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Oral candidiasis is themost common opportunistic infection affecting patients with the human immunodeficien-
cy virus. Miconazole buccal tablets or miconazole gel are approved for the treatment of oropharyngeal candidi-
asis. However, buccal films present more flexibility and also offer protection for the wounded mucosa,
reducing pain. Due to their small size and thickness, buccal films may improve patients' compliance, compared
to tablets. Additionally, they may increase the relatively short residence time on the mucosa of oral gels, which
are easily removed by saliva. Polymeric films loaded withmiconazole nitrate were prepared by a casting/solvent
evaporation methodology using chitosan, carbopol, gelatin, gum arabic, and alginate to form the polymeric ma-
trices. The morphology of films was investigated by scanning electron microscopy; interactions between poly-
mers were analyzed by infrared spectroscopy and drug crystallinity by differential thermal analysis and X-ray
diffraction. Films were characterized in terms of thickness, folding endurance, tensile properties, swelling, adhe-
siveness, and drug release. Finally, the antifungal activity against cultures of the five most important fungal op-
portunistic pathogens belonging to Candida genus was investigated. The more appropriate formulations were
those based on chitosan-gelatin and chitosan-carbopolwhich showed goodmechanical properties and adhesive-
ness, a relative low swelling index, improved drug release, and showedbetter in vitro activity against Candida cul-
tures thanmiconazole nitrate rawmaterial. Thus, it will be possible to produce a new pharmaceutical form based
on polymeric films containing chitosan andmiconazole nitrate, which could be loadedwith low drug concentra-
tion producing the same therapeutic effect against Candida cultures.

© 2017 Published by Elsevier B.V.
1. Introduction

Candidiasis is a well-known fungal infection caused by several spe-
cies of Candida, including Candida albicans, Candida glabrata, Candida
tropicalis, Candida parapsilosis, and Candida krusei. Candida strains reside
as a commensal in the gastrointestinal and genitourinary tracts and in
the oral and conjunctival flora. Despite the fact that these yeasts are
harmless to healthy individuals, most people with weakened immune
systems are at risk of developing such fungal infections. Particularly,
oral candidiasis is an opportunistic infection encountered in the popula-
tion of patients with acquired immunodeficiency syndrome (AIDS) as
well as in patients with hematological malignancies [1]. Even though an-
tifungal drugs used in clinical treatments appear to be diverse and
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omón),
numerous, only a few are currently available to treat mucosal or systemic
infections caused by Candida spp. Currently, azole antifungal agents in-
cludingmiconazole, econazole, clotrimazole, and ketoconazole arewidely
prescribed for antifungal therapy [1]. Recently, miconazole buccal tablets
have been approved by the FDA for the treatment of oropharyngeal can-
didiasis. As reported, this formulation showednon-inferiority in the treat-
ment of such infection compared with miconazole gel [2].

Although buccal devices containing antifungal compounds such as,
buccal gel [3], bioadhesive buccal tablets [4], nanofiber mats [5] and
patches [6–8] have been previously developed, buccal films present
more flexibility and are able to protect the wounded mucosa, reducing
pain. Furthermore, due to their small size and thickness, buccal films
may improve patients' compliance if compared to tablets. Additionally,
they may increase the relatively short residence time on the mucosa
of oral gels, which are easily removed by saliva [9]. An ideal buccal
film should possess good bioadhesive strength, flexibility, elasticity,
softness and should also be adequately strong to withstand breakage
due to stress from mouth activities. In general, buccal films are
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Table 1
Film composition.

