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Abstract

Background: Nanostructured lipid carriers (NLC) are topical delivery systems designed to address the challenges
associated with active ingredients, such as poor solubility and limited skin penetration. NLCs incorporate
surfactants, such as sorbitan monooleate and lauryl glucoside, to stabilize the system, while the addition of soy
lecithin as a co-surfactant further enhances NLC stability. A D-optimal design was employed to optimize the NLC
components, ensuring that the formulation achieved the desired characteristics. Objective: To determine the
optimal NLC formulation. Method: Optimization was conducted using the D-optimal design method. The NLCs
were prepared using the high-shear homogenization method with an Ultra-Turrax device. Characterization
included measuring the particle size, polydispersity index (PDI), pH, and creaming index. Results: All
formulations resulted in homogeneous emulsions with a white color, slight aroma of castor oil, smooth texture,
and thick consistency. The particle sizes ranged from 200 to 500 nm, although the polydispersity index was not
significantly influenced by surfactants or co-surfactants. All the formulations maintained an appropriate pH range
for skin compatibility and product stability. The %creaming index demonstrated that the co-surfactant effectively
reduced creaming in the NLCs. Conclusion: The optimal formulation consisted of 0.284% sorbitan monooleate,
3.429% lauryl glucoside, and 0.287% soy lecithin.

Keywords: d-optimal design, lauryl glucoside, nanostructured lipid carrier, sorbitan monooleate, soy lecithin
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INTRODUCTION

Nanostructured Lipid Carriers (NLC) are lipid-
based delivery systems consisting of a mixture of solid
and liquid lipids in an oil-in-water (O/W) system with
particle sizes ranging from to 50-1000 nm (Mohammadi
et al., 2019). NLCs are typically used to improve
physicochemical stability, such as difficulty in
dissolving and penetrating the skin (Apostolou et al.,
2021). The NLC system contains a combination of solid
and liquid lipids of various types and concentrations that
affect the HLB. It must be stabilized with surfactants
and co-surfactants so that it can be stable in aqueous
solvents. Emulsion stability is achieved if the required-
HLB (rHLB) and HLB of surfactants/co-surfactants are
close to or almost the same (Wang et al., 2023).

In a previous study by De Barros et al. (2022), NLC
Quercetin was prepared using only one type of
surfactant, sorbitan monooleate (HLB=4.3), and liquid
lipids of five types of oils and solid lipids of myristic
acid. In the characteristic test, various particle sizes were
obtained (160-505 nm), while the results of the stability
test showed that there was a fluctuation in PDI from 0.5
0.6. This is certainly an interesting finding because the
HLB of the surfactant used had a range of values far
from the rHLB of the lipid used.

The lipids used in this study were castor oil
(HLB=14), glyceryl monostearate (HLB=5.8) and
cetearyl alcohol (HLB=15.5). In the present study, the
required HLB was 14.21. The combination of sorbitan
monooleate (HLB=4.3) and lauryl glucoside (HLB=16)
as surfactants and soy lecithin as a co-surfactant
(HLB=7) can obtain a HLB that is close to the HLB
required for lipids to stabilize the NLC.

Surfactants are used to reduce the surface tension
between lipids and water, prevent particle aggregation,
and maintain small particle sizes (Sar et al., 2019). Non-
ionic surfactants such as sorbitan monooleate and lauryl
glucoside are often used because they are considered
safer and have lower skin irritation effects (Lechuga et
al., 2023). Surfactants can affect NLC characteristics
because they reduce the surface tension. When
surfactants reach the critical micelle concentration
(CMC), the cohesive forces between particles decrease,
encapsulating the particles in micelles and forming
smaller particles (Moulik et al., 2024). To obtain the
appropriate HLB, sorbitan monooleate can be combined
with a lauryl glucoside surfactant to produce a more
stable emulsion.

Lauryl glucoside is a bio-based surfactant derived
from natural sources with good solubility in water
(HLB=16). It belongs to the Alkyl Polyglucoside (APG)
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group and can be used to replace ethoxylated nonionic
surfactants such as polysorbate (Tween) because it has a
similar HLB (HLB=13-16) (Pavoni et al., 2020). Alkyl
polyglucoside surfactants are better than polysorbate
surfactants owing to their natural biodegradability,
resistance to oxidation at room temperature, and low
dermatological irritation (Wieczorek and Kwasniewska,
2020). APG surfactant also provides skin softness and
hydration due to its glucose content, is gentle on the skin
(Das et al., 2024), and may enhance skin penetration due
to the interaction of the alkyl tail of the surfactant with
lipids in the stratum corneum. The use of lauryl
glucoside in leave-on cosmetic products is generally at
concentrations of 0.03-8%, but it is often used below 5%
to prevent excess foam.

Jafar et al.(2022) reported that the use of 2% (w/v)
lauryl glucoside produces NLC with vitamin E with
small particle size (280 nm), low polydispersity index
(0.44), zeta potential of -28 mV, and entrapment
efficiency of 95%. However, based on patch tests
conducted on 24,097 people in North America, 470
people showed allergies to APG surfactants, only 35 of
whom showed allergies to lauryl glucoside (Warshaw et
al., 2022). In the guinea pig sensitization test, APG
solution resulted in an irritation (Bhoyrul et al., 2019).
Moreover, several cosmetic products containing a
combination of sorbitan monooleate and lauryl
glucoside are available in the market, indicating that
these two surfactants are compatible when combined in
a product (INCI decoder, 2024).

Sorbitan monooleate and lauryl glucoside, as non-
ionic surfactants, offer formulation advantages for
cosmetic and pharmaceutical products. Both are stable
under various conditions, such as acidic and mildly basic
electrolytes, and do not react with ionic substances,
especially lauryl glucoside, which is stable across pH 4-
5.5 (Seweryn et al., 2019). The combination of sorbitan
monooleate and lauryl glucoside allows the preparation
of various emulsion systems, both oil-in-water (O/W)
and water-in-oil (W/O). Sorbitan monooleate (sorbitan
ester) is produced by dehydration of sorbitol. The HLB
value of this surfactant decreases with increasing
esterification, providing a higher solubility in lipophilic
substances (Hong et al., 2018). However, sorbitan
monooleate, which has a low HLB, is mostly used to
prepare water-in-oil (W/O) emulsions.

Another component of NLC is the co-surfactant,
which stabilizes the surfactant performance at low
concentrations, making the resulting emulsion more
thermodynamically stable. An example of a co-
surfactant is say lecithin. Soy lecithin has an HLB of 7-
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9, which has HLB value between the HLB of sorbitan
monooleate (HLB=4.3) and lauryl glucoside (HLB=16).
In leave-on products, soy lecithin is usually used at low
concentration (1-2%), which can stabilize 10% of the
surfactant. It is commonly used at ratios of 1:1, 1:3, and
1:5. In this study, only up to 0.8% surfactant was used,
assuming that the surfactant was used in the range of
3.5-4% (ratio 1:5). Thus, a combination of sorbitan
monooleate and lauryl glucoside surfactants, along with
the co-surfactant soy lecithin, is expected to produce
NLC with optimal characteristics for nanolipid-based
topical applications.

This study aims to optimize NLC formulations
using castor oil, glyceryl monostearate, and cetearyl
alcohol as lipid matrix with a combination of sorbitan
monooleate, lauryl glucoside, and soy lecithin to achieve
a stable and effective topical delivery system. A D-
Optimal Design was applied to determine the optimal
formula of mixture ingredients consisting of three
factors (sorbitan monooleate, lauryl glucoside, and soy
lecithin) and four responses (particle size, polydispersity
index, pH, and creaming index). Particle size is an
important characteristic parameter because it can affect
the stability of NLC. Smaller particles reduce the effects
of gravity and prevent sedimentation and creaming.
While PDI also affects stability, a low PDI (<0.5) has a
narrow particle size distribution, indicating good size
uniformity, which can ensure homogeneity in the NLC
systems. pH is also considered as NLC preparations are
used for topical delivery; a pH closer to the skin's
physiological range (4.5-5.5) ensures reduced irritation
and improves skin compatibility.

MATERIALS AND METHODS
Materials and instruments

Materials used in this research are Castor Oil (Thai
Castor Qil Industries Co.Ltd., Thailand), Cetearyl
Alcohol  (Lexemul®, Inolex, USA), Glyceryl
Monostearate (CIMS, Surabaya, Indonesia), Lauryl
Glucoside  (Plantacare®1200UP, BASF, China),
Sorbitan Monooleate (Elotant™, LG Healthcare, South
Korea), Soy  Lecithin  Granule  (Hongwan
Biotechnology, China), Citric Acid Monohydrate pro
analysis (Merck, Germany), Natrium Citric Dihydrate
pro analysis (Merck, Germany), NaOH pellets pro
analysis (Merck, Germany), Aquadest (CIMS,
Surabaya, Indonesia). Instruments used in this research
are Digital Ultra-Turrax IKA®T25 (Germany), Thermo
Scientific Cimarec+ (USA), Analytical Balance
OHAUS® (USA), Delsa™Nano C Particle Analyzer
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Beckman Coulter® (USA), pH meter SI Analytics Lab
865 (Germany), Ruler.

Methods

Application of D-optimal design for NLC
optimization

In this study, blank NLC containing various
surfactants and cosurfactants were optimized. Different
NLC formulations were prepared using a high-shear
homogenization method. Owing to the mixed nature of
the components under investigation, a mixed statistical
design was deemed appropriate. D-Optimal was chosen
as the mixture design because it does not require 1 in the
total mixture (Annisa et al., 2022). In fact, if the total
components are set to 1, then one of the components will
be set to 1, so that in a 100% mixture containing only
that ingredient, it will affect the HLB value of the
system. Therefore, we prepared a system of 4%
surfactant (w/w) and co-surfactant.

The three components of the surfactant and co-
surfactant mixture investigated were sorbitan
monooleate, lauryl glucoside, and soy lecithin. Upper
and lower limits were applied to the components of the
mixture to ensure that each mixture contained all three
components. The same range was specified for each
component of the mixture, as listed in Table 1. The
responses resulting from the optimization process are
listed in Table 2.

The D-optimal mixed design minimizes the
variance associated with the approximate regression
coefficient for the model described and is used to select
the design points (Montgomery, 2013). This model was
built using Design Expert software (Version 13.0.5.0,
Windows 64-bit, Stat-Ease Inc., Minneapolis, 2021). A
total of 15 experiments were performed (12 different
design points and three replications). Design Expert is
used to analyze the generated data by describing the
appropriate regression model for each response,
explaining how it is affected by mixed components. The
significance level was set at 0.0005. The results of 15
trials (F1-F15) are presented in Table 2. The preparation
and characterization of the different trials were
performed accordingly.

An ANOVA test was conducted to determine the
suitability of the model and the strength of the
correlation between factors and responses. The model
was considered suitable if it had a “Not Significant’ lack
of fit (P-value >0.0005). The correlation between the
factors and responses was considered strong if the
correlation coefficient (R-square) was close to 1. A
positive correlation coefficient indicated a positive
correlation between the factors and the resulting
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response. Table 5, 6, 7, and 8 present the ANOVA
results.

Contour plots and 3D surfaces are essential in the
Design of Experiments (DoE) for visualizing and
analyzing the interactions between different factors and
their effects on responses. Color variations depicted
response values, with lighter shades (yellow or red)
indicating higher response values and darker shades
(blue or green) indicating lower response values. The
contour lines represent areas with equal response values.
Tightly packed contour lines indicate rapid changes in
response to changes in factors, while widely spaced
contour lines indicate slower changes in response.

The steps for working using D-Optimal Design are as

follows:

1. The upper and lower limits of the independent
variables and factors were determined for sorbitan
monooleate, lauryl glucoside, and soy lecithin.

2. The responses to the test were recorded. In this
study, the parameters were particle size, PDI, pH,
and creaming index.

3. Fifteen optimization formulas were prepared
according to their applications.

4. The obtained data were analyzed.

5. Four solutions were generated using the
optimization formula. Observations were then
performed again (wet-lab observations) to compare

the predicted and observed data.

Table 1. Factors (mixture components) and responses to their targets

Factors and responses Range of HLB Actual values Real val_ues
HLB value_s from (% wiw) (Proportions)
Variable/Mi Values fm'XEd y Lower Upper Lower  Upper
ariable/Mixture components surfactants/co- bond bond bond bond
surfactant
Sorbitan monooleate 4.3 0 0.5 0 0.125
Lauryl glucoside 16 13.41-14.74 3 3.5 0.75 0.875
Soy lecithin 7-9 0 0.8 0 0.2
Responses Model Goals Constraints
Particle Size Special Quartic  Minimize  Below 300 nm
rnoézgliggény Special Quartic  In range 0.2upto 0.4
pH Linear In range 45upto4.8
Creaming Cubic, with o
Index transform Base Minimize  Below 10%
10 og, k=0.0093
Table 2. Observed response of NLC prepared according to D-optimal design
_ MIXEU re Compo_nents Y= B Yoz
Trial X1 = X T X3=$S HLB  Particle Y2= Yaz=  Creamin
formula Run Sorbitan Lauryl | 3 = 0y . Polydispersity * g
. ecithin  Values Size pH Index
code monooleate glucoside (L) (nm) Index (%)
(SMO) (LG)
F1 1 0.5 35 0 14.54 538.8 0.447 4.86 9.3
F2 2 0.1 3.23539 0.664607  14.2 295.5 0.374 4.67 0
F3 3 0.5 3.24975 0.250253 13.97 322.8 0.363 4.7 0
F4 4 0 3.41163 0.588371 14.67 362.4 0.374 4.64 0
F5 6 0 3.41163 0.588371 14.67 290.7 0.395 4.65 0
F6 7 0.164554 3.36776  0.467686  14.47 352.3 0.42 4.72 0
F7 8 0.37944 3.44052 0.180043 14.48 234.3 0.388 4.76 0
F8 9 0.332123 3.30842 0.359453 14.22 271.1 0.421 4,51 0
F9 10 0.2 35 0.3 14.74 205.9 0.441 4.6 2.32
F10 11 0.130975 3.06902 0.8 13.82 355.6 0.476 4.5 0
F11 14 0.317798 3 0.682202 13.53 477.4 0.375 4.55 9.3
F12 15 0.5 35 0 14.54 5124 0.455 4.82 9.3
F13 13 0.130975 3.06902 0.8 13.82 356.8 0.429 4.6 0
F14 12 0.5 3 0.5 13.41 488.2 0.435 4.52 2.32
F15 5 0.270637 3.19759 0.531775 14.01 364.7 0.46 4.53 2.32

The total amount of surfactant and co-surfactant components were 4% (w/w)
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Table 3. NLC optimization formula

Materials
Qil Phase (% w/w) Water Phase (% w/w)
Formula Castor Oil Glyceryl Cetearyl Sorbitan Lauryl Soy BSIifter?tSH
Monostearate Alcohol Monooleate Glucoside Lecithin 45+0.3
F1 6 1 3 0.5 35 0 86
F2 6 1 3 0.1 3.23 0.67 86
F3 6 1 3 0.3 3.25 0.25 86
F4 6 1 3 0 3.41 0.59 86
F5 6 1 3 0 3.41 0.59 86
F6 6 1 3 0.16 3.37 0.47 86
F7 6 1 3 0.38 3.44 0.18 86
F8 6 1 3 0.33 3.31 0.36 86
F9 6 1 3 0.2 35 0.3 86
F10 6 1 3 0.13 3.07 0.8 86
F11 6 1 3 0.32 3 0.68 86
F12 6 1 3 0.5 35 0 86
F13 6 1 3 0.13 3.07 0.8 86
F14 6 1 3 0.5 3 0.5 86
Fi15 6 1 3 0.27 3.2 0.53 86

Preparation of NLC

The NLC were prepared using a high-shear
homogenization method with Ultra-Turrax with
modifications (Azzahrah et al. 2022). Solid lipids
(cetearyl alcohol and glyceryl monostearate) were
melted at 60°C. Once the solid lipid melted, castor oil
was added. The lipid phase was stirred at a low speed
(200-300 rpm) using a magnetic stirrer.

Lauryl glucoside was heated until it melted (at
40°C) while the lipid phase was homogenized. Soy
lecithin was dissolved in citrate buffer and homogenized
using an Ultra-Turrax at 15,000 rpm for 2 min. At a
temperature of 55-60°C, the melted lauryl glucoside was
dissolved in the lipid phase until it was well-
homogenized. Subsequently, the water and lipid phases
were homogenized at 5,000 rpm using an Ultra-Turrax
for two cycles of 5 min each. After homogenization, the
emulsion was stirred at 16,000 rpm for 2 min. The NLC
were then cooled to room temperature (25°C) while
continuously stirring with a magnetic stirrer at 500 rpm.

All prepared NLCs were divided into two bottles.
One set was stored at room temperature (22-25°C) for
24 h for further characterization tests (particle size, PDI,
and pH), whereas the other set was stored at room
temperature (22-25°C) for 14 days to assess the stability
of the NLCs by observing the creaming index.
Characterization of NLC
Particle size (PS) and polydispersity index (PDI)
testing

The PS and PDI of the NLC were determined as
reported by Mayangsari et al. (2021) by weighing 50 mg
of NLC and diluting it with 50 ml of water (1:1). The
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mixture was stirred at a moderate speed (400-500 rpm)
for 10 min. Then, 2 ml of the dilution was mixed with 8
ml of water and stirred again at a low speed (100-200
rpm). The mixture was then placed into a cuvette and
filled to % of its volume with distilled water. The
analysis was performed using dynamic light scattering
(DLS) with a DelsaNano instrument.
pH testing

The pH was measured by weighing 1 g of the NLC
preparation and diluting it with 10 mL of CO,-free water
in a glass beaker, followed by stirring until it was evenly
mixed. The pH of the solution was measured at 25 °C
using a pH meter (Suzliana et al., 2020).
Creaming index testing

The creaming index was measured based on the
methods described by Tan et al. (2020) and Wangpradit
et al. (2022), with modifications. The NLC formulation
was stored at room temperature (22-25°C) for 14 d.
Changes in the organoleptic properties of the
formulation were visually observed, including phase
separation (Rohmabh et al., 2019). Phase separation was
naturally observed between the serum (transparent
appearance) and the total emulsion height using a ruler.
The height of the emulsions prepared in this study was
4.3 cm. The %creaming index was calculated using the
following formula (Haji et al., 2023; Wangpradit et al.,
2022):

%Creaming Index (%Cl) = % x 100%
Hc = Height of cream layer (cm)
He = Height of emulsion prepared (cm)
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RESULTS AND DISCUSSION

All the prepared samples appeared as white,
homogeneous emulsions. All the formulas had an
opaque white color, a slight characteristic odor of castor
oil, a smooth texture, and a thick consistency.

