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Metronidazole (MNZ) is a nitroimidazole derivative antibiotic that has been generally
used in the treatment of rosacea. However, it has low molecular weight and
lipophilicity, limiting the effectiveness of MNZ in the topical treatment of rosacea. This
study reports an MNZ-loaded solid lipid microparticle (SLM) gel formulation with
sustained drug release effects required in the treatment of rosacea. SLM was
formulated using the double emulsification method with five different concentrations of
glyceryl monostearate (GMS) as a solid lipid used to encapsulate MNZ. All the MNZ-
loaded SLM formulas were extensively characterized by various analytical tools. After
optimized MNZ-loaded SLM formulation was obtained, then formulated into gel
preparation. To obtain a gel formula with good physical characteristics and drug
release in the development of topical therapy, the SLM-loaded gel was further
evaluated, covering various parameters such as pH, viscosity, rheology, spreadability,
extrudability, skin occlusivity, gel strength, permeation and retention ex vivo, as well as
hemolysis tests and antioxidant activity. The evaluation results showed that the SLM
formulations had desired properties with optimum encapsulation efficiency. Moreover,
the gels prepared from carbomer possessed desired characteristics and were found to
be hemocompatible. In addition, the gel formula with a carbomer concentration of
1.25% can provide better drug release with the highest MNZ retention after 24 hours of
2.35 £ 0.05 mg. Notably, the formulation of MNZ into SLM and hydrogel did not affect
the antioxidant activity. Thus, it can provide continuous drug release, which could
potentially be useful in increasing efficacy in rosacea therapy. The results obtained
also showed a significant difference (p < 0.05) compared to the control formula and
other formulas. Therefore, this study has proven a new approach to developing drug
delivery systems for rosacea treatment.
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ABSTRACT

Metronidazole (MNZ) is a nitroimidazole derivative antibiotic that has been generally used in
the treatment of rosacea. However, it has low molecular weight and lipophilicity, limiting the
effectiveness of MNZ in the topical treatment of rosacea. This study reports an MNZ-loaded
solid lipid microparticle (SLM) gel formulation with sustained drug release effects required in
the treatment of rosacea. SLM was formulated using the double emulsification method with
five different concentrations of glyceryl monostearate (GMS) as a solid lipid used to
encapsulate MNZ. All the MNZ-loaded SLM formulas were extensively characterized by
various analytical tools. After optimized MNZ-loaded SLM formulation was obtained, then
formulated into gel preparation. To obtain a gel formula with good physical characteristics and
drug release in the development of topical therapy, the SLM-loaded gel was further evaluated,
covering various parameters such as pH, viscosity, rheology, spreadability, extrudability, skin
occlusivity, gel strength, permeation and retention ex vivo, as well as hemolysis tests and
antioxidant activity. The evaluation results showed that the SLM formulations had desired
properties with optimum encapsulation efficiency. Moreover, the gels prepared from carbomer
possessed desired characteristics and were found to be hemocompatible. In addition, the gel
formula with a carbomer concentration of 1.25% can provide better drug release with the
highest MNZ retention after 24 hours of 2.35 + 0.05 mg. Notably, the formulation of MNZ into
SLM and hydrogel did not affect the antioxidant activity. Thus, it can provide continuous drug
release, which could potentially be useful in increasing efficacy in rosacea therapy. The results
obtained also showed a significant difference (p < 0.05) compared to the control formula and
other formulas. Therefore, this study has proven a new approach to developing drug delivery
systems for rosacea treatment.
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1. INTRODUCTION

Rosacea is a chronic inflammatory condition that occurs in the skin, especially the
centrofacial area (nose, cheeks, chin, and forehead) that affects blood vessels and sebaceous
glands (Gongalves and De Pina, 2017; van Zuuren et al., 2021). This disorder has various risk
factors such as environmental, microbial infection, immune dysfunction, and genetics, but the
pathophysiology and pathogenesis are not known with certainty (Engin et al., 2017; Rainer et
al., 2019; Zhang et al., 2021). Rosacea can affect anyone, but it is more common in people
between the ages of 30 and 60, as well as those with Fitzpatrick skin types I-111 (Gongalves and
De Pina, 2017; Jabbehdari et al., 2021). In addition, rosacea is also more prone to occur in
women than in men, with a ratio of 1.7:1 (Jabbehdari et al., 2021).

The principle of rosacea treatment is to avoid the causative factors and reduce
inflammation. One of the main treatments that has been widely used to treat this disease is
using antibiotics such as metronidazole (MNZ) (Engin et al., 2017; Weiss and Katta, 2017).
MNZ is a nitroimidazole-derived antibiotic that works by inhibiting the growth of various
bacteria and parasites (Ceruelos et al., 2019). MNZ has advantages over other antibiotics,
making it the most commonly used antibiotic in the last 50 years due to its low drug resistance,
well-established safety profile, and negligible adverse response (Miyachi et al., 2022; Tran et
al., 2019). In addition, MNZ is known to treat the inflammation in rosacea through anti-
inflammatory and immunomodulatory pathways that work against inflammatory lesions
(papules and pustules) (Miyachi et al., 2022). This skin condition that occurs in someone who
has rosacea is also very closely related to the presence of reactive oxygen species (ROS). MNZ
also has antioxidant properties resulting from neutrophil modulation and acts as a scavenger
(Berth-Jones et al., 2020; Miyachi et al., 2022).

Various therapies that can be used in the treatment of rosacea include oral, topical,
injection, laser, and light-based therapies, treatments for certain types of rosacea, and
treatments for systemic comorbidities. However, oral and topical therapies are more often used
for the treatment of the early stages of rosacea disease (Zhang et al., 2021). MNZ is a class |
BCS drug which causes MNZ, when given orally, to be more easily absorbed and more easily
eliminated, resulting in reduced bioavailability and is considered less effective in the treatment
of rosacea (Yu et al., 2014; Zhang et al., 2019). Treatment of MNZ by oral route may also pose
a risk of peripheral neuropathy (Hajariwala et al., 2021). Therefore, MNZ via the topical route
is considered to be much more effective in delivering the active substance to the target site for

an extended period (Kaur and Guleri, 2013).
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MNZ has a low molecular weight of 171.15 g/mol and a log p -1.18. Thus, when applied
topically to the skin surface, this drug can penetrate the skin but has a low retention time (Yu
etal., 2014). Therefore, it is necessary to control the release of the drug to increase its retention
time in the skin without releasing it directly into the system. Several approaches have been
developed to improve the skin delivery of MNZ, including nanostructured lipid carrier (Shinde
etal., 2019) and nanoemulsion (Yu et al., 2014). However, despite the fact that the formulations
could improve the transdermal delivery of MNZ, in the rosacea treatment, it is crucial to retain
the drug in the skin layers. It has been previously reported that compared to nanoparticles,
microparticle systems possessed better skin retention profiles (Permana et al., 2021a).
Accordingly, it was hypothesized that the incorporation of MNZ into the microparticle system
could improve the skin retention of MNZ. One of the formulations that can be developed is
solid lipid microparticles (SLM). SLM is a drug delivery system that is suitable for various
routes, especially through the topical route, because it has low toxicity characteristics, is
physiologically compatible, biodegradable, occlusive, and has controlled release properties to
increase the bioavailability of the active substance (De Caro et al., 2021; Nahum and Domb,
2021; Rahimpour et al., 2016). In addition, SLM can also provide better solubilization and
dispersion of active ingredients and can be produced on a large scale at low costs (Nahum and
Domb, 2021). Then, to facilitate the administration of SLM, the selection of topical dosage
forms needs to be considered. One of the topical dosage forms that can be used is gel.

