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INTRODUCTION

ABSTRACT

Azelaic acid is an antiacne drug by inhibiting thioredoxin reductase enzyme of
Propionibacterium acnes (P. acnes) that affects the inhibition of bacterial DNA synthesis
which occurs in the cytoplasm. Azelaic acid must penetrate through the stratum corneum
to the sebaceous tissue and into cytoplasm by passing through thick peptidoglycan of
P. acnes. Thus, it is necessary to increase the penetration of azelaic acid that formulated
based ethosome. This study using thin-layer hydration method forms an ethosomal
suspension with variations of concentration ethanol (30%, 35%, and 40%). Antibacterial
activity was conducted using broth dilution method to determine minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC). The antibacterial
activity of azelaic acid ethosome cream based was compared with the marketed cream
(Zelface® cream). Azelaic acid ethosome with 35% ethanol has given best result with
entrapment efficiency of 94.48% =+ 0.14%. Antibacterial activity to P. acnes showed
that azelaic acid ethosome-based cream was given better activity than marketed cream
(Zelface® cream). The value of MIC and MBC of azelaic acid ethosome-based cream was
250 pug/ml while the marketed cream (Zelface® cream) was shown MIC of 250 ug/ml
and MBC of 500 ug/ml. This study proved that the azelaic acid ethosome-based cream
has better antibacterial activity.
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(P. acnes) is a well-known bacteria having major role in
acne development.* P. acnes is a Gram-positive anaerobic

Acne is one of the most common skin diseases with a
percentage of occurrence in women being 27% and in
men being 34%.!"" Acne formed when sebum production
is increased and then the sebum will be broken down by
microorganism into free fatty acids so that the colonization of
microorganism will be increased.”® Propionibacterium acnes
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bacterium that has a thick peptidoglycan. Sebum is used
as a nutrient by P. acnes bacteria. P. acnes can induce
an inflammatory response by triggering the release of
inflammatory cytokines resulting inflammation in the
sebaceous follicle.”! Hence, one of the acne treatment
reduces the population of P. acnes.

Azelaic acid is mainly considered an antiacne drug. Azelaic
acid has been shown to decrease the population of P. acnes
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on skin surface and sebaceous follicle.®*! Azelaic acid acts
as an antibacterial to P. acnes by inhibiting thioredoxin
reductase enzyme that affects the inhibition of bacterial
DNA synthesis.""!1 DNA synthesis of P. acnes occurs in
the semi-nucleus that found in the cytoplasm. Hence, to
reach that part, azelaic acid must be penetrate through the
stratum corneum as the main barrier of skin to the sebaceous
tissue in the dermis layer and then penetrate again into the
cytoplasm by passing through the thick peptidoglycan of
P. acnes.

Azelaic acid was used as antiacne drug in conventional
topical formulations, i.e. cream and gel. Azelex cream
is one of the commercial cream containing azelaic
acid. In 1995, Breatnach did a research on penetration
test of azelex cream and given result that only 4% of
the dosage can penetrate into stratum corneum.!" In
2004, Esposito et al. proved that the ethosomes increase
the penetration of azelaic acid drugs compared with
liposomes.!"! Burchacka et al. (2016) also proved that the
liposome of azelaic acid effectively inhibits the growth
of Staphylococcus aureus, Pseudomonas aeruginosa, Candida
albicans, and Aspergillus brasiliensis fungi.l'l Recent
studies of Mistry and Ravikumar demonstrated that the
zone of inhibition of the azelaic acid ethosome-based
gel is greater than azelaic acid creams and gels in the
market."!

Based on the data that have been described above, in this
research, azelaic acid will be formulated into ethosome
and then the azelaic acid ethosome will be formulated
into a cream. Azelaic acid ethosome-based cream will
be seen antiacne activity against P. acnes using broth
dilution method to determine the value of minimum
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) compared with marketed cream that
are not formulated in lipid bilayer vesicles (Zelface®).

MATERIALS AND METHODS

Chemical and reagents

Azelaic acid (Sigma, US), phospholipon 90 G
(90% hydrogenated soy phosphatidylcholine, US), ethanol
96% (Merck, Germany), propylene glycol (Dow Chemical Co.),
potassium dihydrogen phosphate (Merck, Germany),
hydrochloric acid (Brataco, Indonesia), sodium hydroxide
(Brataco, Indonesia), methanol (Merck, Germany),
dichloromethane (Merck, Germany), cream base, aqua
demineralisata (Brataco, Indonesia), P. acnes stock (Faculty
of Medicine, Universitas Indonesia), and AnaeroGen™
compact (Thermo Scientific, United States) were used in
this study.