Particle size testing

Measuring the particle size is essential for
determining the dimensions of the particles and ensuring
that they meet the desired size range. Typically, the
diameter of Nanostructured Lipid Carriers (NLC)
ranges from 10 to 1000 nm, with a preferred size of 50—
300 nm for targeted drug delivery. For topical
applications, such as hair and skin, NLCs are generally
the most effective when their maximum particle size is
approximately 300-500 nm (Amasya et al., 2019;
Ghasemiyeh et al., 2019; Shinde et al., 2019). Although
the human pore diameter ranges from 40-80 um to
0.05-0.2 mm, achieving an NLC particle size of
approximately 300 nm is crucial for optimal product
stability and effectiveness.

Based on the experimental results, four
formulations had particle sizes above 300 nm, six had
particle sizes of approximately 300 nm, and five had
particle sizes below 300 nm. It was also found that
increasing the concentration of soy lecithin resulted in
larger particle sizes. However, the stability of the
emulsion improved, as evidenced by the decrease in the
creaming index ( no creaming was observed). The
amphiphilic nature of lecithin, which possesses both
hydrophobic and hydrophilic regions, makes it an ideal
surfactant for stabilizing oil/water emulsions. By
modifying the interfacial properties, lecithin helps

create a stable oil/water interface, which is crucial for
maintaining emulsion stability (Tabaniag et al., 2023).

Higher concentrations of lecithin also resulted in
larger particle size. This can be attributed to the
formation of complex systems that grow larger owing to
the dynamic exchange of lecithin molecules between
particles. As this exchange occurred, larger aggregates
were formed, which increased the overall particle size.
The increased size occurs because lecithin molecules
move from one aggregate to another, causing structural
modifications in the aggregates, leading to their growth.
When the lecithin concentration was high, more of these
dynamic exchanges occurred, leading to the growth of
larger vesicles. This exchange can lead to phase
separation and structural modifications, contributing to
an increase in particle size (Tabaniag et al., 2023).

Moderate amounts of lecithin helped stabilize the
emulsion because excessive concentrations decreased
stability. This is because excess lecithin molecules form
a denser layer at the droplet interface, intensifying the
attractive forces between droplets and leading to
coalescence. Furthermore, aggregated molecules can act
as nuclei for new droplet growth, destabilizing the
emulsion (Tabaniag et al., 2023).

The analysis of variance (ANOVA) in Table 5
shows that the model is a linear mixture with a P-value
of 0.0011; thus, there are significant differences in the
particle size of each formula, and the Lack of Fit is “Not
Significant” meaning that the model can be used for
further research. An R2value of 0.9819 indicated a very
strong relationship between the surfactant/co-surfactant
and particle size.

pr » A~ B A

w2 _‘Wv\ S
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Figure 1. The 15 NLC optimization formulas

Table 5. Analysis of variance (ANOVA) for particle size

Source Sum of Squares df Mean Square F-value p-value
Model 1.337E+05 8 16712.34 18.44  0.0011 significant
(MLinear Mixture 2961596 2 14807.98 16.34 0.0037
Residual 5436.51 6 906.09
Lack of Fit 4552.67 3 1517.56 5.15 0.1057 not significant
R? 0.9819
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As shown in Figures 2 (a) and (b), the color gradient
represents different particle sizes. The blue areas (205.9
nm) indicate smaller particles, whereas the red areas
(538.8 nm) represent larger particles. The 3D plot shows
how the particle size changed across the different factor
levels. Widely spaced contour lines suggest a gradual
change in particle size, indicating that small changes in
factor levels do not significantly affect particle size.
Polydispersity index (PDI) testing

The polydispersity index (PDI) describes the
homogeneity of a dispersion and ranges from 0 to 1
(Garcia et al., 2019; Hoseini et al., 2023). A PDI value
close to 0 indicates a homogeneously dispersed
formulation with monodisperse particles. The particle
size and PDI were influenced by the surfactants.
Theoretically, a polydisperse system is formed when the
surfactant concentration is 1001000 times greater than
the minimum concentration required to form micelles.
This is because excess surfactant leads to the elongation
and formation of molecular links, thereby increasing the
mobility of the tail groups. This destabilizes the
aggregates, resulting in larger micelles with varying
sizes. Consequently, this results in a high PDI,

(b)
Figure 2. Contour plot (a), 3D surface diagram (b) of NLCs particles size

indicating a broad particle size distribution (Nazarova et
al., 2022).

Various acceptable limits have been reported,
allowing the particle size distributions to be classified as
narrow, relatively broad, or broad. A PDI of 0.2 is often
considered indicative of a narrow distribution, and a
value of 0.5 is generally regarded as the upper limit for
a relatively broad distribution (Garcia et al., 2019).
Based on the experimental results, all formulations had
PDI values of < 0.5. However, in this study, the upper
limit of the PDI was set at 0.4. Six formulations had a
PDI below 0.4, and nine formulations had a PDI above
0.4. However, variations in PDI were not significantly
correlated with changes in surfactant and co-surfactant
concentrations.

The analysis of variance (ANOVA) in Table 6
shows that the model is a linear mixture with a P-value
of 0.4216; thus, there are no differences in the
polydispersity index of each formula, and the Lack of
Fit is “Not Significant” meaning that the model can be
used for further research. An R? value of 0.6165
indicated a strong relationship between the
surfactant/co-surfactant and the polydispersity index.

Table 6. Analysis of variance (ANOVA) for polydispersity index

Source Sum of Squares Df Mean Square F-value p-value

Model 0.0113 8

0.0014 121 0.4216 notsignificant

(MLinear Mixture 0.0002 2 0.0001 0.0812 0.9230

Residual 0.0070 6 0.0012

Lack of Fit 0.0038 3 0.0013 1.16  0.4519 not significant
R? 0.6165

P-ISSN: 2406-9388
E-ISSN: 2580-8303

©2025 Jurnal Farmasi dan lImu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Iimu Kefarmasian Indonesia Vol. 12 No. 1 April 2025 8

(@)

(b)

Figure 3. Contour plot (a), 3D surface diagram (b) of NLCs polydispersity index

According to Figure 3 (a) and (b), the blue areas
(0.363) indicate a lower PDI, which indicates a more
uniform particle size distribution. The red areas (0.476)
indicate a higher PDI, indicating a broader particle-size
distribution. Widely spaced contour lines suggest a
gradual change in the polydispersity index, indicating
that small changes in factor levels do not drastically
affect the polydispersity index.
pH testing

The pH of the Nanostructured Lipid Carrier (NLC)
system is crucial for ensuring its safety and
compatibility with the body, particularly in the skin and
mucous membrane areas. Based on the experiment, all
formulations had a pH range of 4.5-4.8, which is within
the safe limits for skin and formula stability. An increase
in pH was observed with an increase in lauryl glucoside
concentration. This was evident in F1 and F12, which
exhibited higher pH levels, although they remained
within the physiological pH range of the skin.

Ethoxylated surfactants, such as sorbitan
monooleate, contain carboxyl groups (-COOH) with
acidic properties; thus, increasing their concentration
results in a lower pH. In contrast, alkyl glycoside
surfactants, such as lauryl glucoside, contain sugars and
fatty alcohols and tend to have a higher pH than
ethoxylated surfactants because of their hydroxyl
groups (—OH). The pH of dilute lauryl glucoside is
typically neutral to slightly acidic or basic; however, it
does not significantly alter the overall pH of the
formulation. Therefore, the use of a buffer solution is
recommended to maintain a stable pH level in topical
products without compromising their stability.

P-ISSN: 2406-9388
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The ideal pH range for NLC systems intended for
skin use is 4.5-5.5. Recent studies have shown that the
normal pH of the skin surface is moderately acidic,
typically ranging from 4.1-5.8, with an average value of
4.9. This acidic environment is vital for maintaining the
physical, chemical, and microbiological barrier
functions of the skin. Therefore, topical formulations
designed to preserve and support the physiological pH
of the skin at more acidic levels may provide significant
benefits.

Topical formulations with low pH and sufficient
buffer capacity are specifically designed to align with
the skin's natural acidic environment, typically ranging
from pH to 4.5-5.5. A low pH helps maintain the optimal
acidic state of the skin, which is essential for preserving
its barrier function and preventing microbial growth. An
adequate buffer capacity ensures that the pH remains
stable, even when exposed to external factors that can
alter it. By combining a low pH with a robust buffer
capacity, these products effectively support and stabilize
the natural pH of the skin, enhance barrier integrity,
promote hydration, and reduce the risk of irritation
(Mehlich et al., 2021).

The analysis of variance (ANOVA) in Table 7
shows that the model is a linear mixture with a P-value
of 0.0046; therefore, there are significant differences in
the pH of each formula, and the Lack of Fit is “Not
Significant” meaning that the model can be used for
further research. The R2 value of 0.5924 indicates a
strong relationship between the surfactant/co-surfactant
and the pH.
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Table 7. Analysis of variance (ANOVA) for pH

Source Sum of Squares df Mean Square F-value p-value
Model 0.1069 2 0.0534 8.72 0.0046  significant
(WLinear Mixture 0.1069 2 0.0534 8.72  0.0046
Residual 0.0736 12 0.0061
Lack of Fit 0.0677 9 0.0075 3.86 0.1470 not significant
R2 0.5924
P Des g e o
k: e
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As shown in Figures 4 (a) and (b), the blue areas
(pH 4.5) indicate a lower pH, whereas the red areas (pH
4.86) represent a higher pH. The lack of curvature and
tightly

packed lines suggest that pH is relatively stable
across a range of factor combinations and shows
minimal sensitivity to changes in these factors.
Creaming index testing

The creaming index was assessed by monitoring the
extent of creaming in emulsions. A more stable
emulsion exhibits less visible phase separation, whereas
an unstable emulsion exhibits more pronounced
separation (Nollet et al., 2019). Creaming occurs when
oil droplets rise to the surface of an emulsion because
they are less dense than the water. Creaming stability
refers to an emulsion’s ability to resist this separation;
however, the cream layer can be easily redispersed into
the emulsion by shaking it (Loi et al., 2019). The
creaming indices of the emulsions were determined by
visual observations. An ideal emulsion has a creaming
index of 0%. However, the maximum creaming index
tolerated by an emulsion is 20% (Wangpradit et al.
2022).

For some formulations, an increase in the creaming
index was observed as the HLB decreased. The higher
the HLB, the greater the emulsion stability, as a highly
hydrophilic surfactant content forms a thick layer at the
interface. An increase in the interfacial film thickness
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Figure 4. Contour plot (a), 3D surface diagram (b) of NLCs pH

indicates the presence of van der Waals forces, which
form steric hindrance and prevent particle coalescence.
However, the ability to reduce interfacial tension is
considered more important than the HLB value alone
(Yanetal., 2023).

Emulsion stability is evaluated by observing the
extent of creaming, a phenomenon in which droplets of
the dispersed phase rise to the top or settle at the bottom
owing to gravitational forces, depending on their density
relative to the continuous phase. A stable emulsion
maintains a uniform distribution of droplets with
minimal macroscopic phase separation, meaning that
the droplets remain well dispersed without forming
distinct layers over time. Conversely, the unstable
emulsion exhibited significant creaming, where the
droplets coalesced and separated from the continuous
phase, resulting in visible layers. Thus, less creaming
indicates a more stable emulsion, whereas more
creaming indicates greater instability and a higher
propensity for phase separation.

Based on the experimental results, the addition of a
co-surfactant in optimal amounts prevented creaming,
indicating better stability of the Nanostructured Lipid
Carriers (NLC) compared to formulations without a co-
surfactant. A co-surfactant is used to lower the
interfacial tension and improve drug solubility in NLCs
more effectively than surfactants alone (Javed et al.,
2022). The use of co-surfactants with shorter chain
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lengths reduced the rigidity of the system and enhanced
its flexibility. This decrease in particle size results from
the increased fluidity of the interfacial film, which
promotes better intermicellar exchange, leading to
smaller particle sizes (Waghule et al., 2019).

Soy lecithin has carbon chain lengths ranging from
medium to long. To enhance the flexibility of the
interfacial film, soy lecithin can be combined with other
co-surfactants of short to medium chain lengths, such as
poloxamer 188, which can further reduce particle size
(Azzahrah et al., 2022).

The analysis of variance (ANOVA) in Table 8
showed that the model was a linear mixture with a P-
value <0.0001; thus, there were significant differences
in the creaming index of each formula, and the Lack of
Fit was not calculated because the degree of freedom
(df) was too small. The creaming index was identified
as a number that was too small; therefore, it was not
included as a response in subsequent research.

As shown in Figures 5 (a) and (b), the blue areas
(0%) indicate no creaming, whereas the red areas (9.3%)
indicate a higher degree of creaming or phase
separation. Tightly packed contour lines suggest a steep
change, indicating that the creaming index is highly
sensitive to changes in the formulation factors. Thus, a
minor modification in the concentration of surfactants,
co-surfactants, or other components can significantly
affect the stability of the NLC system.

Verification of the models

A design of experiments (DoE) model was used to
ensure that the solutions or formulas derived from the
experiments were effective and accurate under real
conditions compared to the predicted values (Vinayaka
et al., 2021). The verification process involved several
steps: the formulas obtained from the experiments were
applied in the actual process or system to observe
whether the expected results were achieved; the
experiments were repeated under the same conditions
used in the model to confirm that the obtained results
were consistent and reproducible; and the results were
compared with the predicted values from the model to
verify that the difference between the predicted and
actual values was minimal. This verification was crucial
to ensure that the DoE model was reliable, provided real
observed benefits, and enabled a more effective process
optimization.

Based on the application used, the design
recommended formula 1 as the optimum formula, with
a desirability value of 0.976. For Equations 3 and 4, the
particle sizes were not in accordance with their creaming
index. Stokes' law states that the smaller the particle
size, the lower the flocculation rate, which makes
coalescence difficult. However, the creaming index
from the observation results was still within the
acceptance limit of 10%, so that the resulting emulsion
was still physically stable.

Table 8. Analysis of variance (ANOVA) for creaming index

Source Sum of Squares df Mean Square F-value p-value
Model 26.76 9 297 716.47 <0.0001 significant
(MLinear Mixture 8.16 2 4,08 982.61 <0.0001
Residual 0.0207 5 0.0041
Lack of Fit 0.0207 2 0.0104
R2 0.9992
Cronrming bdes (%) h ‘ QuEnfphtim 0o
(e Py
4 ity .
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Figure 5. Contour plot (a), 3D surface diagram (b) of NLCs creaming index
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Figure 6. NLCs have been prepared

Table 9. Solutions of optimal formula

Particle size Creaming Index
No. 3(22()) (';A)G) (f /';) HLB (nm) PDI pH (%) Desirability
Prediction Observed Prediction Observed Prediction Observed Prediction  Observed
1 0.284 3429 0.287 14.52 210.433 220.4+11.28 0.388 0.382+0.004 4.708 4.69+0.017 0.000 0 0.976
2 0.000 3.200 0.800 14.20 253.060 258.3+9.2 0.320 0.365+0.0012 4,554 4.51+0.025 0.000 0 0.706
3 0.125 3.352 0.523 14.46 279.817 288.1+10.33 0.400 0.374+0.002 4.644 4.67+0.031 0.000 2.3 0.463
4 0.500 3.327 0.173 14.15 282.561 277.8+10.7 0.342 0.454+0.0025 4.705 4.68+0.022 0.000 2.3 0.430
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CONCLUSION

The optimal formula contained 0.284% sorbitan
monooleate, 3.429% lauryl glucoside, and 0.287% soy
lecithin, which showed close alignment between the
observed and predicted data. This formulation achieved
the desired characteristics for Nanostructured Lipid
Carriers (NLC), as evidenced by their homogeneous
consistency, suitable particle size, pH range, and
polydispersity index. The physical stability of NLC, as
indicated by the creaming index, showed that this
combination of surfactant and co-surfactant effectively
improved the stability of NLC and produced an optimal
formula for further development.
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Abstract

Background: Quercetin, a potential skin-lightening agent, reduces intracellular and fungal tyrosinase activities.
However, its poor water solubility and limited skin permeability hinder its applications. Nanostructured lipid
carriers (NLCs), which are composed of biocompatible and biodegradable lipids, enhance drug stability and skin
penetration. The lipid type, surfactant concentration, and formulation parameters influence NLC stability.
Obijective: This study aimed to optimize NLC formulations for quercetin delivery by evaluating their organoleptic
properties, particle size, polydispersity index (PDI), and pH. Methods: NLCs were prepared using 10% total
lipids (4% solid and 6% liquid lipids) and surfactant mixtures at varying concentrations via High Shear
Homogenization. Initial formulations using myristic acid and castor oil were unstable and underwent phase
separation within five days. Results: Substituting the solid lipid with a 1:3 combination of beeswax and cocoa
butter produced a stable formulation during storage at room temperature. The lipid and surfactant compositions
significantly influenced the particle size and PDI. While the pH remained stable, statistical analysis revealed
significant changes in particle size and PDI across the formulations. Conclusion: Optimized NLC formulations
for quercetin delivery demonstrated improved stability and potential for effective skin lightening. Further research
is warranted to evaluate the in vivo efficacy and scalability of this approach.
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INTRODUCTION

Melanin levels, which determine skin color, vary
due to genetic factors and environmental influences,
such as sun exposure. While melanin protects against
skin damage, excessive accumulation can lead to
hyperpigmentation, causing aesthetic  concerns.
Conditions such as melasma, freckles, and age spots
often result from prolonged UV exposure, which
increases reactive oxygen species (ROS) and triggers
inflammatory responses (Choi & Shin, 2016).

Quercetin, a naturally occurring flavonoid found in
fruits and vegetables, exhibits potent anti-tyrosinase and
antioxidant properties, making it a promising candidate
for skin-lightening applications. Compared to
conventional agents such as kojic acid and arbutin,
quercetin exhibits superior anti-tyrosinase activity
(IC50 1.59 + 0.38 pg/mL vs. 98.14 + 1.45 pg/mL for
arbutin); however, it suffers from poor water solubility
and limited skin penetration (Hatahet et al., 2016; Lu et
al, 2019). These limitations necessitate the
development of advanced delivery systems to improve
their stability, bioavailability, and efficacy.

Nanostructured Lipid Carriers (NLCs) offer a
promising solution, leveraging biocompatible and
biodegradable lipids to enhance drug stability and
penetration through the skin. The stability of NLCs
depends on formulation parameters, such as lipid type,
surfactant concentration, and particle size distribution.
Smaller, uniformly distributed particles (<0.5 PDI) are
associated with enhanced stability and reduced
aggregation (de Barros et al., 2022). However,
physical instability, including creaming, phase
separation, and sedimentation, remains a challenge.
Factors such as viscosity, lipid crystallization, and
storage conditions  significantly impact NLC
performance and require careful optimization (Sakellari
et al. 2021).

Myristic acid, a solid lipid, has a high melting point
and excellent crystal properties, which can provide
stability to the NLC system. However, the use of
myristic acid is limited by its retention and release
capabilities of active ingredients. Research has shown
that myristic acid can reduce molecular diffusion but is
not always optimal for increasing the encapsulation
efficiency of bioactive compounds. This can cause
physical instability if not balanced with the appropriate
liquid lipids (Husnawiyah et al., 2023).

