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In this study, novel adhesive films were prepared for Mupirocin dermal delivery. Natural polymers as chi-
tosan, sodium alginate and carbopol were used for films development to evaluate possible interactions
and drug release properties. Solvent evaporation method was used for films preparation. Preliminary
studies involved FT-IR spectroscopy and Scanning Electron Microscopy to specify interactions and mor-
phology. Thickness, tensile strength and water uptake in phosphate buffer saline were evaluated whereas
in vitro release studies were also performed. In vitro drug release studies demonstrated that mupirocin
release was improved. Ex vivo bioadhesion and permeation studies using Balb-c mice were performed
to check the suitability of the films. Antimicrobial ability was evaluated by agar well diffusion tests.
Finally, excisional wound model applied to test the wound healing effect and evaluated macroscopic
and histopathologically. One formulation was found more effective compared to the market product
for wound healing at Balb-c mice.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Until nowwound healing is still an unmet challenge among sur-
gical society. In fact, wounds introduced by chronic diseases, burns
and post-operative traumas can be fatal in many cases since they
can be colonized easily by resistant bacteria and microbes.
Although, nowadays, patients can survive massive burns which
once were fatal most of these patients develop hypertrophic scars
decreasing their quality of life and delaying reintegration into soci-
ety (Finnerty et al., 2016). On the other hand, the 96% of the
300.000 recorded burn incidents could be fatal or at least life-
threatening for patients due to undesirable complications (Khalid
et al., 2017; Siafaka et al., 2016d). Last decades, an improvement
on outcomes for severely burned patients have been attributed
due to advances in modern medical care in specialized burn cen-
ters. However, wound infection is a quite important problem for
clinicians and requires immediate and intensive special care
(Cambiaso-Daniel et al., 2018). Several factors (obesity, age, con-
genital diseases) rise the risk of developing wound infection, and
individuals who sustain a severe burn have a particularly high risk
for wound sepsis. Invasive wound infection and secondary sepsis
incidences can be minimized via early excised the eschar but it
has been reported that most deaths in severely burn-injured
patients occured due to burn wound sepsis or complications due
to inhalation injury (Cambiaso-Daniel et al., 2018). Numerous
dressings were prepared so as to cover the wound surface in order
to create desirable area for epidermal regeneration and act as
proper obstacle against injury infection and water decrement
(Khalid et al., 2017). Wound healing is the process composed of
healing of dermal and epidermal tissues by their regeneration. It
involves consecutive cascade of stages inflammation, migration,
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proliferation, and maturation (Kataria et al., 2014). In addition,
wound healing involved cell-cell and cell-matrix interactions
which proceed in three overlapping phase’s viz. inflammation
(0–3 days), cellular proliferation (3–12 days) and remodeling
(3–6 months) (Üstündag-Okur et al., 2014).

It has been reported that wound healing processed naturally on
its own, however, sepsis, disruption of tissue and skin layer, mag-
got’s formation, extension of infection to adjacent and interior
organs complicate the process (Hima Bindu et al., 2010). Many
wound dressings are loaded with antimicrobial agents or healing
agents which can prophylactic act against infectious organisms
and prevent incidents as sepsis etc (Henry et al., 2014; Siafaka
et al., 2016d).

Topical antibiotics can play an important role to prevent and to
treat of many main dermal bacterial infections mostly seen in der-
matological practice like localized superficial infections due to sur-
gery, injury, and abrasion (Mpharm et al., 2010). Mupirocin is an
antibacterial agent which effectively used, against wound patho-
gens including MRSA, as topical ointment to treat various topical
wounds such as burns and foot ulcers because of its effectiveness
(Perumal et al., 2014).

Hydrogel dressings are of great interest because they produce
an ideal hydration environment for healing (Mohamad et al.,
2014; Yasasvini et al., 2017). They present low interfacial tension,
high molecular and oxygen permeability, good moisturizing and
mechanical properties that resemble physiological soft tissue
(Yasasvini et al., 2017). For these reasons, polysaccharides which
have hydrogel forming properties criticized as advantageous as a
wound dressing material (Raval et al., 2011; Siafaka et al.,
2016d). Hydrogels are three-dimensional cross-linked polymeric
networks, assessed as highly biocompatible or biodegradable and
applied effectively as controlled drug delivery and wound healing
systems. It is usually referred that the optimum wound should
mimic many properties of human skin. In further, it should pos-
sesses adhesiveness, elasticity, durability, and should be occlusive
and impermeable to bacteria. Chitosans are good candidates for
wound healing activity because of their biocompatibility, ability
to absorb exudates, and film forming properties (Alsarra, 2009).

Chitin and chitosan have been proposed as biomaterials, which
applied in biomedical and industrial field due to their potential as
antimicrobial activity and stimulation of healing (Murakami et al.,
2010; Siafaka et al., 2015; Siafaka et al., 2016d). Chitosan (CS) is
also known to promote drainage, prevent the buildup of exudates,
and may serve as bed for autografting in wound therapy. Moreover,
it promotes gas exchange, essential in wound healing process (Dai
et al., 2011; Hurler et al., 2012; Inukai et al., 2013; Murakami et al.,
2010; Pawar et al., 2013; Sezer et al., 2007; Zhou et al., 2017). Algi-
nate is an anionic polysaccharide, which is capable to form hydro-
gels under very mild conditions, at 25 �C. Alginate has been
commonly evaluated due to its biocompatibility, biodegradability,
relative low cost, low toxicity and gelling properties (Kurczewska
et al., 2017; Li et al., 2017; Murakami et al., 2010; Pereira et al.,
2013). Carbopol is a hydrophilic, mucoadhesive, biocompatible
crosslinked polymer of polyacrylic acid. It has been used in bioma-
terials as wound dressings, topical and transdermal (Grip et al,
2017; Singh et al., 2013).

In this study, hydrogel films containing chitosan, sodium algi-
nate and combination of them with carbopol were used in order
to effectively be applied as wound healing promoters. Chitosan
was chosen due to its favorable property to act as wound healing
and antimicrobial agent, as well as its ability to produce hydrogel
like films which are essential as wound dressing. Sodium alginate
was selected as film matrix since there are no many studies of
sodium alginate solvent castings films and also due to its low tox-
icity and cost can be a favorable dermal film. Additionally, by
blending chitosan and sodium alginate, authors aimed to improve
properties of the each polysaccharide. However, this was not
achieved. In further, carbopol was added in order to enhance
mucoadhesiveness of the gelling system since it is intended to be
used in dermal delivery. Mupirocin antibiotic was loaded so as to
improve antimicrobial ability of the developed films. Finally, the
aim of this study was to prepare a novel wound dressing system
with enhanced antibacterial and wound healing activity so as to
prevent severe infection of the wound which can lead to undesir-
able effects such as bacteraemia and/or sepsis and multiple organ
failure.

