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ABSTRACT

Hot-melt extrusion technology (HME) was used to prepare muco-adhesive matrix films
containing 10% w/w clotrimazole (CT) intended for local drug delivery applications for
the oral cavity. This study was aimed at the production and characterization of these
drug delivery systems for the prophylaxis and treatment of oral candidiasis. The film
system’s formulation contained hydroxypropyl cellulose and poly(ethylene oxide) as
polymeric carriers, the bioadhesive polycarbophil, and other excipients. The CT for-
mulation was processed at a temperature range of 125-130°C utilizing a Killion extruder
(Model KLB-100) equipped with a 6-inch flex-lip die. The films were evaluated for
postextrusion drug content, physical and chemical content uniformity, drug release,
thermal and crystalline behavior, and bioadhesive strength. The extruded films demon-
strated excellent content uniformity and a postprocessing drug content of 93.3% (£ 1.0).
The degradation product, (o-chlorophenyl)diphenyl methanol, was also identified and
quantitated using high performance liquid chromatography. The films were determined
to exhibit desirable and consistent release properties and bioadhesive strength
(p<0.05). The results of this study indicate that HME is a viable technique for the
preparation of muco-adhesive films containing clotrimazole for oral candidiasis.
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INTRODUCTION

Hot-melt extrusion technology (HME) is primar-
ily used in the plastics industry for the production of
polymeric consumer goods such as plastic bags,
sheets, and pipes.!") Only within the last decade has
HME been utilized for the preparation of pharma-
ceutical dosage forms including pellets,”! tablets,"!
and films."! In 1994, Follonier Doelker and Cole
evaluated hot-melt extruded pellets containing high
loadings of freely soluble drugs” Repka,
McGinity, and coworkers have proposed HME as
a promising technique for various drug delivery
systems, including films.>'" Indeed, the traditional
method for preparing films has been the solvent cast
method in which water or organic solvents are used;
however, recent studies have outlined numerous dis-
advantages involving these techniques.*'?! Hot-melt
extrusion technology may eliminate or minimize
many of these conventional processing limita-
tions,> ! resulting in shorter and more efficient
processing times to a final product, environmental
advantages due to elimination of solvents in proces-
sing, and increased efficiency of drug delivery to the
patient.

A recent U.S. Patent describes the method of
preparation of a hot-melt extruded film for drug
delivery.'"¥ The novel film system described in
this patent can be sized and shaped to provide
controlled delivery of a therapeutic agent to the
buccal, rectal, vaginal, uterine, and other body ori-
fices, in addition to its use for wound care applica-
tions. This delivery system could well be utilized in
the prophylaxis or treatment of candidiasis in the
oral cavity.

Oral candidiasis is an opportunistic, infectious
condition caused by a ubiquitous, saprophytic fungus
of the genus Candida, the most common of which is
Candida albicans. Prescription drug data have
indicated a remarkable increase in the frequency of
the disease during the last two decades.'¥ Fungal
opportunistic infections (OI), including oral
candidiasis, are a major cause of morbidity and mor-
tality in cancer patients.' Many factors can predis-
pose a patient to oral candidiasis, the most significant
of which is the infection associated with AIDS immu-
nosuppression.!'®!” General debilitation, poor oral or
dental hygiene, and ill-fitted dentures are some of the
other predisposing factors responsible for the cause of
candidiasis in the oral cavity. Also, those individuals
afflicted with xerostomia, diabetes mellitus, and
patients receiving chemotherapy are high risk for
opportunistic, fungal infections.!'®!"!
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Clotrimazole (CT), an imidazole, is used as a
first-line topical treatment agent for oral candidiasis.
The drug is stable in the solid state under normal
storage conditions, but in solution, its stability is
pH dependent. It is stable in alkaline medium, how-
ever, and hydrolyzes in acidic medium to (o-chloro-
phenyl)diphenyl methanol plus imidazole (CPDM).*")
It has been reported that only a minimal amount of
CT is absorbed systemically following topical
application to the skin®"' and that only a small
percentage of the drug applied to the mucosa can
be detected in the serum or urine.[*!