Beeswax and oleum cacao are intriguing substitutes
for solid lipids in NLC formulations. This combination
not only provides better stability but also improves the
emollient properties of the final product. Beeswax can
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form a beneficial film on the skin surface, while oleum
cacao is known for its moisturizing properties. This
combination can improve the retention of active
ingredients and reduce the risk of creaming or phase
separation during storage (Khasanah & Rochman 2022).
The physical stability of NLC using a beeswax-oleum
cacao combination was superior to that using myristic
acid. Research has shown that this solid lipid
replacement can reduce the particle size and improve the
particle distribution in the system. A smaller particle
size contributes to increased stability because it reduces
the potential for aggregation. In addition, beeswax can
help stabilize the interface between solid and liquid
lipids, thereby preventing recrystallization (Husnawiyah
etal., 2023).

This study aimed to optimize NLC formulations for
guercetin delivery by evaluating key parameters,
including organoleptic properties, particle size,
polydispersity index (PDI), and pH. These findings
contribute to the development of stable and effective
delivery systems for skin-lightening applications.

MATERIALS AND METHODS
Material

Quercetin (Sigma-Aldrich, Germany), beeswax
(Sigma-Aldrich, China), Cocoa Butter (PT Darjeeling
Sembrani Aroma, Indonesia), Myristic Acid (Sisco
Research Laboratories Pvt. LTD, India), Castor Oil
(Sigma-Aldrich, China), Tween 80 (Sigma-Aldrich,
Germany), Span 80 (Sigma-Aldrich, Germany),
Propylene Glycol (Supelco, Germany), phenoxyethanol
(Raja Kimia, Indonesia), Potassium Dihydrogen
Phosphate  (Merck, Germany), and Potassium
Hydroxide (Merck, Germany).
Method
Procedure for making NLC

NLC Quercetin was produced by amalgamating the
aqueous and lipid phases utilizing a high-speed stirrer.
An Ultra Turrax IKA ® T25 Digital High Shear
Homogenizer was employed in this study. The oil phase
was created by melting myristic acid or beeswax-cocoa
butter, castor oil, and Span 80 at approximately 70°C
using a hotplate stirrer. The aqueous phase consisted of
Tween 80, propylene glycol, phenoxyethanol, and
phosphate buffer (pH 5). After mixing the two
ingredients in a single beaker until they were completely
blended, the mixture was heated to 70°C. After the oil
phase was prepared, the water phase was added slowly.
The mixture was stirred for 10 min using an Ultra Turrax
IKA® T25 Digital High Shear Homogenizer at a speed
of 5000 rpm.
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Table 1. Optimization of NLC formula composition (% w/w)

Composition Function F2 F3 F4 F5 F6
Myristic Acid Solid lipids 4 6 6 - -
Beeswax Solid lipids - - 1 1
Oleum Cacao Solid lipids - - - 3 3
Castor Qil Liquid lipids 6 4 4 6 6
Span 80 Surfactants 2.02 202 247 247 505 6.73
Tween 80 Surfactants 9.98 998 953 953 995 1327
Propylene glycol Co-Surfactants 35 10 35 10 5.0 5,0
Phenoxyethanol Preservatives 0.5 0.5 0.5 0.5 0.5 0.5
Phosphate bufferpH5ad  Aqueous phase 100 100 100 100 100 100

The velocity was then increased to 16,000 rpm and
the mixture was stirred for 2 min. Stirring was continued
with a hotplate stirrer at a speed of 500 rpm until the
hotplate  stirrer  reached approximately  25°C
(Mayangsari et al., 2021).

Physical characteristics testing procedure
Organoleptic

Organoleptic evaluation employs the five senses to
evaluate the color, aroma, texture, and potential phase
separation (Mayangsari et al., 2021).

Particle size and polydispersity index (IP)

The preliminary stage involved the dilution of the
formulation. Next, 50 mg of the sample was weighed
using an analytical balance, and distilled water was
added to reach a final volume of 50.0 mL. A magnetic
stirrer mixed the solution at 500 rpm for 10 min.
Subsequently, 2.0 mL of the solution was taken, and 8
mL of distilled water was added. The mixture was
stirred again for 10 min at 100 rpm. The next step
involved using a DelsaTM nano submicron particle size
analyzer to evaluate the particle size and polydispersity
index (Mayangsari et al., 2021).
pH

The pH meter was calibrated using a standard
solution of pH 7.0 before assessing the sample's pH
value, and the electrode was then cleaned and dried. The
subsequent stage involved diluting the sample with
distilled water at a 1:9 ratio. The pH was measured using
an Sl Analytics pH Meter Lab 855 (Mayangsari et al.,
2021).

Real time test

This investigation involved a real-time physical
stability assessment of preparations stored in an air-
conditioned room at a temperature of 20 + 1°C, with a
relative humidity of 65% and shielded from sunlight.
The examination was administered over three months
(90 days). The stability test evaluated the organoleptic
properties, particle size, polydispersity index (PDI), and
pH value. Assessment was performed on days 0, 30, 60,
and 90 (Mayangsari et al. 2021).
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Statistical analysis

One-way analysis of variance (ANOVA) was used
to statistically evaluate the physical characteristic
parameters. This strategy is employed when the data are
homogeneous and regularly distributed. Alternatively,
non-parametric statistical tests, specifically the Kruskal-
Wallis test with a post-hoc test, can be employed.

RESULTS AND DISCUSSION
Organoleptic

Table 2 illustrates that the organoleptic assessments
of the formulations (F1-F4) indicated that the NLC had
a white hue, possessed a distinct odor, and presented a
semi-solid consistency with a soft texture. Creaming, oil
phase separation, and sedimentation of high-density
components are examples of physical instability in
emulsion-based carrier systems. Table 2 illustrates the
phase separation occurring during storage, with a
distinct layer at the bottom signifying system instability
on the fifth day. Creaming in NLC systems refers to the
phenomenon in which lipid particles in suspension
ascend and create a creamy layer above the dispersion
system. Inadequate surfactant levels necessary for
sustaining the NLC system during storage may result in
phase separation ( Suyuti et al., 2023). The lipid-to-
surfactant ratio significantly affects system stability,
highlighting the crucial role of surfactants in stabilizing
the NLC system. Surfactants can rapidly decrease
surface tension, inhibit particle aggregation, and prevent
the recrystallization of the drug. Additional research has
indicated that the concentration and type of surfactant
can influence the stability of the NLC system. The
surfactant-to-oil ratio and specific type of oil can
influence the stability of the colloidal dispersion system.

This can establish macroscopic carrier systems at
lipid-to-surfactant ratios above 1:2; however, the
process of NLC formation also influences this. Elevated
surfactant concentrations facilitate the formulation of
lipid-based carriers. Low-density lipids can influence
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the system stability, leading to creaming, flocculation,
and coalescence (Rohmah et al. 2019).

The calculated HLB ratios for the formulas (F1-F2)
were 13.20, (F3-F4) were 12.8, and (F5-F6) were 11.40.
The difference in HLB values was mainly due to the
difference in the composition of the solid lipids of
myristic acid (HLB = 12) used. In F1-F4, the ratio of
solid lipids to liquid lipids (4:6) in formulas (F1-F2) and
(6:4) in formulas (F3-F4). In formulas (F5-F6), the
researchers replaced the type of solid lipids used with
beeswax (HLB = 12) and cocoa butter (HLB = 6) at a
ratio of solid lipids to liquid lipids (4:6). The HLB value
affects the interfacial tension between the oil and water.
The correct HLB value reduces the interfacial tension,
thereby increasing the stability of the emulsion.
Conversely, an inappropriate HLB value increases the
interfacial tension, thereby accelerating coalescence and
the formation of cream droplets (Smejkal et al., 2024).
Solid lipids, such as cacao butter or myristic acid, have
different crystal forms that affect the physical properties
and stability of NLCs. More stable crystal forms (such
as beta cacao butter) ensure that the particles are stable
and prevent their coalescence or agglomeration. Oleum
cacao has polymorphic forms that result in high
entrapment but are less stable during storage. Although
beeswax has a more regular crystal lattice than cacao
butter, the combination of cacao butter and beeswax
produces smaller particles than when the two lipids are

used separately. Oleum cacao and beeswax were used in
a ratio of 75:25 because it produced a low crystallinity
index, as opposed to the combinations of 25:75 and
50:50. This increases the stability of NLCs (Munandar
Erawati et al., 2023). Fluctuations in the co-surfactant
concentration and composition can markedly influence
the stability of NLC. Research indicates that fluctuations
in co-surfactant concentration and composition
significantly influence the stability of NLC by
diminishing the surface tension between the oil and
water phases, thereby decreasing the likelihood of
particle aggregation and recrystallization. Elevated
quantities of co-surfactants can enhance stability by
preserving the surface equilibrium of the emulsifying
particles (Rahmi et al., 2013).

Table 2 illustrates that the organoleptic assessment
of the formulas (F5-F6) revealed that the NLC was
white, had a distinct odor, exhibited a semi-solid
consistency, had a soft texture, and demonstrated no
phase separation after storage. The crystallinity index
denotes the regularity and density of the crystalline
structure of the material. Solid lipids with a high
crystallinity index in NLC exhibit a more uniform and
stable crystalline architecture, enhancing the physical
stability of the particles. A denser crystalline structure
inhibits lipid diffusion and migration, thereby enhancing
system stability (Dragicevic & Maibach, 2016).

Table 2. Results of NLC-0 observations during storage (F1-F6)

Day 1

Day 1

F1

F2

iR
EE
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Solid lipids, such as cacao butter and myristic acid,
have different crystalline structures that affect their
physical behavior and stability as nanostructured lipid
carriers (NLCs). More stable crystalline structures (such
as the beta polymorph of cocoa butter) guarantee
particle stability and inhibit coalescence and
agglomeration. Oleum cacao exhibits a polymorphic
structure that facilitates substantial trapping but
demonstrates reduced stability during storage. The
beeswax basis possesses a more uniform crystal lattice
than oleum cacao; nonetheless, the amalgamation of
oleum cacao and beeswax results in smaller particles
than when the two lipids are utilized independently.
Oleum cacao and beeswax were utilized in a 75:25 ratio,
as this configuration yielded a low crystallinity index,
unlike the 25:75 and 50:50 combinations. This enhances
the entrapment efficiency ( Erawati et al., 2023).
Myristic acid is a saturated fatty acid that contains 14
carbon atoms. Its crystal structure is comparatively
uncomplicated compared to that of cacao butter or
beeswax. Myristic acid crystals exhibited a more regular
and denser structure than beeswax; however, they may
be less intricate than cacao butter. Compared to
beeswax, myristic acid often exhibits a greater
crystallinity index; however, it may be lower than that
of cacao butter, mostly due to differences in crystal
morphology and the intricate lipid composition of cacao
butter (Miller & Careglio, 2018).

Lipids with a high crystallinity index tend to form
more stable and uniform particles in NLCs. In contrast,
amore ordered crystalline structure can reduce the range
of particle sizes and improve the stability of the particle

sizes in formulations. Systems with a high crystallinity
index typically exhibit narrower and more uniform
particle size distributions. The presence of lipids with a
solid crystalline structure makes NLCs more stable by
lowering the chance of creaming or settling. Moreover,
asolid crystalline structure diminishes the probability of
particle size alterations during storage and aids in
safeguarding the active ingredient from degradation
during storage. The chemical stability of the active
substance encapsulated in the lipid matrix can be
enhanced by increasing the crystallinity index (Da Silva
& Martini, 2024).

Characterization of particle size and polydispersity
index (IP)

The particle measurement results showed that
decreasing the amount of co-surfactant in formulations
(F1-F2) and (F3-F4) resulted in smaller particle sizes.
Nevertheless, increasing the quantity of solid lipids (F1-
F4) can enhance the dimensions of the NLC particles
(Table 3). The particle size of the overall formula (F1-
F6) ranged from 153.9 to 259.5 nm, which complies
with the NLC particle size specifications of 10-1000 nm
(Suyuti et al., 2023). Statistical analysis using GraphPad
Prism 10 (F1-F6) in the NLC system (Figure 1) showed
that the particle sizes were significantly different
between the formulations. The only formulas that did
not show any significant differences (F1, F2), (F1, F4),
(F2, F4), and (F5 and F6). The results indicated that F5-
F6 yielded the smallest particle size compared to other
formulations utilizing various forms of solid lipids (F1-
F4).

Table 3. Characterization results of particle size and PDI of NLC-0

Formula  Replication  Particle size (nm) Mean = SD PDI Mean = SD pH Mean + SD

R1 229.7 0.308 5.181

F1 R2 231.8 2320+24 0315 06335 4i 5.180 561385
R3 234.4 0.314 : 5.179 :
R1 229.7 0.233 5173

F2 R2 229.1 2204403  0.229 062038; 5.170 561;831
R3 2295 0.227 : 5.167 :
R1 258.9 0.383 5.170

F3 R2 2595 2587+09  0.395 063388i 5.168 561§gli
R3 257.7 0.379 : 5.169 :
R1 239.7 0.378 5178

F4 R2 241.8 2408+11  0.340 0633119i 5.179 5615521
R3 240.8 0.365 : 5.175 :
R1 1776 0.300 5.320

F5 R2 162.5 1703+76 0317 0635221 5.410 5(')33;;
R3 170.7 0.362 : 5.310 :
R1 153.9 0.014 5.410

F6 R2 164.7 169.1+17.8  0.189 06017301 5.381 563327:
R3 188.7 0.018 : 5.370 :
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Figure 1. Particle size F1-F6 (data are the average of three replications + SD)
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Figure 2. PDI F1-F6 (data are the average of 3 replications = SD)

The PDI value measurements showed that an
increase in the co-surfactant quantity in the formulas
(F1-F2) and (F3-F4) results in a decrease in the PDI
value. Nonetheless, an increase in the quantity of solid
lipids (F1-F4) can elevate the PDI of the NLC (Table 3).
The overall formula (F1-F6) Pl values ranged from
0.014 to 0.395 (Table 3), which complies with the PI
requirements (0-1), indicating a homogenous particle
size distribution ( Suyuti et al., 2023). The GraphPad
Prism 10 statistical analysis results (F1-F6) for the NLC
system (Figure 2) showed that the PDI values did not
change significantly among the different formulas. The
results indicated that F6 yielded the lowest PDI value
compared to all other formulations utilizing various
solid lipids (F1-F4).

The lipid crystallinity index influences the
interaction between surfactants and the system. Highly
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crystallized lipids may require a greater quantity of
surfactants to achieve a stable emulsion, whereas less
crystallized lipids may be more readily stabilized with a
basic surfactant. Co-surfactants can modify or stabilize
the crystalline architecture of lipids, and lipids with high
crystallization may exhibit increased sensitivity to co-
surfactants (Han et al., 2008).

Surfactants diminish the interfacial tension between
the lipid matrix and aqueous phase. This may influence
the particle size and trajectory, leading to a stable
system, during storage. Non-ionic surfactants, such as a
combination of Span 80 and Tween 80, are utilized
because of their lower toxicity and irritancy compared
to ionic surfactants. Propylene glycol was used in the
formulation as a co-surfactant to reduce the particle
diameter, thereby enhancing the entrapment of drug
molecules within the NLC system (Han et al., 2008).
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Figure 3. pH F1-F6 (data are the average of 3 replications + SD)

Surfactants reduce the surface tension between the
lipid and water phases, facilitating the production of
smaller particles during homogenization. An ideal
surfactant quantity can yield particles with reduced
dimensions and a more homogeneous size distribution.
Surfactants stabilize the produced particles by creating
a protective coating around the lipid particles.
Insufficient surfactant can lead to particle aggregation,
resulting in increased particle size and a broader particle
size dispersion. Excessive surfactant concentrations
may lead to micelle formation, which can disrupt lipid
particle formation and produce a broader particle size
distribution (Fitriani et al., 2024).

Characterization of pH

The NLC formula was determined by evaluating the
pH of formulations F1-F6 (Table 4). The pH of the NLC
formulations varied between 5.17 and 5.41. This is
attributable to the presence of a phosphate buffer at pH
5 as the carrier solution, which corresponds to the
utilized pH buffer, that is, pH 5 £ 0.5. The purpose of
applying a pH buffer is to preserve the pH stability of
the active ingredients. Furthermore, pH testing is
essential to prevent skin irritation and dryness. An
excessively acidic pH may induce irritation and
stinging, whereas an excessively alkaline pH can lead to
itching and dryness; hence, the formulation must be
sustained within a skin pH range of 4.0-7.0 (Dyah et al.,
2023). The GraphPad Prism 10 statistical analysis
results (F1-F6) for the NLC system (Figure 3) showed
that the pH values did not change significantly between
the formulas. The results indicate that F5-F6 yield the
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highest pH values compared to other formulations
utilizing various solid lipids (F1-F4).
Real time test

The results of the real-time physical stability test for
preparations F1-F4 show that creaming/phase
separation on day 1 prevented stability testing. The
stability test findings for the NLC preparation F5-F6
indicated that they could only sustain stability for 30
days.