Composition

CH CB GEL GA ALG MN

100% 2% w/w
50% 50% 2% w/w

100% 2% w/w
50% 50% 2% w/w

100% 2% w/w
50% 50% 2% w/w

100% 2% w/w
50% 50% 2% w/w

100 2% w/w
100% –
50% 50% –

100% –
50% 50% –

100% –
50% 50% –

100% –
50% 50% –

100% –
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composed of polymeric matrices. Several bioadhesive polymers includ-
ing chitosan (CH), cellulose derivatives, pectins, poly (vinyl alcohol),
and poly (vinyl pyrrolidone) are commonly used to prepare thin films.
In many cases, the desired film properties may be achieved by mixing
two or more polymers [10–12]. In this context, films based on CH-hy-
droxypropyl methylcellulose (HPMC) and CH-pectin (PC) for the deliv-
ery of miconazole nitrate were developed by our group [13]. It was
observed that CH in combination with the non-ionic polymer showed
smoother morphology, higher elongation to break, swelling index, and
release ofmiconazole from thematrix than CH in combinationwith pec-
tin [13]. These differences weremainly based on thematrix interactions
due to the combination of “charged/non-charged” or “charged/charged”
polymers. In addition, it has been postulated that the interaction be-
tween two oppositely charged polymers results in the formation of a
complex, termed as polyelectrolyte complex. Different matrices of CH,
a cationic polymer, with anionic polymers including carbopol (CB), gel-
atin (GEL), gum arabic (GA) and alginate (ALG) have been extensively
studied, and some of them, used as potential carriers for the delivery
of therapeutic agents [12,14–20]. For instance, matrices of CH and CB
have been developed to facilitate the vaginal delivery of econazole ni-
trate [12], to prepare an extended-release matrix tablet containing the-
ophylline [21], and to be used as potential skin drug delivery systems
[22]. Matrices of CH and GEL have been developed for buccal delivery
of propranolol hydrochloride [23], and have been evaluated as a post-
operative adhesion barrier in rat cecum model [24]. They have also
been formulated as bi-layer films with potential antimicrobial activity
[25], and used to release tramadol hydrochloride [26]. Matrices of CH
and GA have been developed and its formation analyzed according to
the pH and ionic strength [27], and applied to produce nanoparticles
loaded with insulin [18]. Moreover, matrices of CH and ALG have been
extensively used as bioadhesive vaginal tablets [19] and for the implant
delivery of vancomycin [20], among others. Those polymers have good
mucoadhesive properties, which makes them suitable candidates for
the design of bioadhesive buccal dosage forms [28]. By modifying the
composition of thepolyelectrolyte complexes, different charge densities
may interact in various degrees, producingfilmswith differentmechan-
ical properties, adhesiveness, swelling degree, morphology, drug re-
lease, and in vitro activity. Thus, according to the particular properties
of CH, CB, GEL, GA and ALG, the main objective of this work was to de-
velop buccal mucoadhesive films for the treatment of oral candidiasis,
based on the formation of polylectrolyte complexes. The factors affect-
ing the formulation of miconazole nitrate films, including bioadhesive
and mechanical properties, swelling degree, dissolution rate and solid-
state characterization, were analyzed. Additionally, the antifungal effi-
cacy of these formulations based on CH and anionic polymers with dif-
ferent charge density, was investigated against cultures of the five most
important fungal opportunistic pathogens belonging to Candida genus.

2. Materials and methods

2.1. Materials

CH (230 KDa averagemolecularweight and 80.6% ofN-deacetylation)
was supplied by Aldrich Chemical Co. (Milwaukee, WI, USA), GA (Mw=
250KDa), GEL (type A frompork skin, 125 Bloomvalue) andMNpharma-
ceutical grade were purchased from Parafarm, (Buenos Aires, Argentina).
SodiumALG (Sigma-Aldrich Co. Buenos Aires, Argentina), CB (Carbopol ®
971NF) by Lubrizol Advanced Materials, Inc. (Cleveland, OH, USA). All
other chemicals were of analytical grade.

2.2. Methods

2.2.1. Film formulation
Formulation of films was based on the ionic interaction between CH

and four anionic polymers: CB, GEL, GA and ALG.
CH solutions (3% w/v) were prepared dispersing CH in a solution of
10% v/v lactic acid (pH=2.67) [29]. Aqueous solutions of CB (1.5%w/v),
ALG (1.5% w/v), GEL (3.0% w/v), and GA (3.0% w/v) were prepared,
stirred overnight and filtered through Miracloth® (Calbiochem-
Novabiochem Corp., San Diego, CA). Then, CH solutions were dripped
over each polymeric solution under magnetic stirring (Boecco stirrer,
Germany) at 80 °C to avoid precipitation. MN (2% w/w) was solubilized
in PEG 400, employed as a plasticizer (30% w/w) [30] and added to the
polymeric solutions. Themixtureswere stirred at 200 rpm for 2 h. Then,
the solutionswere cast on 9 cmdiameter Petri dishes and dried (72 h at
40 °C, and 58% relative humidity (RH)). After being dried, films were
neutralized in casting by addition of a phosphate buffer pH = 6.8 solu-
tion, washed with distilled water, and dried again [31]. Dried films
were removed from the Petri dishes and conditioned in a chamber
(72 h at 25 °C and 58% RH). The films used in the different testswere se-
lected based on the lack of physical defects such as cracks, bubbles, and
holes. The formulated films are described in Table 1.
2.2.2. Film characterization

