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Background/Objective: Periodontitis is a widely spread oral infection and various anti-
biotics are utilized for its treatment, but high oral doses and development of antibiotic 
resistance limit their use. This study was aimed at development of natural polymer-based 
mucoadhesive bilayer films loaded with moxifloxacin hydrochloride (Mox) and clove essen-
tial oil (CEO) to potentially combat bacterial infection associated with periodontitis.
Methods: Films were synthesized by double solvent casting technique having an antibiotic 
in the gellan gum-based primary layer with clove oil in a hydroxyethyl cellulose-based 
secondary layer.
Results: Prepared films were transparent, flexible, and showed high antibacterial response 
against both gram-positive and gram-negative bacteria. The films showed excellent pharma-
ceutical attributes in terms of drug content, folding endurance, swelling index, and mucoad-
hesive strength. Solid state characterization of formulation showed successful incorporation 
of drug and oil in separate layers of hydrogel structure. An in-vitro release study showed an 
initial burst release of drug followed by sustained release for up to 48 hours.
Conclusion: The prepared mucoadhesive bilayer buccal films could be used as a potential 
therapeutic option for the management of periodontitis.
Keywords: gellan gum, hydroxyethyl cellulose, bilayer films, mucoadhesive, moxifloxacin 
hydrochloride, clove oil

Introduction
Periodontitis is a globally widespread bacterial infectious disease which is char-
acterized by the damage of the periodontal tissues followed by the loss in period-
ontal ligament and alveolar bone.1 Periodontal disease is considered as the major 
cause of tooth loss and other oral problems, and it is also associated with other 
diseases such as diabetes mellitus, atherosclerotic vascular disease, infective endo-
carditis, and chronic nephritis.2 The most prominent causative microorganisms are 
Porphyromonas gingivalis, Prevotella intermedia, Tannerella forsythia, 
Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum, and many 
others.3 It has recently been established that Gram-negative and Gram-positive 
bacteria are associated with the progression of periodontal bone loss.4 For the 
treatment of periodontal disease, various strategies have been developed including 
conventional procedures, scaling, and root planning; however these procedures are 
highly dependent upon clinician’s skill and have an inability to reach into deep 
pockets or furcation areas.5 Similarly in systemic antimicrobial therapy, 
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maintenance of effective concentration at the required site 
is difficult and long-term therapy often leads to microbial 
resistance.6 These shortcomings can be overcome by 
advanced drug loaded biomaterials such as micro/nanofi-
bers, membranes, hydrogels, or nanoparticles that not only 
provide precise and controlled drug release but also target 
the microbes invading intra-periodontal pockets.7 Among 
these biomaterials, hydrogel film incorporated with an 
antimicrobial agent is a promising approach to treat peri-
odontitis due to its mucoadhesivity, biodegradability, bio-
compatibility, non-toxicity, controllability of drug release, 
and can be easily inserted into target place.2,8

Bilayer films are the drug delivery system that contains 
more than one active pharmaceutical agent in a double 
layered polymeric film.9 Recently, bilayer films are gain-
ing preference over single layer films as they offer 
a combination of unique properties of all substrates, 
which is often advantageous.10 Bilayer films can be 
made as mucoadhesive films by using mucoadhesive poly-
mers with the added advantage of incorporating 
a sustained drug release layer11 and an immediate drug 
release.12 Various mucoadhesive films containing antimi-
crobial agents for the treatment of periodontitis have been 
reported;3,13–15 however, no significant efforts have been 
made in designing bi-layered mucoadhesive films for 
potential periodontitis treatment.

Several natural or synthetic polymers have been used 
to formulate hydrogel films; however, natural polymers are 
preferred over synthetic polymer due to their biocompat-
ibility and biodegradability. Gellan gum is a natural anio-
nic polymer obtained from the bacteria, Pseudomonas 
elodea,16 and is widely utilized in pharmaceutical formu-
lations as gelling and/or mucoadhesive agent because of its 
non-toxicity, biocompatibility, and biodegradability. 
Gellan gum based membranes have also been used for 
repairing different organs and tissues.17

Hydroxyethyl cellulose (HEC) is a polysaccharide deri-
vative and a biomaterial with excellent properties of bio-
compatibility, oxygen and nutrients permeability, and high 
porosity. HEC is a water-soluble polymer that is used as 
a binder, lubricant, emulsifying, thickening, and stabilizing 
agent in pharmaceutical formulations.18

Mox is a fourth-generation fluoroquinolones with 
broad anti-bacterial activity. It interferes with the binding 
of bacterial enzyme DNA gyrase and topoisomerase IV19 

and is indicated for moderate-to-severe oral infections.20 

Similarly, use of essential oils has also been reported for 
the treatment of oral cavity infections due to their 

analgesic, antibacterial, antiviral, anti-inflammatory, and 
antioxidant activity, either alone or in combination with 
synthetic drugs to minimize the chances of drug 
resistance.17,21 Various researchers have incorporated 
essential oils into mucoadhesive films or other delivery 
systems with great potential for the treatment of oral 
cavity infections.22–24

Herein, we combined Mox and clove oil in mucoadhe-
sive bilayer buccal films for potential application in peri-
odontitis. It is anticipated that antibacterial drug will 
combat the oral bacterial infections while the clove oil 
will help in soothing the pain. The prepared bilayer films 
will be evaluated for various pharmaceutical quality attri-
butes and their antibacterial activity will be assessed 
against gram-positive and gram-negative bacterial strains.