2. Materials and methods

2.1. Materials

MUP was generously gifted from Pharmactive Pharmaceuticals
Company, Turkey. Chitosan (medium Mw, deacetylation degree:
75–85%), sodium alginate and propylene glycol were purchased
from Sigma, Germany. Carbopol and Glycerine were purchased
from Doga Ilac Pharmaceuticals Company, Turkey. PEG 400, Nutri-
ent agar and methanol were obtained from Merck, Germany. All
the other chemicals and solvents were of analytical or HPLC grade.

2.2. Preparation of composite films

The formulations were developed by solvent casting technique
(Priyadarshi et al., 2018; Tanwar, 2005). Chitosan (CS) and sodium
alginate (SA) were prepared separately and mixed with or without
carbopol in different proportions to prepare film formulations
using a magnetic stirrer. Glycerin, propylene glycol or PEG 400 at
the range of 5%–20% were used as plasticizers. For CS dissolution,
since it is insoluble in water, acidic pH was adjusted using 10% v/
v lactic acid solution. Distilled water was used as solvent for
sodium alginate and carbopol solutions. After the prepared formu-
lations were supplemented to 30 mL with solvent of polymer
which was used in the formulation, they were poured into petri
dishes and the meat was dried at 40 �C for 48 h.

2.2.1. Preparation of MUP loaded films
Mupirocin was added after the formulation was prepared, cor-

responding to 2% of the total weight of the formulation.

2.3. Characterization of polymer films

2.3.1. Thickness
Film thickness is a quite important property considering that

can affect the time required to absorb the polymer into the body.
The determination of the uniform thickness of each film was done
by a screw gauge which was applied at three different sites of the
film. The mean thickness is calculated (Hima Bindu et al., 2010).

2.3.2. Moisture loss
Moisture loss was studied by the following method: Firstly, the

films were weighed separately and kept in a desiccators containing
fused calcium chloride at RT for 24 hrs. One day after the formula-
tions were reweighed and the moisture content % was calculated
by the following equation (Ravichandiran and Manivannan, 2015).

Percentage moisture content = (Weightinitial �Weightfinal)/
Weightinitial � 100

2.3.3. Drug content
Drug content study performed, by dissolving about 1 cm � 1 cm

film in 10 mL pH 7.4 phosphate buffer:methanol 3:1 (v/v) and the
obtained solution filtered using membrane filter (0.45 mm).
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Mupirocin concentration was measured at 221 nm. The test was
repeated five times (Bavarsad et al., 2016).

2.3.4. HPLC analysis
For HPLC assay studies, HPLC equipment with a gradient pump,

thermostable column department (t C18 column (5 mm,
150 � 4,6 mm)) and a UV detector supplied by Agilent 1100. The
mobile phase consisted of methanol:water 80:20 (v/v). O-
phosphoric acid adjust pH at 5. The flow rate was set to 1 mL/
min and temperature of column was set at 25 ± 1 �C. The run time
was 5 min and the optimum wavelength was 221 nm. The devel-
oped method was validated for precision, specificity, accuracy,
selectivity and stability, recovery percentage of MPR (Amrutiya
et al., 2009).

2.3.5. Swelling studies
To detect the swelling ability of formulations, 1 � 1 of films

were chosen and then the films were placed in pH 7.4 PBS medium
at 32 ± 1 �C. Films were removed from the medium after 5 min,
15 min, 30 min and every hour until 24 h. The water of film surface
was taken with paper, and formulation was reweighed. The exper-
iment was carried out five times. Percentage swelling was
calculated.

Percentage swelling = (weight of swollen film after time �
weight of 1 � 1 film at zerotime)/weight of insert at
zerotime � 100

2.3.6. Uniformity of weight
Weight uniformity studies were done by weighting three differ-

ent films of each batch. The uniform size at random and average
weight was calculated (Nilani et al., 2011).

2.3.7. FT-IR spectroscopy of polymer films
FT-IR spectrophotometer was used so as to examine interac-

tions between polymers and drug which can lead to different char-
acteristics. Formulations were placed on an ATR crystal and
maximum pressure was applied by using a pressure clamp to allow
for intimate contact of the films with the ATR crystal. The spectra
study region was from 4000 to 400 cm�1 while are baseline cor-
rected and converted to the absorbance mode (Pawar et al.,
2013; Siafaka et al., 2016d).

2.3.8. Morphology of the films
Scanning electron microscopy (SEM; Zeiss Evo HD 15, Germany)

was used for evaluated the surface morphology of all formulations
at 12 kV. Small pieces of formulations were cut into and mounted
on 15 mm stubs with double sided adhesive carbon tape. The pho-
tos of the formulations were obtained with a magnification of
5000� (Boateng et al., 2013).

2.3.9. Tensile strength
Tensile strength of the formulations was studied using a Tex-

ture Analyzer (TA. XTPlus, Stable Micro Systems, UK). A film formu-
lation (2 � 2 cm dimensions) was held between 2 clamps and
pulled by the top clamp at 0.5 mm/s rate. The force and elongation
were detected when the film broke off. Each formulation was per-
formed in triplicate. The tensile strength and elongation at break
were determined (Sezer et al., 2007).

2.3.10. Stability
Stability studies were performed for F6, F7 and F8 as per the

International Conference on Harmonization guidelines. MUP-
loaded films were kept at 4 ± 1 �C in the refrigerator and
25 ± 2 �C (relative humidity 60%) and 40 ± 2 �C (relative humidity
75%) for 6 months in the stability cabinets. MUP content, physical
appearance and sterility were evaluated for films. The experiments
were repeated three times (Üstündağ-Okur et al., 2015).

