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Abstract

Background: Vaginal cavity represents a good site for drug administration and delivery. Aim: The aim of
this work was the design of new mucoadhesive semisolid dosage forms for vaginal delivery of
benzydamine. Method: Simple gels, obtained by using sodium carboxymethylcellulose (NaCMC) and
hydroxyethylcellulose (HEC), were employed as water phase of an oil-in-water emulsion (O/W cream) to
obtain emulgels, more stable and manageable than gels. Successively, in order to modify the emulgel
consistency, the ingredient cetostearylic alcohol was replaced by the same amount of gel or vaseline. All
the preparations were submitted to mucoadhesion and rheological, extrusion, and release studies and
compared to market vaginal cream Tantum Rosa®. Results: HEC formulations showed good drug release
profiles and good rheological behavior but low mucoadhesion strength, whereas NaCMC (4% gel) formu-
lations had better drug release and very high mucoadhesive strength. However, the presence of NaCMC
4% conferred too much viscosity to the preparation. Taking into consideration all performances, the most
suitable formulations for vaginal applications resulted in those containing NaCMC (3% gel) and with gel
replacing cetostearylic alcohol as they showed good ex vivo performances in terms of manageability and

high bioadhesion to vaginal mucosa.
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Introduction

Normally, most medical doctors and patients refer to the
term vaginitis as general vulvovaginal irritations or itch-
ing, especially when accompanied by abnormal secre-
tions. Common infectious forms of vaginitis include
bacterial vaginosis (BV), vulvovaginal candidiasis (VVC),
and trichomoniasis'. Vaginitis by Trichomonas vaginalis
is the most common sexually transmitted infection?, but
vaginitis can be also the result of candidiasis and infec-
tion by mixed bacterial flora®. Specific diagnostic criteria
for BV include a thin homogenous vaginal discharge,
vaginal pH higher than 4.5, release of fishy odor from the
vaginal discharge, presence of abnormal amines in the
vaginal fluid, and vaginal epithelial cells heavily coated
with bacilli, also referred to as ‘clue cells®.’

A pharmacological approach is the use of benzy-
damine that has been successfully employed for a long
time in this type of pathology®. Currently benzydamine

can be useful, particularly in the treatment of the T.
vaginalis and Gardnerella vaginalis infections®, and it
could be reformulated and presented in the form of new
preparations. Benzydamine hydrochloride is a nonsteroid
anti-inflammatory drug (NSAID), whose application as
topical dosage form has been recently successful in gyne-
cology. This drug, besides its efficacy against inflamma-
tory processes of the lower female genital tract, possesses
a fairly good antiseptic action, directly proportional to the
environmental pH, against different species of germs at 1-
1.5 mg/mL concentration in topical applications?,

The vagina, as a site of drug delivery, offers certain
unique features that can be exploited in order to
achieve desirable therapeutic effects and constitutes a
potentially valuable route for systemic and local drug
administration. Traditionally, the vaginal cavity has
been used for the delivery of locally active drug such as
antibacterial, antifungal, antiprotozoal, antiviral, spermi-
cidal agents, and steroids. Marketed vaginal formulations
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as tablets, tampons, films, sponges, ointments, pessaries,
ovules, douches, creams, foam, and gels suffer from poor
retention in the vaginal tract and are easily removed by
vaginal self-cleansing mechanisms®. Therefore, the treat-
ment requires multiple daily application, thus decreasing
patient’s compliance. For the above reasons, it is neces-
sary to have at one’s disposal a new vaginal delivery sys-
tem overcoming the actual therapy limitations and
suitable to satisfy some women’s requirements as no
leakage, no irritation, odorless and colorless, no adverse
effect on coitus’. New formulation designs should take
into account that the therapy goals are often linked to
many variables such as the particular anatomy, age,
cyclic hormonal changes, self-cleaning action of the vagi-
nal tract, and the kind of drug formulation chosen®. In
this regard, mucoadhesive formulations, able to extend
drug residence time may be advantageous indeed by
remarkably increasing patient’s compliance as well*1°,

Among the diverse polymers used to formulate
mucoadhesive devices, sodium carboxymethylcellulose
(NaCMC) and hydroxyethylcellulose (HEC) are being
considered very suitable because of their properties
such as film-forming ability, swellability, biodegradabil-
ity, no toxicity, tolerability, and bioadhesivityg'“‘w.

