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The objective of the present research was to examine the possible usage of microemulsion based gel for
fusidic acid (FA) dermal application as burn wound treatment. During the preparation of microemulsion,
ethyl oleate as oil phase, tween 80 as a surfactant, ethanol as co-surfactant, water as aqueous phase were
used. The prepared microemulsions were evaluated for clarity, pH, viscosity and FA content. Moreover,
stability, sterility, antibacterial activity, in vitro release of the formulations were also evaluated. The
results showed that the FA loaded microemulsion and microemulsion based gel formation and character-
istics were related to many parameters of the components. The performed optimized microemulsion-
Microemulsion based gel ba.sed gel .showed good stability over a period of 3 months. The antibacterial activity of
Cell culture microemulsion-based gel was found to be comparable with marketed cream. RAW 264.7 macrophages
Rat were used to determine cell viability (MTT assay) and nitric oxide production. MBG and FA-MBG signif-
Anti-inflammatory activity icantly inhibit the production of the inflammatory mediator NO in LPS-stimulated RAW 264.7 cells in a
concentration-dependent manner. The wound healing property was evaluated by histopathological
examination and by measuring the wound contraction. The % of wound area in rats treated with FA
(2%) loaded microemulsion based gel ranged from 69.30% to 41.39% in the period from 3 to 10 days. In
conclusion, FA loaded microemulsion based gel could be offered as encouraging strategy as dermal sys-
tems for the burn wound treatment.
© 2020 The Authors. Published 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/).
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1. Introduction is a prevalent and burdensome critical care problem (Rowan et al.,

2015). The depth of a burn wound and/or its healing potential are

A burn is defined as damage to the skin caused by excessive
heat or caustic chemicals. The most common burn injuries result
from exposure to heat and chemicals (Trabelsi et al., 2017). Burns
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the most important factors of the therapeutic management and the
residual morbidity or scarring (Monstrey et al., 2008). Wound heal-
ing is an active and dynamic process that begins from the moment
of injury. Any delay in the initiation of the response to injury can
prolong the healing process (Gurel et al., 2015).

Microorganisms that cause burn wound infections have chan-
ged over years related to changes made in the treatment of burn
patients. Infection is a major complication of burn injury and is
responsible for 50-75% of hospital deaths (Dua et al., 2013). Many
of the antimicrobial agents are designed to be used prophylacti-
cally to prevent infection developing, while others are designed
to kill the microbial cells that are proliferating within the burn
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when an infection has developed (Dai et al., 2010). Election of topi-
cal antimicrobial therapy should be based on the agent’s ability to
inhibit the microorganisms recovered from burn wound surveil-
lance cultures (Altoparlak et al., 2004). Fusidic acid (FA) is an
antibiotic agent derived from the fungus Fusidium coccineum (Lee
et al., 2015), belongs to the class of steroids, but has no corticos-
teroid (anti-inflammatory or immunosuppressive properties)
effects. Nowadays, it is available in many formulations for oral
(tablet and suspension), intravenous, and topical (cream and oint-
ment) administration. For skin infections treatments, many doctors
prescribe topical fusidic acid. The most frequent indications are
boils, anthrax or carbuncle, erythema, cellulitis, folliculitis, acne,
paronychia, hidradenitis, and wound infections due to burns and
impetigo (Banerjee and Argaez, 2017; Bonamonte et al., 2014).

A microemulsion is defined as a dispersion consisting of oil, sur-
factant, co-surfactant and aqueous phase, which is a thermody-
namically stable liquid solution. They are homogenous
dispersions of water in oil (w/o) or oil in water (o/w) droplets sta-
bilized by surfactants (Hamed et al., 2019; Ustiindag Okur et al.,
2011). From preparation and sterilization, microemulsions are rel-
atively simple and inexpensive systems (Kaur et al., 2018). These
formulations are also used to prepare poorly water-soluble drugs
because their structure allows the solubilization of lipophilic drugs
in the oil phase (Ustiindag-Okur et al., 2014a). The administration
of microemulsions as a solution onto the skin can be challenging
due to its low viscosity. To optimize the microemulsion as a dermal
formulation, different hydrogels such as chitosan, xanthan gum,
carbomer, and carrageenan have been studied to increase the vis-
cosity of formulations (Ghorbanzadeh et al., 2019). To minimize
this effect the thickening agent can be introduced into the system
in order to transform it from liquid to semisolid state (Froelich
et al., 2019). The addition of gelling components into microemul-
sions produces microemulsion-based hydrogels, which are easier
to apply to the skin compared to runny liquid formulations
(Hajjar et al., 2018). The stable microemulsion based hydrogel
has good permeation ability and suitable viscosity for the topical
delivery, which provided longer contact with skin (Ghorbanzadeh
et al., 2019).

The aim of this work was to develop novel FA loaded
microemulsion formulations for burn healing treatment. For this
purpose, characterization, drug release, stability, anti-
inflammatory activity and in vivo of the formulations were
investigated.