Generally, systemic administration of antimy-
cotics by mouth or intravenously has been used
to treat existing mycotic infections. However, long-
term systemic antimycotic therapy in high doses
is undesirable for treatment of oral infections
due to potential side effects. Therefore, to minimize
these adverse effects and the ominous risk of drug
resistance, topical therapy should be considered
the first-line candidate for the treatment of initial
or recurrent cases of uncomplicated oral and
pharyngeal candidiasis, in addition to AIDS-related
oral cavity-manifested fungal diseases.!'®!

Unfortunately, topical treatment of candidiasis
in the oral cavity is limited to a small number of
therapeutic agents coupled with inadequate delivery
systems. Nystatin is available as an oral suspension
that is designed to be swished in the oral cavity and
then expectorated.”® This delivery system is incon-
venient, lacks portability, is subject to a large degree
of intersubject variability, and does not address
esophageal infections. Nystatin and clotrimazole
are available in lozenges that are designed to be
dissolved in the oral cavity. The lozenges are
sugar-based, and therefore cariogenic (introducing
another set of complicating factors) and do not con-
tain excipients with bioadhesive properties to ensure
prolonged contact of the drug with the oral mucosa.
In addition, this delivery system is not well tolerated
by many patients,”* including the elderly, children,
and HIV immunocompromised individuals, due to
factors such as decreased control of the oral muscu-
lature, xerostomia, and oral pain. Indeed, literature
for the two lozenges containing Nystatin and
clotrimazole contain cautions about their use in chil-
dren and the elderly due to the inadvertent swallow-
ing or choking by these two patient populations.*”
Another limitation of these topical delivery systems
is the fact that the patient has to be awake or con-
scious. Several antifungal agents have also been used
in the form of mouth rinses, dentifrices, solutions,
and gels but have not proven to be completely



ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016

™

Hot-Melt Extruded Films with Clotrimazole

successful in eradicating Candida-related infections.
This may be due to their inefficiency in maintaining
the salivary concentrations of the drug above the
effective therapeutic concentration for a prolonged
period of time,'*® which may in turn be due to the
diluent effect of saliva coupled with the cleansing
action of the oral musculature.*”)

Inadequate drug delivery systems for oral and
pharyngeal candidiasis still limit the efficacy of ther-
apeutics for these and other infectious diseases.
Hence an objective of the present study was to
develop and produce polymeric matrix films con-
taining clotrimazole utilizing hot-melt extrusion
techniques to optimize drug delivery. Furthermore,
the study objectives included characterizing and
evaluating this antifungal treatment modality using
analytical, bioadhesion, dissolution, and thermal
studies. Outcomes of this work may provide more
efficacious treatment alternatives for candidiasis
and other disease processes for significant patient
populations.

EXPERIMENTAL
Materials

Hydroxypropyl cellulose (HPC; Klucel® JF) was
kindly gifted by Aqualon Div., Hercules, Inc.,
Wilmington, DE. Polycarbophil (Noveon® AA-I)
was supplied by BF Goodrich Specialty Chemicals,
Cleveland, OH. Poly(ethylene oxide) (M.W. 100,000)
and polyethylene glycol 3350 were purchased from
Aldrich Chemical Company, Milwaukee, WI.
Butylated hydroxytoluene (BHT), propyl gallate,
potassium dibasic phosphate, and clotrimazole were
obtained from Spectrum Chemical, Inc., Gardena,
CA. Other reagents (HPLC grade) were purchased
from Fisher Chemicals, NIJ. Schering-Plough
HealthCare Products, Memphis, TN kindly gifted
(o-chlorophenyl)diphenyl methanol.