2.2.2.1. Film thickness and folding endurance. For each film, six thickness
measurements were made (around and in the center of the film) with
a digital micrometer (Schwyz, China) [31]. Folding endurance was de-
termined by repeatedly folding the films at the same place until they
broke or were folded 300 times [32].
2.2.2.2. Mechanical properties. The mechanical strength of the films was
evaluated by using anUniversal TestingMachine Instron, single column,
Series 3340 (Instron, Norwood, MA, United States)with a 10 N load cell.
Films for eachmechanical test were conditioned (24 h at 25 °C and 58%
RH) and cut into strips (7mmwide and 60mm long) to evaluate tensile
properties. The strip ends were mounted with double-sided tape and
squares of 30 mm of cardstock to prevent tearing and slippage in the
testing device (the exposed film strip length between cardstock ends
was 30 mm). The initial grip distance was 30 mm and the crosshead
speed was 0.05 mm/s. The parameters obtained from stress/strain
curves were tensile strength (calculated by dividing the peak load by
the cross-sectional area of the initial film), and elongation (calculated
as the percentile of the change in the length of film with respect to the
original distance between the grips). For each mechanical probe, three
replicate measurements were performed.
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2.2.2.3. In vitro mucoadhesive strength. The mucoadhesive strength of the
films was evaluated in vitro using an Instron universal testing machine.
The adhesiveness of each film was obtained by measuring the force re-
quired to detach each formulation from a disk of porcine gum (obtained
from “Paladini” slaughterhouse, V.G. Galvez, Argentina). Gums discs
(2.5 cm diameter) were obtained by cutting the porcine gum with a
punch biopsy. A portion of each film (2.5 cm diameter) was added to
the upper end of the cylindrical probe and gumdiscswere horizontally at-
tached to the lower end of the cylindrical probe by using double-sided ad-
hesive tape. Prior to testing, discs were hydrated with artificial saliva
(0.5 mL) for 5 min. Each film remained in contact with the gum disk for
5 min and then moved upwards at a constant speed of 1.0 mm/s. The
test was carried out in triplicate. The force required to detach each film
from the gumdiskwas determined from the resulting force/timeplot [33].

2.2.2.4. Swelling index. Swelling measurements were determined by im-
mersing an accurately weighed portion of the films (2.5 cm diameter
obtained by a punch biopsy) in 0.5 mL of artificial saliva at 37 °C [34].
At predetermined time intervals (0, 5, 10, 15, 20, 30, 45, 60, 90, 120,
150, 180, 210, and 240 min), films were carefully removed, and the ex-
cess adhering moisture was gently blotted off and weighed. After that,
0.5 mL of artificial saliva was added again. The swelling index (SI) was
calculated using the weights of dried (W0) and swollen (Wt) films
(Eq. (1)). The test was carried out in triplicate [31].

SI %ð Þ ¼ Wt−W0=W0 � 100 ð1Þ

2.2.2.5. Scanning electron microscopy. Scanning electron microscopy
(SEM, AMR 1000, Leitz, Wetzlar, Germany) was used to analyze the
morphology of raw materials and films. A conductive and double-
sided adhesive was employed to mount the film samples (previously
cryo-fractured by immersion in liquid nitrogen) on an aluminum sam-
ple support. Samples were coated with a fine gold layer for 15 min at
70–80 mTorr in order to make them conductive before obtaining the
SEMmicrographs. Examinations were carried out using an accelerating
voltage of 20 kV and magnification of 200×.

2.2.2.6. Fourier transform infrared spectroscopy. A FT-IR-Prestige-21
(Shimadzu, Tokyo, Japan) was used to obtain the Fourier transform in-
frared (FT-IR) spectra, using the KBr disk method (2 mg sample in
100mgKBr) for the CH, CB, GEL, GA and ALG, and employing attenuated
total reflectance with ZnSe crystal (ATR) for the film analysis. The scan-
ning range was 700 to 3900 cm−1 with a resolution of 1 cm−1.

2.2.2.7. Differential thermogravimetric analysis. Raw materials and films
were investigated by the differential thermogravimetric analysis (DTG)
method, using equipment having a high sensitive weight balance
(Shimadzu DTG60). Samples consisting of MN (2 mg), or pieces of films
(100mg),were heated at a rate of 10 °C/min in the temperature range be-
tween 50 and 400 °C. All curves were normalized to unity of the initial
sample mass.

2.2.2.8. X-ray diffraction. Data collection was carried out in transmission
mode on an automated X'Pert Phillips MPD diffractometer (Eindhoven,
The Netherlands). X-ray diffraction patterns were recorded using CuKα
radiation (λ = 1.540562 Å), a voltage of 40 kV, a current of 20 mA and
steps of 0.02° on the interval 2θ = 10°–50°.

Low peak broadening and background were assured by using paral-
lel beam geometry bymeans of an X-ray lens and a graphitemonochro-
mator placed before the detector window. Data acquisition and
evaluationwere performedwith the Stoe Visual-Xpowpackage, Version
2.75 (Germany).