2. Materials and methods

2.1. Materials

FA was a kind gift from Berko ilag, Turkey. Ethyl oleate (EO) was
purchased from Sigma-Aldrich, UK. Chitosan oligosaccharide lac-
tate (COL) was obtained from Sigma-Aldrich, USA. Tween 80
(Polysorbate 80) and Nutrient Agar (1.05450) were purchased from
Merck, Germany. Acetonitrile (Sigma, Germany) was used for high
pressure liquid chromatography (HPLC). Ultrapure water was
obtained from Direct-Q® Water Purification System, Germany.
Spectra/por dialysis membrane was purchased from Spectrum.
Fluid Thioglycollate Medium (CMO0173) and Soy Bean Casein Med-
ium were obtained from Oxoid, Thermo-Fisher Scientific. Mueller-
Hinton Il Agar (70191) was purchased from Sigma-Aldrich Co. Type
cultures of bacteria were purchased from ATCC, USA. Dulbecco’s
modified Eagle’s medium (DMEM) was obtained from Gibco, USA,
MTT was purchased from AppliChem, Germany. Isopropanol, sul-
fanilamide and N-(1-naphthyl)ethylenediamine dihydrochloride
were purchased from Sigma-Aldrich, USA, phosphoric acid from
Mettler, Switzerland.

2.2. Preparation of microemulsion formulation

The existence range of microemulsions was understood by
using pseudo-ternary phase diagrams. Titration method was used
to obtain microemulsions. A series of oil and surfactant/co-
surfactant mixtures (1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, and 9:1
at weight ratios) with ultrapure water at 25 + 1 °C were titrated.
After that, microemulsions were determined by visually examining
the mixtures. The HLB value of formulation was determined as 15.
A software program was used to construct the phase diagrams. All
preparations were repeated at least four times. Microemulsion for-
mulation was developed in accordance with the microemulsion
area in the phase diagrams. After gently equilibrating, selected
microemulsions for 5 min were magnetic stirred. To check physical
stability for ideal microemulsion, fresh and aged microemulsion
formulations were tested by applying centrifugation test. The
microemulsions were subjected to centrifugation at 5.175g for
30 min and observed for any phase separation (Ustiindag-Okur
et al., 2014b; Ustiindag Okur et al., 2016).

2.3. Preparation of FA loaded microemulsion based gel

In Table 1, the list of the materials that were used for preparing
formulations in the present work, together with their abbrevia-
tions is provided. For preparing microemulsion based gel (MBG)
COL (1%) was added to the water phase of the microemulsion.

2.4. Characterization of formulations

In order to detect the suitability of formulations for topical
administration, formulations were evaluated for their characteris-
tic features such as pH, viscosity, droplet size, polydispersity index
(PDI), zeta potential, drug content and spreadability.

2.4.1. Droplet size, PDI and zeta potential analysis

Dynamic Light Scattering method (Nano ZS, Malvern Instru-
ments, U.K.) was used to measure the average droplet size and
PDI. Experiments were repeated six times at 25 + 1 °C. In order
to measure the zeta potential of samples, capillary zeta cells were
used. By using the Helmholtz-Smoluchowski equation, the zeta
potential was detected. Software involved system was used for
the process. The experiments were repeated six times at
25 + 1 °C (Ustiindag-OKkur et al., 2014a).

2.4.2. Viscosity

Brookfield viscometer LVDV-E model was used to determine the
viscosity of the formulations. The preparations were placed in the
sampler tube. The formulations were measured with 50 rpm at
25+0.5 °C.

2.4.3. Determination of pH

The pH of the formulations was detected using a calibrated pH
meter (Mettler Toledo, Switzerland). Determinations were carried
out four times.

Table 1
Components concentration (%) of the prepared microemulsion (M) and microemul-
sion-based gel formulations (MBG).

Component (%) M MBG
EO 14.58 14.58
Tween 80 53.75 53.75
EtOH 8.958 8.958
Water 22.71 22.71 (1% COL)

Surfactant/Cosurfactant ratio 6:1 6:1
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2.4.4. Drug content

To determine drug content in the prepared formulations, the
drug loaded formulations were dissolved in methanol and investi-
gated with HPLC.

2.4.4.1. HPLC studies. The mobile phase was prepared by mixing
acetonitrile and ultrapure water (80:20) (v/v) with a flow rate of
1.7 mL/min. The flow rate was 1.7 mL/min and the column temper-
ature was maintained at 25 + 1 °C at 285 nm. The volume of injec-
tion was adjusted 20 pL. The run time was set at 10 min with the
system operating at 25 = 1 °C. The HPLC method was validated for
linearity, the limit of detection and quantitation, precision, accu-
racy and specificity, selectivity and stability (Ustiindag Okur
et al., 2016).