Materials and Methods
Gellan gum (GG) was sourced from Alfa Aesar (Thermo 
Fisher Scientific, Heysham, UK). Hydroxyethyl cellulose, 
calcium chloride, and propylene glycol was procured from 
Sigma Aldrich (St. Louis, MO). Tween 80 was obtained 
from Merck (Darmstadt, Germany). Moxifloxacin hydro-
chloride was received as a gift sample from Saffron 
Pharmaceutical Pvt. Ltd (Faisalabad, Pakistan) with 
a minimum purity of 99%. Clove oil was acquired from 
Haque Planters International (Karachi, Pakistan). All the 
other chemicals and reagents used were of analytical 
grade. Deionized water prepared at an in-house facility 
was used throughout the experiment.

Preparation of Bilayer Films
The bilayer film formulation ingredients are presented in 
Table 1 and the preparation steps are depicted in Figure 1. 
The first layer was prepared by dissolving 0.1 g gellan gum 
in 7 mL of distilled water with constant stirring at 60–70°C 
for 1 hour. Meanwhile, propylene glycol (15% w/w of 
polymer) was added into the solution with constant stirring. 
Later, the drug solution was prepared by dissolving 30 mg of 
Mox in 3 mL of distilled water. Then drug solution was 
poured slowly into the polymeric solution with continuous 
stirring. After 1 hour, gellan gum and drug solution were 
casted in a glass petri plate. Freshly prepared 0.5% w/v 
calcium chloride solution was sprayed over the solution 
cast petri plate using a spray bottle. Then, the petri plate 
was placed on a flat surface to air dry the first layer.

A second polymeric layer containing oil was prepared by 
dissolving 0.1 g hydroxyethyl cellulose in 10 mL distilled 
water under constant stirring. Propylene glycol (15% w/w of 
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polymer) was added into the polymeric solution. 0.2% w/v 
of tween 80 and varying concentration of clove oil (up to 
50% w/w of polymer) was added in 3 mL of ethanol and 
stirred gently to mix them. Upon proper mixing of tween 80 
and clove oil in ethanol, the solution was added dropwise 
into the polymeric solution of hydroxyethyl cellulose with 

continuous stirring. It should be noted that tween 80 was 
added in all oil-loaded formulations. Then, the solution was 
sonicated for 5 minutes to remove air bubbles and cast onto 
the previously dried first film layer and air dried. Resultant 
bilayer film was peeled off from the petri plate and subse-
quently cut into specified dimensions (1.5x1.5 cm2), packed 
in aluminum foil and stored until further use.

Antibacterial Activity
The prepared films were evaluated for the anti-bacterial 
assay against the gram-positive and gram-negative bacter-
ial strains, namely Staphylococcus aureus (ATCC 6538P) 
and Escherichia coli (ATCC 25922), respectively. For this 
purpose, the agar well diffusion method was used. The 
standardized inoculum was prepared by activating bacter-
ial strains in tryptic soy agar (TSA) culture media for 24 
hours and incubating at 37°C until it reached 1×109 colony 
forming unit per mL. The surface of the nutrient agar 
plates was inoculated by dispersing the standardized 
inoculum of the test microorganisms over the whole 

Table 1 Formulation of Drug and Oil Loaded Bilayer Films

S. 
no

Formulation 
Code

GG 
(g)

HEC 
(g)

Mox 
(mg)

CEO (% 
w/w)

1 B 0.1 0.1 – –

2 D 0.1 0.1 30 –

3 O1 0.1 0.1 – 12.5
4 O2 0.1 0.1 – 25

5 O3 0.1 0.1 – 50

6 GG1 0.1 0.1 30 12.5
7 GG2 0.1 0.1 30 25

8 GG3 0.1 0.1 30 50

Abbreviations: B, black; D1, drug loaded; (O1–O3), oil loaded; (GG1–GG3), both 
oil and drug loaded; GG, gellan gum; HEC, hydroxyethyl cellulose; Mox, moxiflox-
acin hydrochloride; CEO, clove essential oil.