The aim of this study was the development of new
mucoadhesive semisolid formulations (emulgels O/W),
containing mucoadhesive polymers (HEC and NaCMC)
for benzydamine vaginal delivery. In this context four
kinds of gels and emulgels were prepared.

Emulsions are extensively used for their therapeutic
properties as vehicles to deliver various drugs; they pos-
sess a certain degree of elegance and are easily washed
off whenever desired. They also have a high ability to
enhance drug penetration, a property necessary in the
case of irregular surfaces (vaginal mucosa). In addition,
it is possible to control better viscosity and to ensure a
prolonged contact time with mucosa if compared to the
simple gel, thanks for the presence of the internal oil
phase. Emulsions efficiency and stability can be
increased by replacing the outer water phase with an
aqueous-gelled phase (emulgels). Therefore, in this
work, simple gels (HEC 5% and NaCMC 3% and 4%)
were formulated and then added as outer water phase
(Wphase) of an oil-in-water emulsion (O/W cream),
named ‘cetomacrogol-based cream,’” as described in
the Farmacopea Ufficiale Italiana XI Ed. (F.U.XI).

Successively, formulation composition was changed
by replacing cetostearyl alcohol, constituting the emul-
sion oil phase together with white vaseline and liquid
paraffin, with the same amount of gel or white vaseline.
All formulations (gels and emulgels) were loaded with
0.5% (wt/wt) of benzydamine, loaded and characterized
in terms of mucoadhesion force, rheological properties
(viscometry), and release behavior and compared to the
market vaginal cream Tantum Rosa®, containing the

same amount of anti-inflammatory drug and HEC as
mucoadhesive polymer.

Materials and methods

Materials

HEC NATROSOL 250 HHX® (viscosity in 1% solution
3.500-5.500 centipoises, M.W. 2.7 x10%- 10.5 x10%) was a
gift from Aqualon (Hercules Inc., Hopewell, VA, USA).
NaCMC sodium salt (viscosity in 1% solution 3.000-6.000
centipoises, M.W. 1x10%- 4 ><106) was purchased from
Aldrich Chemical Company Inc. (Milwaukee, WI, USA).
White vaseline was purchased from Farvima Medicinali
(Perugia, Italy). Vaseline oil was furnished by Caelo
(Hilden, Germany). Cetomacrogol and cetostearyl alcohol
(mixture of solid aliphatic alcohols consisting mainly of
stearyl, C,gH350, and cetyl, C,5H3,0, alcohols) were pur-
chased from Galeno (Milan, Italy). Benzydamine hydro-
chloride was purchased from Comifar (Perugia, Italy).
Tantum Rosa® 0.5% vaginal cream (containing: benzy-
damine hydrochloride 0.5%, propylene glycol, saturated
neutral triglycerides, cetomacrogol 1000, HEC, monohy-
drate citric acid, bi-hydrate sodium citrate, benzoic acid,
and deionized water) was kindly gifted by ACRAF-Angelini
(Rome, Italy). All other materials were of reagent grade.

Methods

Preparation of gels and emulgels

Gels and emulgels (O/W emulsions in which the W
phase is constituted by gelled water) were carefully pre-
pared according to the F.U.XI instructions ‘semisolid
preparations for skin applications’ and, instead of water,
citrate buffer (pH 5.0; F.U.XI) was used in order to have
formulation pH values similar to those of vagina (patho-
logical vaginal pH) and ensure stability of the polymers
employed'2. The buffer composition was the following:
citric acid 20.1 g, sodium hydroxide 8.0 g, deionized
water until 1000 mL; the pH value was adjusted to 5.0.

In order to obtain drug homogeneous distribution a
mixer Cito Unguator®” was used (800 rpm for 2 min-
utes at room temperature).

The simple gels 1a, 2a, and 3a (Table 1) had the
following composition:

mucoadhesive gelling polymer HEC (5%) or NaCMC
(3% and 4%)
glycerol 85% 10.0g

citrate buffer until 100.0 g.

