followed the order AL>CMC Na>HPMC>CH.

Water Uptake

The ability of different hydrogels to absorb water is due
to presence of hydrophilic groups such as -COOH, -OH, and
—OSOsH (31). Uptake of water by the in situ gelling inserts as
a function of time exhibits different attitudes, depending on
the type of polymer in the insert (Fig. 1). After 30 min from
the start of study period, all formulae except CH showed
similar water uptake. The similar initial water uptake could
probably be due to slow initial hydration of most inserts due to
their complex structure and the insufficient voids capable of
accommodating water molecules. After initial hydration
phase, polymers differentiate into different profiles depending
on water affinity of the polymers as well as the expansion and
mobility of the polymer chain that lead to enhanced penetra-
tion process and thus marked water uptake. Therefore, this
initial hydration phase was followed by a significant variation
in water uptake starting at 2 h in the rank of CMC Na>AL>
HPMC.

The marked higher water uptake observed in Fig. 1 for
CMC Na and AL inserts could be greatly attributed to the
ionic nature of the polymers, allowing high tendency towards
water uptake. The non-ionic HPMC inserts continue to swell
to a measurable diameter till 2 h, and then irregular immea-
surable diameter associated with mass loss was observed when
it reached an equilibrium state of hydration. This mass loss of
HPMC inserts could be due to the swelling tendency of this
polymer and the consequence could be the formation of emp-
ty spaces within the insert matrix (32).

CH inserts showed the least water uptake (Fig. 1) which
could be due to its weak aqueous solubility that limits its water
uptake and swelling (33). In addition, it has been reported that
the water uptake capacity of CH films is dependent on the
solvent used, and it increases with decreasing pH due to
protonation of the primary amino group (34). Since the water
uptake study was investigated using SNF which has almost
neutral pH 6.5, CH inserts exhibited the lowest water uptake.
The plateau seen in the water uptake profile of CH may be
due to either the solvent front on each surface meeting in the
center of the insert (thus there was no further unhydrated
polymer to hydrate and expand) or the protective gel coat
allowing only a small quantity of water to diffuse into the inner
core (35).

In Vitro Mucoadhesion Test
The in situ gelling inserts once administered into the nasal
cavity, have to adhere to the nasal mucosa to take up water

and to transform into a gel. Therefore, the presence of water is
a prerequisite for mucoadhesion, which is a key factor for a
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Fig. 1. Water uptake profiles of the in situ gelling salbutamol sulfate nasal
inserts prepared from different polymers at room temperature
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successful prolonged nasal drug delivery. Hydration is re-
quired for a mucoadhesive polymer to expand and create a
proper macromolecular mesh of sufficient size and also to
induce mobility in the polymer chains in order to enhance
the interpenetration process between polymer and mucin
(36). The mucadhesion properties were tested by displace-
ment method. The displacement (downwards movement of
the insert) in cm was measured hourly and up to 9 h. No
displacement was observed for all inserts except for HPMC
(Fig. 2).

CH, a positively charged polymer, formed a thin film on
the agar/mucin gel due to its opposite charge to mucin and
agar. A positive mucoadhesion performance of the negatively
charged polymers CMC Na and AL may be related to their
good balance between available hydrogen bonding sites and
the open expanded conformation (37).

In Vitro Drug Release

The release of drugs from nasal inserts prepared from
different polymers is a complex phenomenon composed of
multiple single processes such as solubility of the drug, phys-
ical state of drug in the polymeric inserts, electrostatic drug—
polymer interactions, viscosity of the hydrated inserts
resulting from polymer molecular weight, water uptake, and
polymer mass loss during hydration, and spreading of the gel
with subsequent increase of the release area (9,38).

The release profiles of SS in SNF pH 6.5 from the differ-
ent hydrogel formulations are shown in Fig. 3. All formulae
exhibited extended and prolonged drug release for at least
10 h. The amount released from CH inserts after 1 h was
24.83% +8.5 which is at least double that of other polymers
namely; AL (12.01% =1.1), HPMC (10.85% +2.6), and CMC
Na (7.5% £2.9).

The highest release profile of SS was from the CH insert
could be attributed to the pH of SNF (pH 6.5) which results in
partial protonation of CH (pk,=6.3) (35) rendering it and the
drug (pk,=9.5) predominantly positively charged. The resultant
repulsive forces would force the drug molecules into the disso-
lution medium and thus enhancing the release rate from CH
inserts. Following exposure to the release medium, the polymer
hydrates forming a viscous gel layer, which gradually starts to

Displacement,
(cm)

o

3 H 1 | | 1 |
2 HPMC
s £ £ & & 8 8 L L o
X & & & & & & 4 AL
0 ””””’ cMC
1 2 3 4 5 6 1 8 9
Time (hr)
Fig. 2. Adhesion profiles of the in situ gelling mucoadhesive nasal

inserts prepared from different polymers as determined by the dis-
placement method
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Fig. 3. Drug release profiles from the in situ gelling nasal inserts
prepared from different polymers in simulated nasal fluid at 37°C

undergo attrition or erosion. The drug is then liberated by a
combination of diffusion through the viscous gel layer as well as
erosion.