2.2.2.9. Dissolution studies. Dissolution studies were performed in
900 mL of distilled water containing 1% v/v PEG 400 at 37 °C, using a
USP XXIV apparatus (Hanson Research, SR8 8-Flask Bath, Ontario,
Canada) with paddles rotating at 50 rpm. MN raw material was dis-
persed in the dissolution medium and films were fixed to the central
shaft using cyanoacrylate adhesive [35]. Three samples of 5 mL each
were taken using a filter at 0, 10, 20, 30, 40, 50 60, 90, 120, 180, 240
and 300 min. The amount of MN released was determined by UV spec-
trometry at 272 nm. An equal volume of the dissolution medium was
added after each sample extraction to maintain a constant volume.

2.2.2.10. Halo zone test. Halo zone test was performed following the
guidelines of disk diffusion method described in CLSI document M44-
A2 [36]. C. albicans (ATCC 10231), C. glabrata (CCC115–00), C. tropicalis
(CCC148–13), C. parapsilosis (ATCC 22019) and C. krusei (ATCC 6258)
were cultured in Sabouraud's dextrose agar 18–24 h before testing.
Testing was carried out on Agar plates (150 mm diameter) containing
Mueller-Hinton agar, supplemented with 2% glucose (2 g/100 mL) and
0.5 μm/mL methylene blue (MB), at a depth of 4.0 mm. The inocula
were prepared by suspending five distinct colonies in 5mL of sterile dis-
tilledwater and shaking on a vortexmixer for 15 s. The agar surfacewas
inoculated by dipping sterile cotton swabs into a cell suspension adjust-
ed to the turbidity of a 0.5 McFarland standard (approximately 1–
5106 CFU/mL) and by streaking the plate surface in three directions.
The plate was allowed to dry for 20 min, and then films were placed
onto the surface of agar. Films containing 100% CH without drug and
MN raw material were used as controls. The plates were incubated in
air at 28 °C and read at 18 to 24 h. After 24 h of incubation, zone diam-
eters (in millimeters) for the zone of complete inhibition were deter-
mined using a caliper and the mean value for each organism was
recorded [37].

2.2.2.11. Statistical analysis. Analysis of variance was used and when the
effect of the factors was significant the Tukey multiple ranks honestly
significant difference test was applied (GraphPad Prism 5). Differences
at p b 0.05 were considered significant.

3. Results and discussion

3.1. Films' thickness and mechanical properties

Films based only on CB showed high adhesiveness and flexibility,
making them difficult to manipulate, while films based only on GEL or
GA were found to be extremely brittle.

Since CB, GEL andGAwere not suitable to formulate filmmatrices by
themselves, themechanical properties of thosefilmswere not analyzed.

Thickness determinations are essential to evaluate patient discom-
fort. Thickness value formulations ranged between 0.20 and 0.70 mm
(Fig. 1a), which were adequated so as not to produce discomfort after
application. However, a significant thickness variation was observed in
films based on CH-ALG, producing different patterns of roughness. The
interactions between strongly negatively charged polymers and CH
may contribute to obtain the roughness variability pattern [12].

Formulated films based on CH-CB, CH-GEL, CH-GA and ALG showed
the lowest thickness values (p b 0.05), which are adequate to avoid pa-
tient discomfort. Loaded and unloaded films exhibited almost identical
values (p N 0.05).

Folding endurance is the number of times that a film can be folded at
the same place without breaking or cracking. This study was done in
order to evaluate film flexibility so that the film can be easily handled
to produce comfort and a secured application. Films based only on
ALG showed poor flexibility (folded 10 times before breaking). The
rest of the film formulations (whether loaded or not with MN)
were folded at least 300 times without breaking, indicating high me-
chanical strength. This property is highly desirable to avoid easy disloca-
tion from the site of application or film breaking during administration
[32].

CH films tensile strength values (Fig. 1b) were significantly im-
proved when CH was combined with CB, GEL, and ALG (p b 0.05). The



Fig. 1. Film characterization: (a) thickness, (b) tensile strength, (c) elongation to break.
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interaction between anionic polymers and CH (ionic, electrostatic and/
or hydrogen bonding) may bring about the improvement in the tensile
strength. As can be observed, rigid matrices showed poor elasticity
values (Fig. 1c), which may cause discomfort when applied [38]. The
elongation of CH films decreased significantly when CH was in combi-
nation with the anionic polymers (p b 0.05). The combination CH-ALG
showed the lowest elongation value. Therefore, after thoroughly
analysing thickness, folding endurance, tensile strength and elongation
properties, it can be suggested that the films based on CH, CH-CB and
CH-GEL are the optimal choice.