Figure 1 Flow diagram of synthesis of bilayer buccal films.
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surface. Then, a sterile cork borer was used to punch a 5– 
8 mm diameter hole. The mucoadhesive films, cut into 
discs, were placed in the center of the agar plate and 
a volume of 20–100 μL of phosphate buffer saline (pH 
6.8) was introduced into the well. Then, the agar plates 
were incubated under specific conditions. After the speci-
fied time period, the zone of inhibition was calculated for 
each film against the gram-positive and gram-negative 
bacteria. This assay was performed in a triplicate manner. 
The zone of inhibition was measured in mm.25

Weight Variation, Thickness, Disintegration 
Time, and Folding Endurance
To calculate the variation in the weight of prepared films, the 
weight of the films was determined gravimetrically using the 
OHAUS™ analytical weighing balance. The average weight 
was computed and the results are expressed as mean±stan-
dard deviation (SD) of five readings. The thickness of films at 
five different locations was measured by a Song Qi digital 
micrometer (model number: SQ-SXQFC031 with an accu-
racy of 0.02 mm/0.001”) and an average value was calcu-
lated. For disintegration time evaluation, the film was cut into 
1.5×1.5 cm2 pieces and placed in a petri plate containing 
10 mL distilled water. The total time taken by the film to 
disintegrate was noted using a digital stopwatch.26 The pro-
cedure was performed in triplicate.

A folding endurance test was performed to check the 
mechanical properties of formulated films. Briefly, a piece 
of film was folded repeatedly until cracks appeared or the 
film broke, and the corresponding number of folds were 
recorded to represent folding endurance. Generally, film 
that depicts a higher folding endurance value possesses 
more mechanical strength.27

Drug Content Uniformity
The entrapment efficiency (EE%) of films was examined 
by placing films of specific area (1.5x1.5 cm2) in 20 mL of 
phosphate buffer saline (pH 6.8) until completely dis-
solved. Then the solution was filtered, suitably diluted, 
and analyzed using a UV visible spectrophotometer at 
291 nm.28 The drug concentration was calculated using 
a previously constructed calibration plot based on a series 
of dilutions. The calibration plot was linear in the concen-
tration range of 0.5–20 μg/mL (R2=0.999, slope=0.0844, 
and intercept=0.0174). The test was performed in triplicate 
manner and the results are reported as mean±SD.29 The EE 
% was calculated using equation 1:

Entrapment
efficiency ðEE%Þ

¼
Experimental drug amount
Theoretical drug amount

� 100

Eq:1 

Swelling Studies
For swelling studies, each film (1.5x1.5 cm) was weighed 
and then placed in phosphate buffer saline solution (pH 
6.8). At predetermined time periods (0.25, 0.5, 1, 2, 3, 4, 6, 
8, 24, and 48 hours),30 each film was removed from the 
phosphate buffer, blotted dry with tissue paper, and 
weighed again. The degree of swelling was calculated by 
using equation 2:

Swelling ratio ð%Þ ¼
Wt � W0

W0
� 100 Eq:2 

where Wt is the weight of a film at time t, and W0 is the 
weight of the film at time 0.31 This test was performed in 
triplicate and results are reported as mean±SD.

Mucoadhesion Study
The mucoadhesive strength was measured by using the 
modified physical balance method.32 The test was per-
formed by placing a dialysis membrane attached to the 
opening of a glass vial which was filled with phosphate 
buffer saline solution (pH 6.8) at 37±1°C. The glass vial 
was capped with a cork and placed in a beaker having 
buffer solution. On the lower side of the cork, films were 
attached. For preliminary hydration, the film surface was 
soaked with phosphate buffer and left for 15 seconds. 
Firstly, a preload weight of 20 g was placed over the 
other side of the pan. Respectively, at certain time inter-
vals, weights were added onto the pan. The total weight (in 
grams) required to completely separate the films was 
termed the mucoadhesive strength. The following para-
meters were calculated from the mucoadhesive test 
study.33

Force of
adhesion ðNÞ ¼

Mucoadhesive strength ðgÞ � 9:81
1; 000

Eq:3 

Bond strength
N
m2

� �

¼
Force of adhesion
Film surface area

Eq:4 

Solid State Characterizations
The surface morphology and cross-sectional views of the 
films were studied using scanning electron microscopy 
(SEM) (JEOL, JSM 5910, Japan).
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Possible drug and excipient interactions were studied 
using Fourier transform infrared spectroscopy (Thermo 
Scientific Nicolet iS5 ATR-FTIR, Waltham, MA) in the 
spectrum range of 500–4,000 cm−1 at a resolution of 
2 cm−1.

Thermal stability of the drug was studied using simul-
taneous thermogravimetric analysis (TGA) and differential 
scanning calorimetry (TGA/DSC) (TA Instruments, SDT 
Q600 thermal analysis system, New Castle, DE). The 
thermal analysis was conducted by heating the sample in 
the temperature range of 25–400°C at an incremental 
heating rate of 10°C/min under dry nitrogen purge flowing 
at 50 mL/h.

X-ray diffraction (XRD) analysis of pure drug and film 
formulation was performed to evaluate the chemical struc-
ture, composition, and physical characteristics of the sam-
ple. The XRD spectra were acquired using X-ray 
diffractometer (X’pert PRO, Malvern PANalytical, 
Netherlands). The samples were placed in the sample 
holder and the diffractograms were obtained in the 2θ 
range of 5–80°.