2.3.11. In vitro drug release studies
A dissolution apparatus (Pharmatest PTWS 820D) was used so

as to study invitro release. The paddle method (USP II) was also
applied. Conditions were the following: 60 rpm, tempera-
ture = 32 �C, dissolution time: 48 h. 500 mL of pH 7.4 phosphate-
buffered saline was used as the release medium. At specific time
points, 1 mL of samples were taken, and immediately after each
sampling, the same volume of fresh buffer was added to the incu-
bation medium. Mupirocin amount was analyzed by HPLC as it is
described in 2.4.1 (Aoyagi et al., 2007).

2.4. Microbiological studies of films

Antibacterial activity of films was detected by well agar diffu-
sion technique according to Clinical and Laboratory Standards
Institute guidelines. Various bacteria strains such as Escherichia coli
(ATCC 8739), Enterococcus hirae (ATCC 10541), Staphylococcus aur-
eus (ATCC 6538), Pseudomonas aeruginosa (ATCC 27853), Bacillus
cereus (ATCC 7064), Klebsiella pneumoniae were applied and inhi-
bition zones were measured after formulation use. The strains
were incubated for 18 h at nutrient agar at body temperature.
Active cultures were aseptically suspended in sterile saline solu-
tion (0.85% w/v) and were adjusted to give an inoculum with an
equivalent cell density to 0.5 McFarland. About 100 mL of each bac-
terial suspension were separated evenly onto Mueller-Hinton II
agar by sterile spatule and dried. 10 mm plates were filled with
100 mL of formulations. For Mupirocin and Chitosan, sterile discs
were placed onto agar plates and 20 mL of each commercial solu-
tion was applied to the discs. Plates were incubated at 37 ± 0.5 �C
for 24–48 h and the zones of inhibition were measured. Each test
was performed in triplicate and the zone inhibition was deter-
mined. The experimental groups were Mupirocin; Chitosan,
F6MUP; F6, F7MUP; F7, F8MUP; F8 and commercial solution.

2.5. Ex vivo bioadhesion studies

The bioadhesion study was evaluated by texture at 37 �C. Mice
abdominal skin was used for ex vivo bioadhesion work. The skin
was fitted on the equipment, and 100 mL water was dropped on
the skin before the measurement. The formulation was cut and fit-
ted to the P/10 cylindrical probe (Lucite, UK). The probe was low-
ered onto the skin with a fixed speed (1 mm/s�1) and 1 N contact
force was applied. After 30 s contacting, the probe was then moved
upwards at 1 mm/s�1. Work of adhesion (mJ/cm2) and peak
detachment force (N/cm2) were calculated from force-distance plot
using the Texture Exponent program. Each measurement was done
in triplicate (Sezer et al., 2007).

2.6. Ex vivo permeation studies

Ex vivo permeation studies were performed for F6, F7, and F8
film formulations containing 2% mupirocin using vertical Franz dif-
fusion cell. pH 7.4 phosphate buffer was used as receptor medium,
and the temperature were maintained at 37 ± 1 �C. Sink conditions
were maintained during ex-vivo permeation studies. Full thickness
Balb/c mice abdominal skin was used for the studies; the outer skin
surface hair was removed, and the skin was carefully dissected and
rinsed with saline. The suitable size of the film or certain amount of
film with same mupirocin content was mounted on the mice skin.
The receptor fluid was periodically withdrawn at suitable time
intervals from the sampling arm of receptor chamber and was
replaced with fresh buffer. Aliquots of the collected sample were
analyzed for their mupirocin content (Bavarsad et al., 2016).
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2.7. In vivo studies

2.7.1. Experimental animals
In vivo experiments were performed and prior to these studies

ethical approval was acquired from the Istanbul Medipol
University Ethical Council (No: 25.01.2018-02). The balb-c mice
(26–30 g) were fed ad libitum water and food under laboratory
conditions and kept in standard cages (23 ± 2 �C and 12 h/12 h
dark-light cycle). The European Community guidelines as accepted
principles for the use of experimental animals, were adhered to.

2.7.2. Experimental groups and excisional wound model
Twenty-four mice were divided into 4 groups and named, as

follows:

Group 1: Untreated (UG) as the control group.
Group 2: Blank film (FG) group (F6 film).
Group 3: Mupirocin film (MG) group (F6MUP film).

Group 4: Bactroban� cream (GlaxoSmithKline, Turkey) (BG) as
the standard group.

The mice were anesthetized with xylazine (80 mg/kg) and keta-
mine (10 mg/kg) and the back of each animal was depilated and
washed with solution of povidone-iodine. The two excisional
wounds (5 mm diameter per lesson) were created on the shaved
area by the punch biopsy. The standard drug and the formulations
were topically applied one a day for 10 days (Okur et al., 2018).

2.7.3. Wound area measurement
In order to evaluate contraction of wound, photographs were

taken at days 0, 2, 4, 6, 8, and 10 by a digital camera (Canon, Japan),
using 90� angle to the plane of the injury. Camera lens poses
vertically to wounds. Wound areas were computed by an image
analysis program (Image J., NIH, USA) (Okur et al., 2018). The
healing effect of formulations was calculated by the following
formula: % Wound contraction = (Actual Wound Area/Total Wound
Area) � 100.

2.7.4. Histopathology examination
The wound area was cutted from fat. The skins were wiped off

and fixed in 10% solution of formalin for 24 h; after-ward washed,
dehydrated with ethanol, immersed in xylene and were lastly
embedded in paraffin wax at 56 �C. 5 lm paraffin blocks were
cut by using microtome. Sections were painted with Hematoxylene
& Eosine and evaluated with the light microscope (Nikon). Wound
healing activity was appraised via use of the scoring system. Briefly
the scoring was maintained as score 1 for poor epidermal organiza-
tion in �60% of the tissue, score 2 for incomplete epidermal orga-
nization in �40% of the tissue, score 3 for moderate epithelial
proliferation in �60% of the tissue and score 4 for complete epider-
mal remodeling in�80% of the tissue. Scoring was recorded as 1 for
thin granulation layer, 2 for moderate granulation layer, 3 for thick
granulation layer, 4 for very thick granulation layer for thickness of
the granulation tissue. For angiogenesis, only ripe vessels were
considered and determined by the existence of erythrocytes. In
order to differentiate well formed capillaries from poorly formed
ones, the existence or lack of edema, thrombosis, hemorrhage, con-
gestion, and intravascular or intervascular fibrin formation were all
evaluated, as score 1 describes changed angiogenesis (one to two
vessels/site) characterized by a high degree of edema, presence
of hemorrhage, occasional congestion and thrombosis; score 2
describes few newly formed capillary vessels (3–4/site), moderate
edema and hemorrhage, occasional congestion, intravascular fibrin
deposition and absence of thrombosis; score 3 describes newly
formed capillary vessels (5–6/site) and score 4 describes freshly
created and normal seeming capillary vessels (>7/site) (Ayla
et al., 2017).
2.7.5. Statistical analysis
All statistical analyses were evaluated with GraphPad Prism 7.0

program. Outcomes were given as means ± standard error of the
mean. Statistical significance between groups was analyzed by
one-way ANOVA followed by Dunnett’s post hoc test. Values for
p < 0.05 were considered statistically significant.
3. Results and discussion