2.4.5. Spreadability

To determine spreadability of formulations, 100 mg of blank
and FA loaded formulations were transferred to the center of a
glass plate at 32 °C. This plate was compressed under another
plate. After one minute, the weight was removed and the diameter
of the spread area (cm) was measured.

2.4.6. Stability of FA loaded microemulsion based gel

In physical stability studies, the formulation (FA-MBG) was
placed at 4 + 0.5 °C in the refrigerator and 25 + 1 °C (relative
humidity 60%) in the stability cabinets (Nuve, Turkey) for three
months. After three months; visual appearance, clarity, pH, spread-
ability of the gel and FA content were determined.

2.5. In vitro drug release studies

In vitro release experiment of microemulsion based gel formu-
lation was performed in ethanol and PBS pH 7.4 (ratio of 30:70)
at 50 rpm at 32 * 0.5 °C. 5000 mg of FA-MBG was separated from
release media by means of dialysis membrane (Spectra/por, MW of
12-14 kDa). 1 mL of sample was withdrawn at a predetermined
time interval of 0.5, 1, 2, 3,4, 5,6, 7, 8, 10, 12 and 24 h. The samples
were analyzed with HPLC. The experiment was repeated three
times.

2.6. Microbiological studies of FA loaded microemulsion based gel

2.6.1. Sterility studies

FA loaded MBG were prepared at Laminar air flow Cabinet
(Haier HR40-11A2). Sterility testing of the formulation was carried
out under aseptic conditions. To check the sterility of the blank
and FA loaded MBG sterility control testing was performed accord-
ing to the international Pharmacopoeia (The International Pharma-
copoeia Fourth Edition) and similar to the previously reported
method (Ustiindag Okur et al., 2019b). For anaerobic bacteria, the
Fluid thioglycollate medium was used. 1 mL of the formulation
was added to each medium and incubated in BINDER GmbH incu-
bator at 35 °C for bacteria and 25 °C for fungi for two weeks. No
growth of the microorganisms occurred. For growth promotion test
of aerobes, anaerboes and fungi, fluid thioglycollate media (using a
separate portion of media for each microorganism) were inocu-
lated with 100 CFU of Staphylococcus aureus ATCC 6538, Clostridium
sporogenes ATCC 19404 and Candida albicans ATCC 10231. Media
were incubated at 35 °C for 48 h.

2.6.2. Disk diffusion testing

The antibacterial effect of the microemulsion based gels both
with FA and without FA and the commercial product (Fucidin 2%,
Abdi ibrahim) was tested on S. aureus (ATCC 6538), Bacillus cereus
(ATCC 7064), Escherichia coli (ATCC 8739), Pseudomonas aeruginosa

(ATCC 27853), using both agar well diffusion method according to
the guidelines of Clinical and Laboratory Standards Institute (stan-
dard MO02-A) and previously reported methods (Siafaka et al,,
2019). Staphylococci are known to induce skin abscesses and
worldwide they are the most commonly identified agent responsi-
ble for skin and soft tissue infections (Kaplan et al., 2005; Siafaka
et al., 2016; Ustiindag Okur et al., 2019a). Gram negative P. aerug-
inosa is also known to be a common and increasing reason of skin
infections that can result in potentially life-threatening septicemia
(Siafaka et al., 2016; Siebenhaar et al., 2007).

Bacteria were incubated on Nutrient Agar at 37 °C for 18 h.
Active cultures were aseptically suspended in sterile saline and
were arranged to give an inoculum with an equivalent cell density
to 0.5 McFarland turbidity standard. 100 pL of each sample was
spread evenly onto Mueller-Hinton II Agar and allowed to dry,
and wells (diameter = 10 mm) were filled with 100 uL of formula-
tions. They were stored at 37 + 1 °C for 24-48 h and the inhibition
diameters of each formulation for each isolate were detected by a
digital ruler. Each test was completed in triplicate and the mean
zone size was detected.

2.7. Anti-inflammatory activity

2.7.1. Cell culture

The murine macrophage cell line RAW 264.7 was obtained from
American Type Culture Collection, USA (ATCC). Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco, NY, USA) sup-
plemented with 10% heat-inactivated FBS and 1% penicillin (10.000
units/mL) and streptomycin (10.000 pg/ mL) in a humidified atmo-
sphere of 5% CO, at 37 °C. The effect of MBG and FA-MBG on cell
viability, MTT colorimetric assay was used. Briefly, RAW 264.7 cells
were plated at a density of 1 x 10%/mL and incubated for 24 h at
37 °C in 5% CO,. After 24 h, cells were treated with MBG and FA-
MBG (0.025%, 0.05, %, 0.1%, 0.2%). After 24 h of incubation, the cell
culture medium was discarded and MTT solution (0.5 mg/mL) was
added to each well for an additional 2 h at 37 °C. After 2 h incuba-
tion, the cell culture medium was discarded and 100 pL of iso-
propanol was added to wells to dissolve formazan crystals. The
optical density was measured at 570 nm wavelengths using an
ELISA microplate reader (Thermo Multiskan Spectrum, Finland)
(Reis et al., 2018). The percentage of cell viability was detected
by using the following equation:

Viability% = (Absorbancereament group) /(Absorbanceconror) x 100%.