Stability results of particle size and polydispersity
index (IP)

The particle measurement data showed that as the
amount of surfactant in F5 and F6 increased over time
(t1-t30), the particle size increased (Figure 4), and the
PDI value decreased (Figure 5). Nonetheless, the
comprehensive formula (F5-F6) continued to satisfy the
criteria for NLC particle size ranging from 10 to 1000
nm and a PDI of 0 to 1 (Suyuti et al., 2023). The
statistical analysis results of the NLC system using
GraphPad Prism 10 (F5-F6) showed no significant
differences in particle size (Figure 4) or PDI (Figure 5)
among the different formulas. The results indicate that
F6 yielded the smallest particle size and PDI among the
two formulations. Nonetheless, the F6 formula
comprised a total surfactant concentration of 20%,
surpassing that of F5, which was 15%. Surfactants are
crucial for stabilizing the NLC system by reducing
surface tension and inhibiting particle agglomeration.
Research indicates that increasing the surfactant content
can enhance the stability of the NLC formulation;
however, excessive surfactant may adversely affect the
skin (Juanita & Aryani, 2023).
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Table 4. Stability results of particle size characterization, PDI, and pH of NLC-0

Formula Time Particle Size Mean+SD PDI Mean + SD pH Mean + SD
(Days) (hm)
tl 170.3 0.326 5.39
F5 t5 174.3 175.0+51 0.355 0.405+0.113 5.43 5.44 £ 0.06
t30 180.4 0.534 55
tl 169.1 0.074 5.35
F6 t5 173 173.6+4.9 0.127 0.203+0.180 54 5.40 £ 0.06
t30 178.8 0.409 5.46
ns
ns I
I ns
ns I
ns I
ns I
1
I ns ns
i 1
ns ns
I 1 I 1
ns ns ns ns ns
e I B I I L ! = (F5)
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Figure 4. Graph of changes in particle size F5-F6 (data are the average of three replications + SD)
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Figure 5. Graph of changes in PDI F9-F10 values (data are the average of three replications + SD)
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Stability results of pH CONCLUSION
Characteristic testing was performed for pH The NLC delivery system for quercetin was
evaluation to understand the stability of the system successfully  optimized using the high-shear
during storage. The results of the pH tests show that as homogenization method. The optimal NLC-0

the amount of surfactant in formulations F5 and F6
increased over time (t1-t30), the pH value decreased
(Table 5). The pH of the NLC formulation varied
between 5.35 and 5.50. This results from the utilization
of a pH 5 phosphate buffer as the carrier solution, which
corresponds to the employed pH buffer, specifically pH
5 + 0.5. Nonetheless, the complete formula (F5-F6)
remained compliant with the stipulated skin pH range of
4.0-7.0 (Dyah et al., 2023). The GraphPad Prism 10
statistical analysis results (F5—F6) for the NLC system
showed that the pH values did not change significantly
across the different formulas (Figure 6). The results
indicated that F5 yielded the highest pH value compared
to the other formulations. The incorporation of
surfactants into NLC formulations frequently results in
areduction in pH levels. Surfactants can alter how lipids
interact in the stratum corneum, which could affect the
stability of the formulation's pH. Anionic surfactants,
such as sodium lauryl sulfate (SLS), can reduce pH and
enhance skin permeability; however, at elevated doses,
they may induce irritation (Mukhlishah & Ningrum,
2019). The pH significantly influences the stability of
topical preparations. Formulations with unstable pH
may induce physical alterations, such as precipitation or
color changes, potentially leading to skin discomfort
(Helmidanora et al., 2023).
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formulation consisted of 4% solid lipids (3:1 ratio of
oleum cacao to beeswax), 6% castor oil as a liquid lipid,
Tween 80 and Span 80 as surfactants with propylene
glycol as a co-surfactant in a 4:1 ratio, 0.5%
phenoxyethanol as a preservative, and distilled water.
The resulting NLC-0 demonstrated a particle size range
of 169.1-298.7 nm, polydispersity index (PDI) between
0.074 and 0.476, and pH range of 5.17-5.39, aligning
with the skin’s natural pH (4.0-7.0). Stability tests
indicated that the formulation remained stable for 30
days of storage, supporting its potential as a robust
carrier for quercetin delivery. These findings pave the
way for the further development of NLC-based
quercetin formulations for pharmaceutical and cosmetic
applications.
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Abstract

Background: Diabetes mellitus (DM) is a chronic disorder marked by persistent hyperglycemia, leading to various
complications, including diabetic nephropathy (DN). The STAT3-EGFR signaling axis plays a crucial role in the
development and progression of diabetic nephropathy, with EGFR activation leading to STAT3 phosphorylation.
Curcuma caesia Roxb, rich in curcuminoids, shows promise in managing DN due to its anti-inflammatory and
antioxidant properties. This study aims to predict the inhibitory potential of Curcuma caesia compounds on STAT3
and EGFR in DN using molecular docking techniques. Methods: This study utilized molecular docking to evaluate
the inhibitory potential of Curcuma caesia compounds on STAT3 and EGFR. Protein structures were obtained
from the RCSB database and prepared using Biovia Discovery Studio. Redocking validated the method via RMSD
analysis, while docking simulations assessed binding energy (A1G). ADMET predictions analyzed physicochemical
properties and toxicity, ensuring the compounds' suitability as drug candidates. Results: Redocking process
validated the method, with RMSD values indicating accuracy. Curcumin (-9.71) and ar-Curcumene (-5.02) showed
the lowest binding energy for both proteins, suggesting strong interactions. Visualization revealed significant
amino acid interactions, particularly involving hydrogen bonds. Additionally, pharmacokinetic and toxicity
analyses indicated that most compounds are suitable drug candidates, exhibiting good absorption, distribution,
and safety profiles, thus supporting Curcuma caesia's therapeutic promise in diabetic nephropathy management.
Conclusion: Curcuma caesia demonstrates significant potential as a therapeutic agent for diabetic nephropathy,
with favorable molecular interactions, strong binding affinity to STAT3 and EGFR, and promising
pharmacokinetic and safety profiles.
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INTRODUCTION

Diabetes mellitus (DM) is a non-communicable
disease characterized by persistent hyperglycemia. This
chronic metabolic disorder arises from impaired insulin
secretion, insulin resistance, or a combination of both,
which are the primary factors contributing to the disease
(Goyal et al., 2023). Persistent hyperglycemia in
uncontrolled DM patients can lead to both acute and
chronic complications. Common acute complications
include hyperosmolar hyperglycemic state and diabetic
ketoacidosis (Akalu & Birhan, 2020). Chronic
complications frequently observed include diabetic
neuropathy and nephropathy. Diabetic nephropathy
affects approximately 40% of DM patients, causing
alterations in renal hemodynamics and structural
damage due to increased plasma flow and hydrostatic
pressure in the glomerular capillaries (Badal & Danesh,
2014). The progression of diabetic nephropathy is
driven by hemodynamic and metabolic factors within
the kidney. Treatment aims to slow or halt the
progression of renal damage (Badal & Danesh, 2014).

Therapeutic strategies for diabetic nephropathy
focus on glycemic and blood pressure control, along
with inhibition of the renin-angiotensin-aldosterone
system (RAAS) and the Signal Transducer and
Activator of Transcription 3 (STAT3) pathway. STAT3
plays a crucial role in the secretion of inflammatory
mediators, contributing to glomerular sclerosis and
tubulointerstitial fibrosis in the kidney, ultimately
resulting in diabetic nephropathy (Elendu et al., 2023;
Yu etal., 2023). Previous in vitro studies demonstrated
that the JAK-STAT pathway is pivotal in the
development of diabetic nephropathy. Recent advances
in diabetic nephropathy treatment target TGF-p and NF-
kB pathways and incorporate stem cell- and gene-based
therapies (Zheng et al., 2019). Selective inhibition of
STAT3 over 16 weeks has shown promising results in
slowing the progression of advanced renal damage
(Elendu et al., 2023; Varghese & Jialal, 2023).
Inflammatory  mediator  activity induces gene
transcription involved in pro- and anti-inflammatory
responses, including the JAK-STAT pathway, which is
activated by tyrosine kinases such as TGF-p, EGFR, and
FGF (Yu et al., 2023). EGFR activation plays a
significant role in the pathogenesis of diabetic
nephropathy by modulating key cellular processes such
as fibrosis and inflammation in renal tissues (Wang &
Zhang, 2024). Through the activation of downstream
signaling  pathways, including TGF-B, EGFR
contributes to the progression of kidney damage,
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making it a critical target for therapeutic intervention in
diabetic kidney disease.

Turmeric is a plant known for its various species,
one of which is black turmeric (Curcuma caesia Roxb.),
renowned for its significant health benefits. Black
turmeric is widely used as a natural herbal medicine to
treat various diseases. The therapeutic potentials of
Curcuma caesia include its effects as an antidiabetic,
asthma treatment, analgesic, antimicrobial, anticancer,
and thrombolytic agent (Ibrahim et al., 2023; Paudel et
al., 2024). Research conducted by Udayani et al. (2024)
demonstrated the ability of Curcuma caesia to reduce
glucose levels in the body through in vivo studies.
Additionally, Curcuma caesia can inhibit the enzymes
amylase and glucosidase, which are involved in glucose
metabolism and the formation of glycogen as an energy
reserve (Majumder et al., 2017). Furthermore, the use of
Curcuma caesia in the treatment of diabetic
nephropathy has shown promising results, as evidenced
by eGFR evaluations in in vivo studies by Aini et al.
(2024). This is due to its ability to reduce oxidative
stress, which mediates inflammation in the renal tubules
(Grover et al., 2019). One of the active compounds in
Curcuma caesia, curcumin, possesses  anti-
inflammatory  and  nephroprotective  properties,
inhibiting TLR and downregulating cadherin, thereby
preventing epithelial-to-mesenchymal transition that
could lead to kidney damage (Sun et al., 2014; Zhang et
al., 2015).

Molecular docking studies have become a growing
trend in drug development. These studies predict the
binding interactions between target molecules and
active compounds, enabling researchers to understand
molecular-level interactions and the underlying
biochemical processes. This study aims to predict the
potential inhibitory activity of STAT3 and EGFR from
Curcuma caesia and Roxb in diabetic nephropathy
through a molecular docking approach.

MATERIALS AND METHODS

Validation method
STAT3 and EGFR protein structure were obtained

via https://www.rcsh.org/ with PDB ID: 6NJS and
3POZ. Protein preparation uses the Biovia discovery
Studio 2021 application to clean proteins from water
molecules and other cofactors and separate proteins and
natural ligands. The method validation process uses the
redocking method using the help of the AutoDock
program. The redocking process was carried out to find
the root mean square deviation (RMSD) value as a
method validation parameter. The RMSD value that can
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be considered valid is below 2.0 A, which shows that
there is no significant change in the ligand after the
docking process (Ramirez & Caballero, 2018).

The redocking process uses the Autodock
application with genetics algorithm parameters which
are a combination of several other parameters
(Shivanika et al., 2022). The determination of the grid
box in this process is the central of the ligand enabling
to find the grid point number and grid point coordinates
(X,Y,Z). This research uses a specific docking method,
so that in the redocking process the grid box findings are
very important to obtain the grid point number and grid
point coordinates (Kilambi & Gray, 2017).

Docking simulation

The entire chemical structure of the active
compound Curcuma caesia was obtained via
https://pubchem.ncbi.nlm.nih.gov/. Canonical SMILES
storage was used to perform ADMET predictions. The
compounds obtained were then optimized in structure
and minimize the energy using the Avogadro and
Chemdraw 3D 2019 applications. This process provides
a better compound structure with lower energy
(Syahputra et al., 2022). The docking simulation process
uses the same method as the redocking process, with
changes to the grid point number and grid point
coordinates (X,Y,Z) which adjust to the results of the
redocking (Lestariningrum et al., 2024).

An analysis of the docking simulation results is
found in the lowest binding energy (AG) value. The AG
results of the test ligand will be compared with the
natural ligand or between the docking results of the test
compound and the control drug (captopril). Captopril is
used in this study as a control due to its well-established
role as an angiotensin-converting enzyme inhibitor, its
ability to block neovascularization and modulate
cellular processes in diabetic conditions makes it a
relevant comparator in evaluating potential inhibitors of
STAT3 and EGFR (Abdallah et al., 2015) The best
ligand results were then visualized by the interaction
site, binding pocket and amino acid interactions using
the Biovia discovery Studio 2021 application. Analysis
of the dominant amino acid interactions in each protein
was carried out to find the molecular process of the

compound on the target protein. All the molecular
modeling and analyses in this study were performed
using free and open-source software, including
AutoDock and Avogadro, while ChemDraw and
Discovery Biovia were used under academic licenses.
ADMET Predictions

Prediction of the  physicochemical and
bioavailability of each test compound was using
Canonical SMILES as a format for analysis with the
help of tools (http://www.swissadme.ch/). Lipinski
parameters are used as general parameters for oral
treatment candidates in the form of molecular weight,
hydrogen bond donors and acceptors, and Log-P
(Abdul-Hammed et al., 2022). The pharmacokinetics of
each compound were evaluated using
https://biosig.lab.ug.edu.au/pkcsm/ by entering
Canonical SMILES. The parameters used are absorption
(Gl absorption), distribution (BBB permeability),
metabolism (CYP1AZ2), and excretion (total clearance
and renal oct2 substrate) (Abdullah et al., 2021;
Ononamadu & lIbrahim, 2021; Ramadhan et al., 2024).
The parameters used to predict toxicity are AMES
toxicity, hepatotoxicity, and LD50.

RESULTS AND DISCUSSION
Method validation

The method was validated using a redocking
process for each natural ligand to the protein using the
AutoDock program. The finding of the RMSD value in
the STAT3 redocking process, namely 1.50, indicates
good results or the method used is valid. The finding of
the RMSD value in the EGFR redocking process is 1.18,
indicating good results or that the method used is valid.
The results of the structural deviation due to the docking
process are shown in Figure 1 which shows that there is
no significant difference in the ligands before (in blue)
and after the docking process (in yellow). Yellow
ligands are ligands resulting from the docking process,
while gray ligands are natural ligands originating from
proteins. Findings The area and coordinates of the
STAT3 and EGFR grid boxes are shown in Table 1, the
results of which will be a specific docking reference for
each target.

Table 1. Grid box analysis

Native Ligand Nun};k(;?r:t?rld Coordinate Grid Points GSrid Roint
X Y Z X Y Z pacing
6NJS 40 56 40 13,498 54,117 0.100 0.375 A
3P0OZ 40 40 40 18,746 31,832 11,626 0.375 A
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Figure 1. Ligand redocking

Docking simulation

The compounds that have been obtained are then
optimized in structure and minimize the energy using
the Avogadro and Chemdraw 3D 2019 applications.
This process provides a better compound structure with
lower energy (Syahputra et al., 2022). Each test
compound is optimized and minimized energy with the
aim of providing the best structural form with minimal
energy. The main parameter of the docking process is
the binding affinity ( AG ) between the test ligand and
the protein. The lower the AG value indicates a good
interaction, the docking results are shown in Table 2.
Docking test results on Curcuma caesia compounds
against STAT3 found that the natural ligand had the
lowest AG, namely -10.57. ar-Curcumene has the lowest
AG value, namely -5.04, followed by Curcumin with a
AG value -4.87 and bornyl acetate has a AG value of -
4.54. Captopril as a control drug in this study had a AG
value of -4.02, where there were five Curcuma caesea
compounds that had lower AG values. These results
show the great potential of Curcuma caesia as an
alternative treatment through inhibiting STAT3 activity
in diabetic nephropathy.
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Docking test results on Curcuma caesia compounds
against EGFR found that the natural ligand had the
lowest AG, namely -11.24. Captopril as a control drug
in this study had a AG value of -5.70, where almost all
Curcuma caesea compounds had a lower AG value.
Curcumin has the lowest AG value, namely -9.71, this
compound has the lowest AG compared to other
compounds. Cineole has a AG value - 7. 25, followed by
curcumen with a value of AG -7.24. The compound with
the highest AG docking result is bornyl acetate, namely
-4.48. These results show the great potential of Curcuma
caesia as an alternative treatment through inhibiting
EGFR activity in diabetic nephropathy. Despite having
lower binding affinities toward EGFR and STAT3
compared to the native ligands, the Curcuma caesia
compounds still show substantial potential as alternative
therapeutic agents. Their competitive binding suggests
that, even with lower affinity, these compounds may
effectively inhibit the target proteins due to their ability
to block critical pathways in diabetic nephropathy,
providing a viable therapeutic alternative.
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Table 2. Docking simulation

STAT3 EGFR
Compound Efrf‘fnr% Inhibition  Energy affinity Inhibition
(AG) cqnstant (AG) cqnstant
(kcal/mol) (Ki)(pM) (kcal/mol) (Ki)(pM)
Native ligands -10.57 17.75 -11.24 5.79
Camphor -4.28 269.70 -6.10 5.79
Curcumin -4.87 727.00 -9.71 75.82
Ocimen -4.19 845.18 -6.36 21.81
Cineole -4.12 957.13 -7.25 4.82
Element -3.86 1.48 -5.80 56.02
Borneol -3.62 2.22 -5.60 78.25
Bornyl acetate -4.54 466.69 -4.48 521.88
ar-Curcumene -5.04 203.60 -7.24 497
Captopril -4.02 1.13 -5.70 66.55

Figure 2 is a visualization of protein crystals,
binding pockets, and amino acid interactions resulting
from docking in STAT3. The bond interactions formed
between the native ligand and protein show that there
are nine hydrogen bonds marked in green in the form of
THR657, SER636, GLU638, GLU638, GLN644, SER
611, SER 613, and GLUG612. There are seven non-
hydrogen bonds formed, namely LYS658, ILEG659,
ARG609, ARG609, PRO639, PRO639, and VAL 637.
Figure 3 show ar-Curcumene has one hydrogen bond,
namely GLUG638, and three non-hydrogen bonds,
namely TYR640, VAL637, and TRP 623. Docking
results in captopril shows that there are five hydrogen

STAT3 (6NJS) Structure

Binding Pocket Native Ligand

bonds in the form of ARG609, SER611, SERG611,
SER613, and SER613 and one non-hydrogen bond
PRO639. The dominant amino acid hydrogen bond
interaction in this case is GLU638, where in the three
test ligands analyzed there is this amino acid group even
though in captopril this group does not have a specific
bond. The interaction that occurs with GLU638 will
bind to oxygen during peptide ligand conformation.
These findings support the interaction of STAT3 and
Curcuma caesia which could be the basis for treatment
targeting STAT3 through inhibiting the action of this
protein by mediating cell apoptosis resistance and cell
growth (Shao et al., 2004).

|
{ GLN644

B =~

e S e

Amino Acid Interaction

Figure 2. STAT structure and docking analysis of a native ligand
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Binding Pocket ar-Curcumen

Binding Pocket Captopnil

Amino Acid Interaction of ar-Carcumen

Amino Acid Interaction of Captopril

Figure 3. Visualization of the best pose docking results and amino acid interactions of ar-Curcumene and captopril

Visualization of protein crystals, binding pockets,
and amino acid interactions resulting from docking of
test ligands against EGFR is shown in Figure 5. It was
found that there were dense amino acid bond
interactions in the native ligand, there were four
hydrogen bonds and 20 non-hydrogen bonds. The
hydrogen bonds formed in the native ligand are
LYS745, THR845, THR845, THR790, and GLN791.
Meanwhile, the non-hydrogen bonds formed in the
native ligand are LUE788, VALT726, LYS745, LYS745,
MET766, PHE856, PHE856, ARG776, ARGT776,
CYS775, CYS775, CYS775, |ILE853, MET793,
MET793, ALA743, ALA743, LEU844, L EU844, and
LEU 718. Figure 5 show the results of bond interactions
in curcumin found seven hydrogen bonds, namely
PHE858, ASP855, LYS745, GLN791, LEU792,
THR790, and MET793. There are five non-hydrogen
bonds formed in the form of MET766, LEU777,
LEU788, ALA743, and LEU844. Captopril as a control
ligand has four hydrogen bonds, namely THR854,
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THR790, ALA743, and LEU788. Two amino acid
bonding interactions were found in captopril in the form
of PHE856 and MET766.