When compared with other topical preparations, such as creams and ointments, gels can
provide better application and stability properties (Patil et al., 2019). Based on research
conducted by Rahimpour et al., (2016), the release of tetracycline HCI through SLM, which
was made in the form of a gel dosage form, showed a controlled drug release pattern. Ex vivo
studies also showed that there was an increase in dermal deposition of tetracycline HCI up to
7 times that of the control formula. Therefore, the gel dosage form was considered as the most
suitable system to deliver MNZ.

The gel in its formulation requires a gelling agent that functions as a gelling agent.
Carbomer 940 is a strong gelling agent, so it only takes a small concentration to form a gel
(Rowe et al., 2009). In addition, compared to other gelling agents, carbomer 940 is a polymer
with superior drug release compared to other polymers and is non-toxic, biocompatible, and
non-irritating (Patel et al., 2011; Zhang et al., 2020). Based on previous research conducted by
Yen et al. (2015), on the use of carbomers in controlling the release of galantamine, it was
found that the gelling agent was able to control the release of galantamine by 2 times with an

increase in the amount of carbomer concentration used. To the best of our knowledge, this is
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the first study developing SLM loaded hydrogel to enhance the skin localization of MNZ. In
this study, we formulated SLM using glyceryl monostearate (GMS) as a lipid matrix.
Furthermore, the SLMs were incorporated into the carbomer-based hydrogel. A proof of
concept was carried out in an ex vivo study. The results of this study are expected to be a new

system that is more effective in treating rosacea.

2. MATERIAL AND METHODS
2.1. Materials

Metronidazole (MNZ), Carbomer 940, triethanolamine (TEA), glycerin, and DMDM
Hydantoin were obtained from Sigma-Aldrich Pte Ltd. (Singapore). Geleol®/glycerol
monostearate was kindly provided by Gattefosse Pvt. Ltd., France. Other materials were
analytical grade.
2.2. Preparation of metronidazole (MNZ) - loaded solid lipid microparticles (SLM)

MNZ-loaded SLM was prepared using the double emulsification method with glyceryl
monostearate (GMS) as a matrix-forming lipid. The SLM formulation in this study used five
different concentration ratios of GMS: MNZ, namely 1:2, 2:1, 3:1, 4:1, and 5:1 %w/w,
respectively marked as SLM 1, SLM 2, SLM 3, SLM 4, and SLM 5. Initially, SLM was
prepared by dissolving MNZ in water. Then, the solution was emulsified in chloroform
containing lipids and an emulsifier (to form a water-in-oil (W/O) emulsion) in a probe sonicator
adjusted at 80% amplitude with 10 s pulse on and 5 s pulse off for 1 minute. The previously
prepared w/o emulsion was emulsified again in water containing 1% poly(vinyl alcohol) (PVA)
to form water-in-oil-in-water (W/O/W) in the sonicator probe. After that, the organic solvent
in the double emulsion was evaporated by stirring the double emulsion at room temperature
for 6 hours to form SLM. To produce concentrated SLMs and separate free MNZ from the
SLMs, the formulation was centrifuged at 5,000 rpm for 30 min using an Amicon® Ultra
Centrifugal Device (Millipore Inc, molecular weight cut-off (MWCO) of 12 kDa). The
obtained microparticles were resuspended with 2.5% w/v PVP before the lyophilization
process. After that, to produce dry powder particles, the mixture was transferred to a freeze-
dryer for 26 hours (Permana et al., 2019).
2.3 Characterization of MNZ-loaded SLM
2.3.1 Particle size and polydispersity index (PDI)

The determination of the size and particle size distribution of the MNZ-loaded SLM

formula was analyzed by light scattering technique using Mastersizer 2000® equipment
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(Malvern Instruments Ltd., UK) (Ghaderi et al., 2014; Rahimpour et al., 2016). This
measurement was made in three replications.
2.3.2 Entrapment efficiency (EE) and drug loading (DL)

Entrapment efficiency and drug loading of MNZ-loaded SLM were determined using
the method according to the method described previously (Wolska and Brach, 2022). The
amount of MNZ encapsulated in SLM was determined by dissolving SLM in methanol. The
MNZ-loaded SLM suspension that had been prepared was then centrifuged, and the
supernatant obtained was analyzed using a UV-Vis spectrophotometer at 320 nm. The

percentage of EE and DL can be calculated using the equation below.

w -W
EE (%) - total drug free drug x 100 (l)
Wiotal drug
A\ -W
DL (%) - total drug free drug % 100 (2)

Wiipid

Where, Wiotal drug 1S the amount of drug added in the formulation, Wree arug is the amount of free
drug in the aqueous phase or which is not encapsulated after separation from SLM, and Wiipid
is the weight of the lipid phase.
2.3.3 Characterization of MNZ-loaded SLM

The surface morphology of the optimized SLM formulation was observed using
scanning electron microscopy (SEM) (JEM-1400Plus; JEOL, Tokyo, Japan). Other analyses
were also carried out on MNZ and SLM (a mixture of pure drug and lipid), such as differential
scanning calorimetry (DSC) and x-ray diffraction (XRD) measurements of MNZ and SLM
formula using differential scanning calorimetry (DSC 2920, TA Instruments, Surrey, UK) and
X-ray diffractometer (Rigaku Corporation, Kent, UK), respectively. Then, to see the possibility
of chemical interactions between the drug and the compounds used in the formulation, an
analysis was carried out using a Fourier transform infrared spectrometer (FTIR) (Shimadzu®
FTIR-8400) (Permana et al., 2020a).
2.3.4 Invitro drug release study

The release of MNZ from SLM was carried out using the dialysis method with
Spectra/Por® 2, MWCO 12,000 to 14,000 (Spectrum Medical Industries, CA, USA) as dialysis
membranes. The release profile of MNZ as a free drug and MNZ-loaded SLM was determined
by inserting a dialysis membrane containing the formula into 100 mL of phosphate buffer saline
(PBS) medium pH 7.4 as a release medium in an orbital shaker at a speed of 10 rpm and a
temperature of 37°C. At certain time intervals, a 1 mL aliquot of the sample was taken and

replaced with a fresh release medium. The amount of MNZ drug released from SLM was then



190
191
192
193
194
195
196
197
198
199
200
201

202

203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

analyzed using a UV-vis spectrophotometer with a wavelength of 320 nm. The in vitro drug
release kinetics can be calculated using the equation in section 2.4 (Permana et al., 2019).
2.4 Mathematical modeling of drug release kinetic

The dissolution data obtained can be analyzed to determine drug release kinetics both in
vitro and ex vivo. There are five mathematical models that can be applied to the release process
to determine the most suitable release kinetics, such as the zero-order release equation (ZO),
the first order equation (FO), the Higuchi square root equation (H), the Korsmeyer-Peppas
equation (KP), and the Hixson-Crowell (HC) square root model (Sulistiawati et al., 2021).