Cetomacrogol-based cream (F.U.XI), chosen as model
cream, has the following composition:

oil phase (O)
white vaseline 15g
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Table 1. Composition of mucoadhesive formulations.

Formulations

Emulgels Cetostearyl

Cetostearyl alcohol Cetostearyl alcohol substituted

Polymer Gels (polymer %) alcohol presence substituted with gel with white vaseline
HEC la(5) 1b 1c 1d
NaCMC 2a (3) 2b 2c 2d
NaCMC 3a(4) 3b 3c 3d

liquid paraffin 6g
cetostearyl alcohol 7.2g

water phase (W)
cetomacrogol 1000 1.8.0g
deionized water ~ 70.0 g

Emulgels 1b, 2b, and 3b were prepared by employing
gels 1a, 2a, and 3a, respectively, instead of deionized
water amount as in simple cream. In order to modify the
emulgel characteristics in terms of hydrophilicity/lipo-
philicity and consistency, further modifications were
made on the oil phase. Cetostearyl alcohol was replaced
by the same amount of gel (1a, 2a, or 3a) obtaining more
hydrophilic emulgels 1¢, 2¢, and 3c, respectively, or by
white vaseline obtaining more lipophilic formulations
1d, 2d, and 3d, respectively, (Table 1). Benzydamine
hydrochloride was dissolved in citrate buffer (pH 5.0) in
order to obtain a final 0.5% (wt/wt) drug matching the
drug loading in the Tantum Rosa® product.

Mucoadhesion studies

Ex vivo adhesion strength was measured as the force
needed to pull out formulations from the mucosa. Por-
cine vaginal mucosa was obtained from Large White
pigs provided by veterinary service of USL N 1 Citta di
Castello (Perugia, Italy). It was washed with saline solu-
tion, stored at 4°C, and used within 12 hours from pig
euthanasia.

Bioadhesion strength was assessed by a
dynamometer18 (Lehrmittelbau, Bonn, Germany) and
cyanoacrylate glue was used to fix the porcine vaginal
mucosa to the upper support connected to the dynamom-
eter. The formulation was kept in a vessel placed in a ther-
mostatic bath at 37°C (£0.1). The free surface of the vaginal
mucosa (2 x 2 cm) first was wetted with citrate buffer (100
UL) and then was put in contact with the formulation at a
constant pressure of 0.22 kPa for 30 seconds. The force
required to separate the formulation from the mucosa sur-
face was determined using a dynamometer with a strain
rate of 0.2 in seconds. All values are the average of three
measurements (n = 3) and the error was expressed as SD.

Rheological studies

Viscometry measurements (viscosity 20°C and 37°C, yield
stress 25°C) of formulations were performed by a
Stresstech HR (Reologica Instruments AB, Milan, Italy)

rheometer with plate-plate geometry (diameter of
40 mm). Samples were carefully applied to the lower plate
using a spatula to avoid formulation shearing and air bub-
ble formation.

Filling and extrusion studies

All formulations were (handy) inserted in 30 mL alumi-
num ointment tubes (APONORM®; Karl Holl GmbH &
Co. KG, Langenfeld, Deutschland) by an appropriate tube
filler (APONORM®); then all tubes were sealed by pincers
(APONORM®). Successively the formulations were trans-
ferred, by squeezing the tubes, into the vaginal applicator,
plunger up provided, a holded tube (high 8.5 cm, internal
diameter 1 cm). The necessary force to extrude the for-
mulation (from applicator into the vagina) by pressing the
plunger was measured by a dynamometer (Lehrmittel-
bau, Bonn, Germany) connected to it and under tension.