The most dominant hydrogen bonding interaction
of amino acids in this analysis is THR790. The same
findings were shown in research on curcumin as an
anticancer drug. This shows that curcumin analogs can
be an alternative treatment through EGFR inhibition
(Afzal et al., 2022). Mutations in EGFR at the THR790
MET site help the development of Non Small Cell Lung
Cancer (NSCLC) cancer cells by inhibiting this
mutation; curcumin can be useful as an anti-cancer
NSCLC (Lu et al., 2024)). The most dominant non-
hydrogen bonding interaction of amino acids in this
analysis is MET766. The interaction of MET766 with
EGFR can be anti-proliferative, which can help in the
recovery of renal tubules in diabetic nephropathy
sufferers (Ibrahim et al., 2020).
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Figure 4. EGFR structure and docking analysis a native ligand
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Figure 5. Visualization of the best pose docking results and amino acid interactions of ar-Curcumene and captopril

The results of this study show the potential for using
Curcuma caesia as an alternative treatment for diabetic
nephropathy patients. Research conducted by Machado
et al/ (2022) showed good results in early treatment in
diabetic rat renal injury with improvements in renal
oxidative repercussion and hemodynamics profile
(Machado et al., 2022). Aini et al.(2024) showed that
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there was a decrease in serum creatinine and
microalbumin in the urine of mice affected by diabetic
nephropathy by administering Curcuma caesia extract .
Curcuma caesia can reduce the expression of KIM-1,
NGAL, and reduce toxic oxidative stress in renal tissue
of mice with diabetic nephropathy (Ghasemi et al.,
2019). Lee et al. (2019) showed that there was a
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reduction in Kkidney damage by administering a
curcumin analog (Dibenzoylmethane) which could
reduce the risk of developing diabetic nephropathy in
mice . The benefits of Curcuma caesia as antidiabetic,
anti-inflammatory, promoting-autophagy, and
antioxidant strengthen the results of this research which
shows great potential in the treatment of diabetic
nephropathy (Zhu et al., 2022). The role of curcumin
and ar-curcumene as the active compounds in Curcuma
caesia is significant, as they show promising binding
affinities with EGFR and STAT3. However, the study
could further emphasize the findings related to other
species of Curcuma, such as C. longa, C. phaecocaulis,
C. wenyujin, C. aromatica, and C. kwangsiensis which
may also contain similar bioactive compounds and
contribute to a broader understanding of the therapeutic
potential of the Curcuma genus in treating diabetic
nephropathy (Chen et al., 2023).
ADMET predictions

The similarity analysis of eight black turmeric
compounds (Table 3) against existing drugs indicates
that seven of them meet the criteria outlined by
Lipinski's rules. Only elemene exhibits a non-
compliance issue, with a LogP value exceeding 4.15.
Compounds with high LogP values can demonstrate
poor solubility in aqueous environments, which may
lead to slow absorption and irregular bioavailability,

thereby causing problematic kinetic profiles in the body
(Dong et al., 2018). Overall, most black turmeric
compounds show good potential as drug candidates.

The pharmacokinetic and toxicity analysis of the
active compounds in black turmeric shows promising
results, making them suitable candidates for drug
development (Table 4). All compounds have an
absorption value greater than 30%, indicating good
absorption capabilities. Regarding distribution, all
compounds demonstrate positive results, although they
have difficulty crossing the blood-brain barrier with
values below -1. The cytochrome P450 enzyme, which
plays a role in metabolism, shows a tendency to be
inhibited only by curcumin. CYP1A2 plays a crucial
role in the metabolism of many drugs, and its inhibition
may result in decreased clearance rates and prolonged
drug action, which could potentially lead to
accumulation and increased therapeutic effects or side
effects (Bayoumi et al., 2024). Additionally, all
compounds exhibit good excretion values. Toxicity
analyses, including the Ames test and hepatotoxicity
assessments, reveal no toxic properties in any of the
compounds, further supporting the idea that black
turmeric can be considered a safe and effective drug
candidate.

Table 3. Lipinski analysis

Compound Mole_cular Hydrogen Bond Hydrogen Bond Log-P Violations
Weight donors acceptors
Camphor 152.23 g/mol 0 1 2.30 -
Curcumin 368.38 g/mo 2 6 1.47 -
Ocimen 154.25 g/mol 0 1 2.30 -
Cineole 154.25 g/mol 0 1 2.45 -
Elemene 204.35 g/mol 0 0 4,53 LOGP>4.15
Borneol 154.25 g/mol 1 1 2.45 -
Bornyl acetate 196.29 g/mol 0 2 2.76 -
ar-Curcumene 218.33 g/mol 0 1 3.37 -
Table 4. ADMET analysis
Renal
Compound Gl . BBB - CYP1A2 Total Oct2 AM.E.S Hepatotoxicity
Absorption Permeability Clearance S Toxicity
ubstrate
Camphor 95.968% 0.612 No 0.109 No No No
Curcumin 82.19% -0.562 Yes -0.002 No No No
Ocimen 95.898% 0.436 No 1.272 No No No
Cineole 96.505% 0.491 No 1.009 No No No
Element 94.359% 0.809 No 0.251 No No No
Borneol 93.439% 0.646 No 1.035 No No No
Bornyl acetate  95.366% 0.553 No 1.029 No No No
ar-Curcumene  95.626% 0.66 No 1.543 No No No
requirement  >30% <-1 No lt;hgher S No No No
atter

P-ISSN: 2406-9388
E-ISSN: 2580-8303

©2025 Jurnal Farmasi dan lImu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Iimu Kefarmasian Indonesia Vol. 12 No. 1 April 2025 34

CONCLUSION

This study shows that Curcuma caesia compounds
with good ability, can even surpass control drugs against
STAT3 and EGFR. While ar-curcumin with STAT3 has
a binding energy of -5.04 and curcumin with EGFR has
a binding energy of -9.71 which shows the best AG
value in the docking test; these results are based on
computational analysis and may not fully represent their
therapeutic potential in vivo. Future in vitro and in vivo
studies will provide deeper insights into the actual
effectiveness and safety of these compounds, thus
allowing for a more accurate evaluation of their
potential as therapeutic alternatives for diabetic
nephropathy.
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Abstract

Background: Hypokalemia in patients with heart failure is increasing, with an increasing incidence of 6.8% in
Asia and 19.7% in Indonesia; globally, 63 million people suffer from heart failure. Hypokalemia is defined as a
serum potassium level below 3.5 mEg/L [mmol/L], which can lead to decreased heart function, muscle weakness,
arrhythmias and cardiac arrest. The use of diuretic drugs such as furosemide in heart failure patients may be a
risk factor for hypokalemia. Objective: This study aims to determine the difference in potassium levels before and
after furosemide administration as well as the possibility of hypokalemia due to furosemide administration in
inpatients diagnosed with heart failure at Prof. Dr. 1.G.N.G. Ngoerah Hospital. Methods: This is a cross-sectional
observational study with retrospective medical record collection. The minimum sample size was calculated using
Lemeshow's Formula of One Proportion Estimation Method with Absolute Precision Proportion, data normality
test with Kolmogorov-Smirnov (p>0.05) and parametric test with paired t-test (p<0.05). This study included 101
patients that met the inclusion criteria with 11 patients having more than one inpatient visit, so a total 114 'patients’
medical records were obtained. Results: Potassium levels before and after hospitalization showed a significant
difference (p<0.05). A total of 84 "patients' data showed a decrease in potassium levels, with 49 of them showing
a reduction in >15% and 35 showing a decrease of <15%. Conclusion: Prevalence of hypokalemia in patients with
a diagnosis of heart failure and furosemide therapy at Prof. Dr. 1.G.N.G. Ngoerah Hospital during January 2022-
December 2023 after hospitalization was 29%.

Keywords: furosemide, heart failure, hypokalemia, potassium

How to cite this article:

Aryani, K. I., Swastiartha, N. P. ., Putri, N. K. A. K. S., Pratiwi, N. K. M. A., Wahyudi, M. S. & Noviyanti, R.
(2025). Potassium in Heart Failure Patients Before and After Hospitalization at Prof. Dr. 1.G.N.G Ngoerah Hospital.
Jurnal Farmasi dan Iimu Kefarmasian Indonesia, 12(1), 37-49. http://doi.org/10.20473/jfiki.v12i12025.37-49

P-ISSN: 2406-9388 ©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
E-ISSN: 2580-8303 Open access article under the CC BY-NC-SA license


mailto:rini.noviyani@unud.ac.id

Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 1 April 2025 38

INTRODUCTION

Heart failure is caused by abnormalities in the
function and structure of the heart that can interfere with
the ventricles filling and pumping blood to the heart
(Heidenreich et al., 2022). According to the European
Society of Cardiology (ESC), by 2022, an estimated 63
million people worldwide will suffer from heart failure
(Rosano et al., 2022). Indonesia has the second-highest
number of heart failure patients in Asia (Savarese et al.,
2022). According to Riset Kesehatan Dasar (Riskesdas),
in 2018, 1.5% or nearly 4 million Indonesians suffered
from heart failure. Bali is in 21%place with 1.1% of heart
failure patients (Kemenkes RI, 2018). Heart disease is
the second-highest cause of death after stroke in
Indonesia (Donsu et al., 2020). Death in heart failure
patients can be caused by several conditions, such as
shortness of breath, fatigue and fluid retention (DiPiro
et al., 2021). Fluid retention is the impact of the heart's
compensatory response in maintaining heart function
and can cause edema, difficulty breathing, and an
increase in the amount of phlegm (DiPiro et al., 2021;
PERKI, 2020). One way to treat fluid retention is to
administer diuretic drugs such as furosemide, which
prevents the reabsorption of potassium, sodium, and
chloride in the henle loop thereby increasing the
excretion of water and salt through the urine. However,
furosemide administration in heart failure patients is
associated with a 30% incidence of hypokalemia
(Aimbudlop & Saengpanit, 2023).

Hypokalemia is a clinical condition when the
concentration of potassium in the blood serum is less
than 3.5 mEg/L (mmol/L), which can cause decreased
heart function, arrhythmias, and cardiac arrest (DiPiro et
al., 2021). This condition can be caused by
comorbidities in heart failure patients such as kidney
failure (Sarnowski et al., 2022; Thomsen et al., 2018),
diabetes (Thomsen et al., 2018), and gastric bleeding
(Rizos et al., 2017), as well as the use of drugs such as
Angiotensin Converting Enzyme inhibitors (ACEi),
Angiotensin Receptor Blocker (ARB), beta-blockers,
spironolactone, and diuretics called furosemide (Chang
et al., 2016; Rawal et al., 2020). One way to prevent
hypokalemia in heart failure patients is by monitoring
potassium levels before and after administration of
diuretics such as furosemide and paying attention to the
correct dosage. Therefore, this study was conducted to
analyze potassium levels before and after hospitalization
in heart failure patients receiving furosemide therapy
and the possibility of hypokalemia in heart failure
patients due to furosemide administration at Prof. Dr
I.G.N.G. Ngoerah Hospital.
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MATERIALS AND METHODS

Observational research with a cross-sectional
design and retrospective collection of medical record
data has been carried out and ethical exemption
obtained from the Ethics Commission of the Faculty of
Medicine, Udayana University
N0.1300/UN14.2.2.VI1.14/LT/2024  with  protocol
number 2024/01/1/0602 and a research permit from
Prof. Dr. I.G.N.G. Ngoerah Hospital with number
DP.04.03/D.XV11.2.2.2/27373/2024. Sample data were
collected from medical records of heart failure patients
at Prof. Dr. 1.G.N.G. Ngoerah Hospital who met the
exclusion and inclusion criteria while hospitalized in the
period January 2022-December 2023 using a purposive
sampling method.
Materials

The tools used in this research are data collection
forms, Statistical Package for the Social Sciences
(SPSS) Version 29, and Microsoft Office applications
for data processing. The materials used in this research
comprise medical record data of patients diagnosed with
heart failure at Prof. Dr. 1.G.N.G. Ngoerah Hospital
during the period January 2022-December 2023. The
medical record data used included patient identity,
patient diagnosis, hospital admission and discharge
dates, patient final status (death or recovery), disease
history, 'patients' laboratory data such as laboratory data
such as pre- and post-hospitalization potassium data,
sodium, creatinine, BUN, and eGFR; body mass index
(BMI), and 'patients' medication history such as patients'
daily medicine prescribed data, past medical history, and
drug usage history.
Population

The population in this research included all patients
who had been diagnosed with heart failure at Prof. Dr.
I.G.N.G. Ngoerah Hospital during the period January
2022-December 2023. The inclusion criteria included
patients with a diagnosis of heart failure who received
furosemide therapy as a diuretic during their
hospitalization at Prof. Dr. 1.G.N.G. Ngoerah Hospital
and had complete potassium data in their medical
records during the period January 2022-December 2023.
The exclusion criteria included patients with untraceable
and unreadable medical records. The minimum sample
size was calculated using the Lemeshow Formula One
Proportion Estimation Method with Absolute Precision.
Z2%1_q/2 +P(1-P)

d?

The calculations were made with a 95% confidence
level (1-a value) and an absolute precision of 0.09. The
anticipated population proportion (P1) value refers to

n =
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research by Aimbudlop and Saengpanit (2023), which
stated that the prevalence of hypokalemia patients is 0.3,
so the minimum sample size obtained is 100 samples.
Data analysis

Data on patient characteristics, potassium levels
before and after hospitalization, and data on patients
with comorbid kidney failure, including potassium
levels in patients diagnosed with heart failure and
receiving furosemide at Prof. Dr 1.G.N.G. Ngoerah
Hospital, during the period January 2022 - December
2023 have been collected for descriptive and statistical
analysis. The normality test was carried out using the
Kolmogorov-Smirnov method (p>0.05), and the
parametric test using the paired t-test method (p<0.05)
was applied only to potassium level data before and after
hospitalization. Meanwhile, descriptive analysis was

applied to patient characteristics data and potassium
level data in patients with comorbid kidney failure. The
SPSS Version 29 application was used for statistical
tests.

RESULTS AND DISCUSSION
Figure 1. Flowchart of Hospitalized Heart Failure

Patients Receiving Furosemide with Available
Potassium Data Before and After Hospitalization at
Prof. Dr. 1.G.N.G. Ngoerah Hospital from January 2022
to December 2023
Characteristics of patients

The data obtained included 101 patient medical
records that met the inclusion criteria, with 11 patients
having more than one inpatient visit so a total 114
‘patient's medical records were obtained. Characteristics
of patients are shown in Table 1.

Hospitalized Patients with a Diagnosis of Heart Failure Period January
2022 - December 2023 at Prof. Dr. I.G.N.G Ngoerah Hospital (N=1,312)

—t

e Patient with unrecorded Medical Record (N=1071)

« Patient with unavailable Medical Record (N=14)

e Patients who did not receive Furosemide (N=28)

e Patients with heart failure as secondary diagnosis (N=40)

Patients with heart failure as primary diagnosis and traceable (N=159)

Purposive sampling was used

Inclusion (N=101)

¢ Medical record cannot be traced (N=51)
¢ Medical record cannot be read (N=7)

Exclusion(N=58)

Hypokalemia Patient
(N=33)

Non hypokalemia
Patient (N=81)

Figure 1. Flowchart of hospitalized heart failure patients receiving furosemide with available potassium data before and
after hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023
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Table 1. Characteristics of heart failure patients receiving furosemide with available potassium data before and after
hospitalization at Prof. Dr. 1.G.N.G. Ngoerah Hospital from January 2022 to December 2023

Characteristics

Number of Patients

0,
(n total = 101) Percentage (%)

15-25 1 1
26-35 7 6.9
Age (years) 36-45 18 17.8
46-55 27 26.7
56-65 26 25.7
> 65 22 21.8
Gender Male 66 65.4
Female 35 34.6
0-7 days 74 64.9
. S 8-14 days 29 25.4
Duration of Hospitalization 15-21 days 4 35
> 21 days 7 6.1
. Recovered 97 85.1
Patient Status Death 17 14.9
Agute Decompensated Heart 98 86
Failure
Diagnoses Congestive Heart Failure 11 9.6
Chronic Heart Failure 4 35
Right Heart Failure 1 0.9
Kidney 62 38
Heart 33 20.3
Comorbidities Diabetic 29 17.8
Hypertension 24 14.7
Dyslipidemia 15 9.2
Smoking 29 28.7
Social History Non-Smoking 68 67.3
Unknown 4 4
Underweight (less than 18.5) 6 5.9
Normal (18.5 to less than 25) 62 61.4
Body Mass Index (BMI) Overweight (25 to less than 30) 23 22.8
Obesity (30 or greater) 10 9.9

Abbreviations: n: Number of Patients

Table 1 shows that the majority of patients were
aged 45 years and over (74.2%) and male (65.4%). This
is due to a decrease in physiological function in elderly
patients (Heidenreich et al., 2022), and male patients
have a higher risk of experiencing heart failure than
women because women can produce the hormone
estrogen which acts as a heart protector by regulating
lipoprotein levels (Riyadina, 2019). Furthermore, based
on the characteristics of comorbidities in patients in this
study, as shown in Table 1, it is known that kidney
disease is the most common comorbidity experienced by
patients, namely 62 (38%), followed by heart disease as
many as 33 (20.3%), and diabetes as many as 29 (17.8%)
in third place. These three comorbidities are risk factors
for the increased incidence of heart failure (Walli-Attaei
et al. 2024; Bozkurt et al., 2025). In addition, smoking
and excess weight can also contribute to an increased
risk of cardiovascular disease, although they are not
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major risk factors. Active smokers have high levels of
inflammation, cardiomyocyte injury, myocardial
fibrosis, and decreased left wventricular function
(Gorrdiener et al., 2022), although in this study, there
were fewer patients with smoking habits (29 of 114
patients (28.7%) than non-smokers and only 10 of 114
patients (9.9%) had a BMI of 30 or greater (obesity), but
this needs to be considered because patients with high
BMI ( tend to be at higher risk of experiencing HFrEF
(Heart Failure with Reduced Ejection Fraction) (Powell
et al., 2021). This is because overweight patients have a
greater heart workload and are at risk of developing
hypertension (Rumaisyah et al., 2023).
Potassium level data

The data obtained included 114 values of potassium
levels before and after hospitalization in patients with a
diagnosis of heart failure at RSUP Prof. Dr. I.G.N.G.
Ngoerah, who received furosemide during the period
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January 2022 to December 2023. Normality test results
conducted using the Kolmogorov-Smirnov method
showed a p-value > 0.05, indicating that the data were
normally distributed, so it was continued with the
parametric paired t-test on the value of potassium levels
before and after hospitalization. Table 2 shows the
results of paired t-test analysis.

Based on the results of paired t-test analysis, the p-
value <0.05 was obtained, which is <0.001. This

indicates a significant difference between the value of
potassium levels before and after hospitalization. Next,
in this study, the potassium levels of 114 patients were
divided into two groups, namely the group of patients
who experienced a decrease in potassium levels and the
group of patients who experienced an increase in
potassium levels after hospitalization.