2.7.2. Evaluation of anti-inflammatory activity by Griess assay

To determine the anti-inflammatory activity of the MBG and
FA-MBG on RAW 264.7 cells, the Griess assay was performed
(Reis et al., 2018). Briefly, RAW 264.7 cells plated in a 48 well-
plate at a density of 1 x 105/mL and incubated for 24 h at 37 °C
in 5% CO,. After 24 h of incubation, plated cells were pre-treated
with MBG and FA-MBG (0.025%, 0.05%, 0.1%, 0.2%) for 2 h and then
stimulated with 1 pg/mL of LPS (lipopolysaccharide from Escheri-
chia coli 0111:B4, Sigma, USA) for additional 22 h. After total
24 h, 50 puL of cell culture supernatant was mixed with 50 uL Griess
reagent in a 96-well plate (1% sulfanilamide and 0.1% N-(1-
naphthyl) ethylenediamine dihydrochloride in 5% phosphoric acid)
for 10 min in the dark at room temperature. The optical density
was measured by using a microplate reader (Multiskan Ascent, Fin-
land) at 540 nm wavelengths. The nitrite levels were determined
by using sodium nitrite standard calibration curve. Indomethacin
(100 uM) was used as a positive control.

2.7.3. Statistical analysis
All repeated experiments were conducted in triplicate. Statisti-
cal analysis of the results was performed by using GraphPad Prism
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6 (Version 6.01; GraphPad Software, Inc., San Diego, CA). Differ-
ences between groups were analyzed by using one-way ANOVA
following the post-hoc tests by Tukey. Group differences were con-
sidered to be significant at p < 0.05(*), p < 0.01 (**), p < 0.001 (***).

2.8. In vivo studies

2.8.1. Animals

All animal studies were performed according to the Declaration
of Helsinki and approved by the Local Animal Ethical Committee
(Approval number: 38828770-604.01.01-E.46499). Male Wistar
albino rats weighing 250 + 10 g were purchased from the Experi-
mental Animal Center of Istanbul Medipol University for the ani-
mal experiment. Rats were housed in a room maintained at
22 *+ 1 °C with an alternating 12-h light/dark cycle. Animals had
free access to a pellet diet and water ad libitum. The rats were
transported to a quiet laboratory at least 1 h before the experiment
began. For the in vivo studies, all studies were done between 09:00
to 12:00 a.m. under the normal room light and temperature
(22 £ 1 °C).

2.8.2. Experimental groups and burn model
21 animals were divided into 3 groups (n = 7) each as follows;

(1) Control group (Untreated group): CG

(2) Fusidic acid (2%) loaded microemulsion based (FA-MBG) gel
group: MG

(3) Fucidin® (2% Fusidic acid) cream group (commercial product
of FA): RG

All rats were anesthetized with ketamine (10 mg/kg)-xylazine
(80 mg/kg) and the back of each animal was depilated and washed
with the solution of povidone-iodine. The 2nd degree burn wounds
(two full-thickness burn wounds per rat) were induced on the sur-
gical area by using a temperature controlled modified heating
instrument. The heated template (1 cm diameter) was applied per-
pendicularly to the designated area with gravitational pressure and
temperature of 100 °C for 15 s (Oryan et al., 2018). The standard
drug and the formulations (0.5 g) were topically applied once a
day for 10 days.

2.8.3. Burned wound area measurement

Each burned wound site pictures were obtained with a camera
(Canon, Japan) at days 0, 3, 5, 7, and 10 to measure wound contrac-
tion. The wounds photographs were performed at a 90° angle. An
image analyser (Image ].2.0 software, NIH, USA) was used to detect
wound surface areas during healing. The wound closure % was
detected as follows:

% Wound contraction = (Current wound area/wound area at the
beginning) x 100 (Okur et al., 2018).

2.8.4. Histology

The animals were sacrificed and the wound tissues were
removed on day 10. The samples were fixed in 10% formalin, for
one day and then embedded in paraffin, sever to 5 pm-thick por-
tions, and dyed with Hematoxylin & Eosine for scoring under light
microscopy. The histologic score system ranged between 1 and 4.
Wound healing for each group was evaluated using the scoring sys-
tem for epidermal and dermal regeneration described by Galeano
et al. (2006), (Ayla et al., 2017).

2.8.5. Statistical analysis

GraphPad Prism 7.0 was used for statistical analyses and
graphs. The results were expressed as means + standard error of
the mean (SEM). Significant differences between groups were

determined by one-way ANOVA using a Kruskal-Wallis test.
Values for p < 0.05 were considered statistically significant.