In-vitro Drug Release Studies
The in-vitro drug release studies were performed using 
vertical Franz diffusion cells (Laboratory enterprises, 
India). Franz cells had effective permeation area of 
1.76 cm2 with a receptor volume capacity of 9 mL. 
Cellulose acetate membrane (0.45 μm pore size) was cut 
into 25 mm discs and soaked in phosphate buffer saline 
(pH 6.8) solution for 30 minutes. The film was then placed 
on the receptor compartment in such a way that the 
mucoadhesive layer faced the receiver compartment. The 
film and membrane were mounted together, and all open-
ings were sealed to avoid the evaporation of media. The 
experiment was performed at a temperature of 37±1°C and 
at a constant stirring rate of 500 rpm. Samples of 0.5 mL 
were withdrawn at time intervals of 0.5, 1, 2, 3, 4, 5, 6, 7, 
8, 10, 12, 24, and 48 hours and replaced with an equal 
amount of freshly prepared pre-warmed buffer solution. 
The withdrawn samples were analyzed using a UV spec-
trophotometer at 291 nm after suitable dilution. The drug 
concentration was calculated based on the previously con-
structed calibration plot. The drug release experiment was 
performed in triplicate and mean±SD is reported.

Release Kinetic Modeling
Drug release data were fitted to various release kinetic 
models such as zero order, first order, Higuchi, and 

Korsmeyer-Peppas model to evaluate the drug release 
mechanism.34 The dissolution of a drug from the modified 
release dosage form can be explained by zero-order 
kinetics:

Qt¼Q0þK0t Eq:5 

where Qt is the amount of drug dissolved in time t, Q0 is 
the initial amount of drug in the solution, and K0 is the 
zero order release constant stated in concentration/time 
units.35

The first-order drug release can be explained by the 
following equation:

Log Qt¼ logQ0� K1t Eq:6 

where Q0 is the initial drug concentration, Qt is the drug 
concentration at time t, and K is the first order rate 
constant.36

The drug release from a matrix system can be best 
explained by the Higuchi model, which is equated as 
follows:

Qt¼KH � t1=2 Eq:7 

where Qt is the amount of drug at time t and KH is the 
Higuchi dissolution rate constant.37

Finally, the drug release mechanism can be explained 
on the basis of Korsmeyer-Peppas model, as presented by 
the following equation:

Mt=M1¼Ktn Eq:8 

where Mt/M∞ is the amount of drug release at time t and at 
infinity, K is the release rate constant, and n is the release 
exponent.34

In vitro Permeation Studies
Vertical Franz diffusion cells mounted with an established 
skin mimic, namely cellulose acetate membrane, were 
used for Mox permeation studies. The rest of the working 
conditions were the same as described in the drug release 
section. The cumulative amount of drug permeated per 
unit area was calculated using the following formula;

Qt ¼ Ct:Vr þ∑ CiVsð Þ=A Eq:9 

where Qt represents the cumulative permeated amount of 
drug, Ct represents the drug concentration at each time 
interval, Vr represents the receptor volume, and Vs repre-
sents the receiving sample volume. A denotes surface area.

Furthermore, steady-state flux (Jss) and permeability 
coefficient (Kp) were calculated according to the following 
equations;
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Jss ¼
ΔQt
Δt:A

Eq:10 

Kp ¼ Jss=Cd Eq:11 

where Cd represents the amount of drug in the donor 
compartment.

Lag time was calculated by extrapolating the linear 
portion of the cumulative amount of drug permeated per 
area versus time plot.38

Statistical Analysis
All the data are reported as mean±standard deviation. One- 
way ANOVA with Tukey’s post-hoc analysis was applied 
to check the difference in mean values. A P-value less than 
0.05 was considered as significant. The statistical analysis 
was performed on Origin software version 8.5 (OriginLab, 
Northampton, MA).

Results and Discussion
Here, we have demonstrated successful preparation of 
mucoadhesive bilayer films containing Mox and clove oil 
combination for potential use in periodontitis. This proof- 
of-concept study was designed such that the immediate 
layer containing clove oil could provide an initial anti- 
inflammatory and antibacterial effect, whilst 
a mucoadhesive gellan gum layer containing Mox pro-
vides a synergistic antibacterial effect in sustained manner. 
Clove essential oil comprises a mixture of 23 identified 
constituents, among them eugenol has the highest propor-
tion (76.8%), followed by β-caryophyllene (17.4%), α- 
humulene (2.1%), and eugenyl acetate (1.2%) as the 
main components.39 Eugenol has many reported pharma-
cological applications, including analgesia, antibacterial, 
and antioxidant properties.40