Release studies

In vitro drug release was assessed by means of a Franz
cell diffusion (PermeGear Inc., Bethlehem, PA, USA;
diameter 20 mm). It was formed by a water-jacketed
receptor chamber (15mL), thermostated at 37°C, and a
donor chamber. The receptor solution (citrate buffer)
was maintained at 37°C and constantly stirred at 600
rpm. The two chambers were separated by a cellulose
membrane (Filter paper Whatman 41, 20-25 um; What-
man GmbH, Dassel, Germany) and each formulation
(200 mg) was spread on a circular portion of the mem-
brane. After the two chambers were clamped, 2 mL of
deionized water was added into the upper donor cham-
ber and the donor cell was sealed with parafilm®. At
predetermined intervals, 500 puL aliquots were removed
and replaced with the same amount of release medium.
The collected samples were diluted with citrate buffer,
filtered with SWINNEX system (Millipore, Cork, Ire-
land) using filter paper Whatman 41, porosity 20-25um
(Whatman GmbH) and analyzed. The benzydamine
content was determined at 306.0 nm by a spectropho-
tometer (UV-Visible Agilent model 8453) by using a
drug calibration curve in citrate buffer (r = 0.9995) and
citrate buffer as blank. At this A value only drug absor-
bance was present and no interferences of excipients
were observed. The drug percentage released at each
time point was expressed as a fraction of the total amount
of benzydamine in the formulation. The experiments
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were carried out in triplicate under sink conditions and
the error expressed as SD.

Statistics

A paired t-test was applied on the mucoadhesion force
data in order to highlight differences between the batches
produced and the marketed formulation Tantum Rosa®.

Results and discussion

Some bioadhesive polymers were evaluated in order to
design and prepare vaginal semisolid formulations able
to (i) increase drug residence time improving the effi-
cacy of local therapy, (ii) respect vaginal environment,
and (iii) guarantee patient’s tolerability. Gels are the
easiest formulations to make, therefore in the first step
of this study the most suitable polymers, and their
respective amounts to obtain consistent gels, were cho-
sen on the basis of the following characteristics:

- water solubility: to produce hydrogels;

- gelling capacity not dependent on alkaline pH value:
to respect the vaginal acidity level;

- stability at pH 5.0 (vaginal pH in pathological con-
ditions).

On the basis of a preliminary screening the best poly-
mers were HEC and NaCMC, and by using them, gels
la, 2a, and 3a and emulgels 1b, 1c, 1d, 2b, 2¢, 2d, 3b,
3¢, and 3d (Table 1) were prepared as described in the
method section. In this way, it is possible to obtain a
‘special formulation’ stabilized by the formation of a
polymer network able to slow down coalescence pro-
cess. Moreover, plasticity and consistency of the system
are mainly related to the gelled water phase rather than
to the oil phase ingredients.

All formulations were 0.5% (wt/wt) benzydamine
loaded, in analogy to Tantum Rosa®. Gels and emulgels
showed good mucoadhesive forces between 0.33 and
0.57 N (Table 2). Gels 1a (0.37 N) and 2a (0.37 N) and
emulgel 1d (0.33 N) showed the lowest mucosa adhe-
sion forces. Gels 1a and 2a together with 2¢c were not
significantly different (o = 0.05%) from the marketed
formulation (0.38 N). In the case of formulation 1a, the
interaction between HEC and mucin chains is rather
weak because of (i) nonionic character of the polymers,
able to establish only hydrogen bonds and (ii) the
molecular weight that is lower than the minimum value
required for bioadhesion®. Unexpectedly, gel 2a pre-
sented low bioadhesion power through the NaCMC
affinity for mucin. Probably this behavior is likely to
be related to small polymer amount!®. When NaCMC
percentage increases from 3% to 4% (gel 3a) the

Table 2. Ex vivo mucoadhesion force.

Groups Formulations Force (N)£SD (n=3)
1 la 0.37£0.010
1b 0.47 £0.010*
1c 0.38 £0.020
1d 0.33£0.020*
2 2a 0.37+£0.010
2b 0.57 £0.020*
2c 0.41 £0.020
2d 0.413 = 0.006*
3 3a 0.49 £0.020*
3b 0.53£0.030*
3c 0.54 +0.020*
3d 0.54 +£0.020*
Control Tantum Rosa® 0.383 £ 0.006

*Significantly different from Tantum Rosa (paired ¢-test; o = 0.05).

mucoadhesive force (0.49 N) was also significantly
increased (o= 0.05%).