3. Results and discussion

A burn is a common medico-surgical problem all over the
world. It is probably the most devastating of all wounds (Dua
et al., 2013). The imbalance between the pathological factors and
integrity of immune defense mechanism promotes colonization
of both gram-positive and gram-negative bacteria on the burning
surface including P. aeruginosa, S. aureus and Methicillin-resistant
S. Aureus (Serra et al., 2015; Ustiindag Okur et al., 2019a). Owing
to the high amount of antimicrobial on the lesion surface, ease of
rapid delivery, better adherence and decreased systemic toxicity
risk, topical-antimicrobial therapy has always been considered
advantageous (Lipsky and Hoey, 2009). However, creams and oint-
ments fail to remain adhered to the lesion site and lose their rhe-
ological properties as they come in contact with the lesion fluid.
This brings impaired drug delivery and increased applications of
antibiotic (Thakur et al., 2018).

FA is the only fusidane-type antibiotic that has been clinically
used. It has been applied to treat infections caused by methicillin
resistant Staphylococcus aureus strains, and it is also effective
against other species of Gram-positive bacteria FA blocks the trans-
lation elongation factor G gene in bacteria. Translation EF-G inter-
acts consecutively with the ribosome during polypeptide synthesis
(Salama et al., 2013). The conventional topical formulations of FA
fail to penetrate across the wound eschar leading to sub-optimal
therapeutic efficacy and moreover, it has to be applied 2-3 times
daily (Schofer and Simonsen, 2010).

In addition, some anti-bacterial agents (the nephro/hepatotoxi-
city of silver, argyria and dyschromia) for burned wounds, are not
so advantageous as it is believed. Moreover, conventional wound
dressings have several limitations including adherence to wound,
resulting in ischemia and/or necrosis, the occurrence of a foreign-
body reaction, and irritation, or allergic reaction (Oryan et al.,
2018). Thus, the development of novel dressings with significant
properties is mandatory.

3.1. Preparation and characterization of FA loaded microemulsion
based gel

Fig. 1 shows pseudo-ternary phase diagram of microemulsion
composed of EO, tween 80, ethanol and distilled water. The con-
struction of phase diagrams was used to detect the concentration
range of components in the presence of microemulsion. The blank
microemulsion was selected from the gravity center of the phase
diagram. The surfactant/co-surfactant ratio with the highest area
was determined as 6:1. The area of M1 microemulsion was deter-
mined as 862.04. It should be claimed that this phase diagram was
obtained by maintaining the surfactant/co-surfactant ratio at 6:1.
Hydrophilic lipophilic balance (HLB) value was determined as
12.077. After FA was dissolved in the system, the clear system
was detected with no phase separation. The microemulsions had
isotropic transparent dispersions and after centrifugation, no phase
separation was observed. This demonstrated the good physical sta-
bility of the tested microemulsions.

Nonionic surfactants are known to be less toxic than ionic sur-
factants. In this study, tween 80 was used as a nonionic surfactant.
Surfactants with high HLB (>12) values assist the immediate for-
mation of o/w droplet and rapid spreading of the formation in
aqueous media (Solans and Garcia-Celma, 1997). Ethanol was
applied as cosurfactant. Short to medium chain length alcohols
are generally added as co-surfactants to increase the fluidity of
interface (Szumata, 2015).
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Ethyl Oleate
100 0

10

TW80/ Ethanol

Fig. 1. Pseudo-ternary phase diagrams of microemulsion composed of EO, Tween 80: Ethanol ratio 6:1 and distilled water.

Microemulsion-based gel was successfully prepared with COL
(1%) as a gelling agent to impart viscosity to the preparation as well
as to sustain the action of the drug by increasing residence time.
Polysaccharides have been considered to encourage wound healing
which is quite important for the development of effective and non-
toxic drugs with better activities in vitro and in vivo (Trabelsi et al.,
2017).

Physicochemical characterization of microemulsion formula-
tions especially for dermal application is an important subject
to be considered during the formulation development phase
(Ustiindag Okur et al., 2011). The physicochemical characteriza-
tion parameters of blank microemulsion (M), FA loaded
microemulsion (FA-M), blank microemulsion based gel (MBG)
and FA loaded microemulsion based gel (FA-MBG) is reported in
Table 2. The droplet size of M and FA-M ranged from 9.39 to
11.22 nm with low PDI values. On the other hand, the droplet size
of MBG and FA-MBG ranged from 20.56 to 21.27 nm with low PDI
values. It can be said that FA entrapment increased the droplet
size. Similar results have been reported for rosiglitazone-loaded
cationic lipid emulsion (Davaa and Park, 2012). A near-neutral
surface charge was observed for M and FA-M formulations. Zeta
potential of MBG and FA-MBG was found as 15.8 + 1.03 and 14.
69 + 0.92 mV, respectively. Spreadability test was carried out
for all the formulations since it is important for patient compli-
ance and helps in the uniform application of gel to the skin