Preparation of azelaic acid ethosomal
The azelaic acid ethosomal was prepared by thin-layer
hydration method with various ethanol concentration,
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Table 1: Formula of azelaic acid
ethosome-based cream

Material Concentration (%)
ETHO 30 ETHO 35 ETHO 40
Azelaic acid 10 10 10
Phospholipon 90 G 10 10 10
Ethanol 30 35 40

Phosphate buffer pH 7.4 Ad 100 mL Ad 100 mL Ad 100 mL
ETHO 30: Ethosomal suspensions produced using 30% ethanol

i.e., 30%, 35%, and 40%. The formula of azelaic acid
ethosome-based cream in this study is listed in Table 1.

Lipid phase consists of Phospholipon 90 G and aqueous
phase consists of azelaic acid, ethanol, and phosphate buffer
pH 7.4. The thin layer formed by dissolving lipid phase
with dichloromethane and methanol (2:1) using rotary
evaporator. Then, the thin layer is stored in the refrigerator
with temperature 4°C + 2°C for 24 h. After that, the thin
layer was hydrated using aqueous phase for 50 min until an
ethosomal suspension is formed. The ethosomal suspension
was characterized to obtain the optimum suspension. The
parameters were entrapment efficiency (EE), particle size
distribution, potential zeta, polydispersity index, and
morphology of vesicular.

Entrapment efficiency test

EE test (%EE) was obtained by indirect method using
supernatant. Ethosomal suspension was centrifuged with
cellulose acetate filter 0.22 um for 1.5 h at 9500 rpm to
obtain supernatant. The supernatant and total ethosomal
suspensions were analyzed for drug entrapped using
UV-Vis spectrophotometer. The total ethosomal suspension
was dissolved in methanol before measuring the absorbance.

T-C x 100%

Entrapment Efficiency(EE) =

Information:

T. :Total concentration of azelaic acid in ethosome
suspension (ug/mL)

C :The concentration of azelaic acid present in the
supernatant (ug/mL).

Particle size distribution, polydispersity index, and
zeta potential

The particle size, size distribution, and zeta potential of
ethosomes were determined by Zeta Potential Analyzer
Model Zeta-Phase Analysis Light Scattering (Brookhaven
Instruments Co., NY, USA) at 25°C with a scattering angle
of 90° after diluted of 10 PL ethosome with 4-mL Milli-Q
water. All determinations were performed in triplicate.

Determination of the selected azelaic acid ethosome
formula

The formula that gives results high percentage of entrapped
drug, nanosized (<200 nm), polydispersity index <0.7, and
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the zeta potential which is more negative than —30 or more
positive than +30 mV was chosen to be incorporated into
cream dosage form.

Transmission electron microscope studies

Ethosome morphology of selected formula was analyzed by
transmission electron microscope (TEM, JEOL JEM-1400).
Samples were shed on a carbon-coated copper grid; the
droplet then was dried at room temperature and colored
using uranyl acetate solution. After drying, they were
viewed under a microscope at 1,000 - 20,000 magnification
and the acceleration voltage of 100 kV.

Production of dried ethosomal suspension

The selected ethosomal suspension was dried by
freeze-drying method using EYELA FDU-1200 in vacuum
at temperature —48.9°C for 2 days.

Preparation of ethosome cream

The dried ethosomal suspension was formulated into
a cream. Aqueous phase that consists of glycerin and
propylene glycol was dissolved in hot water. In the
others, oil phase that consists of stearic acid, cetyl alcohol,
isopropyl myristate, glyceryl monostearate, and butylated
hydroxytoluene was heated at temperature 75°C. The oil
phase and triethanolamine were added to aqueous phase
and left to swell for 15 min at 3000 rpm until a homogeneous
cream formed. Then, the cream is kept to room temperature.
The dried ethosomal suspension was added into the base of
cream for 5 min at 100 rpm until the concentration of azelaic
acid in cream reaches 20%.

Evaluation cream

Organoleptic evaluation

Azelaicacid ethosome-based cream was inspected visually for
their color, homogeneity, consistency, and phase separation.