The physico-chemical characteristics of HEC com-
bined to the increase of emulgel lipophilicity, due to
introduction of white vaseline in place of cetostearyl
alcohol, were responsible for the low bioadhesion of
emulgel 1d which is significantly lower than that of the
market formulation (« = 0.05%). All remaining formula-
tions showed significantly higher bioadhesion than
Tantum Rosa® (a = 0.05%).

The presence of NaCMC improved bioadhesion per-
formances that increased proportionally to its percent-
age (4% > 3%). NaCMC is a negatively charged polymer
and this property guarantees good bioadhesion
because of the large hydrogen bonding sites and also for
the open expanded conformation that the carboxylic
ionized groups provide?’; so it adheres strongly in com-
parison to nonionic polymers, such as HEC, as observed
by other authors?!. In all cases, the emulgels exhibited
higher mucoadhesivity, if compared to the correspon-
dent gel, and the cetostearyl alcohol substitution (with
both gel and white vaseline) caused the decrease of the
mucoadhesive force with the exception of 3¢ and 3d
(4% NaCMC) that showed similar values. The higher
emulgel mucoadhesivity can be related to the presence
of an internal oil phase responsible for decreasing the
number of intramolecular bonds occurring among
polymer chains (very numerous in the case of simple
gel), thereby more groups are available to interact with
mucin. Emulgel 2b showed the highest adhesion force
(0.57 N). In this case the presence of an oil phase among
the chains of the polymer network allows a more
stretched and open structure able to offer many groups
to link the mucosal surface. At the same time cetostearyl
alcohol plays an important role for emulsion stability
because of its emulsifying properties.
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Formulation mucoadhesive properties can be
affected by polymer concentration'®. In fact a high
number of chains create a tight network capable of
increasing formulation viscosity. In these conditions,
only few groups are available to interact with mucin
chains. This is the possible explanation of gel 3a and
emulgel 3b behaviors, containing 4% NaCMC.

When cetostearyl alcohol was replaced by vaseline
(more hydrophobic emulgel) or other gel (more hydro-
philic emulgel) the obtained formulations formed a sta-
ble emulsion, they became thicker and more viscous
maintaining, however, their adhesiveness to the
mucosa.

Viscometry studies were carried out in order to check
formulation flow properties and qualitative/quantita-
tive polymer influences. The measurements (shear
stress versus shear rate) were performed at 20°C and
37°C to simulate storage and application conditions,
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respectively (Figures 1-3). However, since formulation
behaviors were detectable in different range values, it
was necessary to use different scale for graphic repre-
sentations.

From rheograms at 20°C (Figure 1A-D) it is possible
to note that some formulations exhibited pseudoplastic
flow. They were the marketed formulation Tantum
Rosa®, formulation 2a, NaCMC (3%) gel, and formula-
tion 1b, emulgels containing cetostearyl alcohol. Prepa-
rations 2c¢ and 2d had similar behaviors but they
showed a higher viscosity.

Generally, when cetostearyl alcohol was not present
in the preparation, the emulgels showed a decreased
viscosity. This effect was observed when cetostearyl
alcohol was substituted both with gel (e.g., in the case of
1¢) and with white vaseline (e.g., in the case of 1d).

When NaCMC was used, the gel behaviour was
closely dependent on the mucoadhesive polymer
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Figure 2. Viscosity measurements at 37°C.

amount. In fact 3% NaCMC gel (2a) and 4% NaCMC gel
(3a) showed a higher viscosity than the marketed
cream. All emulgels containing NaCMC, with or without
cetostearyl alcohol, showed pseudoplastic flow and the
viscosity was significantly increased raising the polymer
amount to 4% (3a, 3¢, and 3d).

After these considerations it is clear that 2c and 2d
had the best behavior because:

¢ 3a, 3¢, and 3d had too high viscosities;

¢ also 2b and 3b, containing cetostearyl alcohol, were
highly consistent and waxy so as that it was very diffi-
cult to measure their rheological properties (plate

slipping).