3.2. In vitro mucoadhesive strength

Filmmucoadhesive strength values are shown in Fig. 2. As can be ob-
served, the adhesiveness of CH significantly increased (p b 0.05) when
Fig. 2. Film mucoadhesi
CH was in combination with CB, GEL, or ALG, while combinations with
GA reduced the adhesiveness. In vitro mucoadhesive tests were per-
formed to assess the ability, to adhere onto the gingivae. The highest in-
crease inmucoadhesion strengthwas observedwhen CHwas combined
with CB. Hurler et al. reported that CB and CH solutions present similar
bioadhesiveness [39]. However, in thiswork, when solutionswere dried
to obtain the films, those based only on CB showed extremely high ad-
hesiveness and flexibility, making them difficult to manipulate and to
analyze.

CH could interact with negatively charged surfaces. Interactions
with mucin appear to be both electrostatic and/or hydrophobic [40].
Compared with non-ionic polymers, cationic and anionic polymers fa-
cilitate strong interaction with mucus [41].

The results of the present study indicate that the presence of charged
functional groups in the polymeric chains render them as
ve strength values.



Fig. 3. Film swelling and disintegration in 0.5 mL of artificial saliva.
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polyelectrolytes. Thus, the formation of strong hydrogen bonds and ionic
interactions between the polymer functional groups and the mucosa has
a clear effect on the strength ofmucoadhesion layer as comparedwith the
lowest charged polymer GA.
3.3. Swelling index

Films swelled in differentways depending on the polymer or polymer
combination, used in the formulations (Fig. 3). Films based only on CB
(swelling index 9.5), ALG (swelling index 8.4) or GEL (swelling index
6.3), were disintegrated after 30, 10 and 10 min respectively. Film based
only on CH (swelling index 4.2) was disintegrated after 30 min. Films
based on polymers with higher opposite charge density (CH-ALG and
CH-CB) showed the lowest swelling index: 1.5 and 1.7 respectively, and
were disintegrated between 150 and 240 min. Finally, films based on
CH-GEL and CH-GAwere disintegrated at 150min and showed a swelling
index of 2.8 and 6.2 respectively. As observed, swelling is strongly
governed by the combination of the polymers. Fig. 3 clearly showed
that the polymers themselves did not offer a suitable alternative to buccal
drug delivery systems as their disintegration is too fast.

However, the combination between CH and GEL (CH-GEL films) de-
lays the disintegrationmore than five times as comparedwith the poly-
mers themselves. CH-GA and CH-CB films showed similar results, while
CH-ALG films persisted without disintegration for 250 min.

The combination of CH with GEL, GA, CB and ALG produced a low
mass equilibrium and an important increase in the disintegration
time. It is possible to postulate that ionic interactions between themol-
ecules induced stronger non-covalent binding leading films which are
less swellable and which present a better structure to be administered
for buccal treatments.
Fig. 4. Relationship between adhesive
Additionally, a relationship between adhesiveness values and swell-
ing at 5 min was observed (Fig. 4).

According to Peh & Wong, polymer swelling was reported to be an
important factor in the bioadhesive behavior of the matrices [9].
Water retention capacity based on just one charged polymer can be cat-
egorized as superabsorbent and free carboxylic and amino groups play
an important role in water uptake because of their hydrophilic nature
[42]. On the other hand, in films based on combinations between oppo-
sitely charged polymers, the amino groups of CH interact with the car-
boxylic groups of the anionic polymers. These interactions probably
reduced the number of amino groups and carboxylic free groups,
diminishing the water retention capacity of thesematrices and increas-
ing the disintegration time.

Adhesion increasedwith the hydration degree after 5min. However,
an over-hydration observed in CB, GEL, GA and ALG (swelling index
over 2) produced a complete loss of adhesiveness, probably due to the
detachment originated at the polymer/tissue interface [9,43].

3.4. Scanning electron microscopy

SEM micrographs of MN, polymers and superficial sections of CH-
GA, CH-GEL, CH-CB and CH-ALG films are shown in Fig. 5. MN (Fig. 5a)
appears as irregular small crystals (10–20 μm). CH (Fig. 5b, 100–300
μm) with few smaller particles (20–40 μm), GEL (Fig. 5c, 100–500
μm), GA (Fig. 5d, 20–100 μm), and CB (Fig. 5e, 5–60 μm) are blocks
with a smooth surface. ALG (Fig. 5f) appears as wrinkled blocks (50–
300 μm with few smaller particles (20–60 μm)).

Films based on CH-GA showed a homogeneous and smooth surface
(Fig. 5h) while CH-GEL (Fig. 5g) and CH-CB (Fig. 5i) films presented
few signs of roughness. On the other hand, the CH-ALG films obtained
by combination of strongly oppositely charged polymers exhibited
ness values and swelling at 5 min.