Z0:C, = Cy + Kot (3)
FO: InC, =InCy + Kyt 4)

H:C, = Kyt (5)
KP: C, = Kypt™ (6)
HC: €' = ¢,/ Kyct )

Ct represents the concentration of MNZ released at time t, Co represents the initial
concentration of MNZ in the dissolution medium (t = 0) and Ko, K1, Kn, Kkp, dan Knxc represent
the release constants zero-order, first-order, Higuchi, Korsmeyer-Peppas, and Hixson-Crowell
(Elmas et al., 2020; Sulistiawati et al., 2021). All of the above parameter calculations were
processed using DD-solver software (China Pharmaceutical University, Nanjing, China)
(Zhang et al., 2010).
2.5 Preparation of SLM-Loaded Gel

The optimal SLM formulations were then incorporated into gel preparation (details of
the composition of the SLM-loaded gel formula can be seen in Table 1). Briefly, the gel was
made by dispersing carbomer into distilled water and left to hydrate for one day. After
hydration, the carbomer polymer was neutralized with triethanolamine and homogenized using
the Ultra-Truax IKA® T18 basic homogenizer (IKA, Campinas, Brazil) at 15,000 rpm for 15
minutes. Glycerin, DMDM hydantoin, and MNZ-Loaded SLM were then added slowly to the

mixture and homogenized again until an evenly distributed SLM-Loaded Gel was obtained.
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Table 1. Composition of SLM-Loaded Gel

%Composition (w/w)

Composition
F1 F2 F3 F4
MNZ-loaded SLM
(equivalent 1% 1.28 1.28 1.28 1.28
MNZ)
Carbomer 940 0,75 1 1,25 1,5
Triethanolamine 1 1,5 1,75 2
Glycerin 15 15 15 15
DMDM Hydantoin 0,1 0,1 0,1 0,1
Distilled water ad 100 ad 100 ad 100 ad 100

2.6 Characterization of SLM-Loaded Gel
2.5.1.pH, viscosity and rheological examination

The pH of the SLM-loaded gel formula was determined using a digital pH meter (Horiba
Scientific, Kyoto, Japan) with three replications at 25°C. Prior to measurement, the pH meter
was calibrated with the help of a pH 7 buffer solution. Then the electrode was immersed in the
gel formula (Dudhipala & Gorre, 2020; Thomas et al., 2019). The viscosity and rheology of
the SLM-Loaded Gel formula were determined using a Brookfield viscometer (model RV) at
25°C, each measured with three replications using spindle 7. In the determination of viscosity,
it was measured at a speed of 50 rpm. Meanwhile, for the determination of rheology, the gel
was rotated in stages at 5, 10, 20, 50, and 100 rpm (Himawan et al., 2022; Permana et al.,
2021b).
2.5.2. Spredability test

The SLM-loaded gel (1 g) was placed between two glass plates (20 x 20 cm). The
standard weight of the top glass plate was 125 g. The sample was measured after 1 minute, and
then 100 g was added to the load until the final weight of the top plate was 525 g. The diameter
of the sample was measured with each additional load, and the procedure was repeated three
times. Next, the dispersion curve is made by plotting the load against the diameter formed
(Aliyah et al., 2021; Permana et al., 2020b).
2.5.3. Extrudability test

The gel extrudability test was carried out by filling 20 g of gel into a collapsible
aluminium tube and sealed with crimping at both ends. The tube containing the preparation
was then weighed and placed between two clamped glass slides. Next, on a glass slide, a load
of 500 g was given, and the tube cap was removed (Dudhipala and Gorre, 2020; Kaur and



248
249
250
251
252
253
254
255
256
257
258

259

260

261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279

Ajitha, 2019). This test was carried out in three replications, and extrudability was calculated
using the equation:
Extrudability (g/cm?) = Weight applied to extrude gel/ Area (8)
2.5.4.1n vitro skin occlusivity evaluation
The occlusivity of the SLM-loaded gel was evaluated in vitro by weighing each gel
formula (250 mg) and applying it to the surface of the Whatman No. 42 filter paper, with a
pore size of 2.5 um (n = 3). The filter paper was used to cover a 100 mL beaker that had been
filled with 50 mL distilled water. As a test control, filter paper without gel formula was used.
Furthermore, the beakers were stored in an incubator at 32 + 0.5°C, and the weight of the system
was recorded at specified time intervals (0, 6, 24, and 48 hours) (Malik and Kaur, 2018;

Permana et al., 2020b). Occlusivity (Fo) is calculated using the following equation:

Fo= """ x 100 (9)

0

Where, Wy is the water loss from the control and W1 is the water loss from the gel formula.

2.5.5. Gel strength determination

The strength of the SLM-loaded gel was determined according to(Algahtani et al., 2020).
The 60 g gel sample was put into a 100 ml measuring cup (d = 1.5 inches). Then, the mounted
disk (d = 3 cm; thickness = 3 mm) weighing 30 g was deposited on the gel surface. The strength
of this SLM-loaded gel was measured as the time (seconds) required for the disc to sink 5 cm
from the surface into the gel.
2.5.6. Ex vivo skin permeation and retention studies

The ex vivo skin permeation test used the Franz diffusion cell method with a diffusion
area of 4.9 cm?. This study used skin from the abdomen of rats as a diffusion membrane which
was carefully taken and then washed with PBS solution pH 7.4. Washed mouse skin was placed
between the donor compartment and the Franz diffusion cell receptor. The receptor
compartment with a capacity of 28 ml was filled with PBS solution pH 7.4 and stirred using a
magnetic stirrer at a speed of 100 rpm. The temperature was maintained at 37 £ 1°C. A 1 g gel
sample (containing 10 mg MNZ) was introduced into the donor compartment. At certain time
intervals (0.25,0.5,0.75, 1, 2, 3,4,5, 6, 7, 8, and 24 h), 1.5 ml of receptor medium was sampled
and replaced with the fresh medium of the same volume in the receptor medium. The MNZ
concentration was then analyzed using a UV-vis spectrophotometer (Dynamica, HALO XB-
10) with a validated wavelength of 320 nm (Neupane et al., 2020; Permana et al., 2020b). The

cumulative drug released was calculated using the equation in section 2.4. The permeation rate
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of the preparation can also be calculated using Fick's first law equation, equation 10 (Berthet
et al., 2020; de Araujo et al., 2021).

am
J (ng/cm?/h) = Sat (10)

Where, M is the amount of drug absorbed, S is the area of diffusion, and t is the time.

At the end of the permeation study, after 24 hours, the retention test was continued. The
skin of the used mice was carefully removed from the Franz diffusion cells and washed three
times with fresh receptor medium to remove excess formula. The skin was cut into small pieces,
and the MNZ retained in the skin was extracted with 20 mL of methanol, then homogenized at
1000 rpm for 15 minutes. Samples were centrifuged for 30 minutes at a speed of 5000 rpm.
The supernatant obtained was collected and analyzed by UV-vis spectrophotometry (Badie and
Abbas, 2018).