Methods

Formulation and Hot-Melt Extrusion

Based on previous studies,”*”) hydroxypropyl
cellulose (HPC) and poly(ethylene oxide) (PEO)
were chosen as polymeric carriers for the matrix
film formulations. Polycarbophil (Noveon AA-1)
was incorporated as a bioadhesivel” and polyethylene
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Table 1. Formulation ingredients of the films produced by
hot-melt extrusion.

Ingredient Category

Hydroxypropyl Thermoplastic polymer
cellulose (JF)

Poly(ethylene oxide) Hydrogel
M.W.: 100k)

Noveon AA-1 Bioadhesive polymer
(polycarbophil)

Polyethylene glycol 3350 Plasticizer

Butylated hydroxytoluene Antioxidant

Propyl gallate Antioxidant

Clotrimazole (10% w/w) Antifungal

glycol (PEG 3350) as a plasticizer. Butylated hydroxy-
toluene (BHT) and propyl gallate were utilized as
antioxidants. Propyl gallate has also been reported
to exhibit antifungal properties in addition to its
potential synergistic effect with BHT.!*®)

Prior to the extrusion process, all of the ingredi-
ents in the formulation were subjected to particle-size
reduction, sieving, and initial blending. Final blending
was achieved using a V-blender for 20min. The
blended powders were then dried in an oven at
50°C for 24h to minimize moisture content.”) The
extrusion temperatures ranged from 125-130°C with
a screw speed of 70 rpm.

Based on prior knowledge of extrusion technol-
ogy and preliminary formulations, a 500 g batch of a
lead formulation (Table 1) was extruded into a thin
film utilizing a Killion extruder (Model KLB-100,
Davis-Standard Corp., Pawcatuck, CT, USA) (Fig.
1). This formulation containing the active, thermo-
plastic polymers, drug release retardants, and other
additives was fed into the hopper and transferred
inside the heated barrel by a rotating extruder
screw. During HME, polymeric materials soften
and become flexible primarily due to the shearing
effect of the rotating screw; however, heat from
the thermal devices attached to the barrel also aid
in the softening of the polymers.”) The molten poly-
meric mass is continuously pressurized as it moves
forward in the barrel due to the rotation of the
screw. The mass is then transformed into different
shapes based on the shape of the die attached at the
end of the barrel. In the present study, a 6-inch flex-
lip die was utilized, and the extruded film had a
thickness range of 0.34-0.36mm. The film was
then collected in a roll, labeled, and sealed in foil-
lined 5-mil polyethylene bags (I mil=254um or
0.001 inch).
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Figure 1. Hot-melt extruder with film die assembly
(Killion KLB-100).

Determination of Drug Content
and Degradation by High-Performance
Liquid Chromatography (HPLC)

Instrumentation and
Chromatographic Conditions

The chromatographic system consisted of a
Waters 600 pump and a dual wavelength Waters
2487 UV detector. The column used was a Novapak
Cl18 (3.9x150mm ID and 4pu particle size).
The mobile phase consisted of methanol and
0.025M potassium dihydrogen phosphate in the
ratio of 3:1, and the flow rate was 1 mL/min. The
injection volume for the standard and the sample
preparations was maintained at 20uL, and the
column effluent was monitored by UV absorption
at 215nm for both the active clotrimazole (CT) and
its degradant, (o-chlorophenyl)diphenyl methanol
(CPDM).

Stock solutions of CT and CPDM were prepared
using methanol. Five calibration standards were pre-
pared for both CT and CPDM by diluting their stock
solutions with methanol in appropriate quantities
and were then injected into the HPLC system.
Regression analysis was performed on the data
points generating the calibration curve. Random
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Figure 2. Schematic of texture analyzer.

samples (n=7) were taken from the extruded film.
The samples were weighed and placed in a
50 mL volumetric flask. Thirty mL of methanol was
added to the flask and sonicated for 10 min or until
the entire film was dissolved. The flasks containing
the samples were then made up to 50mL using
methanol and centrifuged for 10min. The super-
natant was removed and filtered using a 0.45uL
nylon filter and injected into the chromato-
graphic system. The content of CT and CPDM was
calculated from the equation obtained from the
regression analysis.

