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Introduction

Propolis is a natural resin product that bees
collect from several plants and mix with beeswax and
salivary enzymes (f-glucosidase); this complex mixture
of compounds is also called bee glue [1]. Propolis is
obtained from various plants, especially from the
buds, leaves, plant shoots, exudates, and other parts
of plants [2]. The main components contained in
propolis are flavonoids, terpenoids, cinnamic acid,
caffeic acid, and various esters [3], which have critical
pharmacological properties such as immunomodulator,
anti-inflammatory,
antiparasitic [1], [4], bacteriostatic, and bactericidal
agents among many other uses [5], [6].

antitumor,

Caffeic acid

(3,4-dihydroxycinnamic) in
propolis has been shown to have anti-inflammatory

Abstract

BACKGROUND: Propolis contains caffeic acid compounds, which are proven to have pharmacological effects
as an anti-inflammatory. However, its effectiveness is hampered by the poor solubility of caffeic acid. Here, we
report developing the nanoemulgel approach containing propolis extract as an active ingredient and oleic acid as a
permeation enhancer for transdermal delivery of caffeic acid.

AIM: This study aims to determine the effect of oleic acid concentration on increasing caffeic acid permeation in the
skin and obtain a nanoemulgel formula with desired physical characteristics and stability.

MATERIALS AND METHODS: Propolis was macerated with 70% ethanol; the total phenolic content was measured
by ultraviolet—visible spectrophotometer, and the levels of caffeic acid in the extracts and nanoemulgel preparations
were finally determined using ultra-fast liquid chromatography. Formulas were made using various concentrations
of oleic acid, namely, 1.25%w/w (Formula F1); 2.5%w/w (Formula F2); 5%w/w (Formula F3), respectively; and
1.25%w/w without propolis extract (Formula F4) as a comparison.

RESULTS: The results obtained from analysis of variance statistical exhibited that the difference in oleic acid
concentrations in four formulas significantly affected (p < 0.05) particle size, polydispersity index, spreadability,
adhesion, freeze-thaw, permeation, and retention test. However, there was no significant difference (p > 0.05) on
pH and viscosity before and after 4 weeks of storage and zeta potential test. The highest amount of permeation and
retention was found in F3 and F2, respectively, and all formulas tended to follow zero-order drug release kinetics.
Furthermore, the results showed that the number of percent’s permeated in a row was 3.74% (F1); 5.58% (F2);
11.67% (F3), and F2 was the formula with the most optimal retention amount with a percentage of 43.13% at 24 h.

CONCLUSION: This study shows a promising delivery system for increasing the effectiveness of natural lipophilic
compounds to treat inflammation in the skin.

properties with an inhibitory mechanism of action
on myeloperoxidase activityy, NADPH oxidase
ornithine decarboxylase, tyrosine-protein-kinase, and
hyaluronidase from mast cells [7], [8]. In addition, the
anti-inflammatory properties of caffeic acid are due to
the inhibition of 5- and 12-lipooxygenase activity [9].
However, caffeic acid compounds are often limited in
their delivery to the skin because they are influenced
by the lipophilicity of these compounds [10]. Therefore,
a more effective topical formulation is needed.
Several studies of nano-based caffeic acid such as
nanoencapsulations, nanoparticles, nanoemulsions,
and other lipid nanocarriers have been carried
out[11], [12], [13], [14]. The application of nanoemulsion
technology has been increasingly applied as an effective
topical drug carrier, has many benefits in various
applications due to its characteristic properties, small
droplet size (in the range of 20—500 nm) with the high
interfacial area, high storage stability, low preparation

antioxidant, antiviral,
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cost, thermodynamic stability, transparent appearance,
high solubilization capacity, low viscosity, high kinetic,
sedimentation stability, flocculation, and in some cases
coalescence [15], [16], [17]. Such systems can be used
fortransdermal penetration of lipophilic drugs due to their
high drug loading capacity and increased permeability
without causing skin irritation [15]. Nanoemulsions
become a promising alternative to enhance penetration
of drug delivery systems and target drugs less
soluble by increasing its absorption through the skin,
better drug retention time at the target area, and
thus producing fewer side effects [18]. Nanoemulsion
formula is not convenient to use because of its low
viscosity and poor dispersion. Therefore, the approach
of combining nanoemulsions with gelling systems can
help overcome this problem [19]. Nanoemulgel, known
as hydrogel-based nanoemulsion formation, adds a
nanoemulsion system integrated into the hydrogel
matrix, which affects better skin penetration [20]. The
topical penetrating nanoemulgel formula acts as a
drug reservoir, influencing drug release from the inner
phase to the outer stage and further into the skin. The
nanoemulgel onto the skin releases oil droplets from
the gel, and these oil droplets penetrate the stratum
corneum of the skin and deliver the drug to the target
area. Because the gel-based formula reduces the sticky
effect on the skin, patient compliance is also improved
compared to creams and ointments [21].

Besides being influenced by the dosage form,
the penetration of drugs that cross the skin can also
be increased by adding enhancers. To increase the
transdermal permeation, penetration enhancers can
alter the structure of the stratum corneum. For example,
short-chain alkanols are widely used as permeation
enhancers. It is known that oleic acid, a fatty acid with
one double bond in the chain structure, disrupts the
lipid barrier in the stratum corneum by forming separate
domains that interfere with the multilamellar continuity of
the stratum corneum and can lead to highly permeable
pathways in the stratum corneum [22]. The use of oleic
acid between concentrations of 1% and 10%, with an
optimal concentration of 5%, when more than 5%, will
not give significant results.