2.7 Invitro hemolysis test of MNZ-loaded SLM and SLM-Loaded Gel

In vitro hemolysis toxicity screening of MNZ-loaded SLM and SLM-loaded gel was
carried out following the previously described spectrophotometric method (Enggi et al., 2021;
Khurana et al., 2013). Briefly, red blood cells (RBC) obtained from Wistar rats were
centrifuged at 2000 rpm for 20 min to separate RBC from plasma. The RBCs were then washed
three times with PBS (pH 7.4) and resuspended with PBS to obtain a 10% (v/v) RBC stock
dispersion. A total of 0.1 ml of the tested sample was then added to 0.9 ml of RBC and
incubated for 1 hour at 37 + 0.5°C. After incubation, the samples were centrifuged at 1500 rpm
for 10 min. The preparation of positive and negative controls was carried out by adding 0.1 mL
of RBC dispersion with 0.9 mL of Solution X-100 (5% v/v) and 0.9 mL of PBS (pH 7.4),
respectively. To determine the content of oxyhemoglobin released, the supernatant from the
test sample, positive control, and negative control was analyzed using a UV-Vis
spectrophotometer at 546 nm (Dynamica, HALO XB-10). The percentage of hemolysis was
calculated using the following equation:

(OD test sample) — (OD negative control) 00

Hemolysis (%) = (11)

(OD positive control) — (OD negative control)
2.8 Invitro antioxidant activity

The antioxidant capacities of MNZ, MNZ-loaded SLM and SLM-loaded gel were
assessed using 2,2-diphenyl-1-picrylhydrozyl (DPPH) radical and lipid peroxidation method,
as described previously (Permana et al., 2020b). In DPPH method, the tested compounds were
dissolved in methanol (2.5 mL) in different concentrations. These solutions were mixed with

DPPH solution (2.5 mL) and incubated in the dark for 20 min. The absorbances were

10
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determined at 520 nm using spectrophotometric. The concentration of the tested compound,
which could inhibit 50% of DPPH, expressed as IC50 was finally determined. In lipid
peroxidation method, the emulsion composed of 0.25 g of linoleic acid, 0.25 g of Tween 80
and 20 mL of 20 mM phosphate buffer (pH 7) was mixed with the tested compounds with the
same ratio. The mixture was incubated for 6 h at 37 °C. Following this, 0.1 mL of the mixture
was mixed with 5 mL of ethanol (75% v/v), 0.1 mL of 20 mM of ferrous chloride in 100 mM
HCl and 0.2 mL of 30% w/v ammonium thiocyanate, and was incubated for 5 min at 25 °C.
Th absorbances were determined at 500 nm using spectrophotometric, and the 1C50 values
were determined.
2.9 Statistical analysis

Data are presented as mean + standard deviation (SD). All results obtained were
calculated using Microsoft Excel® 2016 (Microsoft Corporation, Redmond, USA). Statistical
analysis was performed using IBM® SPSS® Statistics 21.0 (IBM, Armonk, New York, USA).
The data obtained were processed in graphs and diagrams using GraphPad Prism® version 5
(GraphPad Software, San Diego, California, USA). The probability level of p < 0.05 was
considered significant.

3. RESULTS AND DISCUSSION
3.1. Preparation and Optimization of MNZ - loaded SLM

In this study, MNZ-loaded SLM was prepared using the double emulsification method.
MNZ is a hydrophilic drug (Shinde et al., 2019). The double emulsification method has become
one of the ideal methods in the preparation of SLM containing hydrophilic drugs. This is
evidenced by several previous studies that have been described by Mirchandani et al. (2021).
Multiple emulsion systems (water-in-oil-in-water, w/o/w) can provide better entrapment of
hydrophilic drugs (Akki et al., 2022). In addition, SLM prepared by this method can avoid the
partition of hydrophilic drugs that are released from the oil phase to the outer phase (water)
during the emulsification process. In order to support this, the drug is packaged with a
stabilizer. In this study, 1% PVA was used as a stabilizer (Dolatabadi et al., 2015; Shi et al.,
2011). Then, inasolid lipid microparticle system, in order for the drug to be well encapsulated,
the drug must be soluble in the lipid matrix. Based on research by Shinde et al. (2019), glyceryl
monostearate (GMS) is a solid lipid that can provide high dissolution of MNZ because GMS
has slightly hydrophilic properties with one ester group and two hydroxyl groups, so it can
form hydrogen bonds between the groups of GMS and MNZ.

11
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The ratio of lipids to drugs in the preparation of SLM was the main independent factor that
could influence the formation of an optimal microstructured solid lipid system (Nabi-Meibodi
et al., 2013). Therefore, this study began by evaluating the SLM system based on various
characteristic parameters, such as particle size, polydispersity index (PDI), entrapment
efficiency (EE), and drug loading (DL). The results of the evaluation can be seen in Table 2.
The determination of the particle size of the SLM formula showed that the higher the lipid
concentration, the greater the particle size (Fig. 1 (A)). Meanwhile, for PDI, all SLM formulas
are in the range of 0.102 — 0.119. The good particle size for topical application is 1 — 3 um, so
the results obtained indicated that SLM 5 did not meet the standardization of optimal SLM for
topical drug delivery systems (Rahimpour et al., 2016). In addition, the statistical analysis
results also showed significantly different values (p < 0.05) between SLM 4 and SLM 5. The
smaller the size of a particle, the more the surface area of the particle increases, which causes
its solubility to increase. Therefore, the particles are more easily absorbed into the body
(Rabima and Sari, 2019). Then, for PDI, it showed that all formulas met the PDI parameter
standard, which is < 0.3, with excellent homogeneity (Algul et al., 2018; Kazemi et al., 2014).
This also indicated that the SLM system was more stable because only a few particles
underwent aggregation (Rabima and Sari, 2019).

The success of the preparation of the SLM system is very dependent on how much the
active substance is absorbed into the system. Fig. 1 (B) shows the increased efficiency of drug
entrapment into the SLM system and the increased lipid concentration. Statistical analysis
showed that the SLM 4 formulation, with an EE value of 88.43 £+ 3.12 %, was a formula with
a good EE value because it has a significantly different value (p<0.05) from the formulation
SLM 1, SLM 2, SLM 3, and not significantly different (p>0.05) from the SLM 5 formula. The
lipid concentration used affected the entrapment efficiency produced because the lipid chains
play a role in the formation of imperfect crystals so that they can provide a larger space in the
crystal that can accommodate more drugs (Soute and Miiller, 2007). The higher the EE value
produced, the greater the amount of drug that is absorbed into the system (Lv et al., 2018). In
addition to the EE value, drug loading (DL) is also a factor in the success of SLM preparation.
The results of the DL evaluation can be seen in Table 2, Fig. 1 (B), which showed results that
were inversely proportional to the EE value. The EE and DL capacities are closely related to
the particle size and the particle formation process of the SLM system. In addition, solid lipid
particles also have limited drug loading capacity for hydrophilic drugs (Mu and Holm, 2018).

After conducting several SLM characterization tests above, it was concluded that SLM 4

was the optimal MNZ-loaded SLM formulation. Accordingly, it was continued for further
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evaluation and preparation of SLM-loaded gel with particle sizes and PDI that meet SLM
standards as a drug in overcoming rosacea with a topical drug delivery system and have higher
EE and DL values, with values that are not significantly different (p>0.05) from SLM 5.
Although the EE and DL values of SLM 5 were larger, they produced a particle size larger than
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Figure 1. (A) Particle size, polydispersity index (PDI), (B) entrapment efficiency (EE), and drug loading (DL) of
MNZ-loaded SLM (means = SD, n = 3).