Fig. 5. Scanning electron microscopymicrographs of MN, polymers and superficial sections of films: a) MN, b) CH, c) GEL, d) GA, e) CB, f) ALG, g–j) film superficial sections, g) CH-GEL, h)
CH-GA, i) CH-CB, j) CH-ALG.
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different wrinkled patterns and cavities (Fig. 5j). It is important to re-
mark that in CH-GA, CH-GEL, and CH-CB films, the structure was
dense and compact, suggesting high structural integrity and good com-
patibility between the components [44].

3.5. Fourier transform infrared spectroscopy and differential thermogravi-
metric analysis

The interactions between the polymers were observed from the IR
spectra. The CH spectrum showed a broad band with a maximum at
3450 cm−1, assigned to the stretching vibration of O\\H and N\\H
groups associated by intra and intermolecular hydrogen bonding; a
characteristic absorption band at 2925 cm−1 assigned to the stretching
vibration of the C\\H bond; a band at 1643 cm−1 which correspond to
the amide I; and two strong bands at 1595 cm−1 (NH2 bending) [45]
and 1420 cm−1, due to stretching vibration of the carboxylic acid salt
COO– [46]; and finally a band at 1173 cm−1 which correspond to the
amino groups [47]. The ALG spectrum showed asymmetric and sym-
metric stretching vibrations of the carboxylate salt ion at 1649 and
1460 cm−1 [48]. GA showed two strong bands at 1630 cm−1 and
1440 cm−1 due to asymmetric and symmetric stretching vibration of
the carboxylic acid salt COO– [46]. The GEL spectrum showed the COO
stretching vibration peaks at 1680 cm−1 and 1640 cm−1 (amide I
band), while the amide band II (N\\H bending vibration) was observed
at 1535 cm−1 [42,49]. Finally, the CB absorption band at 1708 cm−1was
assigned to the COO stretching vibration from carboxylic groups.

All films based on polymers combination showed a characteristic
broad band at 3348 cm−1 in the infrared spectrum, corresponding to
the O\\H groups of the biopolymers, overlapped the stretching band
of N\\H. This broad band underlines the hydrogen bonding involved
in the interaction between polymers. The C\\H stretching vibration
was observed at 2926 cm−1. The IR spectra of films based on oppositely
charged polymers changed significantly in the carbonyl-amide region.
TheNH3

+ groups (CH band at 1595 cm−1) and the asymmetric and sym-
metric COO– stretching vibration at 1643 cm−1 and 1420 cm−1, respec-
tively, were shifted. Additionally, the C_O peaks of the anionic
polymers were shifted: from 1649 to 1722 (ALG), from 1680 cm−1 to
1718 cm−1 (GEL), from 1708 to 1726 cm−1 (CB), and from 1630 to
1714 cm−1 (GA), indicating the interactions between the NH3

+ groups
of CH and the COO– groups of all the other polymers [42,46,50]. Al-
though several previous works have used this shifting as indicator of
complex formation, it has also been reported that peaks appearing
around 1720, 1458, 1242 and 1121 cm−1 could be due to the residual
acid lactic and/or lactate used to obtain the films [51]. Therefore other
changes were analyzed to ensure complex formation took place.

The CH-ALG spectrum (Fig. 6) was in good agreement with that ob-
tained by Li et al. [47]. The amide I peak was shifted from 1643 to
1654 cm−1, and the peak of the amino group (1173 cm−1) was absent.
These changes suggest the formation of the CH-ALG complex as a result
of the ionic interaction between the negatively charged carbonyl groups
(COO−) of ALG and the positively charged amino groups (NH3

+) of CH
[47]. The CH-GA film spectrum showed that the amide I peak
was shifted from 1643 to 1655 cm−1. The NH3

+ groups and asymmetric
and symmetric COO– stretching vibration at 1595 cm−1 and 1420 cm−1

disappeared, indicating an electrostatic interaction between the amine
groups of CH (NH3

+) and the carboxyl groups of GA (COO−), which is
in good agreement with previously reported data (46). In a similar
way, the CH-GEL film spectrum showed that the amide I peak was
shifted from 1643 to 1652 cm−1 and the NH3

+ band and asymmetric
and symmetric COO– stretching vibration at 1600 cm−1 and
1420 cm−1 disappeared, indicating an electrostatic interaction between
the amine groups of CH (NH3

+) and carboxyl groups of GEL (COO−). Fi-
nally, the IR spectrum of CH-CB showed that the peak of 1595 cm−1,
assigned to the amine band of CH, was shifted to 1640 cm−1 indicating
that the amine groupwas protonated in the film. The bands at 1540 and
1415 cm−1 were assigned to the symmetric and asymmetric stretching
of the COO– group, indicating that the complex CH-CBwas formed by an
electrostatic interaction between the COO– group of CB and the NH3

+

group of CH [21].
The first derivative thermogravimetric analysis curves for raw MN

and films are shown in Fig. 7. Pure MN presents a sharp endothermic
peak at 186 °C, corresponding to the melting point of the crystalline



Fig. 6. Infrared spectra: polymers (raw materials) and films.
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drug. MN endothermic peak disappeared in film thermograms, indicat-
ing that the drugwas eithermolecularly dispersed in the polymericma-
trix or that it was transformed from a crystalline to an amorphous state
[52,53].