The spread and penetration do notincrease due
to saturation due to the maximum drug solubility [23].
A high concentration of oleic acid can reduce the
permeation rate caused by oil aggregation. In addition,
the incorporation of oleic acid in the nanoemulgel
could be one of the reasons for the increase in the
cumulative percentage permeating through the stratum
corneum [20]. Oleic acid has several mechanisms
of action, firstly modifying the fat layer of the stratum
corneum to form long-chain fatty acids with a cis
configuration. Second, it creates a new lipid layer
together with the stratum corneum lipid layer to reduce
the capacity of the skin barrier function. Third, the
nature of oleic acid is similar to the stratum corneum, so
oleic acid is easier to penetrate the skin barrier. Fourth,

separate the components of the stratum corneum
membrane and increase the permeability to oleic acid.
Fifth, lowering the temperature of the transition phase
of the subcutaneous fat layer by increasing the fluidity
of the skin and decreasing the diffusion resistance.
Unsaturated fatty acids increase the diffusion coefficient
significantly but have no significant effect on the partition
coefficient of the stratum corneum [23].

Due to the various mechanisms of oleic acid,
the penetration of both hydrophilic and lipophilic drugs
such as caffeic acid, which is poorly soluble in water,
can be increased by a suitable delivery system for
solubility [24]. In addition, other advantages of this
nanoemulgel formula show increased thixotropic flow,
non-greasy, easy to spread, easy to remove, softness,
soluble in water, longer shelf life, transparency, and
pleasant appearance [25]. Research conducted by Zilius
etal. (2013) determined the penetration of phenolic acids
(coumaric acid, caffeic acid, and ferulic acid) in propolis
from semisolid formulations (ointments, creams, and
gels) using Franz diffusion cells, found that caffeic acid
slowly penetrated the propolis. In the epidermis and not
in the dermis, so that research has been carried out with
the addition of oleic acid as a penetration enhancer and
nanoemulgel technology, which is considered relevant
for the development of semisolid systems so that the
permeation of caffeic acid compounds in propolis into
the skin is more efficient [10].

Materials and Methods

Materials

The ingredients used are propolis from
Apis trigona was obtained from Forestry Faculty,
Hasanuddin University, Indonesia, distilled water, oleic
acid, caffeic acid were purchased from Sigma—Aldrich
Pte Ltd., Singapore, gallic acid (Sigma-Aldrich®) Pte
Ltd., Singapore, butylhydroxytoluene (BHT), carbopol
940, 70% ethanol, methylparaben and propylparaben,
Na,CO, 7% (Emsure®), propylene glycol, methanol
(high-performance liquid chromatography [HPLC]
grade, 99.9%) was supplied by Merck, phosphate
buffered saline (PBS) pH 7.4, Folin—Ciocalteau reagent
was purchased from Merck, triethanolamine (TEA),
tween 80 was purchased from Merck and virgin coconut
oil (VCO).

Methods
Preparation and extraction of samples

Propolis was extracted by maceration. Propolis
samples were soaked in 70% ethanol for 3 x 24 h. Every
24 h, the mixture was filtered and replaced with a new
solvent. The filtering results were then concentrated
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with a rotary evaporator at 60°C then continued in a
water bath at 50°C to obtain a thick extract.

Determination of total phenolic content

Modified determination of total phenolic
content was used gallic acid equivalent (GAE) as
standard [26], [27].

Preparation of standard gallic acid curve

A standard solution of 1000 pug/ml gallic acid was
prepared by weighing 25 mg of gallic acid dissolved in
methanol pa to a volume of 25 ml. Afterward, the standard
solution was pipetted 2.5, 5, 25, 50, and 125 I, 0.2 ml of
Folin-Ciocalteu reagent was added, shaken, and left for
4-8 min. In addition, 2.0 ml of 7% Na,CO, solution was
added, shaken until homogeneous. 5 ml aqua bidestillata
was added to produce concentrations of 0.5, 1, 5, 10, and
25 ug/ml. The absorbance of gallic acid was measured at a
maximum wavelength of 760 nm. Next, the absorption of each
concentration was measured at the maximum wavelength.

Quantitative determination of total phenolic
compounds

Samples of propolis extract were weighed
accurately 50 mg, dissolved in 70% ethanol to 50 ml.
From the sample solution, 50 ul was pipetted, and 0.2 ml
of Folin-Ciocalteu reagent was added, shaken, and
allowed to stand for 4-8 min, then 2.0 ml of 7% Na,CO,
solution was added, shaken until homogeneous. After
that, 5 ml aqua bidestillata was added to produce a
concentration of 10 ug/ml. Three series of replications
were made with a concentration of 10 ug/ml. The
absorbance was measured at a maximum wavelength
of 760 nm, and a calibration curve was made for the
relationship between gallic acid concentration (ug/ml)
and absorbance. The average of the three readings was
used, and the total phenolic content was expressed in
mg GAE (mg/100 g).

Quantitative measurement of caffeic acid
using the ultra-fast liquid chromatography (UFLC)
method

Preparation of mobile phase

The mobile phase was a mixture of methanol:
demineralized water (10:90v/v) to extract caffeic acid.
The mobile phase contents were filtered before use
through a 0.45 um membrane filter, sonicated, and
pumped from the solvent reservoir to the column at a
flow rate of 0.5 ml/min. The samples were detected at
325 nm. The column temperature was maintained at
room temperature, and the injection volume was 20 pul.
Before analyte injection, the column was equilibrated
for 40-50 min with the mobile phase [28].

Calibration curve graph setup

Caffeic acid stock solution was prepared
with a 1000 ug/ml concentration by dissolving 10 mg
of standard caffeic acid into 10 ml of methanol
grade HPLC. Then, from stock solution was pipetted 1,
5, 10, 20, 40, 60, 80, 100, and 160 ul and PBS solution
was added until 1 ml into the UFLC vial to obtained
1, 5, 10, 20, 40, 60, 80, 100, and 160 ug/ml. Then, it
was injected for the preparation of the calibration curve
graph. The calibration ratio on the chart was plotted
using concentration versus peak area at 325 nm [29].

Determination of caffeic acid levels in extracts

The propolis extract was weighed 50 mg
diluted with 50 ml of methanol to obtain a 1000 ug/mi
concentration, then homogenized with a vortex and
filtered through a 0.45 um membrane filter. The stock
solution was pipetted 100 ul, and PBS solution was
added until 1 ml to obtain a 100 ug/ml concentration.
Three series of dilutions were made for analysis.