Table 2. Results of particle size, PDI, EE, and DL of MNZ-loaded SLM formulation (means £ SD,n=3,*=p <
0.05)

Fromula GMS:MNZ Particle Size (um) PDI EE (%) DL (%)
SLM 1 1:2 0,98 £ 0.05 0,102 + 0.018 49.19+2.12 32.09 + 2.09
SLM 2 2: 1.26+0.11 0,112 +0.013 58.83 +3.21 28.12+1.98
SLM 3 3:1 1.65+0.14 0,107 £ 0.011 69.94 + 4.09 29.19+1.77
SLM 4 4:1 2.69+£0.29 0,119 + 0.014 88.43+3.12 26.34 +2.19
SLM 5 5:1 5.84 £ 0.43* 0,106 + 0.009 90.31+4.18 24.09 +2.87

3.2 Characterizations of MNZ-loaded SLM

The optimal morphology of the MNZ-loaded SLM (SLM 4) was observed using SEM
analysis. The results of the analysis showed that the microparticles formed had a spherical and
smooth shape (Fig 2 (D)). This form is a type of good solid lipid microparticle morphology
(Oriani et al., 2016). The results of these observations confirm the optimal particle size and
size distribution of SLM, which have been obtained previously using the Mastersizer 2000®,
with values of 2.69 + 0.29 um and 0.119 = 0.014 for particle size and size distribution,
respectively. The spherical morphology of microparticles has the advantage of being able to
reduce the occurrence of aggregation, which can affect the surface area of the particles as well
as the absorption of particles (Bertoni et al., 2020; Oriani et al., 2016). Then, the interaction

between the drug and excipients was observed using FTIR analysis. Fig. 2 (A) shows the FTIR
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spectrum of MNZ as a free drug and optimal MNZ-loaded SLM. The spectrum confirms that
there was no interaction between the active substance and additives in the SLM system that
can cause drug degradation, where the MNZ-loaded SLM spectrum still exhibited the same
functional groups found in free MNZ. Based on observations, the infrared spectrum of MNZ-
loaded SLM was as follows: stretching at 3215 cm™ (for the OH group), 3102 cm™ (C=CH),
1529 cm* (NO2/N-0), 1189 cm™ (stretching vibration of a tertiary amine group), 1075 cm™
(C-OH/C-0), and 865 cm™ (C-NO).

The solid-state study of the produced SLM was further analyzed using DSC and XRD
(spectra can be seen in Fig. 2 (B) and (C), respectively). DSC analysis was carried out to
evaluate the thermal profile, crystallization, and possible interactions between drugs and
excipients (Agubata et al., 2014; Rahimpour et al., 2016). The DSC profile of MNZ shows an
endothermic peak with a melting point at 160°C, while the profile of MNZ-loaded SLM shows
no peak, which means that there was a change in the solid form of MNZ from a crystalline to
an amorphous form after encapsulation. The amorphous form does not have a melting
endotherm, so the DSC profile of MNZ-loaded SLM does not show any peaks (Thakkar et al.,
2021). The results of the analysis also indicated that MNZ was perfectly encapsulated in the
SLM system. To further confirm the solid form of MNZ-loaded SLM, XRD analysis was
performed. Based on the analysis results, XRD spectra also show that in pure MNZ, there was
a peak in the 13° to 27° area. The appearance of these peaks indicates that MNZ is in the
crystalline phase. Still, after being encapsulated in the SLM system, MNZ underwent a
transformation to an amorphous phase, which was characterized by a significant decrease in

the diffraction peaks on the diffractogram.
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Figure 2. (A) FTIR spectra, (B) DSC thermogram, and (C) X-ray diffractogram of pure MNZ and optimal
MNZ-loaded SLM. (D) SEM image of MNZ-loaded SLM optimal.

3.3 In vitro drug release study

In vitro drug release study was conducted to compare the release profile of pure MNZ
(before encapsulation) with MNZ-loaded SLM (MNZ after encapsulation). The drug release
profile obtained can be seen in Fig. 3. The figure shows that pure MNZ has a faster release rate
than MINZ after encapsulation, i.e. after 2 hours, the drug has been dissolved in pure drug by
99.18 * 7.98%. This was also because pure MNZ has high hydrophilicity, so it can be released
in just 2 hours (Shinde et al., 2019). Meanwhile, the release rate of MNZ-loaded SLM showed
a slower and sustained release, which might be due to the slower diffusion of MNZ
encapsulated in the SLM system from the lipid core (Permana et al., 2019). EI-Housiny et al.
(2018) revealed that the concentration of lipids used in the SLM formulation could affect drug
diffusion. As the concentration of lipids increases, the thickness of the lipid matrix in the SLM
system also increases, which means an increase in the length of diffusion, which results in a

decrease in the rate of drug release.
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Figure 3. In vitro release profiles of optimal MNZ-loaded SLM in comparison with the pure MNZ

To understand more about the release mechanism of MNZ-loaded SLM, the release
kinetics of MNZ-loaded SLM was evaluated using several mathematical model equations, such
as zero order, first order, Higuchi, Korsmeyer-peppes, and Hixson-Crowell. The most
appropriate SLM release model was selected based on the highest correlation coefficient (r?)
obtained. Based on the calculation results, this study shows that the Hixson-Crowell release
kinetics model is the most appropriate release model that can describe the release of MNZ-
loaded SLM, where drug release occurs through dissolution with a constant change in the
surface area of the particles (Parmar et al., 2011). This release model usually explains drug

release from particles of uniform size (El-say and Hosny, 2018).

3.4 Preparation of SLM-Loaded Gel

The optimized MNZ-loaded SLM was then incorporated into the gel base. The SLM-
loaded gel formulation was made with the aim of increasing the bioavailability of MNZ as well
as controlling the release of MNZ on the skin after application. To obtain the optimal SLM-
loaded gel formula, this formulation used a variation of the concentration of carbomer:
triethanolamine (TEA) namely 0.75%:1%, 1%:1.5%, 1.25%:1.75%, and 1.5%:2% for F1, F2,
F3, and F4, respectively. The choice of polymer used is one of the most important factors in
the formulation. Carbomer polymers are used as gelling agents. In this study, carbomer was
chosen because it has ideal characteristics, such as ease of preparation, and can form gels at
low concentrations. This polymer has been widely used in topical formulations (Khurana et al.,
2020). Then, other additives used are TEA as an alkalizing agent, which is related to the
formation of pH and gel matrix from carbomer through the formation of the polymer chain
(Safitri et al., 2021), glycerin as a humectant, DMDM hydantoin as a preservative, and distilled

water as a carrier.
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3.5 pH, viscosity and rheological examination

The results of determining the pH and viscosity of the SLM-loaded gel can be seen in
Table 3. Based on the results of measurements of pH and viscosity of the formulation of the
SLM-loaded gel, it shows that the concentration of carbomer has a significant effect (p < 0.05)
on the pH and viscosity of the gel preparation produced. In each formulation, the pH conditions
of the preparations made must be adjusted in such a way according to the conditions at the
targeted location so as not to cause irritation and disrupt the function of cell membranes in the
body (Luki et al., 2021). The ideal pH value for the skin is in the range of 4 — 7, so the pH of
the SLM-loaded gel formulations shows that all formulas have a safe pH that can be accepted
by the skin (Lambers et al., 2006). Gel viscosity generally describes the consistency of the gel.
It is one of the important parameters in gel formulation because it can affect drug release and
extrudability of the gel preparation produced (Ontong et al., 2020). According to Rowe et al.
(2009), the viscosity of the polymer Carbopol 940 (0.5% wi/v) has a viscosity of around 40,000
— 60,000 mPa.s. Thus, the results indicated a decrease in the viscosity of the gelling agent used,
which may be due to adding active ingredients and other additives in the formulation. However,
the viscosity produced from all SLM-loaded gel formulas still showed good viscosity for
topical drug delivery (Ankita et al., 2020; Singh et al., 2013).