Azelaic acid content in ethosome-based cream
Specific amount of azelaic acid ethosome-based cream is
dissolved in methanol and then ultrasonic for 15 min to
increase the solubility. Then, the solution was transferred
into a 25-mL volumetric flask and diluted with phosphate
buffer pH 6.8 until the volume. The content of azelaic acid
was calculated by UV-Vis spectrophotometer.

pH measurement

The pH was measured using a pH meter which was
calibrated before use with standard buffer solutions at
pH 4 and 7. An electrode was inserted into the azelaic acid
ethosome-based cream and measured the value of pH. The
average pH was calculated from three replicates.

Viscosity

Viscosity of the azelaic acid ethosome-based cream was
determined by Brookfield Viscometer at 25°C using spindle
no. 3.
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In vitro testing

Antibacterial activity was evaluated using the broth dilution
method to determine the value of MIC and MBC. Bacterial
suspension was made by diluting some colonies in stock
bacterial to brain—heart infusion broth (BHIB). Bacterial
suspension of P. acnes was compared visually with 3.0
McFarland Standard.

Testing solution A was made by dissolving azelaic acid
ethosome-based cream with dimethyl sulfoxide (DMSO)
until the concentration reaches 2000 pg/mL (stock solution A).
Testing solution B was made by dissolving Zelface® cream
with DMSO until the concentration reaches 2000 ug/mL (stock
solution B). From the stock solutions A and B, it made variations
of concentration, i.e., 1000, 500, 250, 125, and 62.5 pg/mL.

The specificamount of 5 variation concentration test solution
A or B, BHIB, and bacterial suspension was transferred into
the test tube and then the solution was mixed by vortex
for 10 s. After that, the test tube was placed in anaerobic
condition using the anaerobic jar and was incubated
at 37°C for 48 h. The value of MIC was determined by
checking the turbidity of inoculum suspension compared to
positive control (the test tube consists of BHIB and bacterial
suspension) and negative control (the test tube consists of
BHIB, the test tube consists of BHIB and 1000 ug/mL test
solution A, and the test tube consists of BHIB and 1000 ug/mL
test solution B). The value of MIC was read as the lowest
concentration that showed clear inoculum suspension. The
value of MIC was determined by three replicates.

To determine the value of MBC, the test tube that contains
5 variation concentration test solution A or B, BHIB, and
bacterial suspension was streak into Brucella agar using
ose and then incubated at 37°C for 48 h in anaerobic
condition. The value of MBC was read as the lowest
concentration without visible growth. The result was
compared with positive and negative controls. The value
of MBC was determined by three replicates.

RESULTS

Preparation of azelaic acid ethosomes

As described in the method, ethosomal suspensions were
spontaneously produced by hydrating thin layer that
contains

Phospholipon 90G with aqueous phase containing azelaic
acid, ethanol, and phosphate buffer pH 7.4. Ethosomal
suspensions were produced with increasing amount
of ethanol (30%, 35%, and 40%). In all cases, the use
of variations concentration of ethanol resulted white
milky suspension with no significant differences in
macroscopic aspect. Ethosomal suspensions with 35%
ethanol (ETHO 35) were selected to formulate into a cream.
The selected formula is an ethosomal suspension that has
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Table 2: Characterization of azelaic acid ethosomal

Formula Z mean (nm) Polydispersity index Zeta potential (mV) EE (%)

ETHO 30 283.5+9.08 0.502+0.06 32.13x7.77 90.08+0.13
ETHO 35 179.3+2.23 0.665+0.02 —34.87+0.35 94.48+0.14
ETHO 40 1377+76.06 0.975+0.04 —22.80+2.25 92.46+0.30

ETHO 30: Ethosomal suspensions produced using 30% ethanol, EE: Entrapment efficiency

high percentage EE, particle size distribution <200 nm,
polydispersity index <0.7, and zeta potential which is more
negative than =30 or more positive than +30 mV [Table 2].
TEM study for ETHO 35 also showed that ETHO 35 has
particle size <200 nm [Figure 1].

Preparation of ethosomal cream

ETHO 35 was dried by freeze-drying method. The dried
ETHO 35 was formulated into a cream. Evaluation of
the azelaic acid ethosome-based cream is summarized in
Table 3.

The final concentration of azelaic acid in azelaic acid
ethosome-based cream was 20%. The level of azelaic acid
in the final formulations is the same with the level of
azelaic acid in market. Azelaic acid concentration in azelaic
acid ethosome-based cream was determined by UV-Vis
spectrophotometer and summarized in Table 4.