In the quest of optimized formulation, various film 
combinations were evaluated for their antibacterial activity 
against gram-positive and gram-negative bacteria, and the 
data is presented in Table 2. Results revealed that the 
antibacterial activity of D1 was significantly (P<0.05) 
higher than that for the blank film. When compared to 
antibacterial activity of clove oil-based films, we find an 
insignificant difference (P>0.05) in the activity for O1 and 
O2 formulations with respect to the blank film (data not 
shown); however, O3 resulted in slightly higher antibac-
terial activity against both the gram-positive and gram- 
negative strains. Similarly, when lower concentrations of 
clove oil were combined with Mox (GG1 and GG2), no 

significant improvement (P>005) in antibacterial activity 
was observed as compared with that obtained from the D1. 
However, a synergistic effect was observed when 50% 
clove oil was combined with Mox, which resulted in 
significantly higher (P<0.05) antibacterial activity against 
both the bacterial strains. When comparing both strains, it 
was noted that bilayer films were more active against 
E. coli (gram-negative) as compared with S. aureus (gram- 
positive). This is because Mox preferably targets the gyr-
ase enzyme in gram-negative bacteria, whilst enzyme spe-
cificity is inverted in gram positive strains.41 A recent 
study suggested the use of polymeric nanofibers loaded 
with antibiotic combination for targeting gram-negative 
and gram-positive bacteria as a potential treatment strategy 
for periodontitis.42

Based on the antibacterial results, GG3 film was con-
sidered to be an optimized formulation for further testing. 
For the purpose of comparison, blank (B), D1, and O3 
films were also subjected to various characterizations.

Weight Variation, Thickness, Folding 
Endurance, and Disintegration Time
A considerable variation in weight indicates method inef-
ficiency and dose variation,43,44 thus it is necessary to 
evaluate these parameters. The average weight, thickness, 
and folding endurance of prepared bilayer films are pre-
sented in Table 3. The average weight of bilayer films 
ranged from 0.19–0.25 g with a very small variation in 
weight among each film system as witnessed by 
a relatively negligible standard deviation. The weight of 
films was well correlated with the thickness of the films, 
ie, with increasing weight of film, thickness also increased. 
Variation in thickness was also negligible, thus comple-
menting the effective formulation procedure. Moreover, 
the thickness of bilayer films was well within the suitable 
range (0.05–1.0 mm), which is often required for the 

Table 2 Zone of Inhibition of Prepared Formulations Against 
Selected Bacteria

Formulation Zone of Inhibition (mm)

E. coli S. aureus

Blank 14±1 11±2
D1 48±3 41±3

O3 21±4 19±1

GG1 45±1 40±2
GG2 51±3 46±1

GG3 67±2 54±3
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mucoadhesive films.43 From a formulation point of view, 
consistency in weight and thickness among film strips 
from a single formulation ensures that the patient receives 
a constant dose every time.

The folding endurance is an indication of mechanical 
strength of a film. A film is considered mechanically 
strong if it withstands a higher number of folds without 
cracking or breaking.45 The folding endurance of our films 
ranged from 209–227 times, which endorsed the flexibility 
as well as mechanical strength of prepared films. The 
dsintegration time (DT) of films provides a clue about 
the bioavailability of drug in the body. Developed bilayer 
films were composed of two layers. The immediate layer 
was supposed to release the trapped constituent immedi-
ately, while the sustained layer had to release its ingredient 
in a controlled manner. The DT of both layers is given in 
Table 3, which shows that the immediate layer disinte-
grated quickly to provide rapid relief. On the other hand, 
the controlled layer required days to disintegrate, which 
assured the controlled release of Mox to provide an opti-
mum therapeutic effect with minimum side-effects.

Swelling Studies
Swelling studies were carried out on bilayer films where 
the immediate layer contained clove oil and dissolved 
rapidly as compared to a crosslinked gellan gum layer 
containing Mox. The swelling index of films is depicted 
in Figure 2. All prepared films showed a good swelling 
index up to 8 hours, which was followed by a slight 
decrease in swelling index, possibly owing to polymeric 
erosion of both layers.17 For films an initial hydration and 
swelling are important functional characteristics that sig-
nificantly affects mucoadhesion and drug release.45,46 The 
immediate layer dissolved quickly but the controlled layer 
swelled in three distinct steps. Firstly, adsorption of media 
on the surface of films due to the hydrophilic nature of 
gellan gum; secondly, swelling of crosslinked matrix due 
to carboxylic acid groups of gellan gum; and thirdly, sur-
face saturation of water molecules drives liquid media into 

the film matrix. It leads to weakening of the intermolecular 
hydrogen bonding and expansion of the hydrogel matrix.17

During the first 15 hours of study, optimized film 
(GG3) exhibited a low swelling ratio as compared to the 
blank film. This is probably due to the limited aqueous 
solubility of clove oil (Eugenol: 2.46 mg/mL at 25°C) and 
Mox (24 mg/mL at 25°C) incorporated in immediate and 
controlled layers, respectively, which hindered the interac-
tion of polymer with water medium. Similar results were 
reported by Hameed et al,47 who incorporated clove essen-
tial oil in nanofibers. After 15 hours, blank film resulted in 
slightly higher loss in swelling ratio as compared to GG3, 
which was attributed to superior interaction of blank film 
with water that resulted in polymer erosion. On the other 
hand, the D1 formulation showed slightly higher swelling 
as compared to O3, which was linked with presence of 
active ingredients with varying aqueous solubility, which 
defines the interaction of respective film with dissolution 
media. Similar results were obtained previously where 
gellan gum films had a higher swelling ratio initially and 
their swelling decreased after reaching saturation due to 
polymer erosion.17