Fig. 4 shows the results of the rheological measurements of the SLM-loaded gel formula.
It can be seen that the rheogram for formulations F1, F2, and F3 has a pseudoplastic flow type,
where there is a decrease in viscosity with an increasing shear rate (rate of share). The curved
rheogram in pseudoplastic flow was caused by the interaction between the applied force and
the polymer molecules used. As the applied force increases, the polymer molecules, which
were normally irregular, would begin to form long chains following the direction of flow. This
change in polymer composition would reduce the resistance of the material used and result in
a greater change in the shape of the flow at shear stress (Abate and Abel, 2006; Gullu et al.,
2020). Meanwhile, the F4 formulation showed a rheogram with a dilatant flow type, where
there is a decrease in viscosity by increasing the shear rate (Gulll et al., 2020). Viscosity is
influenced by the amount of solute concentration in it. F4 had the highest carbomer

concentration, 1.5%, so it had a higher viscosity, which could cause a dilatant-type flow.
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Figure 4. Rheological examination of SLM-loaded gel

3.6 Spredability test

One aspect of the efficacy of SLM-loaded gel therapy depends on its spread when applied
(Ontong et al., 2020). Gels with good spreadability can optimize drug absorption into the skin
faster because in the topical application, the high spreadability causes the contact between the
drug and the skin to be wider (Safitri et al., 2021). The results of the evaluation of the
spreadability of SLM-loaded gel can be seen in Table 3, which showed desired spreadability.
It was found that the concentration of carbomer used can affect the spreadability of the gel with
significantly different results (p < 0.05) between the formulas. The higher the concentration of
carbomer, the lower the spreadability produced. This was related to the viscosity obtained; the
viscosity is inversely proportional to the spreadability (Aodah et al., 2021). The same results
were also obtained in another study using carbomer 940 as a gelling agent with concentrations
ranging from 0.5 to 2%, which showed increasing viscosity and lower spreadability, along with
the increasing concentration of carbomer used (Alvionida et al., 2021; Rahmawati and
Setiawan, 2019).

3.7 Extrudability test

The extrudability test of SLM-loaded gel was carried out to measure how much effort was
needed to remove the gel formula from the tube after it was packaged, so that it could facilitate
and provide comfort to the patient in its application (Dudhipala and Gorre, 2020; Rajan and
Vasudevan, 2012). The test results of the extrudability of the SLM-loaded gel formula can be
seen in Table 3. The results showed that the higher the concentration of carbomer used, the
lower the extrudability value. It was found that F4 had the lowest extrudability value compared

to other formulas, namely 1.05 + 0.17 g/cm?, which was significantly different (p < 0.05) from
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other formulations after statistical analysis. This was because carbomer 940 was used as a
gelling agent in this study. Thus, the higher the concentration of carbomer used, the lower the
extrudability value produced. Carbomers have different characteristics based on their
molecular weight. Based on Ojha et al. (2021), carbomer 940 is a polymer with high viscosity
characteristics compared to carbomers with other molecular weights, such as carbomers 910
and 941. Thus, high viscosity can increase its consistency in the formulation and provide low

extrudability values when used in higher concentrations.

3.8 Gel strength determination

Gel strength in the development of a formulation has become one of the critical parameters
that must be considered, especially in its topical application. Before leaching from the target
site, a strong gel would support a much greater pressure than a weak gel, thereby preventing
rapid drainage of the formulation (Morsi et al., 2017; Priyanka et al., 2019). The results of
determining the gel strength of the SLM-loaded gel formulation can be seen in Table 3. Based
on the results obtained, it showed that the higher concentration of carbomer used, the stronger
the gel strength produced. However, these results showed that the values were not significantly
different (p > 0.05) between one formula and another after statistical analysis was performed.
The value of a good gel strength was in the range of 25 to 50 seconds. It was previously reported
that when the values were below 25 seconds, the gel produced was too weak and could not
maintain its integrity. Therefore, it was easily eroded, whereas if the value was above 50
seconds, the resulting gel was too stiff and could cause discomfort on the skin surface (Mahajan
et al., 2012; Morsi et al., 2017). Accordingly, it can be said that the gel strength between one

SLM-loaded gel formula and the other had similarities and was in a good gel strength range.

Table 3. Results of pH, viscosity, spreadability, extrudability, and gel strength determination of SLM-loaded gel
formulations (means + SD, n = 3, * = p < 0.05)

Formula pH Viscosity (mPa.s) Spreadability Extrudability Gel strength

(mm) (g/cm?) ©
F1 6.74+0.01 24900 + 1053.57 4.10+0.75 1.54 +0.19 38.10 + 4.14
F2 6.85+0.02  31866.67 + 65.64* 3.78 £ 0.67 1.49+0.21 40.32 +4.31
F3 6.89+0.02 37233.33+1514.38*  3.55+ 0.63 1.41+0.18 41.98 +4.19
F4 6.95+0.02 46766.67 £2722.74*  3.31+0.63 1.05+0.17 42.43 + 4.82

3.9 In vitro skin occlusivity evaluation
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The in vitro skin occlusivity test on the produced SLM gel formulation aimed to increase
the ability while maintaining skin hydration characteristics topically (Kenechukwu et al.,
2017). The test results can be seen in Fig. 5, which indicated that the incorporation of SLM
into the gel in all formulations has a high occlusive value. This was related to the dense nature
of the lipid components used in the formulation by clogging the micropores of the filter, thereby
preventing water shortages to a greater extent (Kakkar et al., 2018; Mandawgade and Patravale,
2008). Several other studies have also reported comparisons of occlusive skin values obtained
between conventional gel formulas with active substances without encapsulation of solid lipids
and gels with active substances that have been encapsulated in solid lipids with the same
formulation using a carbomer base, showing that ordinary gels with active ingredients without
encapsulated solid lipids have a lower occlusive value than gels with active substances that
have been encapsulated in solid lipids (Bagde et al., 2019; Kakkar et al., 2018). In addition, the
effect of the high occlusiveness of the gel formula used in this rosacea can help the drug
penetrate deeper into the skin layer with the gaps between the corneocytes and clog the pores
in the skin layer to reduce some of the side effects, such as itching, dryness, and scaling (Bagde
et al., 2019; Kenechukwu et al., 2017).

'

Formula

Bl 6Gh
Bl 24h
48 h

Occlusivity (%)
f -
<

Figure 5. In vitro skin occlusivity of SLM-loaded gel (means = SD, n = 3)

3.10 Ex-vivo skin permeation and retention studies

To determine the effectiveness of the SLM-loaded gel formulation produced and the
previously optimized MNZ-loaded SLM in drug delivery, ex vivo permeation, and retention
tests were carried out as this study's final proof of concept. The release pattern of MNZ-loaded
SLM from the gel was evaluated using a Franz diffusion cell with mouse skin as a diffusion
membrane through which the gel would pass. In this study, a gel formulation containing 1%
pure MNZ that was not formulated into the SLM system was used as a control. Fig. 6 (A) and
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(B) show the cumulative amount and rate of drug release (flux) from the SLM-loaded gel
formula through the skin of rats after 24 hours. The cumulative amount of MNZ and the
permeated drug release rate in formulations F1 to F4 decreased because the higher viscosity
values could affect the diffusion rate of the drug to permeate.