In Table 1 a list of the materials that were used in the present
work, together with their abbreviations is provided. In the rest of
the manuscript we will refer to the samples, where needed, by
their abbreviations.
3.1. Preparation and characterization of film formulation

Solvent casting method is widely used in pharmaceutical tech-
nology field since the prepared films could possess interesting
properties, such as increased drug dissolution when hydrophobic
molecules are used (Siafaka et al., 2015a; Üstündağ Okur et al.,
2018) alongside improved swelling ability and water sorption
especially in case of hydrophilic polymers. When wound healing
is studied, films with significant swellability can induce the healing
process (Jin et al., 2016). In this research, the developed films were
evaluated for their thickness, weight uniformity, moisture loss,
MUP content. FT-IR spectroscopy was applied so as to study inter-
actions between the components and MUP whereas SEM observa-
tion was carried out to check if the composite films present
morphology that could affect their properties.
3.1.1. FT-IR spectroscopy and SEM analysis
Fig. 1 demonstrates SEM analysis of the composite films. It

should be reported, that solvent casting method is unlikely to pro-
duce interesting architectonical structures (Ghosal et al., 2018)
compared to other methods as electrospinning (Siafaka et al.,
2016a,b,c,d) or phase separation (Siafaka et al., 2016a,b,c,d). In fur-
ther, when polymer are blended so as to prepare film carriers, SEM
analysis can provide useful information about their miscibility. In
this study, F1 and F2 revealed non porous surface. The smooth
morphology of F1 and F2 films is typical of chitosan films. It has
been reported that neat chitosan films lack apparent pores
(Casariego et al., 2009; López-Mata et al., 2015); nonetheless, a
research documented the presence of pores uniformly distributed
on the film surface (Pereda et al., 2011). It is documented that
the specific morphology depends on the nature of the chitosan
(acetylation degree and molecular weight). In further, the addition
of plasticizers such as PEG and PPG also reduces the number of
structural disruptions such as cracks and pores (Maria et al.,
2016). F3 film which composed of sodium alginate showed a struc-
ture of interconnected spherical particles which also indicates
phase separation. F4 and F5 depicted a leaf-like morphology which
is typical when phase separation occurred (Siafaka et al., 2016d). At
these films, the separation is between chitosan and sodium agi-
nate. F6 presents homogenous and smooth surface with spherical
particles indicating the miscibility of the chitosan and carbopol
(Singh et al., 2017a,b). F7, F8 and F9 did not have an interesting
surface appearance since they show a homogeneous surface with-
out phase separation between chitosan and carbopol, indicative of
a good interaction between the components (Lozano-Navarro et al.,
2018). Finally, F10 and F11 depict an agglomerated surface after
solvent evaporation with cracks and pores (Singh et al., 2013).



Table 1
Formulation codes of polymer composite films.

Ingredients
(% w/v)

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

Chitosan 1 1 – 1 1 1 1 1 1 – –
Sodium alginate – 1 1 1 – – – – 1 1
Carbopol – – – – – 0.5 0.5 0.5 0.5 0.5 0.5
Glycerine – – – 5 – 5 – – 10 5 –
PEG 400 5 – – – – – 5 – – – –
Propylene Glycol – 5 5 – 5 – – 5 – – 5
Mupirocin 2

F1MUP
2 F2MUP 2 F3MUP 2 F4MUP 2 F5MUP 2 F6MUP 2 F7MUP 2 F8MUP 2 F9MUP 2 F10MUP 2 F11MUP

Fig. 1. SEM images of the films (a) F1, (b) F2, (c) F3, (d) F4, (e) F5, (f) F6, (g) F7, (h) F8, (i) F9, (j) F10 and (k) F11.
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Figs. 2–5 exhibit FT-IR spectra of the prepared composite films.
Fig. 2 depicts the spectra of F1 and F2 films neat and with MUP. In
case of neat chitosan, the characteristic absorption bands at 1659
(amide I), 1582 (ANH2 bending) and 1381 cm�1 (ACH2 bending)
are observed. The broad band at 3422 cm�1is assigned to the
hydroxyl group (Bhattarai et al., 2006; Filippousi et al., 2015;
Kyzas et al., 2014; Siafaka et al., 2015a; Siafaka et al., 2016d).
The two peaks at 902 and 1157 cm�1 are resulted from the saccha-
ride structure of chitosan. The strong absorptions of PEG400 are
assigned to ACH2CH2- stretching around 2874 and 3440 cm�1

demonstrating the presence of saturated carbons (CH2CH2) n.
Mupirocin FT-IR exhibits the characteristic carbonyl group at
1720 cm�1 and 1657 corresponds to C@C whereas at 3480 and
3278 cm�1 found the stretching of OH while ACH2CH2� stretching
is observed at 2929–2862 cm�1. F1 spectrum indicates the pres-
ence of each component. The broad band at 3381 cm�1 is due to
the hydroxyl group, at 1659 cm�1 corresponds to lactic acid which
used for the dissolution of chitosan. Interactions between chitosan
and PEG have not been seen given that F1 spectrum is similar to
that of CS spectrum. In case of MUP loaded F1, although, each used
polymer presents functional groups such as NH2 or COOH which
can interact with the OH or COOH groups of Mupirocin drug, such
interactions haven’t been identified. This fact can be ruled out
given that new bands or shifting in lower wavenumbers was not
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observed (Siafaka et al., 2016d). This factor is important for the sta-
bility of the formulations.