All starting polymers showed similar thermal degradation behavior.
Curves presented endothermic peaks between 40 and 60 °C, attributed
to water loss, followed by an exothermic peak between 250 and 300 °C,
corresponding to polymer degradation [54]. It is clear that the water
content in films was higher than that in powder raw materials. During
films formulation, solutions of different polymers were mixed and
then dried. However, the drying process was not carried out until con-
stantweight, since had it been done thatway, themechanical properties
of the films, such as elongation to break and adhesiveness would have
declined.

Films based on oppositely charged polymers presented two endo-
thermic peaks (80–100 °C and 150–210 °C), which may correspond to
the evaporation of bound water in the polymeric matrices. Is has been
reported that three different kinds of interactions between water and
polymers in hydrogels may occur, presenting different endothermic
peaks. The first peak, in the region 40–60 °C, corresponds to free
water release; the second one, in the region 80–120 °C, corresponds to
the release of water linked through hydrogen bonds; and finally the
third peak, over 160 °C, is related to the release of water more tightly
linked through polar interactions with carboxylate groups. As can be



Fig. 7. Thermogravimetric analysis: first derivative curves for MN (raw material) and films.
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observed in Fig. 7, films showed to have water linked both through
hydrogen bonds and through polar interactions with carboxylate
groups [54].
Fig. 8. X-ray diffraction patterns of MN
The thermal analyses showed that films are stable up to 100 °C for
all the formulations, which is appropriate for oral films which will be
applied on the oral mucosa (37 °C). Finally, it is to be noted that the
raw material, polymers and films.



Table 3
Antifungal activity of films (mean ± SD) after 24 h assay in cultures of C. albicans, C.
parapsilosis, C. tropicalis, C. krusei, and C. glabrata.

Inhibition zone (mm)

C. albicans C. parapsilosis C. tropicalis C. krusei C. glabrata
CH-MN 32 ± 2 35 ± 3 36 ± 2 35 ± 3 33 ± 2
CH-GEL-MN 27 ± 3 44 ± 2 43 ± 2 35 ± 3 43 ± 3
CH-GA-MN 19 ± 2 21 ± 2 30 ± 1 18 ± 2 36 ± 2
CH-ALG-MN 33 ± 1 43 ± 3 46 ± 2 40 ± 3 37 ± 2
CH-CB-MN 26 ± 1 34 ± 2 32 ± 2 30 ± 2 37 ± 2
ALG-MN 23 ± 2 32 ± 2 34 ± 2 30 ± 2 36 ± 2
Test MN 19 ± 1 30 ± 1 20 ± 1 21 ± 1 25 ± 3
CH 6 ± 1 16 ± 2 8 ± 2 6 ± 1 18 ± 2

Table 2
Drug release values after 30, 60, 90 and 120 min (Q30, Q60, Q90, and Q120).

System Q30 (%) Q60 (%) Q90 (%) Q120 (%)

MN 3 ± 1 23 ± 2 35 ± 1 46 ± 3
CH-GA-MN 52 ± 2 99 ± 3 99 ± 2 99 ± 3
CH-ALG-MN 69 ± 4 99 ± 1 99 ± 2 100 ± 2
CH-CB-MN 73 ± 6 99 ± 1 100 ± 1 99 ± 2
CH-GEL-MN 64 ± 4 99 ± 2 100 ± 2 100 ± 1
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peak at about 300 °C, typical for pure CH, was not observed in films
based on oppositely charged polymers, which seems to indicate in-
teractions between polymers and may be considered as a proof of
polymers complexation [54].

3.6. X-ray diffraction

The X-ray studywas carried out to confirm the results of the thermo-
gravimetric studies and to complete the characterization of the films.
The X-ray patterns of MN raw material, polymers and films are shown
in Fig. 8. The MN spectra showed sharp and narrow peaks at diffraction
angles (2θ): 13.05°, 14.49°, 15.59°, 16.22°, 18.55°, 20.80°, 21.57°, 22.95°,
25.19°, 26.15°, 27.32°, 29.9°, 31.82°, 33.12°, 36.6°, 40.69°, with a typical
crystalline pattern [55,56]. On the other hand, the X-ray spectra of the
films did not show any peaks corresponding to crystalline MN. This is
in concordance with the results obtained by DTG analysis showing
that MN is in an amorphous state in the films or that theMN concentra-
tion in the films is below the detection limit [57].