Fabrication of nanoemulgel propolis
extract

Preparation of gel base Carbopol 940

Carbopol 940 was added with some amount of
distilled water until completely dispersed and hydrated
for £24 h and homogenized. Then TEA was mixed into
the dispersion to form a clear gel. TEA was added as
a pH neutralizer as well as a stabilizer for Carbopol
940. This mixture was homogenized at 1000 rpm for +
5 minutes at room temperature.

Nanoemulsion manufacturing

The propolis extract-loaded nanoemulgel
was prepared by a high-pressure homogenization
method with slight modifications [30], [31]. The
composition of the different formulations is given
in Tables 1 and 2. The oil phase was mixed at
preparation glass, and propolis extract was dissolved
with ethanol, VCO, BHT, and oleic acid was added
then homogenized. Likewise, methylparaben

Table 1: Design Formula of Nanoemulgel

Composition Concentration b/b%

F1 F2 F3 F4
Propolis ethanol extract 2 2 2 -
VCO 5 5 5 5
Oleic acid 1.25 25 5 1.25
Tween 80 25 25 25 25
70% alcohol 5 5 5 5
Methylparaben 0.18 0.18 0.18 0.18
Propylparaben 0.02 0.02 0.02 0.02
Propylene glycol 5 5 5 5
BHT 0.1 0.1 0.1 0.1
Aquadestilata ad 100 100 100 100

BHT: Butylhydroxytoluene, VCO: Virgin coconut oil.
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and propylparaben were dissolved in propylene
glycol, then tween 80 was added and stirred
using a homogenizer at 1000 rpm for 5 min until
homogeneous as the aqueous phase. The oil phase
was added to the water phase. The remaining water
was added, then homogenized with a homogenizer
at a speed of 10000 rpm for +30 min at room
temperature until homogeneous and a clear and
transparent nanoemulsion was formed [30], [32].

Table 2: Formulation of gel bases

Composition Concentration b/b%

Carbopol 940 2
TEA 2
Aquadestilata ad 100

TEA: Triethanolamine.

Preparation of nanoemulgel

The nanoemulsion and gel base preparations
were mixed in a ratio of 1:1. It was then homogenized
for £5 min with a homogenizer at a speed of 1000 rpm
at room temperature to form a clear and transparent
nanoemulgel.

Determination of caffeic acid levels in
nanoemulgel

Preparations F1, F2, and F3 have weighed
50 mg diluted with 50 ml of PBS solution to obtain a
1000 ug/ml concentration, then filtered with a 0.45 um
membrane filter. Take 1 ml into a UFLC vial for injection.
Three series of dilutions were made for analysis.

Evaluation of physical properties of
nanoemulgel preparations

Evaluation of physical
nanoemulgel preparations includes:

properties  of

Physical characteristic test:
Organoleptic test

Physical for all nanoemulgel samples was
observed every week for 4 weeks. Color, odor, and visual
texture changes are the observed parameters [32], [33].

pH test

The pH test was carried out using a pH meter
Handylab pH Schott Instrument, which was calibrated
first using a basic solution of pH 10. Measurement was
carried out by dipping the indicator into the preparation.
Then record the results obtained [34].

Viscosity test

This measurement was carried out with three
repetitions using a Brookfield DV-E viscometer. The

sample’s viscosity was measured using the Brookfield
viscosity with spindle number 5, and the spindle was run
at a speed of 50 rpm. The consistency of nanoemulgel
is calculated by multiplying the number recorded on
the dial reading by the number listed in the conversion
factor table [35]. Record and convert the viscosity
measurement results with the formula:

Viscosity= %T xf (1)

%T = percent torque/Dial reading
f = conversion factor

Particle size determination test and polydispersity
index (Pdl)

Nanoemulsion Gel Droplet size and PdI tests
were carried out using a Size Analyzer with Dynamic
Light Scattering type made in triplicate using Zetasizer
(ZS90; Malvern Instruments Ltd., Malvern, UK). Each
sample (100 L) was diluted with distilled water in a ratio
of 1:100 before being analyzed [36].

Zeta potential assay

The zeta potential ({) of propolis extract NE
system optimized via laser Doppler anemometry using
Zetasizer (ZS90; Malvern Instruments Ltd., Malvern,
UK). Each sample (100 L) was diluted with distilled
water in a ratio of 1:100 before being analyzed [36].

Spreadability test

A total of 1 g of the preparation was placed in
the center of a round glass scale. On top of the practice
was placed another round glass and ballast so that the
round glass and 125 g weight were left for 1 min, then
the distribution was recorded. This test was carried out
once, that is, 48 h after the preparation has been made
[33], [37].

Adhesion test

A total of 0.25 g of the preparation was placed
on a glass object whose area has been determined.
Then another glass object was placed on top. Then,
the glass object was mounted on the test equipment
and given a load of 1 kg for 5 min then released with
a pack weighing 80 g. The time was recorded until the
two object glasses were removed [38].

Nanoemulgel physical stability test:
Centrifugation test

The preparation was put into a centrifugation
tube and then centrifuged at a speed of 5000 rpm for
30 min. Observation of phase separation was carried
out at each time interval until separation occurred [39].
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Freeze-thaw test

The freeze-thaw method is carried out by
storing the preparation at a temperature of -20°C and
25°C for no more than 48 h (1 cycle). Parameters
measured for stability were pH and viscosity for all
nanoemulgel formulas. The fundamental steps were
repeated for three cycles [39].

Heating stability test

The stability test was carried out using an oven
stability test using a temperature of 60—100°C. Samples
were stored for 5 h, and after completion of the test,
physical characteristics were observed, including
organoleptic observations [39].

Permeation and retention ex vivo test:
Preparation of PBS pH 7.4

NaCl 8 g, Na,HPO 42.38 g, and KH,PO,0.19 g
were weighed and put into a 1000 ml volumetric flask,
then diluted with CO2-free water to £800 ml. The degree
of acidity of the solution was measured by a pH meter
until it reaches a pH of 7.4, and water CO2-free was
added to 1 1 [40].