Fourier Transform Infrared Spectroscopy 
(FTIR)
The FTIR spectra of pure drug (Mox), blank (B), oil 
loaded (O3), drug loaded (D1), and optimized formulation 
(GG3) was obtained to study the possible interaction 
between active ingredients and constituents of two layers 
of film (Figure 3). The spectra of pure drug showed 
characteristics peaks at 3,522cm−1 due to stretching of 
hydroxyl group (O-H), 3471 cm−1 represents the –NH 
stretching, 1,705 cm−1 denotes C=O stretching, 1,621 cm-
−1, 1,515cm−1, and 1,454 cm−1 indicate aromatic C=C 
stretching, C-N stretching at 1,350 cm−1, monofloroben-
zene stretching appears at 1,183 cm−1 and C-H bending at 
873 cm−1 due to substituted benzene.48–50

The spectra of blank film showed peaks at 2,924 cm−1 

and 2,917 cm−1 due to C-H stretching of the –CH2 group, 

Table 3 Weight, Thickness, Folding Endurance and Disintegration Time (DT) of Films

Formulations Weight Variation 
(g)

Thickness 
(mm)

Folding 
Endurance

DT of Immediate Layer 
(min)

DT of Sustained Layer 
(Days)

Blank 0.19±0.01 0.053±0.002 209±12 6±1.53 18±1.00

D 0.22±0.01 0.054±0.002 218±18 10±0.57 15±2.50

O3 0.24±0.03 0.055±0.002 213±16 13±1.00 20±1.52
GG3 0.25±0.03 0.061±0.001 227±14 15±0.57 25±2.00
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carbonyl group stretching occurs at 1,738 cm−1, C=C 
stretching appears at 1,645 cm−1, glycosidic link stretching 
at about 1,611 cm−1, bands at 1,078 cm−1 and 1,037 cm−1 

are due to primary alcoholic –CH2OH stretching and CH2 

twisting vibrations, respectively, and C-H bending vibra-
tions appear at 835 cm−1.51–53

In O3 film, CEO characteristic peaks appear at 3,522 -
cm−1 due to hydroxyl group stretching of eugenol, 
C-O bending at 1,231 cm−1, 1,010 cm−1 to 1,149 cm−1 

ascribes to the etheric C-C bond, and C-C stretching in 
aromatic ring of essential oil at 1,609 cm−1, 1,512 cm−1, 
and 1,430 cm−1.54

The spectra of drug-loaded film (D1) showed peaks 
corresponding to the pure drug (3,471 cm–1, 1,515 cm−1, 
and 1,705 cm−1) and polymer (2,917 cm−1, 2,924 cm−1, 
and 1,078 cm−1). This demonstrates successful incorpora-
tion of drug in the film without any interaction.55

After confirming the absence of interaction between 
only oil and drug containing bilayer films, we were inter-
ested to further evaluate how these two actives would 
behave when encapsulated in optimized formulation. 
FTIR spectra of GG3 does not reveal any new peaks. 
Thus, confirming the presence of CEO and Mox in the 

optimized film formulation without any pronounced 
interaction.

Scanning Electron Microscopy (SEM)
SEM is a widely employed technique to study the sub-
microscopic details of various carriers including bilayer 
films. SEM images of pure drug, blank, and GG3 films 
are shown in Figure 4. The surface view of Mox showed 
the crystalline nature of the drug (Figure 4A), which 
was further confirmed by XRD results. A cross-section 
of blank films shows two distinct layers of crosslinked 
gellan gum and non-crosslinked HEC layer (Figure 4B). 
HEC layer appeared more compact while gellan gum 
layer showed a lamellar structure as reported 
previously.17,56 In this study, the primary gellan gum 
layer did not show much difference from blank film. 
However, in the case of secondary HEC layer, the cross- 
section revealed a relatively loose lamellar structure 
with gapes. These micron size gaps could have formed 
due to evaporation of a minute quantity of volatile oil 
during drying and are in agreement with previously 
reported studies.17,57

Figure 2 Swelling ratio of B, D1, O3, and GG3 formulation.
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Thermogravimetric Analysis
The thermogravimetric test evaluated thermal stability of the 
film formulation indicated by weight loss with respect to 
change in temperature. The TGA graph of Mox, blank film, 
and GG3 formulation is presented in Figure 5. Mox exhibits 
no loss in weight until heated beyond 225°C due to thermal 
decomposition,58 thus confirming anhydrous Mox (Form 
I).59 The blank and GG3 formulation TGA graphs repre-
sented an initial weight loss from 40°C–80°C probably due 

to moisture loss from the films. Then a secondary weight 
loss event occurred at about 225°C, which was attributed to 
the thermal decomposition of Moxifloxacin. However, the 
weight loss was significantly higher for films which might 
be due to thermal decomposition of other excipients present 
in the film formulations. From the TGA results, it can be 
concluded that the prepared films were stable up to 225°C, 
which is well above the normal storage temperature for 
pharmaceutical products.