The rheological studies at 37°C (Figure 2A-D) demon-
strated that Tantum Rosa® and gel 2a maintained simi-
lar flow to that observed at 20°C, whereas in the case of
2¢ and 2d a higher flow threshold was measured at
37°C. 3a, 3¢, and 3d conserved the same flow with a
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higher viscosity at 37°C as well. Conversely, 1c¢ viscosity
was significantly lower at 37°C than at 20°C; in the case
of 2b and 3b no considerable variations were observed
with temperature and their measurements were rather
difficult owing to plate slipping.

Viscometry measurements in pharmaceutical field
can offer important information about formulation
extrudability from packaging, squeezing, and spreading
properties. Extrudability information is very important
in the case of semisolid vaginal formulations because of
their packaging (tube) and administration modality
(vaginal applicator). In this regard viscosity versus shear
stress studies at 25°C were performed (Figure 3A-D).

The comparison of the yield stress values, point of
rheogram corresponding to the maximum force (Pa/
sec) necessary to obtain formulation flow, allows classi-
fication of all preparations according to the easiness or
toughness of extrusion. In the case of formulations con-
taining HEC, extrudability was better than market
cream with the exception of 1b. It is clear that HEC can
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permit a better flow rate from tube to applicator and an
easier vaginal administration. Only in the case of simul-
taneous presence of HEC and cetostearyl alcohol vis-
cosity increased, thus affecting extrudability (1b). When
cetostearyl alcohol was substituted by white vaseline,
the viscosity decreased (viscosity is very low either at
20°C or at 37°C) and this is evident from the very high
extrudability of 1d (Figure 3A). On the other hand
NaCMC made the preparations less flowing (Figure
3), all formulations had higher extrudability than Tan-
tum Rosa® (3b>2b>2d>3d>3c>3a>2c>2a> Tantum
Rosa®). Formulations 3b and 2b, containing cetostearyl
alcohol, showed big extrusion problems.

Filling and extrusion studies were further performed
in order to understand the composition influence on
drug administration easiness and to compare these for-
mulation features to their rheological characteristics
(extrudability). Aluminum ointment tubes were filled
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manually as reported previously and, successively, a
sample (5 mL) was transferred into an apposite vaginal
applicator with the attached plunger up. Therefore, the
cap was removed from the tube, the threaded end of the
applicator was attached by screwing onto the tube, that
was squeezed from the bottom until the formulation
filled the applicator. After removal of the applicator
from the tube in order to simulate the administration
into the vagina, the internal plunger was connected to a
dynamometer and the force and time necessary to eject
the gel/emulgel were determined (Table 3). Only la
showed the same extreme filling easiness as Tantum
Rosa®, whereas it was rather difficult for 1b, 2d, 3a, and
3b. In the case of industrial manufacturing such a fea-
ture does not present a problem; so the most important
steps in order to administer drugs are the tube-applica-
tor filling and the administration into the vagina. The
applicator filling was easy for all gels/emulgels with the
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Table 3. Filling and extrusion force measurements.

Tube-applicator

Extrusion of applicator
Force (N)+conf.

Formulations Tube filling filling (n=3; «=0.05) Time (s) (£1s) (n=3)
la + + 0.173 £0.02 28
1b ++++ + 0.453£0.01 36
lc ++ ++ 0.250+0.03 28
1d +++ + 0.267 £0.03 34
2a +++ + 0.257 £0.02 32
% - -+ 0.700+0.08 36
2c +++ ++ 0.390 £ 0.04 34
2d +4+++ + 0.467 £0.03 38
3a ++++ ++ 0.683£0.03 28
3b ++++ +++ 1.300+0.34 42
3c ++ ++ 0.540 £0.06 25
3d T+ ++ 0.557 £0.02 27
Tantum Rosa® + + 0.153+0.03 35

+, very easy; ++, easy; +++, difficult; ++++, very difficult.

only exception of 3b. All formulations, only 3b required
a longer time, were completely squeezed from the tube
in about 28-36 seconds (Table 3).

According to extrudability studies of formulations
containing HEC, 1b needed the highest extrusion force
while 1a, 1¢, and 1d were more easily extrudible. In the
case of preparations containing NaCMC, the highest
forces were required for the emulgels 2b and 3b while
they decreased for the formulation not containing ceto-
stearyl alcohol. According to our studies 2a, 2¢, and 2d
were the most extrudible.