In case of F2 formulation, where PPG was used instead of PEG
400 we had a similar spectra for loaded and unloaded materials.
It should be noted that PPG spectrum present a broad band at
3318 cm�1 which is attributed to the OH stretch of the PPG end
group, the CAO stretching vibrations are seen near 1090 cm�1

whereas CH3 stretching and deformation vibrations near 2890
and 1380 cm�1 (Schmidt et al., 2009). It can be said that F2 spec-
trum follows PPG spectra considering that PPG is in higher concen-
tration in the film. In addition, bands corresponding to the drug
was not observed or newer vibrations indicating the stability of
the product.

Fig. 3 shows the spectrum of sodium alginate and its character-
istic peaks. It can be observed that the absorption bands around
1610 cm�1, 1416 cm�1, and 1306 cm�1 are attributed to stretching
vibrations of asymmetric and symmetric bands of carboxylate
anions, respectively. Further, mannuronic acid functional group is
seen at 884 cm�1 and the uronic acid at 939 cm�1, OH functional
group at 3440 cm�1, and CH2 stretching at wavenumber
2928 cm�1. The bands around 1030 cm�1 (CAOAC stretching) pre-
senting in the IR spectrum of sodium alginate are attributed to its
saccharide structure. In addition, the bands at 1617 and 1417 cm�1

are assigned to asymmetric and symmetric stretching peaks of car-
boxylate salt groups (Li et al., 2008). It can be concluded that F3
films present also the bands of SA and PPG. However, new bands
corresponding to new products were not obtained. In addition,
interactions (mostly hydrogen bonding) between PPG and SA can
easily concluded since the adsorption band of OH group was
shifted in lower wavenumbers than SA and higher than PPG. Glyc-
erin spectrum exhibit bands at 3300 cm�1 is due to OH stretching
modes whereas the peaks around 2900 cm�1 are due to the CH
stretching modes. The peaks between 1500 and 700 cm�1 are
due to CH bending (1500–1200 cm�1) and CAO stretching (1200–
900 cm�1). In case of F4, it can be said that after the addition of
the complex plasticizer of Glycerin the absorption band of ‘‘AOH”
shifted to a lower wavenumber, showing that hydrogen bonding
is taking place between the hydroxyl group of GLY and other ingre-
dients showing that Glycerin have a plasticizing effect for PVA (Pu-
you et al., 2014). Moreover, when MUP loaded to F4 film a shifting
in higher wavenumbers for OH band is observed, revealing also
interactions. F5 formulation comprised from chitosan, sodium algi-
nate and polypropylene glycol. F5 spectrum presents the OH band
at 3343 cm�1, three band between 2950 and 2850 cm�1 region
which corresponds to PPG addition whereas at 1720 cm�1 band
is associated to lactic acid solvent. It can be concluded that F5 for-
mulation follows mostly PPG spectrum however the shifting in
higher wavenumber of the OH band can indicate interaction
between the components. After MUP addition, OH is altered in
lower wavenumbers which can reveal that MUP interact with the
component.

Fig. 4 exhibits spectra of neat F6, F7, F8 and F9 and loaded with
MUP. These formulations are composed by CS and Carbopol as
main ingredients. Carbopol is a water soluble polymer used as used
as an emulsifying, stabilizing, suspending, thickening and gelling
agent. Carbopol spectrum presents a broad band at3500 and
2940 cm�1 (due to OH and NAH stretching vibrations), a sharp
peak at 1693 cm�1 (due to asymmetric ACOOH stretching) at
1544.0 cm�1 (due to symmetric ACOOH stretching of carbopol).
In further, an absorption band at 1170.3 cm�1 (due to CAOAC
stretching in carbopol), 1451 cm�1 (due to CAO stretching and
OAH in plane bending for acrylates), at about 1243 cm�1 (due to
CAOAC asymmetric stretching for acrylates) (Singh et al., 2013).

It can be said that F6 spectrum follows glycerin spectrum due to
the plasticizing effect. When MUP was added similar spectrumwas
seen which cannot conclude interactions between drug and poly-
mers. F7 and F8 don’t have GLY but PEG400 and PPG, respectively.
Thus, F7 shows similar spectrum with PEG400 and F8 with PPG. In
case of F7, OH band (3392 cm�1) is shifted to lower wavenumbers
than PEG (3453) revealing that interactions between components
can be found (hydrogen bonding). However, MUP addition did
not alter the spectrum dramatically and it is believed that MUP
did not affect the film. In similar way were the results for F8 films.
F9 also comprised from CS, GLY and Carbopol. It can be said that F9
spectrum follows GLY spectrum and strong interactions have not
been identified.

Fig. 5 exhibits spectra of neat F10 and F11 and loaded with
MUP. The above formulations comprised from SA and Carbopol
as main ingredients. F10 which embedded GLY mainly has similar
spectrum with GLY but SA bands appeared also between 1700 and
1500 cm�1. However, it should be noted that whenMUP was added
the OH band shifted to higher wavenumbers. F11 presents the
bands of PPG and SA demonstrating that all components interact
with each other. Nonetheless, MUP addition did not alter spectrum.

To conclude, from FT-IR spectroscopy studies, it can be said that
strong interactions between mupirocin and the other ingredients
within the formulation did not depict, thus the formulations pre-
sent strong stability during their shelf life.

3.1.2. Thickness, swelling ability and mechanical strength studies
When potential wound dressings are evaluated, several param-

eters such as thickness, swelling ability, tensile strength and elon-
gation should be studied so as to check their suitability as drug
delivery systems and healing promoters. Herein, thickness tests
measured by a micrometer showed that films thickness ranged
from 0.26 to 0.841 mm. F7 film (chitosan 1%, carbopol 0,5%, PEG
400 5%) with 0.26 + 0.02 mm is the thinnest film and the F2 film
(chitosan 1%, propylene glycol 5%) with 0.841 + 0.026 was the
thickest film. Thickness is acceptable and thus all films can be
applied as wound dressings. Weight of films ranged from 0.029
to 0.078 mg whereas drug content was found relatively high as it
was expected since solvent casting leads to high drug loading.
Accordingly, tensile strength and elongation was tested in this
work in order to evaluate the strength and elasticity of the com-
posite films.