In vitro testing

Antibacterial activity was evaluated by broth dilution
method to determine the value of MIC and MBC. The
value of MIC of azelaic acid ethosome-based cream (A) and
marketed cream (Zelface®) (B) is summarized in Table 5,
and the value of MBC of azelaic acid ethosome-based
cream (A) and marketed cream (Zelface®) (B) is summarized
in Table 6 and Figure 2.

From the result of Tables 5 and 6, the value of MIC both of
azelaic acid ethosome-based cream and marketed cream
(Zelface® cream) is 250 ug/mL. The value of MBC of azelaic
acid ethosome-based cream is 250 ug/mL while marketed
cream (Zelface® cream) is 500 pg/mL. In concentration
125 ug/mL, visible growth of bacteria in azelaic acid
ethosome-based cream is fewer than marketed cream
(Zelface® cream).

DISCUSSION

Formulation of azelaic acid ethosomal was successfully
prepared, optimized, and characterized. ETHO 35 was
selected to formulated into a cream because it has high
percentage EE 94.48 + 0.14, particle size distribution
179.3 +2.23 nm, polydispersity inde x 0.665 + 0.02, and zeta
potential -34.87 + 0.35 mV. Azelaic acid ethosome-based
cream has given better antibacterial activity due to the
presence of ethanol and phospholipids in the established
ethosomal component. Ethanol is known to change
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Table 3: Evaluation of azelaic acid
ethosome-based cream

Parameters Result

Organoleptic White, smooth, and homogeneous
pH 4.90

Phase separation No evidence

Viscosity 4900 cp

Figure 1: Transmission electron microscope of ETHO 35 at 20,000
magnification

the physical properties of bacterial environments and
bacterial interactions with their environment. Ethanol can
change lipid composition in bacteria, so bacterial growth
can be inhibited. In addition, ethanol can also interfere
with the integrity of bacterial cell walls making it easy
for the ethosome to enter into the bacterial cytoplasmic
membrane." Inside the cell walls of Gram-positive
bacteria, there is an acid called the teichoic acid. Teichoic
acid is hydrophile and can dissolves in ethanol, so it will
damage the structure of the bacterial cell wall." Lipids
in the ethosome also play an important role in helping
the entry of azelaic acid into the bacterial cytoplasmic
membrane. Lipids of the ethosome will interact with lipids
in the bacterial cytoplasmic membranes by fusion.!"#2’!
Fusion reactions between the ethosomes and bacteria are
very rapid and spontaneous based on noncovalent bonds
such as van der Waals bonds and hydrophobic interactions
so that the inner drug will quickly enter the cytoplasmic
membrane, thus reducing efflux pump of the drug.!"!
This will cause the concentration of azelaic acid into the
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Table 4: The concentration of azelaic acid in azelaic acid ethosome-based cream

Theoretical Concentrations Percentage of Mean+SD Percentage of azelaic
concentrations (ug/mL) actually (ng/mL) concentration acid in cream
506.10 533.92 105.50 104.99+0.38 21.00+0.08
530.85 104.89
529.31 104.59

SD: Standard deviation

Table 5: The value of minimum inhibitory
concentration of azelaic acid ethosome-based
cream (A) and marketed cream (Zelface®) (B)

Concentrations Turbidity
(ug/mL) A B
1000 - -
500 - -
250 - -
125 + +
62.5 + +
The result of (=) indicates no turbidity and (+) indicates turbidity occurred

Table 6: The value of minimum bactericidal
concentration of azelaic acid ethosome-based
cream (A) and marketed cream (Zelface®) (B)

Concentrations Visible growth

(ug/mL) A B
1000 - -
500 - -
250 - +
125 + +
62.5 + +
The result of (=) indicates no bacterial growth and (+) indicates bacterial
growth

cytoplasmic membrane to be optimal and will reduce the
effect of the drug. Azelaic acid ethosome-based cream
showed better activity to against P. acnes than marketed
cream (Zelface® cream) which indicates that azelaic acid
ethosome-based cream is more efficient and reliable as
antiacne drug than conventional marketed cream. Hence,
in this experiment, azelaic acid ethosome-based cream
was efficient and reliable as compared to conventional
marketed cream based on the antibacterial activity against
P. acnes.
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Figure 2: Minimum bactericidal concentration of azelaic acid
ethosome-based cream (A) and marketed cream (Zelface®) (B)
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