Figure 3 Fourier transform infrared spectroscopy (FTIR) spectra of (A) Mox, (B) blank film, (C) GG3, (D) O3, and (E) D1.

Figure 4 SEM micrographs of (A) Mox, (B) cross- sectional view of blank, and (C) GG3 film.
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Differential Scanning Calorimetry (DSC)
The DSC thermogram of Mox, blank, and GG3 formulation 
are presented in Figure 6. The pure drug thermogram exhib-
ited an endothermic peak at approximately 237°C.60 The GG3 
formulation shown did not show any endothermic melting 
peak of Mox, thus indicating the drug was either transformed 
into amorphous form in the formulation or it may have 
entangled within the polymeric crosslinks of film formulation. 
The transformation of crystalline Mox into amorphous form 
was further confirmed by the X-ray diffraction studies. The 
peaks appearing between 240–270°C in blank and GG3 film 
corresponds to polymer degradation due to thermal decom-
position. Our results were in close agreement with the pre-
viously published study where gellan gum-based buccal films 
showed similar thermal decomposition of polymer.61

X-Ray Diffractometry (XRD)
XRD is a powerful and non-destructive technique to reveal 
the crystallinity or amorphicity of materials. The X-ray 
diffractogram of Mox, blank, and the optimized film is 
illustrated in Figure 7.

The diffractogram of Mox presented intense reflections at 
Bragg’s angle (2θ) of 8.3°, 10.1°, 14.6°, 17.3°, and 27° 
(Figure 7A), which reflects the crystalline nature of the 

drug.49,62 However, no characteristic peaks of Mox were 
observed in GG3 (Figure 7C), which indicates the dispersion 
of drug in the amorphous state. XRD results were in complete 
agreement with the DSC results and were further supported by 
previously reported studies.62,63 Amorphous state of drug 
plays an important role in enhancing the dissolution rate and 
bioavailability due to higher solubility as compared to its 
crystalline form. The amorphous form is a metastable state 
and drug generally transforms into crystalline forms with 
aging, which may compromise the stability of products. 
However, amorphous drug entanglement within bulky poly-
meric chains slows down the conversion of amorphous form 
into crystalline form.64

Mucoadhesive Test
Diseases of the oral cavity such as periodontitis, cancer, 
ulcers, dental carriers, and mucositis pose a major health 
burden across the globe. In these conditions, localized 
treatment strategies have proven effective. Thus, mucoad-
hesive dosage forms have gained substantial attention 
recently. In mucoadhesive films, hydrophilic polymers 
are mostly employed, which swell, and polymeric chains 
interact with mucin molecules in buccal mucosa to accom-
plish mucoadhesion.45,65 The mucoadhesive strength of 

Figure 5 TGA graph of Mox, blank film, and GG3.
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Figure 7 X-ray diffractogram of (A) Mox, (B) blank film, and (C) GG3.

Figure 6 DSC thermogram of Mox, blank film, and GG3.
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films is usually measured from its force of adhesion with 
the oral mucosa and the bond strength. For the prepared 
films, the values for mucoadhesive strength of blank and 
optimized films are summarized in Table 4.

In comparison, blank film demonstrated slightly 
higher force of adhesion than optimized 
formulations (GG3). This is linked with the swelling 
index of respective films, as discussed in the Swelling 
Studies section. In the literature, it is reported that 
mucoadhesive strength of the film is directly propor-
tional to the swelling index of films.66 Moreover, hydro-
philic groups in gellan gum such as hydroxyl and 
carboxylic groups bind with the mucin through hydro-
gen bonding to facilitate mucoadhesion.61 This prolongs 
the retention of films in the oral cavity by resisting the 

wash off effect of saliva and mastication forces for 
controlled release of actives.

In vitro Drug Release Study
The prepared bilayer mucoadhesive films showed a high 
entrapment efficiency which ranged from 95–98%. Thus, 
the films were subjected to drug release studies. The 
optimized formulations (GG3) and D1 were evaluated for 
drug release efficiency for 48 hours. Both films demon-
strated a biphasic release profile with initial burst release 
followed by sustained release of Mox over a 48-hour study 
period, as shown in Figure 8.

The drug loaded film (D1) released 28% of drug during 
the first 3 hours followed by cumulative drug release of 
82% up to 48 hours. In the case of GG3, only 19% of drug 
was released during the first 3 hours. This was attributed to 
the presence of clove oil in the immediate layer, which 
reduces the porosity of the films and behaves as an addi-
tional barrier to prevent the penetration of dissolution 
media. This is in agreement with previously reported stu-
dies about bilayer films, where contents of the secondary 
layer affected the release of actives from the primary 
layer.67,68

Table 4 Force of Adhesion and Bond Strength of the Selected 
Formulation

Formulation Force of Adhesion 
(N) ±SD

Bond Strength 
(N/cm2) ±SD

Blank 1.17±0.05 0.53±0.01

GG3 0.91±0.02 0.40±0.01

Figure 8 Cumulative percent release of Mox from GG3 and D1 bilayer films at different time intervals. Error bars represent standard deviation of three replicates.

https://doi.org/10.2147/DDDT.S328722                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 3948

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Considering the end application of the bilayer film 
for periodontitis, this effect was desirable. Initial anti-
bacterial cover and pain relief will be provided by clove 
oil released from the secondary (immediate) layer. 
Sustained release of Mox from the primary layer pro-
vides controlled release of active at the target site for 
continuous antibacterial cover. Nevertheless, the slow 
release of Mox from the controlled layer could possibly 
offer multiple benefits including avoidance of the sub- 
therapeutic level of drug, prolonged antibacterial cover, 
and less side-effects of Mox.