The diffractograms of raw materials were in agreement with previ-
ously reported data. The raw CH showed a peak at around 20° related
to the anhydrous CH crystals [58]. The diffractogram of ALG consisted
of two crystalline peaks at 13.7° and 23.0°. GEL only had a typically
wide crystalline peak at 21.8° [59] while GA showed a peak at 19.5°
[60] and CB at 18° [61,62].
Fig. 9. a) Growth inhibition halos obtained around the films for C. glabrata culture b) Comparis
MN films.
In the spectra of films based on oppositely charged polymers, the
typical peak of CH disappeared, suggesting that the introduction of an-
ionic polymers into CH disrupted the crystalline structure of CH. The
amino and hydroxyl groups in CH form complexes with carboxylic
groups of anionic polymers, whichmaybreak the hydrogen bondingbe-
tween amino groups and hydroxyl groups in CH, resulting in an amor-
phous structure [58,63].

3.7. Dissolution studies

Films based on CH-GA, CH-GEL, CH-CB and CH-ALG improved the
dissolution rate of MN. MN raw material showed 23% drug release
after 60 min assay, while MN loaded films released N99%. The amor-
phous state of MN would be the main reason for the improvement in
the dissolution rate of MN from the films.

Table 2 shows the drug release values after 30, 60, 90 and 120 min
for each film and MN (Q30, Q60, Q90 and Q120).

3.8. Halo zone test

Unloaded CHfilms and a paper disk containingMNwere designed as
controls. The unloaded CH film showed an inhibition zone (Table 3) that
could be explained by the previously reported antimicrobial activity of
CH, generating a matrix with antifungal properties.

The binding reaction between protonated CH amino groups with
negatively charged cell surface molecules explains the antimicrobial ac-
tivity of CH [64,65]. This theory is supported by the findings of Seyfarth
et al., who reported thatN-acetyl-D-glucosamine chitosanwas unable to
inhibit C. albicans and C. krusei growth and that it slightly reduced the
growth of C. glabrata [66,67].

Films loaded with MN showed better activity after 24 h assay than
MN (pure drug) (p b 0.05). The growth inhibition obtained from cul-
tures of C. albicans, C. glabrata, C. tropicalis, C. parapsilosis and C. krusei
are shown in Table 3. These results show that all films allowed MN re-
lease, and additionally, thatMNmay act in combinationwith the CH an-
timicrobial activity. Fig. 9a presents the growth inhibition as dark areas
around the films for C. glabrata culture, and Fig. 9b shows comparison
between the antifungal activities of MN pure drug, unload CH, CH-
GEL-MN and CH-CB-MN films. The analysis of variance followed by
Tukey test showed significant differences between the activity of CH-
GEL-MN and MN pure drug (p b 0.05), and also between CH-GEL-MN
and CH film (p b 0.01). The activity of MN against all assayed yeast
was higher than the CH film (p b 0.05). Since the unloaded CH film
did not show good activity against C. albicans, C. tropicalis and C. krusei
no significant differences between MN pure drug and both CH-GEL-
MN and CH-CB-MN films would be expected. Surprisingly, CH-GEL-
MN and CH-CB-MN improved the MN activity (p b 0.05). This fact is
probably related to the higher and faster dissolution of MN when it is
on between the antifungal activities of MN pure drug, unload CH, CH-GEL-MN and CH-CB-
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in the films (Table 2), which may improve its diffusion in the agar me-
dium. This increase in MN diffusion may explain the higher activity of
the films with respect to MN pure drug.

Therefore, it would be possible to produce a new pharmaceutical
form based on a polymeric film containing CH and MN, which could
be loaded with a low drug concentration, and nevertheless, produce
the same therapeutic effect against Candida cultures.
4. Conclusions

Nine different films loaded with MN employing five polymers were
developed. CB, GEL and GA by themselves were not suitable to formu-
late films. Films based only on ALG showed poor flexibility and they
were broken during the folding assay. Films based on CH-ALG were
rigid and could produce patient discomfort. On the other hand, films
based on CH-GApresented poor tensile strength and adhesiveness, indi-
cating they may suffer an easy dislocation from the site of application.
All the assayed films allowed a faster drug release rate than MN pure
drug, probably due to the amorphous state of MN in the films, which
is confirmed by DTG and X-ray diffraction. Film in vitro antifungal activ-
ity was assayed against the five most important fungal opportunistic
pathogens belonging to Candida genus, showing a significant increase
in MN activity when combined with CH. Based on these results, the
most appropriate formulations were those based on CH-GEL and CH-
CB. These films showed good mechanical properties and adhesiveness,
a relatively low swelling index, improved drug release rate, and also
showed better in vitro activity against Candida cultures than MN raw
material.
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