Permeation test

The modified Franz diffusion cell was used
to study drug permeation from the reservoir through
nanoemulgel preparations on rat skin. The diffusion test
was carried out using a Franz diffusion cell. The liquid
receptor compartment on the device was filled with PBS
pH 7.4, which has been heated to +37°C to total (28 ml),
the stirrer was inserted into the Franz diffusion cell. The
nanoemulgel preparation was placed on the skin of
mice in a Franz diffusion cell. After that, it was closed
with a glass lid and equipped with a rubber clamp,
then placed on a magnetic stirrer whose temperature
and speed had been regulated. The magnetic stirrer
was turned on, and the rotation scale is adjusted; the
temperature was maintained at £37°C. Sampling (1 ml)
was carried out successively at 15, 30, 60, 120, 240,
360, 480, and 1440 min. Each sample taken was
replaced with PBS pH 7.4 with the same volume and
temperature. Determination of the levels of the sample
was done by UFLC. Permeation studies were performed
in triplicates [41]. The caffeic acid permeation parameter
of nanoemulgel was calculated by plotting the amount of
drug absorbed through the rat skin membrane (ug/cm?)
versus time (second). The steady-state flux value (J) of
all nanoemulgel formulas was evaluated from the linear
increase of the permeation graph through the equation:

J (ug/(cmzs))zj\j—gt (2)

where Q represents the amount of substance
that crosses the rat skin membrane, A is the area of
the exposed rat skin membrane, and t is the exposure
time. The permeation coefficient (P) in each formula is
calculated from the following equation:

J
2 —
P(cm /s)—CO (3)
where C, represents the initial drug

concentration in the donor compartment [42].

Retention test

After the permease test, the rat skin was cut into
small pieces and extracted with ethanol in a sonicator
bath for 2 h. The supernatant was taken and centrifuged
for 15 min at 5000 rpm. The supernatant was collected,
and UFLC was performed for analysis [43].

Drug release kinetics

Data obtained from permeation studies were
fitted to different kinetic models (Zero-order, First-order,
and Higuchi) to determine the mechanism of caffeic acid
release from nanoemulgel with the following formula:

Zero-order: A = A, + Kt 4)
First-order: InA =InA  + K t (5)
Higuchi: A, = Kyt (6)

where A is the percentage of drug released at
time t, A is the initial value of A t is the time, K; K,
K, are the release coefficients following the relevant
kinetic models [33], [44].

Data analysis

Analysis the data presented are expressed
as mean * standard deviation (SD) from the mean.
Calculations were performed using Microsoft® Excel® in
2016 (Microsoft Corporation, Redmond, USA). Statistical
analysis was performed using GraphPad Prism® version 6
(GraphPad Software, San Diego, California, USA).

Results and Discussion

Determination of total phenolic content

From the measurement results, the total
phenolic content of the propolis ethanol extract was
112.29 + 5.19 mg/g, calculated equivalent to mg
GAE to grams of propolis extract GAE. The phenolic
content of propolis ranges between 65.49 mg GAE/g
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and 228.40 mg GAE/g [45]. Several previous studies
of propolis found a total phenolic content of 152.29
+ 3.82 mg GAE/g [46] and 179.32 + 9.32 mg GAE/g
extract [43]. In several countries such as China,
Lithuania, Brazil, Turkey, and Portugal, it has been
reported to have total phenolic between 29.5 and
329 mg GAE/g with the gallic acid standard [46],
[48], [49], [50]. Research by Lagouri et al. (2014)
suggests several things that affect the difference in
total phenolic such as extraction method, solvent,
and geographical location. From the solvent used
80% methanol, methanol, and water between the
western Macedonia and Rhodes regions, the highest
yield was of west Macedonia with 80% methanol
solvent of 179.99 + 3.43 mg GAE/g, and the lowest
was from the Rhodes area with water solvent of 2.33
1+ 0.51 mg GAE/g. In Indonesia, several studies have
also been conducted from SEAFAST Indonesia on
bee propolis in some areas. The results showed that
the total phenolic content ranged between 39.9 *
54 mg and 376.3 + 18.8 mg GAE/g extract [51]. The
total phenolic concentration test was carried out using
gallic acid as a standard for comparison with Folin-
Ciocalteu (F-C) reagents and Na,CO,, then measured
by ultraviolet-visible (UV-Vis) spectrophotometer.
F-C reacts with phenolic compounds to produce a
blue color. The blue color in the solution is due to the
molybdenum metal (Mo[VI]) in the reagent complex
being reduced to Mo(V) in the presence of electron
donors by antioxidants which can be measured
using a spectrophotometer at a wavelength of
760 nm [52]. Na,CO, serves to provide an alkaline
atmosphere; the reaction occurs if the pH is ~10;
under these conditions, F-C will be easily reduced
by the dissociation of phenolic protons leading to the
formation of phenolic ions [53].

Determination of caffeic acid levels in
extracts

Determination of caffeic acid content was
analyzed by the UFLC method. UFLC chromatogram
of standard caffeic acid and propolis ethanol extract
with a retention time of 3.4 min is shown in Figure 1.
The measurement results obtained that the levels of
caffeic acid in propolis extract were 6.037 + 1.27 mg/g
extract. The previous research by Lagouri et al. (2014)
of 0.64 + 0.01 mg/g - 4.17 £ 0.27 mg/g of caffeic acid
extract with methanol as a solvent. In contrast to the
results obtained by Balata et al. (2018), research with
caffeic acid levels of 29.04 + 1.56 mg/g. The findings of
other studies in other geographic areas with phenolic
acids include caffeic acid (3.3-32.2 mg/g) [54]. The
results obtained are relatively low because the phenolic
compounds besides caffeic acid consist of coumaric
acid, ferulic acid, Caffeic acid phenethyl ester, vanillic
acid, and others [47].