Table 2

(Shishoo et al., 2011). Spreadability values of the MBG and FA-
MBG were decreased compared to microemulsion spreadability
which could be associated with COL addition. The pH values of
formulations ranged from 5 to 5.41, are close to the pH values
of normal skin. This fact can imply formulations compatibility
with skin. The viscosity of MBG was significantly higher than that
of M (1523.33 + 2 cP vs 692.53 + 1.25 cP). It can be claimed that
the increase of viscosity was due to the addition of COL, since gel-
ling agents such as chitosan can increase the viscosity of formula-
tions. This enhanced viscosity improves the suitability of
formulations for topical administration (Ustiindag Okur et al.,
2019b). Finally, the drug content uniformity of FA-M and FA-
MBG was found to be 95.42 + 3.07, 95.36 + 4.15, respectively.
Similar drug content results also revealed by Mali et al., where
microemulsions loaded with lipophilic itraconazole were studied
(Mali et al., 2017). Besides, microemulsions and microemulsions
based gels are chosen for topical administration systems due to
their enhanced drug entrapment and their ability to solubilize
the lipophilic drug moiety which shows rapid and efficient pene-
tration to the skin (Mehta et al., 2015).

Due to the above characterization results, as optimal dermal
carrier was chosen FA-MBG and thus it was further studied in con-
text of stability and in vitro release. In later stages, antimicrobial
activity and healing properties were also evaluated for the chosen
desirable carrier.

Characterization results of blank and FA loaded microemulsion and microemulsion based gel fomulations.

Formulation code pH Viscosity (cP) Droplet size (nm) PDI Zeta potential Spreadability (cm) Drug content (%)
M 5+ 0.06 692.53 £ 1.25 11.22 £0.22 0.45 £ 0.08 —1.45 £0.36 4.5+ 0.05 -

MBG 5.41 + 0.05 1523332 20.56 + 0.37 0.312 £ 0.01 15.8 £ 1.03 3.28 £0.18 -

FA-M 5.04 + 0.02 410.43 £ 0.75 9.39 £ 0.29 0.47 £ 0.1 —1.05 + 0.54 5.35+0.30 95.42 + 3.07
FA-MBG 5.07 £ 0.02 1468.33 + 2.7 21.27 + 0.195. 0.308 + 0.03 14.69 £ 0.92 3.07 £ 0.12 95.36 + 4.15
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3.2. Stability studies of FA loaded microemulsion based gel

The stability experiments were performed at 4 + 1 °C and
25 + 1 °C, for a period of 3 months. Table 3 shows stability studies
results of FA-MBG formulation. There was no significant change in
clarity, pH and drug content of the FA-MBG after 3 months of sta-
bility testing. Thus, the prepared FA-MBG can be declared as stable
at 4 °C and room temperature for 3 months.

3.3. In vitro drug release study of FA loaded microemulsion based gel

In vitro drug release of the microemulsion was evaluated via
dialysis bag technique, using pH 7.4 as release medium. Fig. 2
depicts in vitro drug release results of FA-MBG. It is well reported
that FA is not soluble in water, so a very low dissolution rate has
been reported in pH = 7.4. First of all, it can be indicated that
prolonged- controlled release pattern with 10% burst effect was
achieved. Nonetheless, improved gradual release of FA for 24 h is
seen. Finally, maximum drug release from microemulsion based
gel was achieved within 24 h. Similarly, numerous studies can be
found which exhibit that lipophilic drug loaded microemulsions
showed prolonged release (Froelich et al., 2017; Olejnik et al.,
2018; Ustiindag Okur et al., 2014).

3.4. Microbiological studies of FA loaded microemulsion based gel

Wound infection is a big problem in burn therapy since it is the
most prevalent reason of mortality (D’Avignon et al., 2010;
Merchant et al., 2015; Norbury et al.,, 2016). Pathogens have
evolved over time in line with antibiotic use (Wang et al., 2018).
With limited new antibiotics, discoveries increasing the efficacy
of currently available antimicrobials is remarkable to enhance
morbidity in burn sufferer (Kinch et al., 2014). Infection not only
could have serious threats on patient’s life, but it also delays the
healing process resulting in prolonged hospitalization time and
cost (Oryan et al., 2018; Siafaka et al., 2016). Burns are particularly
susceptible to infection for several reasons. The disruption of the
epidermal barrier combined with the denaturation of proteins
and lipids provides a fertile environment for microbial growth
(Sevgi et al., 2013). From the results of the sterility studies of the
formulations with FA, it was demonstrated that no growth of any
of the inoculated microorganisms occurred after the incubation
period. Moreover, it can be reported that the prepared microemul-
sion based gel showed an antibacterial effect on the selected
microorganisms. Fig. 3 shows zone inhibition diameters of FA-
MBG, MBG and commercial product of FA. Blank MBG (not contain-
ing FA) as it was expected did not show any inhibition zones on
E. coli and P. aeruginosa, which are both gram negative bacteria.
In gram positive bacteria (S. aureus and B. cereus) there was a minor
inhibition zone, probably due to COL addition. It is well known,
that chitosan possesses antimicrobial activity against some strains
(Siafaka et al., 2016). The microemulsion based hydrogel showed
greater inhibition zone diameters for all the bacteria except P.
aeruginosa compared to the commercial product (Table 4). Accord-
ing to our results, while P. aeruginosa and E. coli showed the nar-

Table 3
Stability studies of FA-MBG formulation.