Bioadhesion

Tests for bioadhesion were performed on the
HME film containing clotrimazole using a Texture
Analyzer (TA.XT2i, Texture Technologies Corp.,
Scarsdale, NY/Stable Micro Systems, Godalming,
Surrey, UK) (Fig. 2) equipped with Texture
Expert™ software. Random samples (n=7) were
collected from different areas of the film. Each
sample was wetted with nanopure water for
60s and placed on a slotted die-cut fixture (TA-303
Indexable Adhesive Test Rig) on the base of
the Texture Analyzer. Rabbit intestinal mucosa
was attached to a 7mm diameter, circular steel
probe using a cyanoacrylate adhesive. The Texture
Expert software was programmed such that the
probe approached the film at a predetermined rate
of 1mmy/s, applied a force of 3.5N for 60s,
and then withdrew at a speed of 0.5mmy/s. These
parameters were chosen based on previous
studies.’* ' During the withdrawal phase of the
probe, the Texture Expert software recorded the
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force deflection profiles. The maximum force
required to detach the film on the lower base die
from the upper probe, known as the peak adhesive
force (PAF), the elongation at adhesive failure (EAF)
of the films, and the area under the curve (AUC),
representing the work of adhesion, were determined
by the generated profiles. The results were used to
determine the adhesive uniformity within the
extruded film.

Dissolution Studies

Dissolution studies were performed utilizing
a Hanson SR8-Plus dissolution test system according
to USP XXIII apparatus 5, paddle-over-disk method.
Nine hundred milliliters of 1% w/v SLS at 37°C was
used as the dissolution medium and the paddle
rotation speed was 50 rpm. Samples were collected
at predetermined time intervals and analyzed by
HPLC. The studies were performed in triplicate.

Differential Scanning Calorimetry (DSC)

The DSC thermograms were recorded on a dif-
ferential scanning calorimeter (Perkin-Elmer Pyris 1
DSC). Approximately 3—4 mg of each sample of pure
drug, physical mixture, and extruded film were her-
metically sealed in a flat-bottomed aluminum pan
and heated over a temperature range of 20-200°C
at a linear heating rate of 10°C/min. The samples
were then immediately cooled from 200-20°C at a
linear cooling rate of 10°C/min.

X-ray Diffractometry (XRD)

An APD 3520 Philips x-ray diffractometer with a
PW 1720 x-ray generator and a PW 1710 diffrac-
tometer control was employed to study the crystal-
linity of the drug and excipients in the hot-melt
extruded films and also in their respective physical
mixtures. The generator operating voltage and
current were 40kV and 40mA, respectively. The
scanning speed was 2°/min, and the 26 scanning
range was from 5° to 50°.

Data Analysis

Statistical analysis was carried out using
Microsoft Excel® and the results are reported
as mean *+standard deviation (SD). A p<0.05
was considered statistically significant for drug
content and bioadhesive uniformity within the
extruded film.
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RESULTS AND DISCUSSION
Drug Content and Degradation

The hot-melt extruded films demonstrated excel-
lent content uniformity both physically and chemi-
cally. The theoretical postextrusion content of CT
remaining in the films was determined to be 93.3%
(£ 1.0) via HPLC analysis. The degradation product
within the extruded films can be visualized in Fig. 3(a).
It has been proposed that this degradant of CT results

(a)
0.50 4
2
0.404
5 0.30]
<
0.204
0.104 (1)
0.00 M
"TT00 200 300 400 | 500 600 700 800
Minutes
(b)
0.060
0.050
0.040
2 0.030
0.020
0.010
0.000 ]
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
Minutes
©
0.30
(M )
0.20
2
< 015

A e e e o s e L e L B o s o e e
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Minutes