It has been reported that the ideal wound dressings should be
elastic, so as to follow skin movements and possesses adequate
resistance to mechanical abrasion (Mohamad et al., 2014). Chi-
tosan films are less flexible and possess poor mechanical proper-
ties, especially in terms of their inferior ability to elongate
(Prateepchanachai et al., 2017). Both chitosan and sodium alginate
films become brittle after solvent casting (Ma et al., 2017). There-
fore, the use of plasticizers for CS or SA film formation is very
important. Plasticizers are generally nonvolatile, high boiling, low
molecular weight compounds which when added to a polymer
matrix improve its processability, flexibility, and stretch ability
by modifying the mechanical properties making the films more
ductile. By adding plasticizer to a polymeric material, elongation
at break, toughness and flexibility are expected to increase, on
the other hand tensile stress, hardness, electrostatic chargeability,
Young’s modulus and glass transition temperature are expected to
decrease (Gal and Nussinovitch, 2009; Rahman and Brazel, 2004).
The commonly used plasticizers in dermal delivery patches include
phthalate esters, phosphate esters, fatty acid esters and glycol
derivatives (Gngr et al., 2012; Lim and Hoag, 2013). In this work,
we chose polyethylene glycol (PEG), propylene glycol (PPG), and
glycerin (GLY) so as to improve the mechanical properties of the
prepared films.

The mechanical properties are shown in Table 2. It can be said
that films that show higher tensile strength correspond to stronger
film while the tensile strength of a film is the maximum stress that
a film can withstand being stretched before necking or cracking. In



Table 2
Evaluation parameters of the composite films.

FC Uniformity of weight (g) Moisture loss (%) Thickness (mm) Drug content (%) Tensile strength (N/cm2) Elongation at break (N)

F1 0.078 ± 0.005 0.753 ± 1.581 0.73 ± 0.018 87.521 ± 4.128 0.777 ± 0.067 142.107 ± 6.184
F2 0.076 ± 0.004 �0.494 ± 1.639 0.841 ± 0.026 94.099 ± 4.223 0.069 ± 0.012 242.292 ± 32.157
F3 0.033 ± 0.003 �50 ± 00000 0.309 ± 0.01 85.702 ± 1.910 2.799 ± 0.369 15.225 ± 2.369
F4 0.058 ± 0.003 8.6371 ± 1.083 0.471 ± 0.017 80.212 ± 7.269 1.531 ± 0.569 40.125 ± 2.439
F5 0.054 ± 0.002 �7.372 ± 0.277 0.477 ± 0.015 87.181 ± 1.247 0 0
F6 0.06 ± 0.0005 1.120 ± 2.067 0.504 ± 0.018 93.852 ± 3.473 0.695 ± 0.112 211.763 ± 27.119
F7 0.035 ± 0.006 6.291 ± 3.59 0.26 ± 0.019 61.537 ± 2.513 6.322 ± 3.057 120.158 ± 26.485
F8 0.046 ± 0.002 �11.575 ± 2.632 0.37 ± 0.018 73.982 ± 1.284 1.065 ± 0.351 150.045 ± 32.667
F9 0.081 ± 0.005 4.566 ± 1.537 0.722 ± 0.015 82.846 ± 1.712 0.035 ± 0.004 146.588 ± 2.777
F10 0.033 ± 0.002 15.313 ± 2.495 0.332 ± 0.015 80.755 ± 1.426 2.089 ± 0.092 107.787 ± 9.263
F11 0.029 ± 0.002 �40.518 ± 3.290 0.306 ± 0.012 85.705 ± 4.129 105.237 ± 9.721 21.592 ± 2.288
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this work, the highest tensile strength was that of F11 film
(105.237 ± 9.721 (N/cm2)), followed by F7 > F3 > F10 > F4 >
F8 > F1 > F6 > F2 > F9 > F5. Elongation at break was higher in case
of F2 (242.292 ± 32.157 N) followed by F6 > F8 > F9 > F1 >
F7 > F10 > F4 > F11 > F3 > F5.

Among the films containing chitosan and PEG or PPG as plasti-
cizer (F1, F2), tensile strength was higher in case of PEG addition
whereas elongation was greater in case of F2. In case of films con-
taining CS, Carbopol and one of the plasticizer PEG, PPG or GLY, F7
had the highest tensile strength due to PEG addition, followed by
F8(PPG), F6(GLY5) and F9(GLY-10). It can be ruled out that increas-
ing GLY content tensile strength is decreased. Elongation was high-
est in case of F6 followed by F8 and F9 of which elongation is
almost similar. F7 had the lowest elongation of the four films,
which is rational as the tensile strength was greater. In case of F7
and F8, it can be reported that both of the films present improved
tensile strength and elongation which it can be attributed to the
addition of carbopol and PEG or PPG. Carbopol was applied so as
to increase the mucoadhesion of the prepared films. However,
some reports recommend that carbopol can play a role in the
mechanical properties of a system (Peh and Wong, 1999).

F3 film contains sodium alginate and PPG as plasticizer. For this
film, tensile strength is 2.799 ± 0.369 N/cm2 whereas elongation is
the lowest of all formulations. F10 and F11 present low and high
tensile strength, respectively which can be attributed to the GLY
and PPG addition.

From the above, F6 film seems to possess the ideal mechanical
properties given that presents significant tensile strength and high
elongation, properties which are ideal for dermal films.

Swelling ability is quite significant parameter when wound
healing dressings studied. Carbohydrates such as chitosan
(Siafaka et al., 2016c,d) and sodium alginate (Huang & Yang,
2009) are known to be swellable in physiological fluids. Similarly,
Carbopol since composed of acrylates present swelling ability
which however affected by erosion during time. Swelling ability
is seen in Fig. 6a and b. F4 and F5 comprised from Chitosan and
Sodium Alginate which both are high swellable polymers. F4 also
has glycerine as plasticizer. Both films absorb water and swell with
passage of the time. However, after 24 h a weight reduction is
observed probably due to dissolution of sodium alginate in
pH = 7.4. Carbopol is a component of F6-F9 films. Carbopol has
hydroxyl groups which at high pH = 7.4 and 8.0 are converted to
carboxylate anions with an expansion of the gel network due to
electrostatic repulsion resulting in increased swelling. The ioniza-
tion of carboxylic groups under basic conditions increases the
hydrophilicity of the molecular chains also leads to the generation
of negative charge repulsion among them, and hence, hydrogels
show higher swelling ability. Interestingly, F6-F9 the first 20 min
swelled and volume and weight increased. After this, weight is
decreased due to carbopol aqueous solubility.
3.1.3. Stability
MUP-loaded films (F6, F7 and F8) were kept at 4 ± 1 �C in the

refrigerator and 25 ± 2 �C (relative humidity 60%) and 40 ± 2 �C
(relative humidity 75%) for 6 months in the stability cabinets
according to the International Conference on Harmonization
guidelines. The samples were analyzed at 1, 3, and 6 month. It
was found that there are no changes in visual appearance and clar-
ity after 6 month. For F6 formulation 93.8–98.4% of initial drug
content of formulations was kept its stability for in 6 month at
4 ± 1 �C in the refrigerator and 25 ± 2 �C (relative humidity 60%).
At 40 ± 2 �C all formulations drug contents is lower than 30% after
6 month. According to the stability studies F6 formulation can be
stored at 4 and 25 �C.