All formulations were then submitted to in vitro drug
release experiments and compared to the marketed for-
mulation. The drug release was monitored for 24 hours.
Since from the 10th to the 24th hour no significant vari-
ations were observed, the release profiles were
recorded between the 1st and the 10th hour. It is evi-
dent (Figure 4A-C) that all formulations showed a
release profile similar to Tantum Rosa®, with the only
exception of 1a.

Taking into account the formulation compositions
some conclusions can be drawn:

¢ Formulations 1a-1d containing HEC as gelling agent
(Figure 4A) did not show the same release profiles.
The simple gel (1a) released more benzydamine and
more quickly, showing a behavior very similar to Tan-
tum Rosa® and different from the emulgels 1b-1d.

e When NaCMC (3% and 4%) was used (Figure 4B and
4C) no significant differences were observed between
gels and emulgels and this was probably due to the
high polymer concentration.

Notwithstanding emulgel release profiles showed very
little differences. It was possible to note that the presence

of cetostearyl alcohol enhanced drug release and its
substitution by gel or vaseline reduced it. The decrease
was highest in the presence of vaseline that, because of
its lipophilicity, did not promote drug diffusion in the
acceptor fluid.

The preparations (gels and emulgels) under study
are hydrophilic formulations containing polymeric
chains able to build a network where both water and
drug molecules can be entrapped influencing gel
structure, viscosity, and drug release mechanism. In
vitro drug release data have been employed after that
to investigate what kind of mechanism was involved;
the Ritger and Peppas’s kinetic mathematical
model®? and a first-order kinetic model were used to
fit experimental release profiles (linear regression)
(Table 4). From the calculated r values (correlation
coefficient) it is possible to assert that in no case the
release fitted the first-order and zero-order (n = 1,
case II transport) kinetics, meaning that the drug
transport mechanism is not dependent on drug con-
centration and that it is not a linear function of time.
For all formulations (Tantum Rosa® included), the r
value increased as the release exponent n decreased
from 1 to 0.5 and, with the only exception of 2c and
2d, when the highest values were achieved for n = 0.5.
This means that the employed polymers did not play
an important role on drug release and that displace-
ment of benzydamine from the polymeric network
was mainly due to a Fickian diffusion (following
Higuchi kinetics). On the contrary, an anomalous
transport (not Fickian) was observed in the case of 2¢
and 2d, probably because:

¢ NaCMC s able to control drug release more than HEC. It
is particularly highlighted when NaCMC gel/cetostearyl
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Figure 4. In vitro drug release from formulations, average + SD (n = 3).

alcohol substitution occurred (2¢) and mainly when its Conclusions
concentration was higher.

e The addition of lipophilic ingredient (vaseline) in the Taking into account only the bioadhesive perfor-
formulation decreases the polymeric chain influence mances, formulations 3a, 3b, 3¢, and 3d containing
on drug release and increases the prevalence of diffu- NaCMC showed the best performances (NaCMC 4%
sive mechanism. These effects were more evident for >3%). Since a good vaginal formulation must also be
2d where cetostearyl alcohol was replaced by easy to administer and must possess proper drug

vaseline. release and high storage stability, the polymer choice
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influences remarkably all the final product characteris-
tics. Hence it is possible to conclude that:

1. all the formulations containing HEC showed good
drug release profiles and good rheological charac-
teristics but low mucoadhesion;

2. formulations prepared by using NaCMC (4%) pre-
sented very good mucoadhesive performances and
good drug release, but their high viscosity did not
make them handy;

3. the most suitable emulgels for vaginal application
were those containing NaCMC (3%).

The best formulation was the emulgel in which ceto-
stearyl alcohol was replaced by NaCMC gel. In fact, this
preparation showed the best in vitro and ex vivo perfor-
mances furnishing a product that could be suitable to
improve vaginal tolerability and patient’s compliance.
Moreover, a higher vaginal mucosa bioadhesion, which
increases drug residence time in comparison to Tantum
Rosa®, could improve benzydamine efficacy.
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