Figure 3. (a) Chromatogram of the HME film showing (1)
(o-chlorophenyl)diphenyl methanol (CPDM) and (2)
Clotrimazole (CT); (b) Chromatogram of pure CPDM;
and (c) Chromatogram of HME film after spiking with
CPDM showing (1) CPDM and (2) CT.
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from hydrolysis of the imidazole group to form
(o-chlorophenyl)diphenyl ~methanol (CPDM).*”]
Indeed, the degradation product in the films was
identified as CPDM by spiking the extracted sample
of the film with a standard CPDM stock solution.
The chromatogram of pure CPDM is shown in
Fig. 3(b). Figure 3(c) illustrates the spiking of the
extruded film sample with CPDM stock solution. It
was consequently observed that there was an increase
in the AUC of the degradant peak after addition of
the standard CPDM sample. In addition, the reten-
tion times of the degradant peak and that of CPDM
were identical. Hence, it was concluded that the
degradation product in the film was (o-chlorophenyl)
diphenyl methanol. The CPDM content in the films
was calculated to be 6.8% (£0.3).

Bioadhesion

A representative force deflection profile obtained
for the HME films containing CT is shown in Fig. 4.
Peak adhesive force (PAF), elongation at adhesive
failure (EAF), and work of adhesion (AUC) calcu-
lated from this type of profile are expressed in SI
units and listed in Table 2. These values are consistent
with and appropriate for bioadhesion as reported by
other researchers.®” It should be noted that these
data indicate that there is insignificant variation in
the PAF, AUC, and EAF within the extruded film
(p<0.05). These results demonstrate that the films
produced via hot-melt extrusion in this study are
uniform and therefore are supportive of further
optimization and evaluation in the clinical setting.

Dissolution Profiles

The in vitro release profile (Fig. 5) indicated an
apparent zero-order release over 6 h of testing (80%
drug release) (R*>=0.999). Nevertheless, the entire
curve indicates that there is a prolonged release of
the drug extending up to 10h. The dissolution data
were fitted according to the following exponential
equation,®!! which is often used to describe the
drug release behavior from polymeric matrices:

M, /M, =kt (1

where M,/M . is the fraction of drug released, ¢ is the
release time, k is a kinetic constant characteristic of
the drug polymer system, and 7 is a release exponent
indicative of the release mechanism of the drug.
When n=0.5, the drug is released from the polymer
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Figure 4. Force deflection profile of an HME film
sample containing clotrimazole recorded by Texture
Expert software.

a

Table 2. Results of in-vitro bioadhesion studies
performed on hot-melt extruded films containing
clotrimazole utilizing a Texture Analyzer equipped with
Texture Expert software.

Peak force  Work of adhesion  Elongation at adhesive
(PAF) (N) (AUC) (N mm) failure (EAF) (mm)
3.63 0.61 1.22

(0.15) (0.03) (0.05)

#Rabbit intestinal mucosa used as substrate (n=6).
Standard deviation denoted in parenthesis.
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Figure 5. Dissolution profile of clotrimazole released from

the hot-melt extruded films in artificial saliva at pH 6.8
(rpm = 50) (n=23).

with a Fickian diffusion mechanism. Furthermore, for
0.5<n <1, a nonFickian solute diffusion is observed.
The condition in which n =1 provides a case II trans-
port mechanism (erosion) with zero-order kinetics.!*?
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Via a power regression model (MS Excel) and Eq. (1),
the value of n for the release of clotrimazole from the
HME films was calculated to be 1.04, thus suggesting
an erosion controlled release. These data are also
suggestive of a polymer dissolution model (one of
the three mechanisms of constant drug release),
which is best described for a drug of low aqueous
solubility and for a release that proceeds with zero-
order kinetics.*¥ These data, coupled with the drug
content uniformity and bioadhesion testing results,
indicate that the formulation and the delivery
system prepared by HME may be a promising
prototype for extended release of clotrimazole to
the oral mucosa for the treatment of oral candidiasis.
However, further optimization of the formulation
and extrusion techniques is needed to reduce the
clotrimazole degradation within the films. These
objectives are the subject of ongoing studies.