Evaluation of physical properties of
nanoemulgel preparations

Determination of caffeic acid concentration in
nanoemulgel preparations

Determination of the levels of caffeic acid
in the preparations F1, F2, and F3 nanoemulgel
propolis extract was intended to determine how many
mg levels of dissolved caffeic acid were in these
preparations. The weight of caffeic acid obtained in
the preparation determines how many mg of caffeic
acid are in each gram of the nanoemulgel preparation.
The average caffeic acid content obtained for each
formula F1, F2, and F3 was 0.1151 + 0.0060 mg/g;
0.1099 * 0.0114 mg/g; and 0.1128 £ 0.0071 mg/g of
the nanoemulgel preparation. F4 as a control does not
contain caffeic acid. The concentration of 2% extract is
equivalent to 2 g of extract in 100 g of preparation so
that 1 g of the preparation contains 20 mg of extract.
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Figure 1: The ultra-fast liquid chromatography chromatograms of
standard Caffeic acid (a) and ethanol extract of propolis (b)

Physical characteristics test
Organoleptic test

Nanoemulgel formulations of F1, F2, and F3 were
semisolid with a homogeneous texture, brown color, and a
characteristic odor of oil at the beginning of their formation
and after storage for 4 weeks at room temperature of
27°C, while nanoemulgel F4 was a semisolid with a
homogeneous texture, white color, and characteristic
odor oil. Photos of the observations of the organoleptic
nanoemulgel formulas F1, F2, F3, and F4 at the time of
the first formation and after storage for 4 weeks at room

Figure 2: Nanoemulgel preparations propolis extract
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Table 3: Results of organoleptic observations nanoemulgel preparations propolis extract
Formula Observation Observation time (week of-)
1 2 3 4
F1 Color Brown Brown Brown Brown
Odor distinctive odor distinctive odor distinctive odor distinctive odor
Consistency Homogeneous Homogeneous Homogeneous Homogeneous
F2 Color Brown Brown Brown Brown
Odor distinctive odor distinctive odor distinctive odor distinctive odor
Consistency Homogeneous Homogeneous Homogeneous Homogeneous
F3 Color Brown Brown Brown Brown
Odor distinctive odor distinctive odor distinctive odor distinctive odor
Consistency Homogeneous Homogeneous Homogeneous Homogeneous
F4 Color white white white white
Odor distinctive odor distinctive odor distinctive odor distinctive odor
Consistency homogeneous homogeneous homogeneous homogeneous
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Figure 3: The results of measuring the pH of nanoemulgel before and after storage for 4 weeks (a), measuring the viscosity of nanoemulgel
before and after storage for 4 weeks (b), dispersion (c), adhesion (d), Freezee thaw pH test (e), frezee thaw viscosity test (f), F1 = Nanoemulgel
with 1.25% oleic acid concentration, F2 = Nanoemulgel with 2.5% oleic acid concentration, F3 = Nanoemulgel with 5% oleic acid concentration.
F4 = Nanoemulgel without propolis extract, (*/***) = Significant (p < 0.05). Ns = Not Significant (p < 0.05)
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temperature 27°C are shown in Figure 2 and Table 3.
These observations prove that during storage for 4 weeks,
the organoleptic nanoemulgel did not experience changes.

pH test

The results of the measurement of the pH of
nanoemulgel formula F1 before 4 weeks of storage for
formulas F1, F2, F3, and F4 had a pH of 6.0 + 0.20; 5.71
+ 0.03; 5.52 + 0.05; and 5.99+0.03 and after storage for
4 weeks at 27°C for the formulas F1, F2, F3, and F4 had
apHof594 +£0.03; 5.64 +£0.01; 549 £ 0.09; and 5.91 £
0.03. The two-way analysis of variance (ANOVA) statistical
analysis results on the F1, F2, F3, and F4 formulas before
and after 4 weeks of storage with p > 0.05 indicated that
the decrease was not significant. During 4 weeks of
storage, there was a decrease as shown in the histogram,
but the pH value was in the normal skin pH range of 4.5—
6.5, which was acceptable and non-irritating for use on
human skin [32], [55]. The histogram of pH values in the
four formulas is shown in Figure 3.

Viscosity test

The results of measuring the viscosity of
nanoemulgel at 50 rpm with spindle number 5 for
formulas F1, F2, F3, and F4 before and after 4 weeks
of storage are shown in Table 4. The viscosity of
nanomulgel propolis extract with p-value 0.2552
(p>0.05), which indicated that there was no significant
difference. Based on these results, it can be seen that
the F3 formula has the lowest viscosity compared to
the F1, F2, and F4 formulas. These results indicate
that the higher the concentration of oleic acid used,
the lower the viscosity value produced. It happens
because the increase in oleic acid affects the
consistency; the preparation becomes runnier; this is
due to the more effective the oleic acid content used
in the formulation, the greater the HLB needed and
the surfactant level required to form micelles so that
the required tween 80 content is also more significant.
The content of the inner phase, namely large oleic
acid, also makes the emulsion more unstable because
of the greater interfacial tension, thus requiring more
tween 80 [56]. The results of testing the viscosity of
the preparations on the formulas F1, F2, F3, and F4
meet the requirements for suitable density of semisolid
preparations ranging from 4.000 to 40.000 cP [57],
[58]. Tables and histograms of pH values in the four
formulas are shown in Table 4 and Figure 3.

Determination of particle size, Pdl, and zeta potential

The results of the measurement of nanoemulgel
particles F1 when they were initially formed had an average
particle size of 213.47 + 18 nm, F2 had an average particle
size 0of 204.23 £ 11.61 nm, F3 had a particle size of 137.28
+1.11 nm, and F4 had a particle size of 137.28 + 1.11 nm.
Particle size was 272.29 + 0.50 nm.

Based on the one-way ANOVA statistical test
results, the results of a significance value of 0.0001
(p < 0.05) can be seen as a significant difference
between the droplet sizes of the four formulas. Then
continued with the post hoc t-test of the Tukey’s test
method from the comparison of the four formulas, there
was no significant difference between the F1 and F2
formulas. However, there are substantial differences
between the formulas F1 and F3, F1 and F4, F2 and
F3, F2 and F4, and F3 and F4. The particle size of the
nanoemulsion preparation of the propolis extract gel
produced a size range of 100-300 nm. Nanoemulsion
preparations have an average particle size of about
20-500 nm [59], [60]. The resulting particle size range
has met the requirements.