Drug release data were subsequently fitted to various 
kinetic models to further investigate the drug release 
mechanism from mucoadhesive bilayer buccal films. Zero- 
order, first-order, Higuchi, and Korsmeyer-Peppas models 
were investigated and the best-fit model was chosen based 
on respective correlation coefficient (r2) values, as pre-
sented in Table 5.

For the films containing only drug, the drug release 
predominantly involved first-order release kinetics with 
the release mechanism following the Korsmeyer-Peppas 
model. According to the Korsmeyer-Peppas model, the 
Mox release followed non-Fickian diffusion, as can be 
explained by the release exponent (n) value. On the con-
trary, the drug release from GG3 formulation involved 
zero-order kinetics. This was further confirmed by the 
Korsmeyer-Peppas model release exponent (n) value, 
which suggested non-Fickian diffusion (case II) of drug 
owing to swelling or polymeric chain relaxation in the film 
matrix. Thus, the GG3 formulation resulted in mucoadhe-
sive films with a precise control over drug release in 
a controlled manner.

Permeation Studies
Finally, Franz diffusion cells were employed for studying the 
drug permeation across a skin mimic, namely cellulose acet-
ate membrane. Various permeation kinetic parameters such 
as Jss, Kp, and lag time were calculated from the cumulative 
amount permeated versus time plot. The permeation data, 
summarized in Table 6, suggested slightly higher and faster 
diffusion of drug from film formulation containing drug 
alone (D1) as compared to GG3 formulation. The corre-
sponding lag time of 0.029 hour is indicative of the immedi-
ate onset of diffusion across cellulose acetate membrane in 
the case for D1. On the contrary, the lag time for GG3 
formulation was higher than that for the D1 formulation, 
which was attributed to the presence of oil in the film for-
mulation. Oils presented more hydrophobic environment and 
thus penetration of aqueous media in the film formulation 
was restricted, thereby slowing down the hydration of film. 
This could have further contributed to a slower diffusion of 
drug from the membrane, as depicted by a relatively low 
permeability coefficient and steady-state flux values. The 
presence of essential oil in the membrane might have created 
an additional layer for the Mox to diffuse into receptor 
medium, as depicted by the lower Kp and Jss values for the 
GG3 formulation.

Overall, permeation studies confirmed slower yet more 
controlled drug release from the GG3 bilayer film formu-
lation which is a prerequisite for mucoadhesive films used 
to treat clinical conditions such as periodontitis.

Conclusion
Mucoadhesive bilayer buccal films were formulated for 
the dual delivery of Mox and clove oil for possible 

Table 5 Correlation Coefficient Values for Zero Order, First Order, and Higuchi, Korsmeyer-Peppas Model

Formulation Release Kinetic Models

Zero-Order (R2) First-Order (R2) Higuchi Model (R2) Korsmeyer-Peppas Model

(R2) n

D 0.9460 0.9834 0.9444 0.9895 0.72
GG3 0.9901 0.9663 0.8453 0.9903 1.02

Table 6 Permeation Parameters of Mox from Bilayer Film Formulation

Formulation Cumulative Drug Permeation (μg/cm2) Lag Time (h) Kp ×10−3 (cmh−1) Jss (μg/cm2/h)

D 658±3.5 0.029±0.007 2.80±0.09 29.44±3.03

GG3 639±6.1 0.092±0.005 2.19±0.20 23.06±2.94
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treatment of periodontitis. After initial screening, GG3 
was selected as an optimized bilayer film based on phy-
sical characteristics and maximum antibacterial activity 
against S. aureus and E. coli. The immediate layer dis-
solved quickly to release clove oil, but the sustained 
layer swelled slowly to release Mox in a controlled 
manner. SEM analysis confirmed the successful develop-
ment of bilayer film, while FTIR showed compatibility 
between actives and the formulation ingredients. XRD 
and DSC revealed the dispersion of Mox at the molecu-
lar level. The mucoadhesive strength of the optimized 
film was enough to hold it in the oral cavity for 
a prolonged time with controlled release of Mox over 
48 hours. Thus, the prepared mucoadhesive bilayer film 
containing Mox and clove oil could possibly offer syner-
gistic activity against pathogens involved in periodontitis 
and provide instant pain relief. In the future, this study 
can be extended to investigate this particular formulation 
in in-vivo settings involving animals and human volun-
teers to confirm its clinical application.
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