Differential Scanning Calorimetry (DSC)
and X-ray Diffraction (XRD)

Figure 6 shows an overlay of DSC thermograms
of pure clotrimazole, PEO and PEG 3350, the physi-
cal mixture and the HME film containing clotrima-
zole. The endotherm exhibited by the extruded film
[Fig. 6(e)] at 66°C indicates that PEO and PEG are
in crystalline form (M.P of PEO is 69.1°C and PEG
3350 is 62.9°C). It was also observed that there was
no clotrimazole peak present in either the film or the
physical mixture. The observation from the thermo-
gram of the film could be due to the clotrimazole
existing in solid solution within the extrudate or
due to its solubilization in PEO and PEG, which
melt well below the melting point of clotrimazole.
However, there was no recrystallization exotherm
corresponding to clotrimazole observed upon cooling
the film from 200-20°C at a linear cooling rate of
10°C/min [Fig. 6(f)]. Therefore, it is highly probable
that clotrimazole is present in solid solution within
the HME film.

Wide angled x-ray diffraction (WAXRD) studies
were performed on the extruded film, the physical
mixture, PEO, and the pure drug to further study
the crystallinity of the drug at room temperature.
Results of this study are shown in Fig. 7. A high
degree of crystallinity was found in the pure CT
with primary peaks observed at a 26 value of 9.15
and 12.35 [Fig. 7(a)]. These primary peaks were also
observed in the physical mixture [Fig. 7(c)] but no
crystalline pattern corresponding to clotrimazole
was observed within the extruded films [Fig. 7(b)].
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Figure 6. DSC thermograms of (a) clotrimazole; (b) poly-
ethylene glycol (PEG 3350); (c) the physical mixture; (d)
poly(ethylene oxide) (M.W. 100,000); (e) the extruded film
(heating phase); and (f) the extruded film (cooling phase).
(Note: Thermograms separated for clarity).
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Figure 7. X-ray diffraction patterns of the (a) pure clotri-
mazole; (b) extruded film; (c) the physical mixture; and (d)
poly(ethylene oxide) (M.W. 100,000).

These data indicate that clotrimazole is in a molecu-
lar dispersed state within the HME films. However,
these studies also confirmed that PEO exhibits crys-
tallinity within the extruded films in that the peaks at
a 20 value of 18.95 and 22.90 [Fig. 7(d)], which cor-
respond to the pure PEO, are still present within the
extruded film.

CONCLUSIONS

This study demonstrates that hot-melt extrusion
is a viable technique for preparing sustained-release
bioadhesive films for use in topical treatment of
candidiasis in the oral cavity. The data presented
suggest that a homogenous, mucoadhesive film can
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be produced via HME, and that release of clotrima-
zole can be sustained for more than 8 hours, thus
reducing the frequency and increasing the efficiency
of the dose administered. The degradation observed,
most likely due to hydrolysis of clotrimazole, may be
minimized or eliminated by modifying formulation,
processing, and/or production methods of the system.
Hot-melt extrusion is the subject of further studies for
production of bioadhesive dosage forms for oral can-
didiasis and other mucosal and topical applications.

ACKNOWLEDGMENTS

The authors wish to thank The Burroughs
Welcome Fund and The American Foundation for
Pharmaceutical Education (AFPE) for its funding
support for this project via the American
Association of Colleges of Pharmacy (AACP). The
authors would also like to thank Schering-Plough
Corporation for its generous gift of (o-chlorophenyl)-
diphenyl methanol and the Aqualon Division of
Hercules Incorporated for providing Klucel products.
We also wish to thank Dr. James W. McGinity and
Dr. Yucun Zhu for their assistance with the x-ray
diffraction studies.

REFERENCES

1. Klein, I.; Lindau, J.W. Extrusion. In Introduction
to Polymer Science and Technology: An SPE
Textbook, 1st Ed.; Kaufman, H.S., Falcetta,
J.J., Eds.; John Wiley & Sons: New York, 1977;
457-490.