In addition to droplet size, the Pdl value helps
provide information about the stability and uniformity of
nanoemulsion droplet size. The particle size distribution
is expressed as mono dispersion if the Pdl is between
0.01and 0.7 [61]. Range The Pdl value in the preparation
of nanoemulsion gel extract of propolis in each formula
shows a value below 0.5 which was still acceptable
because the droplet size distribution was uniform and
homogeneous (Table 5). The statistical analysis of the
Pdl showed a significance value of 0.0002 (p < 0.05).
It could be seen that there was a significant difference
between the Pdl of the four formulas. Then continued
with the post hoc t-test Tukey’s Test method from the
comparison of the four formulas F1 and F4, F2 and F3
each with a significance value (p > 0.05) which indicates
there was no significant difference for these formulas
with the same oleic acid concentration, namely, F1 and
F4 by 1.25%. Then there is a considerable difference
between the formulas F1 and F2 and F2 and F4. The
value of the Pdl in the nanoemulsion indicates the
quality of the homogeneity or stability of particle size.
The smaller the PI value, close to 0, shows a more
uniform and homogeneous droplet size [38]. In addition,
a Pdl value below one is considered ideal for topical
delivery because it will provide a large surface area,
resulting in rapid pore transport [30]. Details of the PdlI
are shown in Table 5 and Figure 4.

Table 4: Measurement results of pH and viscosity of nanoemulgel before and after 4 weeks of storage (mean * SD, n = 3)

Formula Average of pH + SD

Average of Viscosity + SD (cPs)

Before storage 4 weeks

After storage 4 weeks

Before storage 4 weeks After storage 4 weeks

F1 6.29 +0.54 5.87+0.10
F2 5.71+0.03 5.64 +0.01
F3 5.52+0.05 5.49+0.09
F4 5.99 + 0.03 5.91+0.03

35466.7 + 923.8
30266.7 +611.0
28800.0 £ 692.8
38666.7 £1222.0

34800.0 + 400
29600.0 + 800
28133.3 £230.9
38133.3 + 1222.0
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Figure 4: Histogram of particle size, polydispersity index (a), dan zeta potential (b)

Based on the statistical analysis of the
t-test method, the two-tail P(T<=t) value < 0.0001
Smaller than p-value = 0.05 (level of significant 5%
0.0001 < 0.05) indicating that the data are significantly
different. It shows that the variation in the concentration
of oleic acid statistically has a significant effect on the
particle size of each formula. The t-test method used is
the t-test type 3 method (unequal variance assumed),
where the data being compared is two sample data
with the assumption of unequal variations. For type 1,
two samples for facilities/tools with the same number
of variables, and type 2 for two samples assuming
the same variation. Two-tail is used because the data
analyzed are unstable or free to experience a decrease
or increase (two-way testing). While the one-tail is used
for stable data, it does not significantly differ whether it
increases or decreases (one-way test).

Table 5: Result of particle size, Pdl, and zeta potential
(mean = SD, n = 3)

Formula Particle size (nm) Pdl (nm) Zeta Potential (mV)
F1 213.47 +1.80 0.17 £0.03 —27.40 £2.27
F2 204.23 + 11.61 0.31+0.02 —28.78 £ 0.48
F3 137.28 £1.11 0.25+0.01 —30.46 + 2.34
F4 272.79+£0.58 0.18 £0.01 -31.81+1.60

PdI: Polydispersity index.

The mean zeta potential values of the formulas
F1,F2, F3,and F4, respectively—27.4 £2.27 mV,-28.78
+ 0.48 mV, -30.46 £ 2.34 mV, and -31.81 £ 1.60 mV,
were considered ideal for preventing coalescence and
maintains the interfacial boundary of the nanoemulsion
droplets resultingin better stability of the colloidal system.
According to Mao’s et al. nanoemulsion research (2019),
against zeta potential was obtained —29.10 + 1.27 mV,
which indicated that the nanoemulsion was stable [62].
Statistical analysis using the One Way ANOVA test on
the four nanoemulgel formulas showed no significant
difference in each formula (p > 0.05). It shows that the
variation of oleic acid concentration statistically does
not significantly affect the zeta potential of each formula.
The zeta potential is defined as the potential difference
between the surface of the tightly bound layer and the
electroneutral region of the system. Zeta potential is

measured as a parameter in determining the surface
charge of colloidal particles and the level of stability of a
nanoemulsion and measuring the charge on the surface
of droplets dispersed in a nanoemulsion system [36].
Nanoemulsions with a higher zeta potential value have
a high degree of stability than a low zeta potential value
and will flocculate faster. Astable colloidal nanoemulsion
must have a zeta potential value of more than —30 mV
and +30 mV [63]. In contrast, preparations with a small
zeta potential value show fast particle aggregation due
to Van der Waals forces [64]. The full zeta potential
of the nanoemulsion gel extract of propolis extract is
shown in Table 5 and Figure 4.

Spreadability test

Formulas F1, F2, and F4 have almost the same
dispersion, namely 5.75 + 0.12, 5.77 + 0.37, and 5.72
+ 0.38. Only formula F3 has a high distribution of 6.47
+ 0.24. ANOVA showed a significant difference in the
dispersion in each formula of 0.0001 (p < 0.05). The
post-hoc test uses Tukey’s test method among the four
formulas. The results show that the formula F3 was
significantly different compared to formulas F1, F2, and
F4, then obtained that there was no significant difference
between formulas F1 and F2, F1 and F4, and F2 and
F4. The higher the spreadability of nanoemulgel with F3
concentration of 5% oleic acid. Based on the results of
the dispersion test of the nanoemulgel preparations, it
can be concluded that the nanoemulgel formulations of
formulas F1, F2, F3, and F4 have met the dispersibility
requirements. The dispersion requirement for topical
preparations should be about 5—-7 cm. The dispersion
test on nanoemulgel was carried out to determine the
ability of the preparation to spread on the skin, which
indicates the ease of use of the preparation on the skin.
Good dispersion when it is easily spread on the skin,
without applying tremendous pressure. Good dispersion
causes the contact between the drug and the skin to be
wide so that the absorption of the drug into the skin takes
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place quickly. The dispersion ability is influenced by the
components that make up the material; the more liquid
components, the larger the spread diameter, and vice
versa, where a semisolid preparation should have good
dispersion to ensure good drug delivery [57], [65], [66].