3.2. In vitro drug release studies

Mupirocin is slightly soluble in aqueous medium as it was pre-
viously reported and thus improving its release properties is quite
significant (Cern et al., 2014). When swellable hydrophilic poly-
mers are applied as drug carriers the release mechanism is driven
by several phenomena as the liquid penetration within the poly-
mer network, the swelling of hydrated polymer, drug diffusion
throughout swollen matrix as well as the possible erosion
(Siafaka et al., 2016d). In addition to these factors, sometimes a
hydrated viscous layer is developed around the polymer film
which acts as barrier and provokes the water penetration from dis-
solving the drug molecules. Consequently, it is quite difficult to
examine the release mechanism of swellable matrices as studied
in this work.

Fig. 7 depicts in vitro release studies using phosphate buffered
saline (Siafaka et al., 2016d). Firstly, it can be said that MUP pre-
sents an improved release rate since F4-F9formulations exhibit
that MUP was released at least in 60–100%. In addition, a progres-
sive release rate is shown in case of F4, F5, F7, F8films which also
present a low burst effect. In case of F6 and F9 films it can be ruled
out that both of these films release the drug after the first hour. F4,
F5, F6 and F9 released the whole amount of MUP however F7 and
F8 had a difficulty to dissolve the drug. In conclusion, it seems that
F6 film starts to release the drug after 1.5 h. As swelling studies
indicate, F6 film reaches the maximum swelling ratio at 1 h and
afterwards F6 weight decreases due to carbopol hydrophilicity.
We can conclude that F6 presents high release rate and it is
promising as wound dressing since almost 2 h after being in the
release medium, releases fully Mupirocin drug. All he others for-
mulations, reach the maximum release after 12 h of study.

3.3. Microbiological studies

Mupirocin is a natural crotonic acid derivative extracted from
Pseudomonas fluorescens. It has been reported that MUP inhibits
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Fig. 6. (a) Swelling index of formulations (% weight) and (b) Swelling index of formulations (% volume).
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bacterial protein synthesis by specific reversible binding to bacte-
rial isoleucyl tRNA synthase. MUP also depicts excellent activity
against gram-positive staphylococci and streptococci. Conse-
quently, this antibiotic drug used for treatment of primary and sec-
ondary skin disorders, nasal infections, and wound healing. Herein,
the antimicrobial activity of the composite films assessed against
wound associated bacterial strains such as Escherichia coli, Staphy-
lococcus aureus, Pseudomonas aeruginosa, Bacillus cereus, Entero-
coccus hirae, Klebsiella pneumoniae since the above strains have
been isolated in several wound types (Dang et al., 2018; Khalid
et al., 2017; Siafaka et al., 2016d).

Neat composite films and MUP loaded films present antibacte-
rial property against the studied strains (Fig. 8). It could be con-
cluded that dressings loaded with MUP showed advantageous
activity against the strains compared to neat dressings. In particu-
lar, pure chitosan demonstrated activity against E. coli, P. aerugi-
nosa, S. aureus while non inhibition was seen for B. ceres.
NeatMUP, as it was expected presents high antibacterial ability
against all strains. Almost similar antibacterial activity, express
the neat composite films. When MUP was loaded into the film sim-
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Fig. 7. In vitro drug release profile of formulations.
ilar or higher antimicrobial activity was demonstrated compared
to neat films. To conclude, the obtained results indicate that the
MUP (F6-8) films possess antibacterial activity that could be used
as wound dressing system so as to prevent wound colonization
or severe infection. F6 film seems to be slightly superior compared
to F7 and F8 film, and thus we can recommend it, as ideal wound
drug delivery film.

3.4. Ex vivo bioadhesion and permeation studies

Bioadhesion happens when two surfaces are contacted for an
elongated time by interfacial energies (Tomczykowa et al., 2018).
Bioadhesion is very important considering that if a dressing incor-
porates an adhesive that is too ‘aggressive’, then tissue damage
may occur on its removal (Rippon et al., 2007). In addition to this,
the bioadhesive features of the formulations used as topical drug
carriers facilitate them to stick to the surface of skin, and then,
extend the staying time (Tomczykowa et al., 2018). Table 3 showed
ex vivo bioadhesion results of F6, F7 and F8 formulations. No signif-
icant difference in the bioadhesiveness of F6, F7 and F8 formula-
tions were detected. Furthermore, ex vivo MUP permeation
experiments using diffusion cells were performed to predict
in vivo ability of MUP. In case of MUP permeation from F6, F7
and F8 films was determined after 12 h relatively low as
12.13 ± 0.95, 9.37 ± 0.92 and 4.10 ± 0.14%, respectively. According
to the obtained data, the developed films can be applied safely as
drug carriers for topical delivery of MUP. However, F6 formulation
was chosen for in vivo studies since its physicochemical properties
and the ex vivo bioadhesion and permeation results indicate its
superiority against the other formulations.