2. Follonier, N.; Doelker, E.; Cole, E.T. Evaluation
of hot-melt extrusion as a new technique for the
production of polymer-based pellets for sustained
release capsules containing high loadings of freely
soluble drugs. Drug Dev. Ind. Pharm. 1994, 20 (8),
1323-1339.

3. Zhang, F.; McGinity, J.W. Properties of sus-
tained-release tablets prepared by hot-melt extru-
sion. Pharm. Dev. Technol. 1999, 4 (2), 241-250.

4. Aitken-Nichol, C.; Zhang, F.; McGinity, J.W.
Hot melt extrusion of acrylic films. Pharm. Res.
1996, 13 (5), 804-808.

5. Repka, M.A.; McGinity, J.W.; Zhang, F.;
Koleng, J.J. Hot-melt extrusion technology. In
Encyclopedia of Pharmaceutical Technology,
Swarbrick, J., Boylan, J.C., Eds.; Marcel Dekker,
Inc.: New York, 2002; 203-266.

10.

11.

12.

13.

14.

15.

16.

17.

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016
™

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

Repka, Prodduturi, and Stodghill

Repka, M.A.; Gerding, T.G.; Repka, S.L.;
McGinity, J.W. Influence of plasticizers and
drugs on the physical-mechanical properties of
hydroxypropylcellulose films prepared by hot-
melt extrusion. Drug Dev. Ind. Pharm. 1999,
25 (5), 625-633.

Repka, M.A.; McGinity, J.W. Physical-mechan-
ical, moisture absorption and bioadhesive
properties of hydroxypropylcellulose hot-melt
extruded films. Biomaterials 2000, 2/ (14),
1509-1517.

Repka, M.A.; McGinity, J.W. Influence of
Vitamin E TPGS on the properties of hydro-
philic films produced by hot-melt extrusion.
Int. J. Pharm. 2000, 202 (1-2), 63-70.

Repka, M.A.; McGinity, J.W. Bioadhesive
properties of hydroxypropylcellulose topical
films produced by hot-melt extrusion. J.
Control. Release 2001, 70, 341-351.

Repka, M.A.; McGinity, J.W. Influence of
chlorpheniramine maleate on topical films
produced by hot-melt extrusion. Pharm. Dev.
Tech. 2001, 6 (3), 295-302.

McGinity, J.W.; Zhang, F.; Repka, M.A
Koleng, J.J. Hot-melt extrusion as a pharma-
ceutical process. American Pharm. Rev. 2001,
4 (2), 25-36.

Gutierrez-Rocca, J.C.; McGinity, J.W.
Influence of aging on the physical-mechanical
properties of acrylic resin films cast from
aqueous dispersions and organic solutions.
Drug Dev. Ind. Pharm. 1993, 19 (3), 315-332.
Repka, M.A.; Repka, S.L.; McGinity, J.W.
Bioadhesive Hot-Melt Extruded Film for
Topical and Mucosal Adhesion Applications
and Drug Delivery and Process for
Preparation Thereof. US Patent 6,375,963 BI,
April 23, 2002.

Meinhof, W.; Spring, R. Incidence of oral can-
didiasis. Mycoses 1989, 32 (suppl. 2), 9-11.
Anaissie, E. Opportunistic mycoses in the
immunocompromised host: experience at a can-
cer center and review. Clin. Infect. Dis. 1992, /4
(suppl 1), S43-S53.

Powderly, W.G.; Mayer, K.H.; Perfect, J.R.
Diagnosis and treatment of oropharyngeal can-
didiasis in patients infected with HIV: a critical
reassessment. AIDS Res. Human Retroviruses
1999, /5 (16), 1405-1412.

Vazquez, J.A. Options for the management of
mucosal candidiasis in patients with AIDS and
HIV infection. Pharmacotherapy 1999, 719 (1),
76-81.



©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

Hot-Melt Extruded Films with Clotrimazole

18.

19.

20.

21.

22.