Adhesion test

The results of the adhesion test are presented
in Figure 3, ranging from 6 to 12 s. The results of this
adhesion test were then analyzed using ANOVA with
a 95% confidence level. The statistical tests showed a
significant difference in the adhesion test data of 0.043
(p < 0.05). Afterward, a post hoc test was carried out
using Tukey’s test method to see the difference between
the nanoemulgel formulas. The test results showed that
there was a significant difference between the formulas
F1 and F3, with differences in the concentration of oleic
acid between 1.25% and 5%, while the comparison of
the other formulas was F1 and F2, F1 and F4, F2 and
F3, F2 and F4, and F3 and F4 there was no significant
difference (p > 0.05). Thus, it can be concluded that the
concentration of oleic acid affects the adhesion to the skin.

The adhesion test on nanoemulgel was carried
out to see the ability to adhere to the skin, which could
affect the penetration ability of nanoemulgel into the skin
to cause an effect. The adhesion test results showed
that the increase in the concentration of oleic acid with
the tween that remained in the nanoemulgel preparation
decreased the adhesion ability of the preparation. The
low viscosity influenced this because the increase in oleic
acid as one of the oil phase ingredients was not followed
by an increase in tween as the water phase so that the
required HLB point was not found. The adhesive power
allows for a longer contact time of the preparation with the
skin so that the penetration of nanoemlugel can produce
a better effect. It shows that nanoemulgel preparations
with various concentrations of oleic acid meet the
requirements for adhesion. The need for adhesion to
topical preparations is not <4 s [57], [65], [66].

Physical stability test of nanoemulgel

Centrifugation test

Thecentrifugationtestwas carriedouttodetermine
the effect of gravity on the stability of nanoemulgel, which
is equivalent to the force of gravity for 1 year [55], [67].
From the observations of the centrifugation test at a
speed of 4.000 rpm for 30 min, it was found that the four
nanoemulgel formulas remained stable, and there was
no phase separation after centrifugation. The results of
these observations can be seen in Figure 4, nanoemulgel
before centrifugation (A) and after centrifugation. These
results indicate that the four formulas are stable against
the influence of gravity for 1 year.

Freeze-Thaw test

In this study, a freeze-thaw test was carried
out to show the stability of the nanoemulgel preparation
in the sample experiencing two varying extreme
temperature changes. The results of the freeze-thaw
test observation at a temperature of —20°C for 48 h
followed by a temperature of 25°C for 48 h (counting
one cycle) and carried out for three cycles. It can be
seen that the four nanoemulgel formulas remained
stable because no phase separation occurred when
the initial formation of nanoemulgel was until the
3™ cycle. After the organoleptic test, pH and viscosity
tests were carried out. The results of the freeze-thaw
test observation are shown in Figure 5. Test the results
of ANOVA statistical analysis on the comparison of pH
test values p = 0.0001 (p < 0.05) showed a significant
difference between cycles 1, 2, and 3. From the post
hoc test follow-up analysis from cycle 1 to cycle 2, there
was no significant difference for the formulas F1 and
F4 (p > 0.05). In F2 and F3, there was a considerable
difference with the p-value, p < 0.05 and p < 0.01,
respectively. From cycle 2 to cycle 3, the formulas
F1, F2, and F4 with a p > 0.05 showed no significant
difference for each formula. Inversely proportional
to the F3 formula, which experienced a substantial
change with p < 0.001. The analysis of the viscosity
test with ANOVA showed a significant difference with
a p < 0.0001. They were followed by post hoc test
analysis to see the significance of each formula with a
comparison between cycles 1, 2, and 3. The average
change in formulas F1, F2, and F3 viscosity decreased
with a p < 0.001, indicating a significant difference. For
the F4 formula with a p > 0.05 for all cycles, it suggests
that there was an insignificant change.

Figure 5: Test results centrifugation, before centrifugation (a), after
centrifugation (b)

Heating stability test

The observations of heating stability tests at
temperatures of 60°C, 70°C, 80°C, 90°C, and 100°C
for 5 h, showed that the formulas F1, F2, F3, and F4
underwent organoleptic changes starting at 90°C.
The results obtained are due to nonionic surfactants,
especially those with polyoxyethylene groups such as
Tween 80. Tween 80 is sensitive to temperature, so that
it will affect the thermodynamic stability of the system.
As the temperature increases, nonionic surfactants will
become more lipophilic. The polyoxyethylene group that
functions as a polar or head group will dehydrate with
increasing temperature resulting in increased interfacial
tension between oil and water so that the appearance
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of the nanoemulgel becomes unstable. Oleic acid is
also not resistant at high temperatures between 80°C
and 100°C because it will decompose [68].

Permeation test

Determination of the permeated caffeic acid
content was carried out using UFLC analysis. In UFLC
analysis, the maximum wavelength of caffeic acid was
325 nm. Next, a standard curve was made that shows

the excellent linearity produced by the standard curve
of caffeic acid. Therefore, the resulting standard curve
can be used as a reference in determining the levels
of caffeic acid. The graph in Figure 6a showed the
percentage of permeated nanoemulgel propolis extract.
On the F1 chart, F2 begins to permeate at the 7" h with
an average percent permeation of 0.02% and 0.22%,
and F3 was permeated at the 6" h with a permeation
of 0.08% while, F4 the amount of permeation was 0%
as control of physical stability without extract ingredients
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Figure 6: Graph of permeation test results (a), histogram of retention test results (b), graph of drug release kinetics order 0 (c), the graph of

drug release kinetics 1 (d), and graph of drug release kinetics 2 (e)
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in the formula. Then the number of percent’'s permeated
at the 24" h in a row was 3.74%; 5.58%; and 11.67%.
Furthermore, the permeability coefficient parameter
also shows a significant SD between each nanoemulgel
formula. The coefficient of permeability (P) is a value that
indicates the rate of penetration of caffeic acid through
the skin, and its value was determined at steady-state
flux. The variability of these results can be caused by
several things, such as the composition, nanoemulgel’s
volume, and the surface area of the skin. In addition, it
also depends on the characteristics of the skin used. The
greater the permeability coefficient (P) value means that
the easier the compound is to penetrate the skin. It can
be seen in Table 6.