Table 2. Results of Paired t-test analysis of potassium levels before and after hospitalization in heart failure patients
receiving furosemide at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023

Number of patients

Average potassium level

Description (n total=114) (mmol/L) + SD p-value
Before Hospitalization 114 4.3+0.9 <0.001
After Hospitalization 114 3.9+0.7 '

Abbreviations: n= number of patients; SD: Standard Deviation

Table 3. Table of increased potassium levels in 30 heart failure patients receiving furosemide before and after
hospitalization at Prof. Dr. 1.G.N.G. Ngoerah Hospital from January 2022 to December 2023

Potassium Level Before

Potassium Level After

Difference Potassium
Level Before and

Percentage Difference
Potassium Level Before

Hospitalization (mmol/L) Hospitalization (mmol/L)  After Hospitalization and After
(mmol/L) Hospitalization (%)
4.2 4.4 0.2 4.5
34 3.6 0.2 5.6
2.9 3.5 0.6 17.1
32 3.5 0.3 8.6
33 3.9 0.6 15.4
3.8 3.9 0.1 2.6
3.9 4 0.1 2.5
4 4.2 0.2 4.8
3.1 44 1.3 29.5
3.1 34 0.3 8.8
3.5 44 0.9 20.5
4.1 5 0.9 18
34 4 0.6 15
4.1 4.7 0.6 12.8
3.8 43 0.5 11.6
3.8 3.9 0.1 2.6
3.9 4.4 0.5 11.4
3.5 3.9 0.4 10.3
4.5 5.5 1 18.2
2.9 3.6 0.7 19.4
5.5 5.6 0.1 1.8
34 3.8 0.4 10.5
3.6 4.1 0.5 12.2
3.5 43 0.8 18.6
3.8 4.7 0.9 19.1
3.2 3.5 0.3 8.6
4 5.5 1.5 27.3
3.6 4.4 0.8 18.2
3.8 5.1 1.3 25.5
3.6 4.4 0.8 18.2
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Table 4. Table of decreased potassium levels in 84 heart failure patients received furosemide before and after
hospitalization at Prof. Dr. 1.G.N.G. Ngoerah Hospital from January 2022 to December 2023

Difference Potassium Percentage Difference
Potassium Level Before Potassium Level After Level Before and After Potassium Level Before
Hospitalization (mmol/L)  Hospitalization (mmol/L) Hospitalization and After Hospitalization

(mmol/L)* (%)*
3.6 35 -0.1 -2.9
4.6 3.7 -0.9 -24.3
4.1 4 -0.1 -2.5
3.7 3 -0.7 -23.3
5.7 4.4 -1.3 -29.5
4.2 3.6 -0.6 -16.7
6.6 5.2 -1.4 -26.9
5 4.5 -0.5 -11.1
5.4 3.9 -1.5 -38.5
5.3 3.3 -2 -60.6
6.5 6.1 -0.4 -6.6
5 4.2 -0.8 -19
4.1 3.6 -0.5 -13.9
3.9 3 -0.9 -30
4 3.7 -0.3 -8.1
3.9 3.3 -0.6 -18.2
4.8 4.6 -0.2 -4.3
6.1 4.7 -1.4 -29.8
4.3 34 -0.9 -26.5
4.2 34 -0.8 -23.5
3.8 2.6 -1.2 -46.2
5.8 4.4 -1.4 -31.8
5.5 35 -2 -57.1
4.2 35 -0.7 -20
4.9 4.5 -0.4 -8.9
4 3.2 -0.8 -25
3.6 2.8 -0.8 -28.6
5.4 3.5 -1.9 -54.3
3.8 3 -0.8 -26.7
4.8 3.6 -1.2 -33.3
3.5 3.2 -0.3 -9.4
5.3 4.2 -1.1 -26.2
4.3 4.2 -0.1 -2.4
4.2 4.2 0 0
45 4.4 -0.1 -2.3
4 3.2 -0.8 -25
3.8 3.7 -0.1 -2.7
7.9 45 -3.4 -75.6
3.6 2.8 -0.8 -28.6
3.5 3.1 -0.4 -12.9
3.8 3.7 -0.1 2.7
45 3.9 -0.6 -15.4
5.7 45 -1.2 -26.7
4.2 35 -0.7 -20
2.9 25 -0.4 -16
4.4 3.6 -0.8 -22.2
6.7 4.9 -1.8 -36.7
5.1 4.6 -0.5 -10.9
4.1 3.1 -1 -32.3
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Potassium Level Before

Difference Potassium
Potassium Level After Level Before and After

Hospitalization (mmol/L)  Hospitalization (mmol/L)

Percentage Difference
Potassium Level Before

Hospitalization and After Hospitalization

(mmol/L)* (%)*
4.8 4.6 -0.2 -4.3
4 3.6 -0.4 -11.1
5 4.6 -0.4 -8.7
4.2 3.7 -0.5 -13.5
39 3.7 -0.2 -5.4
39 3 -0.9 -30
3.6 35 -0.1 -2.9
6 45 -1.5 -33.3
5.1 4.8 -0.3 -6.3
53 3.7 -1.6 -43.2
3.8 35 -0.3 -8.6
4.3 4.1 -0.2 -4.9
4.4 4 -0.4 -10
4.6 3.2 -1.4 -43.8
4.6 3.3 -1.3 -39.4
51 3.8 -1.3 -34.2
4.4 41 -0.3 -7.3
51 4 -1.1 -27.5
4.7 4.2 -0.5 -11.9
4.7 4.4 -0.3 -6.8
4.1 3.3 -0.8 -24.2
55 3.8 -1.7 -44.7
4.2 3.4 -0.8 -235
4.7 3.8 -0.9 -23.7
34 3.4 0 0
4.4 4.2 -0.2 -4.8
5 2.1 -2.9 -138.1
6.2 4.2 -2 -47.6
4.9 4.7 -0.2 -4.3
4.3 3.9 -0.4 -10.3
35 3.4 -0.1 -2.9
39 31 -0.8 -25.8
3.7 3.6 -0.1 -2.8
4 3.5 -0.5 -14.3
4.8 3.2 -1.6 -50

*: the negative value means the potassium level was decreasing after hospitalization

Table 5. Categorized potassium levels after hospitalization in heart failure patients receiving furosemide at Prof. Dr.
I.G.N.G. Ngoerah Hospital from January 2022 to December 2023

Number of Patients who
Increased Potassium Levels
After Hospitalization (n=30)

Classification of Potassium Levels

Number of Patients who
Decreased Potassium Levels
After Hospitalization (n=84)

Hypokalemia (< 3,5 mmol/L)
Normal (3,5-5,1 mmol/L)
Hyperkalemia (>5,1 mmol/L)

1 32
27 50
2 2

Abbreviation: n=number of patients

The increase or decrease was calculated based on
the reduction in potassium levels after hospitalization
with  potassium levels before hospitalization.
Furthermore, the percentage difference was calculated.
Patients were said to have increased potassium levels if
the potassium levels after hospitalization were greater
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than before hospitalization. Conversely, patients were
said to have decreased if the potassium levels after
hospitalization were smaller than before hospitalization.
Of the 114 patients, there were 30 patients who
experienced an increase in potassium levels (see Table
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3) and 84 patients who experienced a decrease in
potassium levels after hospitalization (see Table 4).

In the group of patients who experienced increased
potassium levels, the most significant percentage
difference in potassium levels before and after
hospitalization was 29.5%, and the smallest was 1.8%.
The larger percentage difference indicates a greater
increase in potassium levels after the patient was
hospitalized. Increased potassium levels can be caused
by the presence of comorbid diseases such as kidney
disease and diabetes mellitus as well as the use of Renin
Angiotensin  Aldosterone  System (RAAS) and
Mineralocorticoid  Receptor ~ Antagonist (MRA)
inhibitor drugs. This result is in line with a cohort study
in Denmark, which states that the incidence of
hyperkalemia was 39% during a follow-up period of 2.2
years. The study also mentioned that kidney disease and
diabetes will interfere with potassium excretion and
regulation. In addition, the use of RAAS inhibitors and
MRA, which are standard treatments for heart failure,
can also interfere with potassium excretion, causing
hyperkalemia (Thomsen et al., 2018). Although heart
failure patients on therapy may have increased
potassium levels, several mechanisms may also lead to
decreased potassium levels during treatment.

In the group of patients who experienced decreased
potassium levels, the percentage difference in potassium
levels before and after hospitalization was 138.1%, and
the smallest was 0%. The larger percentage difference
indicates a greater decrease in potassium levels. The
percentage showing a value of 0% in the group of
patients who experienced decreased potassium levels
can occur because there is no difference in potassium
levels before and after hospitalization.

Decreased potassium levels in heart failure patients
after hospitalization may be due to several factors such
as diuretic use, RAAS activation, and insulin use.
Studies have shown that 10 to 50% of patients treated
with diuretics may develop hypokalemia (Ring et al.,
2022). The dose or duration of the use of Furosemide as
a loop diuretic (Ferreira et al., 2020). Furosemide can
increase water and electrolyte excretion through urinary
excretion, inhibit Na*, K*, and Ca®" co-transporters in
the loop of henle, and induce prostaglandin-mediated
and aldosterone hormones (Felker et al., 2020).

Moreover, based on Table 4, from 84 data of
patients who had decreased potassium levels, 49 patients
showed a decrease of >15%, and 35 patients showed a
decrease of <15%. Patients with a decrease in potassium
levels >15% have a higher risk of arrhythmias that can
trigger sudden cardiac death in heart failure patients
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(Aimbudlop & Saengpait, 2023). This is caused by low
K* concentrations that can increase heart muscle
excitability and delay repolarization (Ring et al., 2022).
Arrhythmias often trigger sudden cardiac death in heart
failure patients (Zaher et al., 2024).

Furthermore, after the potassium levels after
hospitalization were obtained, we then grouped the
potassium levels into three groups: hypokalemia,
normal, and hyperkalemia, as can be seen in Table 5.

Based on the results in Table 5, most patients in this
study had normal potassium levels, both in the group of
patients who experienced increased potassium levels
after hospitalization (27 of 30 patients) and also in the
group of patients who experienced decreased potassium
levels after hospitalization (50 of 84). In the group of
patients who experienced increased and reduced
potassium levels after hospitalization, only two patients
from each group had hyperkalemia, and more patients
had hypokalemia (32 of 84 patients) in the group who
experienced decreased potassium levels than in the
group who experienced increased potassium levels after
hospitalization, only 1 of 30 patients. The changes in
potassium level values in patients are also influenced by
several factors, such as the presence of kidney disease
and the use of drugs that affect RAAS. Kidneys are
responsible for 90-95% of potassium elimination, so
abnormal conditions in the kidneys will interfere with
the regulation of a patient's potassium levels (Ferreira et
al., 2020).

One of the factors that play a role in increasing or
decreasing potassium levels is the presence of kidney
failure. In this study, there were more than half of the
heart failure patients in this study (62 out of 114
patients) who also had comorbid kidney disorders.
Moreover, for a more in-depth descriptive analysis in
this study, we classified the kidney disorders
experienced by patients and explored the data so that the
results of Table 6 were obtained.

Based on Table 6, all heart failure patients with
concomitant kidney disease experienced a decrease in
potassium levels after treatment, with chronic kidney
disease (CKD) stage IlIB patients experiencing the
highest reduction of potassium levels. In CKD stage
[11B, decreased potassium levels often occur due to a
combination of diuretic use, relatively active renal
excretion, dietary changes, and the influence of other
drugs. However, as the disease progresses to advanced
stages (stages IV and V), the kidneys lose their ability to
excrete potassium, making patients more prone to
hyperkalemia than hypokalemia (Sarnowski et al.,
2022). In addition to CKD patients, changes in
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potassium also occur in acute Kidney injury (AKI)
patients, although the decrease is not as great as in CKD
patients. AKI patients generally have increased serum
creatinine levels and decreased urinary excretion
(Kellum et al., 2021). Patients with lower glomerular
filtration rate (eGFR), higher creatinine clearance, and
renal failure comorbidities are more likely to develop
hyperkalemia (Jun et al., 2021). In addition, patients
with ACKD who have multiple bilateral cysts growing
in the kidneys also have decreased potassium levels.
Cysts in ACKD patients cause loss of renal tissue that
triggers mitogenic signaling, changes in sodium and
potassium concentrations, activation of the RAAS
system, and hyperplasia of renal tubular cells (Teuwafeu
etal., 2023).

Based on Table 6, all heart failure patients with
concomitant Kidney disease experienced a decrease in
potassium levels after treatment, with chronic kidney
disease (CKD) stage IlIB patients experiencing the
highest reduction of potassium levels. In CKD stage
I11B, decreased potassium levels often occur due to a
combination of diuretic use, relatively active renal
excretion, dietary changes, and the influence of other
drugs. However, as the disease progresses to advanced
stages (stages IV and V), the kidneys lose their ability to
excrete potassium, making patients more prone to
hyperkalemia than hypokalemia (Sarnowski et al.,
2022). In addition to CKD patients, changes in
potassium also occur in acute kidney injury (AKI)
patients, although the decrease is not as great as in CKD
patients. AKI patients generally have increased serum
creatinine levels and decreased urinary excretion
(Kellum et al., 2021). Patients with lower glomerular
filtration rate (eGFR), higher creatinine clearance, and
renal failure comorbidities are more likely to develop
hyperkalemia (Jun et al., 2021). In addition, patients
with ACKD who have multiple bilateral cysts growing
in the kidneys also have decreased potassium levels.
Cysts in ACKD patients cause loss of renal tissue that
triggers mitogenic signaling, changes in sodium and
potassium concentrations, activation of the RAAS
system, and hyperplasia of renal tubular cells (Teuwafeu
etal., 2023).

Based on Table 6, it also shows that heart failure
patients in this study, in addition to having comorbid
kidney disorders, also had other comorbidities, called
diabetes, hypertension, and dyslipidemia. The presence
of additional comorbidities can affect potassium levels.
Where in this study, patients with additional comorbid
diabetes experienced hyperkalemia, while patients with
additional comorbid cancer experienced hypokalemia.
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Diabetic patients are at risk of hyperkalemia due to the
condition of hyporeninemic hypoaldosteronism, which
causes RAAS dysfunction so that there is a decrease in
aldosterone secretion by the adrenal glands, which plays
a role in K* secretion so that potassium levels in the
blood increase. In addition, uncontrolled diabetic
patients also generally experience hyperosmolality,
which causes K* ions to leave the cells so that potassium
levels in the blood increase (Goia-Nishide, 2022), and
patients with diabetes have a prevalence ratio of 1.38 to
experience hyperkalemia compared to those without
diabetes because diabetes can cause diabetic
nephropathy, which can reduce kidney function and
potassium excretion ability. In addition, insulin
deficiency in diabetes can also disrupt the distribution of
potassium between intracellular and extracellular fluids
so that potassium levels in the blood tend to be high
(Thomsen et al., 2018).

The presence of comorbid dyslipidemia and
hypertension can also affect the patient's potassium
levels. Heart failure patients who also have hypertension
are at risk of experiencing increased potassium levels
caused by the use of antihypertensive drugs (Rakugi et
al., 2021), such as the use of RAASI drugs (ACEi, ARB,
ARNi), which work by inhibiting the action of
angiotensin 11, thereby reducing aldosterone hormone
levels, which regulate potassium secretion, thereby
increasing the risk of hyperkalemia (Oktaviono &
Kusumawardhani, 2020; Rakugi et al., 2021). The risk
of hyperkalemia associated with renin-angiotensin-
aldosterone system (RAAS) inhibition ranges from 2%
to 10% in patients with hypertension (Chang et al.,
2016). Besides that, patients with dyslipidemia will also
tend to have altered potassium levels, as patients with
central obesity, hypertriglyceridemia, low HDL-C and
high fasting plasma glucose tend to have lower serum
potassium levels (Sun et al., 2014).

In this study, heart failure patients were also
prescribed other drugs besides furosemide, which can
affect potassium levels, as seen in Table 7.

Based on Table 7, instead of furosemide, patients
also received other drugs such as Angiotensin
Converting Enzyme inhibitors (ACEi), Angiotensin Il
Receptor ~ Blockers  (ARB), beta  blockers,
spironolactone, potassium chloride (KSR), and insulin.
Those drugs can also affect potassium levels in heart
failure patients. There were 84 (73.7%) prescriptions of
ACEi and 23 (20.2%) prescriptions of ARB. These two
groups of drugs are angiotensin Il antagonists and are
commonly used in heart failure patients (Heidenreich et
al., 2022). Inhibition by angiotensin Il will reduce levels
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of the hormone aldosterone, which regulates potassium
secretion. The decrease in aldosterone levels due to
ACEi and ARB is mostly offset by increased distal
sodium so that potassium levels remain stable. However,
in patients with renal perfusion, the proximal
reabsorption becomes very strong, reducing distal
sodium levels and increasing the risk of hyperkalemia
(Oktaviono & Kusumawardhani, 2020).

There were 82 (71.9%) prescriptions using [-
blocker drugs that inhibit [ receptors in the cell
membranes of various organs. This class of drugs
induces hyperkalemia by suppressing the secretion of
the hormone aldosterone from the adrenal cortex and
decreasing the activities of the Na*-K* ATPase pump so
that potassium absorption by cells will also decrease
(Rawal et al., 2020).

Table 7 also shows that there were 85 (74.6%)
prescriptions of spironolactone. This drug works by
competitively blocking the action of aldosterone,

resulting in decreased sodium reabsorption and
increased potassium retention (Patibandla et al., 2023).
Patients with spironolactone therapy have a 10% lower
risk of hypokalemia than patients with loop diuretic
therapy (Ferreira et al., 2020). In addition, 33 (29%)
patients received potassium supplements, namely KSR,
which can increase body potassium levels (Table 7).
KSR will be ionized into K* and CI-in the body. Kalium
ions will then undergo reabsorption in the kidneys
(Yamada & Inaba, 2021). The use of potassium
supplements in patients undergoing furosemide therapy
will reduce the risk of hypokalemia by 12% (Aimbudlop
& Saengpait, 2023). Based on Table 7, it is also known
that there are 23 (20.2%) patients using insulin. The
physiological response to insulin is the activation of the
Na*-K* ATPase pump, which increases the absorption
of K* into cells, thereby providing defense against
hyperkalemia (Ring et al., 2022).

Table 6. Classification of comorbid kidney disease and the potassium level in 62 heart failure patients receiving
furosemide before and after hospitalization at Prof. Dr. 1.G.N.G. Ngoerah Hospital from January 2022 to December

2023
Average Avere}ge quber c_)f
e . Number of Potassium Potassium Patients W'th Othgr_ .
Classification of Comorbid . After Hyperkalemia Comorbidities
: . Patients Before L
Kidney Disease _ TR Hospitalizati or owned by
(n total=62) Hospitalization . .
(mmol/L) on Hypokal_emla patients
(mmol/L) (n total=62)
Acute Kidney Injury (AKI) 32 4.2 3.7 11 Hypokalemia Diabetes Type 2
0 Hyperkalemia Dyslipidemia
Hypertension
Atrial Fibrillation
Acquired Cystic  Kidney 11 4.6 4 2 Hypokalemia  Dyslipidemia
Disease (ACKD) 0 Hyperkalemia  Hypertension
Atrial flutter
Diabetes Type 2
Chronic  Kidney Disease 19
(CKD)
CKD Stage Il 2 4 3.9 0 Hypokalemia  Diabetes Type 2
0 Hyperkalemia  Hypertension
CKD Stage Il A 6 4.8 4.1 1 Hypokalemia  Diabetes Type 2
1 Hyperkalemia  Hypertension
Atrial Fibrillation
CKD Stage 111 B 4 6 45 1 Hypokalemia  Diabetes Type 2
1 Hyperkalemia
CKD Stage IV 4 4.2 4 2 Hypokalemia  Diabetes Type 2
0 Hyperkalemia  Atrial Fibrillation
Paroxysmal
CKD Stage V 3 5 4.3 0 Hypokalemia  Diabetes Type 2

0 Hyperkalemia

Atrial flutter
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Table 7. Drugs Used by Heart Failure Patients Who Received Furosemide During Hospitalization at Prof. Dr. .G.N.G.
Ngoerah Hospital from January 2022 to December 2023

Classification of Drugs

Number of Prescriptions Percentage (%)

Angiotensin Converting Enzyme inhibitors (ACEi) 84 73.7

Angiotensin Il Receptor Blockers (ARB) 23 20.2

Beta-Blocker 82 71.9

Spironolactone 85 74.6

Potassium Chloride (KSR) 33 29

Insulin 23 20.2
This study has several strengths, including a FUNDING

comprehensive  evaluation of potassium level
fluctuations in heart failure patients receiving
furosemide therapy, a large sample size that enhances
the reliability of findings, and a holistic approach that
considers multiple influencing factors such as
comorbidities and concurrent medications.
Additionally, the use of robust statistical analyses
strengthens the validity of the results. However, there
are some limitations, such as the retrospective study,
which relies on the availability and accuracy of medical
records, and the fact that it was conducted in a single
hospital, potentially limiting the generalizability of the
findings. The study also does not account for the dosage
of furosemide, which may influence potassium levels.
Future research should focus on prospective studies to
calculate the furosemide dose given to patients with
renal impairment and track furosemide and potassium
levels over time after dose adjustments. In addition,
multicenter  studies are needed to increase
generalizability.