Parameters t = 0 months t = 3 months
4+05°C/25+1°C 4+0.5°C 25+1°C

pH 4.47 + 0.02 5.117 £ 0.012 5.053 + 0.015

Spreadability (cm) 3.07 + 0.12 1.850 + 0.071 1.875 £ 0.035

Drug content (%) 95.36 + 4.15 95.070 + 2.445 94.053 + 1.477

rowest inhibition zone, the largest zone was observed in S.
aureus, which is the most reported bacterium that causes infec-
tions on soft tissues.

3.5. Anti-inflammatory activity

Before analyzing the potential anti-inflammatory activity of the
MBG and FA-MBG by measuring nitrite levels in cell culture med-
ium, non-toxic concentrations with viability more than 70% were
determined. Therefore, cytotoxic effects of MBG and FA-MBG were
examined on RAW 264.7 murine macrophage cells by MTT colori-
metric assay after 24 h of treatment with varying concentrations
(0.025%, 0.05%, 0.1%, 0.2%) of MBG and FA-MBG. Fig. 4 shows effect
of MBG and FA-MBG on RAW 264.7 cell viability. It can be con-
cluded that viability is high and acceptable for such formulations.
These results are rational given that the used chemical substances
are non-toxic.

3.5.1. Nitric oxide production in Lps-stimulated RAW 264.7 cells

Nitric oxide (NO) is well known to be one of the major regulators
of wound healing. However, excessive NO production was demon-
strated to play a critical role in the pathogenesis of inflammation
and can lead to cellular death and tissue damage in high amounts
by reacting with reactive oxygen species (Schulz and Stechmiller,
2006). Therefore, inhibition of NO production is an important strat-
egy for the screening of anti-inflammatory formulation.

In the present study, both of the formulations, MBG and FA-
MBG exert anti-inflammatory effects in LPS induced RAW 264.7
macrophage dose dependent manner. The effects of MBG and FA-
MBG on NO production were assessed by Griess assay by evaluat-
ing the decrease in nitrite production levels in vitro. As in Fig. 5,
MBG and FA-MBG decreased nitrite levels by up to 80% in LPS-
stimulated RAW 264.7 cells and showed the strongest anti-
inflammatory affect at the highest dose administered (0.2%).

3.6. In vivo studies

3.6.1. Macroscopic burn healing

In this study, the burn healing potential was evaluated through
10 days experimental period by monitoring regularly the percent-
age of wound areas contraction. Experimental 2nd degree burns
were created on the backs of rats and all lesions were treated for
10 days to investigate the burn healing activity of FA loaded
microemulsion based gel group (MG). The degree of a burn injury
can be classified into first, second, third, or fourth degree burns
according to the depth of tissue injury. 2nd degree burns can affect
either papillary layer (i.e. the upper dermis) or reticular layer (i.e.
the deeper dermis) with white or yellow color, blistering of the
skin, and a moist appearance (Mofazzal Jahromi et al., 2018).

The daily behaviors (food intake, activity, e.g.) of rats were
observed as normal. The macroscopic photos of the burn areas on
days 0, 3, 5, 7 and 10 were presented in Fig. 6. On day 1, necrosis
and edema were observed on the wound surface areas in all
groups. Exudates were also seen, and the edges of the wounds
started to pronounce. Edema was also present around the wound
surface area. Crust formations were observed on the skin after sev-
eral days. It was found out that MG treatment did not get irritated
the skin. Furthermore, on the 10th day, the crust layer of MG was
fell off.

The wound contraction ratio was assessed as the percentage
reducing in wound size on days 0, 3, 5, 7, and 10. As it is illustrated
in Fig. 7, MG showed a significant burn healing progression on the
day 3 (P <0.01),5(P<0.01), 7 (P <0.01), and 10 (P < 0.01) com-
pared to untreated group. The healing percent of lesion area ranged
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Fig. 3. Zone inhibition diameters of FA-MBG, MBG and commercial product of FA.

Table 4
Microbiological studies results of formulations with FA (FA-MBG), without FA (MBG)
and commercial product of FA.