Based on the research of Yen et al. (2015), an in vitro drug release test showed that the
concentration of carbomer affects drug permeation due to the complexity of the gel network
that affects drug diffusion pathways to be absorbed through the membrane. However, the
results obtained after statistical analysis showed no significant difference (p > 0.05) between
formulations F1 and F4. Furthermore, when compared with formulas F1 to F4, the control
formula showed the highest cumulative amount of permeated drug with significantly different
results (p < 0.05). MNZ belongs to BCS class 1, which means it has high permeability and
solubility, allowing for higher drug release in the control formula (Zhang et al., 2019). Then
the gel formula with encapsulated MNZ showed a slower rate of drug release from formulations
F1 to F4. In addition to the effect of carbomer concentration, another thing that might affect
drug penetration was the diffusion distance due to the lipid content and high affinity of the drug
in the lipid matrix in the SLM system on the gel and the speed of drug partitioning from the
lipid phase to the receptor compartment (El-kamel et al., 2007; Rahimpour et al., 2016). Thus,
the drug encapsulated in the gel formulation exhibited a slow-release of the drug.

To better understand and correlate the MNZ permeation pattern of the SLM-loaded gel,
mathematical modeling kinetics was applied to the release profile of the obtained gel (Table
4). When the correlation coefficient (r?) values of each kinetic model were compared, all gels
were found to exhibit a release pattern behavior following the Korsmeyer-Peppas kinetic
model. The obtained Korsmeyer-Peppas diffusion exponents (n) were 0.816, 0.452, 0.707,
0.903, and 0.656 for F1, F2, F3, F4, and control, respectively. When the diffusion exponents
obtained were in the range of 0.45 and 0.89, the F1, F2, F3, and control formulations showed
a diffusion anomaly (non-Fickian) which means that the release of MNZ from the SLM-loaded
gel occurs through a combination of controlled diffusion and erosion processes. When the value
was > 0.89 for the F4 formula, the formula followed the release of MNZ with a super case-II
transport mechanism, namely a mechanism controlled by swelling and relaxation of the
hydrophilic polymer (Bera et al., 2016; Das et al., 2013; Ignjatovic¢ et al., 2021).

One of the goals of the SLM system was to control the release of MNZ and increase its
retention time in the skin (Jaspart et al., 2007). Therefore, in this study, a retention test was
conducted to determine the ability of SLM-loaded gel to increase drug retention in the skin.

Fig. 6 (C) shows the amount of MNZ deposited after 24 hours, with formula F3 being the
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formula with the most MNZ being deposited at 2.53 + 0.05 mg. Statistical analysis showed a
significantly different value (p < 0.05) between the F3 formula and other formulas, as well as
the control. The higher the carbomer concentration, the greater the amount of MNZ deposited.
This was due to an increase in viscosity, which maintained SLM particles in the preparation
and slowed down the rate of diffusion of drug molecules to permeate the skin. However, if the
viscosity value was too large, it could significantly impact the diffusion rate of drug molecules,
resulting in a lower amount of MNZ deposited on F4. Meanwhile, the control formulation
containing MNZ, which was not formulated into the SLM system, also resulted in a small
amount of MNZ being deposited due to the small molecule of MNZ, making it easier to
permeate through the membrane. Based on research by Rahimpour et al. (2016), drugs
formulated in the SLM system that was delivered in gel preparations could increase drug
retention in the skin. Therefore, MNZ, which was encapsulated in the SLM system and
formulated in a gel preparation with a carbomer concentration of 1.25% (F3), was chosen as

the optimal formula with good drug release and retention in delivering the drug topically.

626 Table 4. Mathematical modelling of ex vivo release kinetics parameters

627
628

Formula Zero-Order First-Order Higuchi Hixson-Crowell Korsmeyer-Peppas
ko R? k1 R? Kn R? Kc R? Kp n R?
F1 0.509 0.9340 0.005 0.9407 1.770 0.8354 0.002 0.9386 0.848 0.816 0.9642
F2 0429 0.1900 0.005 0.2379 1.728 0.8501 0.001 0.2219 1917 0.452 0.8582
F3 0.315 0.8576 0.003 0.8700 1.130 0.8842 0.001 0.8659 0.707 0.707 0.9600
F4 0.191 0.9574 0.002 0.9596 0.642 0.7768 0.001 0.9589 0.251 0.903 0.9649
Control ~ 1.273 0.8049 0.015 0.8654 4.642 0.9162 0.005 0.8470 3.264 0.656 0.9642

22



629

630
631

632
633
634
635
636
637
638
639
640
641
642
643
644
645
646

25—
£ I
—_ I
E
£ 8
=11
% = 154
g E’ 10
g g I
E E 54 == ==
& xI
0 T T T T T
Control F1 F2 F3 F4
C
o
E 2]
;-]
@
=
L]
2
3 1
=
-n—c
Control F1 F2 F3 F4

Figure 6. Results of ex vivo skin permeation (A), permeation flux (B), and retention (C) test of SLM-loaded gel
(means £+ SD, n = 3)

3.11 Invitro hemolysis test of MNZ-loaded SLM and SLM-Loaded Gel

To assess the safety and irritation potential of the resulting formula, a hemolytic activity
test on red blood cells (RBC) was performed. Biomaterials that would be used for direct
application to wounds of rosacea sufferers must be compatible with red blood cells so that
hemostatic activity is not disturbed. Accordingly, it can adequately help the wound healing
process (LOpez- Iglesias et al., 2020). The results of the hemolytic activity test of free drug
(pure MN2Z), optimal MNZ-loaded SLM, and all SLM-loaded gel formulas showed a low
percentage of hemolysis (Table 4). The hemolysis index was considered to be safe when the
value was <5% (Enggi et al., 2021; Helal et al., 2016). Thus, from the results obtained, it can
be concluded that the optimal SLM and the resulting gel were potentially safe and

hemocompatible.
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Table 4. Hemolysis persentage of free drug (pure MNZ), MNZ-loaded SLM, and SLM-loaded gel formulations
(means £ SD, n = 3)

Concentration Hemolysis (%0)

(ng/mL) Freedrug  SLM F1 F2 F3 F4
500 415+021 109+011 309%029 318031 321+033 3.20+035
50 3184012 043002 232+031 229+022 211+021 231029
5 2094013 014%001 102+011 119012 109+011 122015

3.12 In vitro antioxidant activity

In the clinical manifestations of rosacea, free radicals have been found to play an important
role in extrinsic and intrinsic aging. The reactive oxygen species produced by neutrophiles can
lead to damage to oxidative tissue (Miyachi, 2001). Accordingly, in this study, we evaluated
the antioxidant activity of MNZ. In DPPH evaluations, the IC50 values of free drug, SLM, F1,
F2, F3 and F4 were found to be 103.88 + 9.34 pg/mL, 109.11 + 10.02 ug/mL, 102.65 + 8.08
png/mL, 112.43 £ 11.31 pg/mL, 106.42 + 11.05 pg/mL and 107.17 + 9.87 pg/mL, respectively.
Furthermore, in the lipid peroxidation method, the IC50 values were 121.03 £ 11.31 pg/mL for
free drug, 126.03 £ 11.98 pg/mL for SLM, 131.45 + 12.01 pg/mL for F1, 126.98 + 12.01 pg/mL
for F2, 131.22 + 12.15 pg/mL for F3 and 127.87 £ 11.81 ug/mL for F4. In both methods, there
were no significant differences (p > 0.05) in the IC50 values, indicating that the formulation of
MNZ into SLM and hydrogel did not affect the antioxidant properties of MNZ.