23.

24.

25.

Ozturkcan,S.;Ozturkcan,S.; Topcu,S.; Akinci, S.;
Bakici, M.Z.; Yalcin, N. Incidence of oral can-

didiasis in diabetic patients. Mikrobiyoloji
Bulteni 1993, 27 (4), 352-356.
Haveman, C.W.; Redding, S.W. Dental

management and treatment of xerostomic
patients. Texas Dental Journal 1998, 715 (6),
43-56.

Hoogerheide, J.G.; Wyka, B.E. Clotrimazole. In
Anal. Profiles Drug Subst.; Florey, C., Ed.;
Academic Press Inc.: New York, 1982; Vol. 11,
225-255.

McEvoy, G.K. Clotrimazole. In AHFS Drug

Information; American Society of Health-
System Pharmacists, Inc.: Bethesda, 2002;
3162-3166.

Plempel, M.; Batrmann, K.; Buchel, K.H.;
Regel, E. A new orally applicable antifungal sub-

stance  with  broad spectrum activity.
Antimicrob. Agents Chemother. 1969, 69,
271-274.

Gilman, A.G. The Pharmacological Basis of

Therapeutics, 9th Ed.; McGraw-Hill: New
York, 1996.
Ruskin, J.D.; Wood, R.P.; Bailey, M.R.;

Whitmore, C.K.; Shaw, B.W. Comparative
trial of oral clotrimazole and nystatin for
oropharyngeal candidiasis prophylaxis in
orthotopic liver transplant patients. Oral
Surgery, Oral Medicine, Oral Pathology 1992,
74 (5), 567-571.

Sifton, D.W. Physicians’ Desk Reference, 54th
Ed.; Medical Economics Company: Montvale,
2000; 515, 873.

26.

27.

28.

29.

30.

31.

32.

33.

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE  NEW YORK, NY 10016
™

765

Anders, R.; Merkle, H.P. Evaluation of lami-
nated muco-adhesive patches for buccal drug
delivery. Int. J. Pharm. 1989, 49 (3), 231-240.
Samaranayake, L.P.; Ferguson, M.M. Delivery
of antifungal agents to the oral -cavity.
Advanced drug delivery reviews 1994, [3,
161-179.

Weller, P.J. Propyl gallate. In Handbook of
Pharmaceutical Excipients; Arthur, K.H., Ed.;
American Pharmaceutical Association:
Washington, DC, 2000; 447—449.

Hoogerheide, M.A; Strusiak, S.H.;
Taddei, C.R.; Townley, E.R.; Wyka, B.E.
High performance liquid chromatographic
determination of clotrimazole in pharmaceutical
formulations. J. Assoc. Off. Anal. Chem. 1973,
64 (4), 39-48.

Parodi, B.; Russo, E.; Gatti, P.; Cafaggi, S.;
Bignardi, G. Development and in vitro evalua-
tion of bucoadhesive tablets using a new model
substrate for bioadhesion: the eggshell mem-
brane. Drug Dev. Ind. Pharm. 1999, 25 (3),
289-295.

Korsmeyer, R.W.; Gurny, R.; Doelker, E;
Buri, P.; Peppas, N.A. Mechanism of solute
release from porous hydrophilic polymers.
Int. J. Pharm. 1983, 75 (1), 25-35.

Langer, R.S.; Peppas, N.A. Present and future
application of biomaterials in controlled drug
delivery systems. Biomaterials 1981, 2 (10),
201-213.

Lindner, W.D.; Mockel, J.E.; Lippold, B.C.
Controlled release of drugs from hydrocolloid
embeddings. Pharmazie 1996, 5/ (5), 263-272.



(ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016
™

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.



Copyright © 2003 EBSCO Publishing



Copyright of Drug Development & Industrial Pharmacy is the property of Taylor & Francis Ltd and its content
may not be copied or emailed to multiple sites or posted to alistserv without the copyright holder's express
written permission. However, users may print, download, or email articles for individual use.