FA-MBG (mm)  MBG (mm) Commercial product (mm)
E. coli 17-17 0-0 10-9
S. aureus 50-51 19-18 47-49
P. aeruginosa  20-20 0-0 40-40.5
B. cereus 30-29 16-16 24-24

from 90.11% to 65.49% in the period from 3 to 10 days in the con-
trol group (CG). The % of the burn area treated with RG ranged from
77.29% to 46.71% in the period from 3 to 10 days. The % of wound
area in rats treated with MG ranged from 69.30% to 41.39% in the
period from 3 to 10 days. Compared to the control group, MG and
RG recovered quickly and the burn area rapidly decreased in size
by the tenth day. The main objective in burn injury healing is the
early wound closure and rapid replacement of normal skin with
minimal scarring (Kaita et al., 2019; Mofazzal Jahromi et al., 2018).

3.6.2. Histology of wound healing

Histopathological analysis showed differences in the healing
phase of the control group and the groups. Wound healing is a
complex and continuous process, but for descriptive purposes, it
is divided into 3 biologically distinct, although overlapping stages;
the inflammatory, the repair or proliferative, and the remodeling
stage (Okur et al., 2018). Extensive tissue damaged during burns
impairs angiogenesis, collagen re-organization, granulation tissue
formation and induces free radical-mediated damage which results
in delayed tissue repair (Heidari et al., 2019). From the 3rd day, a
proliferative phase has been triggered and characterized by the for-
mation of granulation tissue, including angiogenesis, the migration
of fibroblasts, and collagen synthesis (Sellimi et al., 2018).

The microscopic photos were taken during the histological
examination of the wound tissues on the 10th day are given in
Fig. 8. Histopathological examination of wound tissues on the
10th day is illustrated in Fig. 9.

In the present study, hematoxylin and eosin stained sections of
wound tissues were used to evaluate re-epithelization, revascular-
ization and organization of granulation tissue.
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Fig. 4. Effects of MBG and FA-MBG (0.025%, 0.05%, 0.1%, 0.2%) on RAW 264.7 cell viability. Cells were treated with indicated concentrations of MBG and FA-MBG for 24 h and
then cell viability was assessed by MTT assay. Untreated cells taken as 100% viability.
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Fig.5. Effects of MBG and FA-MBG (0.025%, 0.05%, 0.1%, 0.2%) on the nitrite production in 1 pg/mL LPS-induced RAW 264.7 cells.

Fig. 6. Effects of MG on wound’s evolution. Macroscopic examples of wound healing with control (CG), MG, and Fucidin® (RG) groups after excision on days 0, 3, 5, 7, and 10.
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Fig. 7. The rate of wound healing of scar tissue surface area in animal groups on
days 0-10. Each data point represents the mean + SEM.

As stated in the obtained outcomes, it was determined that MG
and RG had a significant effect compared to the control group
(Figs. 8-9).

It has been shown that there were significantly higher percent-
ages of dermal and epidermal regeneration with the MG (P < 0.05)
and PG (P < 0.05) in comparison to the untreated group (Figs. 8-9).
Re-epithelialization is induced by activation of cytokines and
growth factors which cause expansion of keratinocytes, epithelial
cells, stem cells and fibroblasts (Mofazzal Jahromi et al., 2018).

According to the histological evaluation results, more blood
vessel formation was detected on MG (P < 0.05) and RG
(P < 0.05) in comparison to the untreated group. Angiogenesis
phase, several growth factors and thrombin, which are the fore-
most activating molecules for endothelial cell growth (Mofazzal
Jahromi et al., 2018).

Moreover, it was seen that thicker granulation tissue was
formed in the MG (P < 0.01) in comparison to the untreated group
after treatment (Figs. 8-9). Also, MG provides new granulation tis-
sue formation more than RG (P < 0.05) (Figs. 8-9). The final step of
the proliferation phase is the production of granulation tissue,
which can be specified by the presence of many fibroblasts, granu-
locytes and macrophages (Mofazzal Jahromi et al., 2018).

Fig. 8. Histopathological view of scarred tissues of the control (CG), FA (2%) loaded MBG gel (MG), and Fucidin® (RG) groups on the 10th day after the burning process
(Hematoxylin and eosin (H&E) (original magnificationX10). The scale bars represent 100 pum for the figure.
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Fig. 9. Microscopic investigation of granulation tissue thickness, angiogenesis and epidermal-dermal regeneration on control (CG), FA (2%) loaded MBG gel (MG), and
Fucidin® (RG) groups by histological wound healing scores among. Statistically significant as compared to control; P < 0.05(*), P < 0.01(").
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4. Conclusion

In this work, the potential of FA loaded MBG as drug carriers for
dermal delivery was evaluated. The findings indicated that MBG
formulation exhibited significant antibacterial properties. This
result provided support for the promising use of FA for applications
as a therapeutic agent for dermal wound healing. The developed
system demonstrated improved wound healing, good spreadability
and enhanced therapeutic efficacy given that at the end of the 10th
day of in vivo experiment, the healing percent of lesion area was
found as 46.71% for commercial product and 41.39% for FA-MBG.
In conclusion, the present study can open up a window for dermal
application of MBG loaded with FA, and it would be a better alter-
native to conventional dermal creams in burn healing.
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