CONCLUSION

This study highlights the dynamic changes in
potassium levels among heart failure patients receiving
furosemide therapy during hospitalization. These
findings reinforce the need for continuous potassium
monitoring and individualized therapeutic strategies to
reduce the risk of potassium imbalance, especially
hypokalemia. Given the complexity of factors affecting
potassium levels, including comorbid conditions and
use of certain medications, a multidisciplinary approach
is essential to optimize patient outcomes.
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Abstract

Background: Inflammation is a physiological response triggered by cellular damage, typically characterized by
symptoms such as edema. Objective: This study was conducted to evaluate the anti-inflammatory activity of the
ethanol extract of Bangle rhizome (Zingiber purpureum Roxb.) using the carrageenan-induced paw edema method
and the UVB-induced erythema method. The most effective dose demonstrating significant anti-inflammatory
activity was also determined. Methods: The bangle rhizome (Zingiber purpureum Roxb) was subjected to
maceration using 96% ethanol. A total of 25 rats were randomly divided into five groups: negative control (0.5%
CMC-Na), positive control (diclofenac sodium at 0.9 mg/200 g body weight), and treatment groups receiving
ethanol extract of bangle rhizome at doses of 5, 10, and 20 mg/200 g body weight. In the carrageenan-induced
method, the edema volume in the rat paw was measured following the administration of 0.8% lambda-carrageenan.
In the erythema method, the degree of inflammation was assessed using UVB-induced erythema scoring. Results
and Conclusion: Anti-inflammatory activity was observed at doses of 5, 10, and 20 mg/200 g body weight in the
carrageenan model and at doses of 10 and 20 mg/200 g in the erythema model. The most potent anti-inflammatory
effect was recorded at the dose of 20 mg/200 g body weight, which was comparable to the positive control in both
models. The presence of flavonoids and steroids in the extract may contribute to the observed anti-inflammatory
activity.
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INTRODUCTION

Inflammation is the body's reaction to damage or
contamination (Bachtiar et al., 2021). Inflammation
occurs due to a nearby response from tissues or cells to
the stimulus for the release of certain chemicals that will
stimulate tissue changes in the reaction, including
histamine, serotonin, bradykinin, leukotrienes, and
prostaglandins (Garakia et al., 2020). Inflammation is
often thought of as a disease, when in fact it is the work
of an immune response. The response that occurs is
characterized by symptoms such as rubor (redness), calor
(heat), dolor (pain), and tumor (swelling), so that
inflammation  often interferes with  activities.
Inflammation affects the membranes, causing leukocytes
to secrete lysosomal enzymes, arachidonic acid, and
various eicosanoids (Cowin 2008). The treatment of
inflammation has two main goals: to relieve pain, which
is the first visible symptom, and to sluggish or restrict the
process of tissue destruction. Anti-inflammatory drugs
have a common mechanism of action, which is inhibiting
prostaglandin synthesis via the inhibition of the enzyme
cyclooxygenase. Cyclooxygenase is responsible for
prostaglandin biosynthesis. Based on the mechanism of
action, anti-inflammatory drugs are divided into 2
groups, namely steroid groups that work by inhibiting the
release of prostaglandins and their source cells, and
nonsteroidal groups (NSAIDs) that work through the
mechanism of cyclooxygenase inhibition that plays a role
in prostaglandin biosynthesis. Drugs used as anti-
inflammatories are the nonsteroidal group (AINS) and
corticosteroids, where both groups have the potential to
suppress signs and symptoms of irritation, but both
groups of medicine regularly cause detrimental and
dangerous outcomes together including gastrointestinal
harm, nephrotoxicity, and hepatotoxicity (Garakia et al.,
2020).

In addition to drugs of the NSAID class, many plants
are used as anti-inflammatories whose use is still widely
favored by the community. Indonesia itself has many
types of flora that may be used as a supply of herbal
medicinal materials and are widely used by the
community for generations to overcome health problems.
One of the natural ingredients that is empirically effective
as an anti-inflammatory drug is the bangle rhizome.
Bangle belongs to the Zingiberaceae family and has been
widely used in traditional medicine. Bangle rhizome is
useful as a medicine for fever, abdominal pain,
constipation, wind, worms, and gout (Ministry of Health
R12001). The results of the phytochemical screening test
of bangle rhizomes by Astarina et al. (2013) and
Padmasari et al. (2013) showed that bangle rhizomes
contain essential oil Compounds, flavonoids, saponins,
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triterpenoids, alkaloids, and tannins. Based on (Bachtiar
et al., 2021), bangle rhizomes contain bioactive
compounds that are useful as medicines, one of which is
essential oil.

The main components of the bangle rhizome
essential oil (Zingiber purpureum Roxb.) consist of
sabinene (48.1%), terpinen-4-ol (25.1%), a-terpinene
(4.3%), and a- phellandrene and Phenylmethylene
(2.7%). The utilization of plants that have anti-
inflammatory activity is very necessary, especially to get
alternative treatments that have small side effects,
especially in efficacy as an anti-inflammatory, so in this
study, tests will be carried out on the anti-inflammatory
activity of ethanol extract of bangle rhizome which will
be tested on male rats with two methods, namely
carrageenan induction and UV radiation. The
carrageenan induction method is a measurement of the
volume of artificial edema in the leg of rats induced with
lambda carrageenan, while the UV radiation induction
method shows redness on the back of test animals due to
UV light irritation, resulting in vasodilation followed by
increased vascular permeability and local leukocytosis,
commonly called erythema. The solvent used was 96%
ethanol because it can dissolve compounds that are polar
and non-polar, and is more selective. 96% ethanol can be
used to remove impurities of amino acids, minerals, and
proteins, which cannot be dissolved at low ethanol levels.

MATERIALS AND METHODS
Materials

The sample material used was a bangle rhizome. The
chemicals used include distilled water, 96% ethanol,
CMC-Na, and diclofenac sodium. The check animals
used male white rats of stress with an age of 2-3 months
and a body weight of about 150-300 grams.
Preparation of the ethanol extract of the bangle
rhizome

The preparation of the ethanol extract of the bangle
rhizome was accomplished through the maceration
method using 96% ethanol solvent with a ratio of 1:10.
As much as 1 kg was put into a maceration bottle, and
then 96% ethanol was added to as much as 7.5 L. The
maceration bottle was maintained at room temperature
and was avoided while stirring repeatedly. After 5 days,
the results of soaking were filtered with a flannel cloth
and filter paper, then the pulp plus 96% ethanol as much
as 2.5 L was filtered with flannel cloth and filter paper,
and then the liquid extract was concentrated in a rotary
evaporator at 40°C until a viscous extract was obtained.
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Chemical content identification of the bangle rhizome
extract

Flavonoid test. Flavonoid identification was done
by dissolving 5 ml of concentrated extract of bangle
rhizome into a test tube and adding 0.1 gram of Mg
powder and 5 drops of concentrated HCL, 2 ml of amyl
alcohol, then shaking and letting it separate. If there is a
red, yellow, or orange color in the amyl alcohol layer, the
flavonoids are positive (Ciulei 1984). Saponin test.
Identification of saponins was done by dissolving 0.05
mg of bangle rhizome sample into 20 ml of water, then.

Heat and filter, add 1 drop of HCL 2 N, shake
vigorously for 10 seconds, and then leave for 10 seconds
(Ciulei 1984). Tannin Test. A total of 0.05 mg of bangle
rhizome powder was dissolved in 20 mL of distilled
water. The solution was subsequently heated and filtered.
To the obtained filtrate, 2-3 drops of 1% ferric chloride
(FeCls) solution were added. The presence of tannins was
indicated by the formation of a green or bluish-black
coloration (Ciulei, 1984). Essential oil. A precipitate was
formed by pipetting 1 mL of the test solution and then
letting it evaporate in a porcelain cup. The positive
effects of essential oils are indicated by the unique smell
that the plant residue produces (Ciulei 1984). Alkaloid
Test. Alkaloids were identified using the Mayer and
Dragendorff methods. A mixture was prepared by
combining 0.5 grams of concentrated bangle rhizome
extract with 1 mL of 2 M hydrochloric acid (HCI) and 9
mL of distilled water. The mixture was then boiled for
two minutes, allowed to cool, and subsequently filtered.
The resulting filtrate was divided into three portions, and
Mayer and Dragendorff reagents were added to each
portion. A positive result for alkaloids was indicated by
the formation of a white precipitate with the Mayer
reagent and a light brown to yellow precipitate with the
Dragendorff reagent (Ciulei, 1984).
Preparation of the solution

CMC-Na mucilago 0.5%. Weigh 500 mg of CMC-
Na, and put 100 mL of hot water into a vaporizer cup.
CMC-Na powder is sprinkled over the hot water little by
little while stirring until homogeneous.
Diclofenac sodium suspension preparation 1%

CMC-Na was weighed at 100 mg and then put little
by little into a mortar containing hot water while stirring
until homogeneous and fluffy. Diclofenac sodium was
weighed at 100 mg, put into a mortar containing CMC-
Na mucilage, and crushed while adding distilled water to
a volume of 10 mL.
Preparation of the test preparations

The extract test preparations were prepared by
weighing 500 mg of CMC-Na and then sprinkling it into
a vaporizer cup containing hot water and stirring until it
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expands. Bangle rhizome extract was weighed at 1 gram,
then crushed in a mortar to shrink the particles, after
which CMC-Na mucilago was added to a volume of 50
mL and stirred until homogeneous.

Anti-inflammatory test

Diclofenac sodium dose determination. The average
human body weight of a 70-kg dose of diclofenac sodium
is 50 mg/kg BW. The conversion factor from humans
weighing 70 kg to rats with an average body weight of
200 g is 0.018, so the dose of diclofenac sodium for rats
is 0.9 mg/200g BW of rats.

Anti-inflammatory test procedure of the rat paw
edema method.

In this study, 5 animals were used in each
experimental group. The anti-inflammatory test
procedure is that rats are fed 8 hours before testing and,
are still given drinking water. The rats were weighed and
grouped randomly. 25 rats were divided into 5 groups.
The left hind paw of each rat to be induced was marked
at the ankle, then the volume was measured first by
inserting the sole of the rat's foot into mercury until the
mark limit. Each rat was treated according to its group.
Group 1 with negative control treatment (CMC-Na),
group 2 positive control (diclofenac sodium), dose of 0.9
mg/200 g BW, groups 3, 4, and 5 of the extract dose of 5
mg, 10 mg, and 20 mg/200 g BW. One hour later, a 0.8%
lambda carrageenan solution was induced on the left hind
paw with a volume of 0.2 ml. The volume of the paw was
measured at 0.5, 1, 2, 3, 4, 5, 6, and 24 hours after lambda
carrageenan induction; the paw of the rat was inserted
into the seismometer until the limit mark. The DAI of the
test drug is indicated by its ability to inhibit the volume
of paw edema produced due to lambda carrageenan
induction (Winter et al., 1962). All data obtained were
statistically analyzed on the volume of paw edema, and
the proportion of edema inhibition was calculated.
Anti-inflammatory test procedure of the erythema
method.

The mice were depilated with a size of 1.5 x 2.5 cm
on the back for 18 hours. Test animals were treated orally
30 minutes before UV irradiation. The apparatus was
heated for 30 minutes before use. Mice were irradiated
with UV light at a distance of 10 cm for 5 hours, then the
erythema formed was observed at 6, 12, 24, 48, and 72
hours.

Data analysis

Carrageenan induction method. The effect of the
administration of 96% ethanol extract of bangle rhizome
on the anti-inflammatory effect with the carrageenan
induction method was determined by calculating the
volume of the edema.

Vu=Vt-Vo

©2025 Jurnal Farmasi dan llmu Kefarmasian Indonesia
Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 1 April 2025 53

Description:

Vu: The extent of edema rat paw on every occasion
Vit Edema extent of the rat paw after stretching with
0.8% carrageenan at the time(t)

Vo: Edema volume of rat paw before 0.8%
carrageenan

After obtaining the edema volume data, a comparison
curve of edema volume versus time was made. Then the
AUC (Area under the curve) is calculated, which is the
average area under the curve, representing the
relationship between the average edema volume per unit
time. With the formula:

Vit + Vit
AUCM=__0ol 10 (t,— th1)
Description: ?

V1t n1: average edema volume intn -1
V't ,: average volume at t n
The anti-inflammatory power can be calculated using the

following formula:

AUC— AUC,

DAI = x100%

AUC
Description :
AUCk: AUC curve of the mean edema volume against
time for the negative control.
AUCp: AUC curve of the mean edema volume versus
time for each treatment group.

The data obtained is then analyzed with the
Kolmogorov-Smirnov test to examine the distribution of
facts and analyzed with the Levene check to peer the
homogeneity of the statistics. If the facts are typically
allotted and homogeneous, it's typically analyzed with a
one-way analysis of variance (ANOVA) test with a 95%
confidence level and continued with the LSD test to
determine whether or not there is a significant difference.
If a condition for the ANOVA test is not met, the
Kruskal-Wallis test is performed to determine if there is
a difference. If there is a significant difference, the Mann-
Whitney test is conducted to determine the difference
between the treatment groups.

RESULTS AND DISCUSSION

The extraction of bangle rhizome powder was
carried out by maceration with 96% ethanol as a solvent
because it can dissolve polar and non-polar compounds.
The macerate was obtained and then concentrated with a
rotary evaporator at 40°C. The thick extract was 153.6
grams with a yield of 15.36%.

Identification of the chemical content of extracts and
powders of bangle rhizomes aims to establish the truth of
the chemical content contained in bangle rhizomes. The
identification of compounds was carried out on
flavonoids, saponins, tannins, essential oils, alkaloids,
triterpenoids, and steroids. Analytical Chemistry
Laboratory of the Faculty of Pharmacy, Bumigora
University. The identification results can be seen in Table
1

Table 1. Compound content identification results of the bangle rhizome extract and powder

Name of Description Extract Powder
Compound
Flavonoid  The orange color that forms on the amyl alcohol layer shows  + +
flavonoid compounds (Ciulei 1984).
Saponin The generation of foam for up to 10 seconds indicates saponin  + +
compounds (Ciulei 1984).
Tanin The formation of a bluish-black shade suggests the presence of  + -
tannin compounds (Ciulei 1984).
Minyak atsiri  The generation of a characteristic odor by residues from the  + +
plant indicates essential oils (Ciulei 1984).
Alkaloid Characterized by the formation of mild brown to yellow color  + +
precipitates on the Dragendorff reagent and white precipitates
on the Mayer reagent (Ciulei 1984).
Triterpenoid  The formation of a brown ring (Ciulei 1984). + +
Steroid Formation of a blue-green ring (Ciulei 1984). - -
Description :

+: Compounds were detected
-: Compounds were not detected
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The results of identifying the compound content of
bangle rhizome extracts and powders showed that bangle
rhizomes contain flavonoids, saponins, tannins,
triterpenoids, essential oils, and alkaloids. According to
Astarina, N. W. G., Astuti, K. W., Warditiani (2012), and
Padmasari et al. (2013), bangle rhizomes are positive for
flavonoids, saponins, tannins, triterpenoids, alkaloids,
and essential oils. According to Safira et al. (2012) and
Burdah (1996), the flavonoid compounds in the Bangle
rhizomes are flavonol groups, aurones, and isoflavone.
The essential oils in bangle rhizomes contain butyl
phenols such as (E)-1-(3,4-dimethoxyphenyl) butadiene
(DMPBD), terpinen 4-ol, and terpenoid groups
(Jeenapongsa et al., 2003; Pattanaseree 2005).
Anti-inflammatory effect test using the carrageenan
induction method

The anti-inflammatory effect test was conducted
using the rat paw edema approach by injecting 0.8% A-

carrageenan as a great deal as 0.2 ml. This approach is
one of the simplest, easiest to perform, and most
frequently used methods of testing anti-inflammatory
activity. The inflammation formed by carrageenan
induction also does not cause tissue damage. The edema
quantity was measured before and after management of
the check substance using a plethysmometer. This test
used 25 rats divided into five test groups, namely the
negative control, positive control, and ethanol extract of
bangle rhizome with dose variations obtained from the
orientation results, namely 5 mg/200 g BW, 10 mg/200 g
BW, and 20 mg/200 g BW. Data were obtained from
observations in a subplantar volume of rats in the form of
the subplantar volume of rat after the hours 0.5 to 6 hours
and 24 hours after carrageenan induction.