Drug release from CMC Na was relatively slow (Fig. 3)
with a small % DE value (Table IT). This may be explained by
referring to the water uptake data, where CMC Na exhibited
the highest water uptake (Fig. 1). Although the marked in-
crease in surface area during swelling can promote drug re-
lease, the increase in diffusional path length of the drug may
paradoxically delay such release. Further, the thick gel layer
formed on the swollen insert surface is capable of preventing
matrix disintegration and controlling additional water pene-
tration (39). In addition, SS is expected to be partially ionized
in the dissolution medium (pH 6.5), where the reported pk,
value of SS is 9.5 (40). Therefore, the predominantly positively
charged drug may bind to the anionic polymer CMC Na
through an electrostatic attraction resulting in a reduced dif-
fusion rate through the gel layer, and consequently reduced
and retarded drug release.

As shown in Fig. 3, the release of SS from HPMC inserts
exhibited the maximum prolonged release profile. This could
be attributed to the ability of HPMC to form a thick gel and its

Table II. Release Kinetic Parameters and % Dissolution Efficiency of
the Release Data of Salbutamol Sulfate from the Prepared In Situ
Gelling Mucoadhesive Nasal Inserts

Mechanism % Dissolution
Formula (n) values of release efficiency (% DE=+SD)
CMC Na 0.99 Zero order 39.68+3.1
HPMC 0.83 Non Fickian 36.86+2.1
AL 1.12 Zero order 55.16+£3.8
CH 0.69 Non Fickian 58.56+2.9

HPMC hydroxypropyl methylcellulose, CMC Na carboxymethylcellu-
lose sodium, AL sodium alginate, CH chitosan, DE dissolution effi-
ciency, SD standard deviation
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progressive swelling would lead to some structural changes
among which are changes in the porosity and tortuosity.
Diffusion of the drug through the swollen polymer may be
retarded due to clogging of the pores and increased path
length for the drug (41).

The drug release profile from AL inserts exhibited also
delayed release pattern with % DE value of 55.16. During
dissolution, AL absorbs a significant amount of water to hy-
drate, swells and forms a stable hydrogel upon exposure to the
divalent cations Ca*? present in SNF. The gel formation in the
presence of Ca™ has been explained through the egg box
model. The drug which is embedded in the alginate insert is
now immobilized in the polymer matrix because of the cross
linked gelation. Therefore, the in situ gel-forming insert acts as
a reservoir which release drug from the matrix depending on
the pore size of the Ca-alginate gel (42).

Kinetic Analysis of Release Data

Table II presents the kinetic analysis of the in vitro release
data of SS from mucoadhesive in situ gelling inserts, according to
the exponential equation of Korsmeyer et al. (25). The calculat-
ed n values were found between 0.69 and 1.16 for the tested
formulations. These values suggest that more than one mecha-
nism may be involved in the release kinetics.

In case of CMC Na in situ gelling inserts, the release
exponent n was found to be 0.99, indicating zero-order release
kinetics, where drug release involves polymer relaxation and
chain disentanglement (43,44). The release was thus con-
trolled by the viscoelastic relaxation of the matrix during
solvent penetration as well as the diffusivity of the drug in
the gel layer formed as the insert swells. In this case, the
relative rates at which the swelling and eroding fronts moved
relative to each other were synchronized and a constant dif-
fusional path length (concentration gradient) was obtained.
This result was in agreement with Nafee et al. (22), where they
reported that zero-order release kinetics obtained due to the
electrostatic interaction between CMC Na backbone and the
drug cations; resulting in inhibition of drug diffusion which is
normally more rapid than gel erosion.

On the other hand, drug release mechanism expected
from AL inserts followed super case-II transport where n
value was 1.12 (45). In such system, the rate of dissolution
medium uptake into the polymer is largely determined by
relaxation of the polymer chains. In general, the relaxation
contribution was higher for the formulations with higher
n values (46).

The release exponent n was found to be 0.83 and 0.69 for
HPMC and CH in situ gelling inserts respectively, indicating
anomalous (non-Fickian) release. Anomalous transport kinet-
ics prevails if the difference between the penetration of the
diffusion front and the erosion front is not too high (47). When
swelling is predominant, drug diffusion probably occurs
through the solvent-filled pathways of the swollen insert.
Erosion of the matrix can also influence the drug release from
this polymer matrix and a relative contribution of erosion and
diffusion to the overall release mechanism is suggested.
Studying the release kinetics of a water soluble drug,
Cetylpyridinium chloride, from CH patches resulted in n
values ranging from 0.637 to 0.767, indicating also a non-
Fickian release behavior (35).
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CONCLUSION

The formulated mucadhesive in situ gelling inserts were
smooth in appearance, uniform in regard to thickness, weight,
and drug content, as well as non-irritating to nasal mucosa. The
developed nasal inserts exhibited satisfactory mucoadhesive
characteristics, water uptake, and extended drug release.
Therefore, the inserts could be used for nasal delivery of SS
over about 12 h; bypassing the hepatic first-pass metabolism.

The inserts made of CMC Na or AL seems to be superior
over HPMC or CH with respect to water and moisture uptake,
in vitro mucoadhesion, and drug release. Regarding drug release
retardation, CMC Na and AL inserts exhibited better retarda-
tion of drug release than CH, but expectedly to a lesser extent
than HPMC inserts.
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