3.5. In vivo studies

3.5.1. Macroscopic wound healing
Wound healing duration involves various phases such as gran-

ulation, collagenization, collagen maturation and scar maturation
which are concurrent but independent to each other (Deshmukh
et al., 2009). Representative photos of wound areas were taken
on every 2 days during the treatment. The progressive wound heal-
ing samples of per group were shown in Fig. 9a. It was observed
that treatments with blank film (FG) and mupirocin film (MG) for-
mulations were not irritating to skin. In addition to this, on the



Fig. 8. Zone inhibition diameters of formulations against S. aureus, E. coli, E. hirae, K. pneumoniae, P. aeruginosa and B. ceres.
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10th day, wound regions which were treated with bactroban
cream (BG) and mupirocin film (MG) groups, were smooth and
close to the normal skin color. In this work, F6 formulation was
chosen for in vivo studies.
3.5.2. Wound contraction
Quantitative measurements of wound size are routinely used to

assess initial wound size before and after debridement, as well as
progress toward wound closure (Abu-Al-Basal, 2010). The wound
sealing rates in animals were given in Fig. 9b. The % of wound area
ranged from 86.41% to 21.36% in the period from in the period from
4 to 10 days in the control group. The % of wound area in mice trea-
ted with Bactroban (BG) ranged from 60.28 ± 2.27% (***) to
11.72 ± 1.27% (**) in the period from 4 to 10 days. The % of wound
area in mice treated with Blank film (FG) ranged from 77.90.76%
(**) to 11.821.44% (**) in the period from 4 to 10 days. The % of
wound area in mice treated with Mupirocin film (MG) ranged from
51.01 ± 1.67% (***) to 5.88 ± 0.76% (***) in the period from 4 to
10 days. Mupirocin film formulation showed the highest decrease
in % of wound area in comparison with control group. Although
both groups contain MUP, the difference between MG and BG
might be due to film formulations showed a long-acting effect than
cream formulations. The objective of the injury therapy is to abbre-
viate the healing time or to decrease the unwanted results, the
reupon scarring (Okur et al., 2018). In addition, FG showed remark-
able effect as compared to control group. It can be considered that
this effect is due to chitosan antimicrobial and haemostatic effects
(Bano et al., 2017). The chitosan had a synergistic effect on the
Table 3
Ex vivo bioadhesion results of F6, F7 and F8 formulations.

FC Work of bioadhesion mJ/cm2 Bioadhesive force N/cm2

F6 0.195 ± 0.020 0.432 ± 0.072
F7 0.121 ± 0.005 0.304 ± 0.057
F8 0.143 ± 0.002 0.305 ± 0.057
antibacterial properties, thus unloaded films also showed antimi-
crobial effects (Fig. 8). It is known that chitosan possess primary
amino groups in their structures that play a major role in antibac-
terial activity. Moreover, chitosan can alter permeability character-
istics of microbial cell membrane and further prevent the entry of
materials or cause leakage of cell constituents that finally leads to
death of bacteria (Üstündağ-Okur et al., 2015). The use of an antibi-
otic drug as a component in wound healing system is important so
as to avoid wound infection. The antimicrobial agents can prophy-
lactic act against infectious organisms and prevent incidents as
sepsis.

3.5.3. Histology of wound healing
The normal wound healing contains three successive but over-

lapping phases: hemostasis/inflammatory, proliferative, and
remodeling phases (Wang et al., 2018). The proliferative phase of
cutaneous wound healing, also called granulation phase, is charac-
terized by reepithelization, angiogenesis, granulation tissue forma-
tion, and collagen deposition (Serra et al., 2017). It begins 3–4 days
after damage and continues for 2–4 weeks (Greaves et al., 2013). In
our work, angiogenesis, granulation tissue thickness, and epider-
mal dermal regeneration were examined separately.

Regular growth of granulation tissue during wound healing is
one of the indicative of wound healing (Ayla et al., 2017). It was
determined that MG (***) and BG (*) showed a significant granula-
tion tissue thickness as compared to control, in accordance with
the tissue samples. Moreover, it could be determined that thicker
granulation tissue was occured in MG as compared to BG after
treatment (Figs. 10 and 11). Angiogenesis, which is integral to suc-
cessful wound repair, involves sprouting of wound-edge capillaries
followed by their invasion into the site of damage (Shaw and
Martin, 2009). Angiogenesis is triggered from the moment the
haemostatic plug has formed as platelets release TGF-b, PDGF
and FGF (Singh et al., 2017b). In this study, considering the results
of histological evaluation, more blood vessel formation was
detected on MG (***) and BG (*) as compared to control group
(Figs. 10 and 11).



Fig. 9. (a) Macroscopic examples of Untreated (UG), Bactroban (BG), Blank film (FG), Mupirocin film (MG) groups at days 0, 2, 4, 6, 8, and 10. (b) Healing percentage of seam
area in each group (Untreated (UG), Bactroban (BG), Blank film (FG), Mupirocin film (MG) groups).

Fig. 10. Histopathologically observation of injured skin samples of the untreated (UG), bactroban (BG), blank film (FG), mupirocin film (MG) groups on 10th day
(Hemotoxylen and eosin (magnification �10). The scale bars represent 100 lm for figure. w: Epidermal regeneration, ?: Angiogenesis, blood vessels, M: Granulation
formation.
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Epidermal and dermal regeneration increment is a principal
apprehension for the wound treatments (Basu et al., 2017; Okur
et al., 2018; Zhang et al., 2018). This work also displayed that there
was significantly higher % regeneration with the MG (**) and BG (*)
compared to control (Figs. 10 and 11). It can suggested that mupir-
ocin film group expedites the epidermal layer regeneration. Finally,
it was determined that the mupirocin film group is more effective,
compared to the market product group, to critical factors for
wound healing such as epithelialization, granulation tissue thick-
ness and angiogenesis.
4. Conclusion

The obtained data demonstrate the use of polysaccharides and
other polymers in the development of novel dressings that could



Fig. 11. Histological scores of granulation tissue thickness, angiogenesis and epidermal-dermal regeneration of untreated (UG), bactroban (BG), blank film (FG), mupirocin
film (MG) groups.
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afford significant clinical potential in would healing field. FTIR data
showed that strong interactions between mupirocin and polymer
matrices have not been depicted which ensure stability of the film
during time. In further, morphology of the films was similar to
other previously reported solvent casting films whereas thickness
and weight were found as uniform. Swelling ability was improved
but by the passage of the time swelling was decreased probably
due to erosion or other mechanism. In vitro drug release studies
demonstrated that MUP release was increased and in most case
the drug was dissolved in high percentages. Ex vivo bioadhesion
supports that F6 is the most bioadhesive formulation. Ex vivo per-
meation studies exhibit that a very low amount of mupirocin could
cross the epidermis layer and thus the film can be safely applied for
topical delivery. From in vivo studies, it can be concluded that the
chosen due to its physicochemical characteristics, mupirocin film
(F6) accelerates the regeneration of the epidermal layer while the
film is more advantageous on epithelialization, granulation tissue
thickness and angiogenesis compared to the commercial product.
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