Based on the amount of permeation F1, F2,
and F3 containing permeation enhancers, it was seen
that the concentration of oleic acid was able to increase
the amount of drug that permeated into the skin.
Therefore, as the concentration of oleic acid increases,
the number of drugs that can permeate through the
membrane increases. Statistical analysis using the
One-Way ANOVA test on the four nanoemulgel formulas
showed a significant difference in each formula p-value
was 0.0470 (p < 0.05). Furthermore, the post hoc test
using Tukey’s Multiple Comparison Test method, to
find out which variants were significantly different, the
results obtained showed that the comparison between
F1, F2, and F3 nanoemulgel did not have a significant
difference (p > 0.05), for F3 and F4 have a significant
difference (p < 0.05).

Retention test

The permeation data do not fully support the
desired local effect because the permeation test was
carried out to determine the amount of drug that can
enter the skin, while to achieve the local effect, it was
necessary to know the amount of caffeic acid that can
be left on the skin so that a retention test was carried
out. The results of the nanoemulgel retention test can
be seen in the histogram above. In the histogram, it
can be seen that F1 has a lower amount of caffeic acid
deposited than F2, with a 1.25% oleic acid concentration.
It indicates that F1 does not have a high retention time
on the skin. The highest amount of caffeic acid deposited
after 24 h was found in F2 with a concentration of 2.5%
oleic acid, which indicates that F2 has a high retention
time to provide local effects on the skin. F3, which
contains oleic acid with a concentration of 5% and has
a higher amount of permeation, shows a lower amount
of retention than F1 and F2; this indicates that a higher
concentration of oleic acid can permeate well but does

Table 6: Result of percent permeated, steady-state flux, and
Permeation coefficient (mean * SD, n = 3)

Formula Permeated (%) Steady-state flux (ug/cm’s ) Permeation coefficient (cm’/s)

F1 3.74 0.36 3.14x107
F2 5.58 0.54 4.89x10°
F3 11.67 113 9.98x10°
F4 0 0 0

not have a high retention time. In the skin, it directly
reaches the systemic circulation and does not provide
the desired local effect. One of the importances of the
dermal drug delivery system is that it can maximize the
amount of drug that enters the skin layer to increase the
residence time of the drug in the skin.

Statistical analysis using the One-Way
ANOVA test on each nanoemulgel formula showed
a significant difference in the retention test results
p < 0.0001 (p < 0.05). Furthermore, the post hoc test
using Tukey’s Multiple Comparison Test method, the
results obtained indicate that the four formulas have
significant differences (p < 0.05). Based on these
results, if F2, which has an oleic acid concentration
of 2.5%, shows good retention results on the skin,
compared to a concentration of 1.25% oleic acid (F1) or
an oleic acid concentration of 5% (F3) has a significant
difference in the results of the retention test.

Drug release kinetics

Drug release kinetics can describe the rate
of drug release and its release model. In this zero-
order system, drug release occurs at a constant rate,
independent of concentration. First-order release
kinetics can be obtained by plotting the logarithm of
the cumulative percent of drug remaining against time.
The rate of release in this system is concentration-
dependent. The rate at any given time is proportional to
the concentration of the drugremaining inthe preparation
at that time. The release kinetics of the Higuchi model
can be obtained by plotting the cumulative percent drug
release against the root of time.

The profile of the release model of nanoemulgel
can be seen by referring to the linear regression value
close to 1. Comparison of the release kinetics of the
formula with the comparison of the coefficient of
determination (R?) is shown in Table 7 and Figure 6. The
overall drug release model meets the release model of
zero-order, so it can be concluded that the release of
caffeic acid in nanoemulgel occurs at a constant rate,
independent of concentration.

Table 7: Linearity coefficient of release kinetics model

Formula Linearity coefficient of release kinetics model (R%)

Zero-order First Order Higuchi
F1 0.9044 0.1882 0.0101
F2 0.8825 0.1559 0.0098
F3 0.8657 0.3441 0.0021
F4 0 0 0
Conclusion

This study investigated the potential of oleic
acid on the nanoemulgel delivery system to increase
the penetration of caffeic acid, the active compound
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of propolis that has anti-inflammatory activity. The
maceration used 70% ethanol was obtained 6.037 *
1.27 mg/g of caffeic acid. Several evaluations were
carried out to determine the effect of oleic acid on the
physical characteristics and stability of the four formulas,
which had significant differences (p < 0.05) on particle
size, Pdl, spreadability, adhesion, and the freeze-thaw
test. There was no significant difference (p > 0.05) to
the pH of nanoemulgel, which shows a pH of about
5-6, which was very close to the skin pH so that there
was no possibility of skin irritation and viscosity at the
beginning formation and after 4 weeks of storage and
zeta potential test > 30 mV which indicates a stable
formula. The permeability of nanoemulgel was also
evaluated, showing that F3 with 5% oleic acid had a
significantly higher permeation power than F1, F2, and
F4. Utilizing a nanoemulgel delivery system proves the
principle for enhanced permeation and absorption of
lipophilic compounds such as caffeic acid. Furthermore,
the retention power of nanoemulgel was reviewed.
The results showed that F2 was the formula with the
most optimal retention amount with a percentage of
43.13% at 24 h, the increase in skin retention after
administration of nanoemulgel showed the higher caffeic
acid to inhibit inflammation in the skin, and all formulas
tended to follow order 0 drug release kinetics. Thus, it
can be concluded that the developed nanoemulsion-
based gel has a more significant potential for topical
drug delivery for skin penetration. However, further
extensive investigations are needed, including studies
of inflammation, toxicity, and in vivo pharmacodynamic
studies in suitable animal models.
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