Conclusion

This study focuses on developing a drug delivery system for treating rosacea with the
hydrophilic drug MNZ. MNZ encapsulated in the SLM system has shown excellent quality
characteristics with sustained in vitro drug release. The optimal SLM obtained was further
developed in the form of a gel dosage form with a carbopol. The carbopol with 1.25% could
provide optimal physical characteristics of the gel and show a better drug release profile, which
was significantly different from the control formula and other formulations with the amount of
permeated and retained MNZ of 0.64 + 0.07 mg and 2.53 + 0.05 mg, respectively. The
developed MNZ-loaded SLM and SLM-loaded gel also showed that these formulations were
hemocompatible, so they were safe to use in rosacea treatment. In the antioxidant evaluation,
the formulation of MNZ into SLM and hydrogel did not affect the property of MNZ in
inhibiting free radicals. However, further evaluation of the development of this system needs
to be carried out, such as determining the kinetic profile of MNZ release from SLM-loaded gel

in vivo using suitable experimental animals, stability testing, and irritation testing of SLM-
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loaded gel to provide maximum results in the development of MNZ delivery systems for topical

rosacea therapy.
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Response to Reviewers

Ms. Ref. No.: JPHARM-D-22-02381
Title: Enhanced skin localization of metronidazole using solid lipid microparticles incorporated
into polymeric hydrogels for potential improved of rosaceae treatment

International Journal of Pharmaceutics

Reviewer #1: Dear respected editor

The manuscript entitled "Enhanced skin localization of metronidazole using solid lipid 1
microparticles incorporated into polymeric hydrogels for potential improved of rosaceae
treatment" described the preparation and characterization of metronidazole loaded solid lipid

microparticles.

The manuscript is interesting; however several points should be considered for accepting the

manuscript.

Response to Reviewer

We are very thankful to the Reviewer for taking the time to review this manuscript and for the
expert review, providing helpful comments. We are glad that the Reviewer thinks that our work
is interesting. We have made a number of key changes to the manuscript as a result of these
comments. We believe that the manuscript is now substantially improved. We have addressed
each one of the reviewers’ comments in detail.

Minor points are listed below:

1- First of all the manuscript should be checked by an English native speaker to remove the syntax
and typos; in addition some sentences are very long

Response:

We are very thankful to the expert reviewers for the suggestions. We have re-read the
manuscript and have made a great effort to improve the English throughout. We believe that the

manuscript is now substantially improved

2- One of the major shortcomings of the manuscript is that it does not refer in the introduction
part such literature data in which metronidazole have been formulated topically using different

delivery systems to treat rosaceae.



Response:

We thank the reviewer for the suggestion. Several approaches have been developed to improve
the skin delivery of MNZ, including nanostructured lipid carrier ! and nanoemulsion 2. However,
despite the fact that the formulations could improve the transdermal delivery of MNZ, in the
rosacea treatment, it is crucial to retain the drug in the skin layers. It has been previously reported
that compared to nanoparticles, microparticle systems possessed better skin retention profiles.
Accordingly, it was hypothesized that the incorporation of MNZ into the microparticle system

could improve the skin retention of MNZ. We have included these in the revised manuscript.

3- The novelty of the work should be clearly stated, other articles with similar work had been
published: "Metronidazole-loaded nanostructured lipid carriers to improve skin deposition and

retention in the treatment of rosacea, Drug Dev Ind Pharm, 2019 Jul;45(7):1039-1051."

Response:

We thank the reviewer for the suggestion. It has been previously reported that compared to
nanoparticles, microparticle systems possessed better skin retention profiles 3. Accordingly, it
was hypothesized that the incorporation of MNZ into the microparticle system could improve the

skin retention of MNZ. We have included these in the revised manuscript.

4- SLMs containing metronidazole had been prepared using other methods of preparation, The

authors should justify the choice of this method used in the preparation of SLMs

Response:

We thank the reviewer for the comment. In this study, MNZ-loaded SLM was prepared using the
double emulsification method. MNZ is a hydrophilic drug *. The double emulsification method
has become one of the ideal methods in the preparation of SLM containing hydrophilic drugs.
This is evidenced by several previous studies that have been described by Mirchandani et al.

(2021). Multiple emulsion systems (water-in-oil-in-water, w/o/w) can provide better entrapment



of hydrophilic drugs °. In addition, SLM prepared by this method can avoid the partition of
hydrophilic drugs that are released from the oil phase to the outer phase (water) during the

emulsification process.

5- How did the authors measure the entrapment efficiency without separating the free drug?

Response:

We thank the reviewer for ponting this out. In the preparation of SLMs, to produce concentrated
SLMs and separate free MNZ from the SLMs, the formulation was centrifuged at 5,000 rpm for
30 min using an Amicon® Ultra Centrifugal Device (Millipore Inc, molecular weight cut-off

(MWCO) of 12 kDa). We have included this in the revised manuscript.

6- What is the ratio of SLMs to gel used to obtain the final preparation?

Response:

We thank the reviewer for the question. In this study, we used the ratio of 1.28% of SLM for each
100% part of the hydrogel. The selection of 1.28% was based on the drug loading and

encapsulation efficiency to achieve a final concentration of 1% MNZ in the hydrogel formulation.

7- Please correct the decimal of the numbers in Table 1, and add asterisk symbol to show the

significance

Response:

We thank the reviewer for the suggestion. We have corrected these in the revised manuscript.

8- Figure 4 should be corrected by drawing the shear rate on the x axis and the shear stress on

the y axis



Response:

We thank the reviewer for the suggestion. We have corrected these in the revised manuscript.

Major point

It is regrettable that the authors do not carry out in vitro and in vivo study to test the antioxidant
effect, anti-inflammatory effect and the safety of the prepared formula, especially there are
organic solvent included in the preparation.

Response:

We thank the reviewer for pointing this out. In this study, we focused on an ex vivo proof of
concept study, concerning the ability of the combination of SLM and hydrogel to localize MNZ in
the skin. To clarify this, we have changed our title in the revised manuscript. Importantly, we
have performed antioxidant activity as an initial assesment. In the clinical manifestations of
rosacea, free radicals have been found to play an important role in extrinsic and intrinsic aging.
The reactive oxygen species produced by neutrophiles can lead to damage to oxidative tissue ®.
Accordingly, in this study, we evaluated the antioxidant activity of MNZ. In DPPH evaluations, the
IC50 values of free drug, SLM, F1, F2, F3 and F4 were found to be 103.88 +9.34 pug/mL, 109.11 +
10.02 pg/mL, 102.65 + 8.08 pug/mL, 112.43 + 11.31 pug/mL, 106.42 + 11.05 ug/mL and 107.17 +
9.87 ug/mL, respectively. Furthermore, in the lipid peroxidation method, the IC50 values were
121.03 + 11.31 pg/mL for free drug, 126.03 + 11.98 pg/mL for SLM, 131.45 + 12.01 pg/mL for F1,
126.98 + 12.01 pg/mL for F2, 131.22 + 12.15 pg/mL for F3 and 127.87 + 11.81 pg/mL for F4. In
both methods, there were no significant differences (p > 0.05) in the IC50 values, indicating that

the formulation of MNZ into SLM and hydrogel did not affect the antioxidant properties of MNZ.
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