Table 2. Average edema volume

Treatment Mean volume (mL) of edema + SD
T0 TO05 T1 T2 T3 T4 T5 T6 T24
Negative control 0+0 0.024+ 0.028+ 0.032+ 0.036+ 0.040+ 0.0616+ 0.0446+ 0.0398+
(CMC-Na) 0.003 0.002 0.003 0.002 0.001 0.00167 0.001 0.002
Extractdose5 0+0 0.019+ 0.023+ 0.026x 0.031+ 0.033+ 0.034+ 0.0328+ 0.022%
mg/kg BW 0.002 0.003 0.005 0.004 0.004 0.003 0.002 0.002
Extract dose 10 0+0 0.018+ 0.022+ 0.026+ 0.028+ 0.030+ 0.031+ 0.031+ 0.021%
mg/kg BW 0.002 0.003 0.003 0.004 0.002 0.001 0.002 0.002
Extractdose 20 0+0 0.018+ 0.020+ 0.023+ 0.025+ 0.026x 0.026+ 0.025+ 0.013%
mg/kg BW 0.002 0.0007 0.001 0.002 0.002 0.002 0.002 0.002
Na Diklofenak 00 0.017+ 0.018+ 0.020+ 0.023+ 0.024+ 0.023+ 0.022+ 0.012+
0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.0008

—o— Negative control
~— Extract dose 5 mg/kg BW

—e= Positive control

0,05
0,04
0,03

0,02

Volume of edema

0,01

2
Time (Hour)

~{l— Extract dose 10 mg/kg BW
Extract dose 20 mg/Kg BW

3

24

Figure 2. Results of the anti-inflammatory effect test with the carrageenan induction method
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Table 3. Average AUC total and average DAI (%)

Group Mean AUCtotal + SD

Negative control (CMC-Na)
Extract dose 5 mg/kg BW
Extract dose 10 mg/kg BW
Extract dose 20 mg/kg BW
Na Diklofenak

Mean percentage % DAI £ SD
0.965+0.033b -
0.654+0.062ab 32.36+5.867b
0.627+0.043ab 34.96+4.142b
0.495+0.061ab 48.71+5.569
0.430+0.031a 54.65+3.738

Description:

a: Significantly different from the poor management group based on the LSD test (p < 0.05)
b: Significantly different from the effective management group based on the LSD test (p < 0.05)

The negative control group given CMC Na
experienced an increase in edema volume starting from
hour 0.5, which lasted for 6 h due to the absence of an
inhibitory process in the three processes of inflammation
by carrageenan and decreased 24 h later, where the
largest edema volume formed occurred at hour 6. Based
on the average edema volume in rat feet, the edema
volume increases 30 min after induction with A-
carrageenan. According to Moris (2003), carrageenan-
induced edema formation consists of three phases. The
primary segment involves the discharge of histamine
and serotonin and lasts for 90 minutes. The second
section involves the discharge of bradykinin and occurs
1.5-2.5 hours after induction. The 1/3 segment occurs
three hours after induction, and the release decreases for
up to 24 h. The positive control group administered
diclofenac sodium at a dose of 4.5 mg/kg BW increased
slowly, starting from hour 0.5, where the volume of leg
edema formed was highest at hour 4, and then the
volume decreased from hour 5 to hour 24. This shows
that diclofenac sodium provides a good therapeutic
effect in the form of edema inhibition that occurs at 4 h.
Diclofenac sodium is a phenyl acetate derivative
belonging to the AINS group and has the strongest anti-
inflammatory ~ activity. ~ This  drug inhibits
cyclooxygenase, which is relatively non-selective and
reduces the bioavailability of arachidonic acid (Tjay and
Rahardja 2002). Diclofenac sodium is absorbed quickly
and completely; its bioavailability is approximately
50%, with 99% bound to plasma proteins, and has a half-
life of 1-3 hours, an onset of 30 min, and 8 h (Katzung
2007).

The ethanol extract treatment group from the bangle
rhizome increased the edema volume at hour 0.5 after
being induced with carrageenan. In the treatment group
administered the ethanol extract of bangle rhizome at a
dose of 5 mg/kg body weight, the increase in edema
continued until the 5" hour and decreased again at the
6™ hour. In the treatment with ethanol extract of bangle
rhizome at doses of 10 and 20 mg/kg BW, it increased
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until the 4th hour and lasted until the 5™ hour with a
constant volume, indicating edema inhibition, and
decreased starting from the 6% hour. At the 6™ hour,
when a decrease in edema volume was observed, the
anti-inflammatory effect of the test compound could be
observed through changes in edema volume.
Anti-inflammatory activity is expressed as anti-
inflammatory power. Based on the results of DAI (anti-
inflammatory power) of ethanol extract of bangle
rhizome at a dose of 20 mg/kg BW, it is assumed that
this dose has more active compound content and the
amount absorbed is more so that it can provide a better
anti-inflammatory effect than doses of 10 mg and 5
mg/kg BW. The results of compound identification in
the ethanol extract of bangle rhizome contain steroids,
flavonoids, and tannins, according to previous studies.
The compounds that provide anti-inflammatory effects
are flavonoids and steroids, so in this study, the
suspected anti-inflammatory compounds are flavonoids
and steroids. Flavonoid compounds can inhibit COX
and lipooxygenase enzymes (Narayana et al. 2001).
Inhibition of the COX and lipooxygenase pathway
directly also leads to the inhibition of eicosanoid and
leukotriene biosynthesis, and flavonoids can inhibit
leukocyte accumulation in inflammatory areas (Panda et
al. 2009; Kumbhare & Sivakumar 201, referenced in
Zaini et al. 2016). The anti-inflammatory effect is also
supported by its action as an antihistamine, histamine is
one of the inflammatory mediators whose release is
stimulated by pumping calcium into cells, flavonoids
can inhibit the release of histamine from mast cells, and
another mechanism of flavonoids is stabilizing Reactive
Oxygen Species (ROS) reacting with reactive
compounds from radicals so that the radicals become
inactive (Nijveldt et al. 2001, referenced in Zaini et al.
2016). Steroids work by inhibiting phospholipase
activity, thereby preventing the release of arachidonic
acid and blocking the release of arachidonic acid and
blocking the cyclooxygenase and lipooxygenase
pathways so that inflammatory mediators cannot be
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formed (Katzung 2002). Steroids inhibit the production
of many important inflammatory factors such as
interleukins, cytokines, and chemotaxis agents.
Decreased release of these agents leads to decreased
secretion of lipolytic and proteolytic enzymes, resulting
in reduced leukocyte cell migration to the inflamed area
(Grover et al. 2007).

Test of the anti-inflammatory effect with the
erythema method

This study was conducted to prove the anti-
inflammatory effect of ethanol extract of bangle rhizome
on the back of rats characterized by the mean erythema
score. This method is based on the visual observation of
erythema on the skin of rats that have been shaved on
the back. Erythema is formed due to UV light irritation.
UV-causing erythema is an experiments for
inflammatory reactions used to evaluate compounds that
have anti-inflammatory activity both topically and
systemically in test animals (Thompson 1990). The
inducer used was an Exoterra UV B lamp.

Based on the graph above, erythema in mice
appeared 6 hours after irradiation with UVB lamps. In
the negative control group given CMC Na, erythema
began to increase until 48 hours after irradiation with
UVB lamps and decreased after 72 hours. This is to the
research of Ito et al. (2015) that UVB-induced erythema
responds after 2-24 hours of exposure, where, according
to Kobayashi (2006), at 12-24 hours after induction,
there is swelling and bullous formation. UVB directly
damages the DNA chain, resulting in the formation of
pyrimidine dimers and causing mutations. The reaction
caused by UVB radiation results in the release of
inflammatory mediators, such as histamine, serotonin,
and prostaglandins, which cause the dilation of
capillaries, leading to erythema and edema. UVB
radiation can activate small molecules, such as melanin,
tryptophan, riboflavin, and porphyrin, to form reactive
oxygen species (ROS), which indirectly cause oxidative
stress and activate cellular oxygen levels. In the positive
control group given diclofenac sodium, erythema
appeared 6 hours after UVB irradiation, increased until
24 hours of exposure, and was different from the
negative control, so it can be said that diclofenac sodium
can inhibit the formation of erythema. At 48 h after
exposure, the erythema score decreased. This shows that
diclofenac sodium has anti-inflammatory effects and
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can reduce the mean erythema score. According to
research by Kienzler et al. (2005), the administration of
diclofenac sodium can reduce erythema and edema due
to exposure to UVA and UVB rays 48 hours after
irradiation. Diclofenac sodium works to inhibit the
enzyme cyclooxygenase, which plays a role in the
metabolism of arachidonic acid into inflammatory
mediators such as prostaglandins, thromboxane, and
prostacyclin. Inside the remedy organization of ethanol
extract of the bangle rhizome, erythema formed at the
6™ hour after UVB exposure. In the treatment group of
ethanol extract of the bangle rhizome, doses of 5, 10, and
20 mg/200 g continued to increase after 24 hours, then
decreased at 48 hours. Furthermore, the mean erythema
score data were statistically tested to determine
significant differences between the treatment groups.

The statistical test results show that the mean
erythema score data is normally distributed with a
significance value (0.268 > 0.05) and homogeneous
with a significance value (0.295 > 0.05). The outcomes
of the only-manner ANOVA check confirmed that there
were good-sized variations among treatment
corporations with a significance value (0.000<0.05),
followed by the results of the LSD test, which showed
that there were significant differences between the
treatment groups. The results of the statistical tests
showed that the ethanol extract of bangle rhizome at a
dose of 10 mg/200 g BW and ethanol extract of bangle
rhizome at a dose of 20 mg/200 g BW were significantly
different from the negative control CMC Na, thus
proving that bangle rhizome extract has an anti-
inflammatory effect. Flavonoids work by inhibiting the
activity of cyclooxygenase and lipoxygenase enzymes,
eicosanoid biosynthesis, and neutrophil degranulation.
Flavonoids inhibit the production of pro-inflammatory
cytokines such as TNF-a (tumor necrosis factor-a), IL-
1B (interleukin-1B), and IL-6 (interleukin-6). The
flavonoid mechanism also inhibits the activation of
transcription factors such as NF-xB (nuclear factor-xB),
thereby interfering with the protein expression of iNOS
and COX-2 (Nijveldt et al., 2001). Steroids reduce
inflammation by blocking phospholipase A2 activity,
which stops the release of arachidonic acid. Arachidonic
acid is a building block for the production of pro-
inflammatory mediators such as prostaglandins and
leukotrienes (Barnes, 2022).
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Table 4. Mean erythema score

Mean + SD erythema score

Group T6 T12 T24 T48 T72
Negative control 1.8+0.836 2.6+0547 3.4+0547° 3.8+0.447° 3.2+0.447°
Extract 5 mg/200g BW ~ 1.6+0.894 24+0547 3.4+0547° 32+0.836" 2.6+0547°
Extract 10 mg/200g BW ~ 1.4+0547 2.6+0547 32+0447 2.8+0.836" 22 +0.836%
Extract 20 mg/200g BW 1.4 +0547 22+0836 26+1140 2+1000° 1.2 +0.836°
Positive control 16+0547 22+0836 24+0547° 16+0547% 0.6+ 0.547°

Description:

a : Substantially unique from poor management

b : Substantially specific from effective management

Table 5. Mean erythema score

Treatment group

57

Mean erythema score + SD

Negative control (CMC-Na)

Positive control (Natrium diklofenak)
Extract dose 5 mg/200 g BW

Extract dose 10 mg/200 g BW
Extract dose 20 mg/200 g BW

2.96 +0.77°
1.68 £ 0.702
2.64 £0.71°
2.44 + 0.68%
1.88 + 0572

Description:

a: Significantly different from the negative control group based on the LSD test results
b: Significantly different from the positive control group based on the LSD test results

CONCLUSION

Extract Ethanol of bangle rhizome showed anti-
inflammatory interest using the carrageenin induction
method at doses of 5, 10, and 20 mg/200 g bw and
showed anti-inflammatory activity using the erythema
method at doses of 10 mg/200 g bw and 20 mg/200 g
bw, ethanol extract of bangle rhizome at a dose of 20
mg/200 g bw in rats showed the highest anti-
inflammatory interest and comparable to effective
management in each method. The molecular
mechanisms  underlying the  anti-inflammatory
properties of the ethanol extract of bangle rhizome
should be further investigated, particularly at the most
effective dose of 20 mg/200 g body weight. Pathways
involving inflammatory mediators, such as pro-
inflammatory cytokines, nuclear factor-kappa B (NF-
kB), and cyclooxygenase-2 (COX-2), should be
examined in greater detail. Furthermore, the
identification and isolation of active compounds should
be conducted to support the development of
standardized phytopharmaceutical formulations. To
comprehensively assess the extract's efficacy and safety,
studies involving chronic inflammation models,
subchronic or chronic toxicity evaluations, and long-
term comparisons with conventional anti-inflammatory
drugs are required. Clinical trials in humans may also be
considered to determine the extract’s translational
potential for therapeutic application.
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Abstract

Background: Number of geriatric residents has increased annually. Owing to pathological and physiological
conditions, the geriatric population tends to consume more medications, thereby increasing their risk of adverse
side effects and drug interactions. Objective: This study was to evaluate the appropriateness of therapy for
outpatient geriatric patients with cardiovascular disease at Muhammadiyah Lamongan Hospital from August to
October 2023. Methods: American Geriatrics Society (AGS) Beers Criteria are one of the tools used to identify
drugs whose potential harm outweighs the expected benefits and should be avoided in the elderly population. This
study employed a descriptive method, with retrospective data collection from secondary sources, including medical
records and electronic prescriptions. Results: Findings revealed that out of 252 prescriptions for geriatric patients
with cardiovascular disease, four types of medications were potentially inappropriate according to the Beers
Criteria: nifedipine with 23 prescriptions (9.13%), amiodarone with one prescription (0.40%), digoxin with 13
prescriptions (5.16%), and diltiazem with four prescriptions (1.59%). Conversely, three types of medications were
deemed appropriate: aspirin (96 prescriptions, 38.10%), digoxin (30 prescriptions, 11.90%), and diltiazem (11
prescriptions, 4.37%). In conclusion, of the 252 prescriptions reviewed for geriatric patients with cardiovascular
disease, three types of drugs are appropriate, while four types increase the risk of potentially inappropriate
treatment (PIM) based on the Beers Criteria. Conclusion: These findings underscore the need for careful
consideration to mitigate the risk of drug reactions. If the medication cannot be used in geriatric patients, an
alternative therapy should be used or a dose adjustment may be necessary.

Keywords: beer criteria, cardiovascular disease, potentially inappropriate medication
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INTRODUCTION

The number of elderly individuals (geriatric
population) has  been increasing  annually,
corresponding to rising life expectancy and reflecting
improvements in community welfare. The global
population aged > 60 years is projected to grow from 1.4
billion in 2020 to 2.1 billion by 2050 (WHO, 2022). In
2021, Indonesia has reached an aging population
structure, with approximately one in ten elderly
residents. According to the National Socio-Economic
Survey data from March 2022, 10.48% of Indonesia’s
population will be elderly. With advancing age, the
incidence of degenerative diseases, particularly
cardiovascular diseases, has increased. This trend is
especially pronounced in the elderly population (Badan
Pusat Statistik 2022).

Cardiovascular disease is caused by impaired heart
and blood vessel function in the body (Unger et al.,
2020). Cardiovascular diseases include acute coronary
syndrome, hypertension, heart failure, and atrial
fibrillation (AF) (Rampengan, 2014). Cardiovascular
disease (CVD) is the leading cause of death worldwide.
In 2019, an estimated 17.9 million people succumbed to
cardiovascular disease, accounting for 32% of all global
deaths. Of these deaths, 85% were attributed to heart
attack and stroke. (WHO, 2021). Riskesdas (2018) also
reported that the prevalence of heart disease based on
doctors’ diagnosis in Indonesia reached 1.5%, with the
highest prevalence in North Kalimantan Province at
2.2%, Yogyakarta Special Region at 2%, and Gorontalo
at 2% (Riskesdas, 2018). Based on the 2021 health
profile in Lamongan District, there has been no specific
prevalence of cardiovascular diseases; however, the risk
factors for cardiovascular diseases such as hypertension
and diabetes mellitus are quite high. The prevalence of
hypertension is 48.02% in men and 51.98% in women,
whereas the prevalence of diabetes mellitus is 97.2% of
the existing estimates of people with diabetes mellitus.
From these data, it can be concluded that the prevalence
of cardiovascular diseases is high, but has not been
recorded (Dinkes Lamongan, 2021).

The high prevalence of cardiovascular disease will
inevitably burden the growing geriatric population.
Physiological changes accompanying aging affect
cardiovascular ~ function,  pharmacokinetics, and
pharmacodynamics (Julaiha, 2021). Patients with
pathological and physiological conditions in geriatric
populations tend to consume more  drugs
(polypharmacy). Geriatric patients have a greater risk of
adverse side effects and drug interactions than younger
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patients (Badan Pusat Statistik, 2022). One of the
criteria used to identify drugs with potential harm
outweighs the expected benefits and should be avoided
in the elderly population (geriatrics) is the American
Geriatrics Society (AGS) Beers Criteria. Several classes
of drugs according to the Beers Criteria, which are
potentially inappropriate for use in the elderly
(geriatrics), include  anticoagulants, digoxin,
antiplatelets, ACEi, CCB, ARB, oral antiarrhythmic
agents, and diuretics (Panel, 2023).

In Indonesia, research on the suitability of therapy
for geriatric patients with cardiovascular disease is still
very rare. Cases of potentially inappropriate drug use
that occur in geriatric patients need special attention
because they can increase the risk of adverse drug
reactions (ROTD) (Julaiha, 2021). Therefore, it is
necessary to conduct more comprehensive research on
this issue in geriatric patients. The novelty of this
research is the limited evaluation of local data, with the
results potentially supporting the integration of the
Beers Criteria into digital systems.

MATERIALS AND METHODS
Materials

Patient medical record data and electronic
prescriptions were obtained using the purposive
sampling technique. The collected data included patient
profiles (age, sex, diagnosis, laboratory results, and
treatment profile).
Method

This study used a descriptive method, presenting
demographic data, treatment profiles, and the suitability
of patient therapy based on the Beers Criteria. Data were
obtained from the medical records of geriatric patients
with cardiovascular disease at Muhammadiyah Hospital
Lamongan from August to October 2023. Data were
collected by extracting information from the hospital’s
information system (SIRS). This research was
conducted after obtaining an ethical permit from LPPM
of Universitas Muhammadiyah Lamongan (Lembaga
Penelitian dan Pengabdian Masyarakat/Institute for
Research and Community Service) with the number
204/EC/KEPK-S1/01/2024.

RESULTS AND DISCUSSION

This study obtained A total of 252 patients were
obtained from the medical records and electronic
prescriptions of geriatric patients with cardiovascular
disease at Muhammadiyah Lamongan Hospital.
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Table 1. Patients’ demographic data

No Demography Categories n (%)
Male 137 (54.4)
1 Gender Female 115 (45.6)
60-69 232 (92.1)
2 Age (Years) (Badan Pusat Statistik, 2022) 70-79 17 (6.7)
+80 3(1.2)
Hypertension heart
disease 115 (26.20)
Ischaemic heart disease 97 (22.10)
Heart failure 66 (15.03)
ggherosclerosm heart 37 (8.43)
isease
Angina stable 32 (7.29)
3 Diagnosis ,fAI\triaI fibrilasi dan 30 (6.83)
utter
Old miokard infark 25 (5.69)
Mitral requrgitation 15 (3.42)
Dislipidemia 11 (2.51)
Angina pectoris 8 (1.82)
Coronary heart disease 2 (0.46)
Aritmia 1(0.23)
No comorbidities 220 (87.3)
Diabetes mellitus type 2 20 (7.9)
Asthma 4 (1.6)
Osteo arthritis genus 1(0.4)
4 Comorbidities Neuralgia 1(04)
Hyperuricaemia
. 2(0.8)
asymptomatic
Dispepsia 2(0.8)
Vertigo 1(0.4)
Ganglion 1(0.4)

In Table 1, it was observed that the number of male
patients was 137, accounting for 54.4% of the total. The
high prevalence of cardiovascular disease in men is
closely associated with unhealthy lifestyle choices,
including smoking, alcohol consumption, poor diet,
obesity, physical inactivity, and exposure to
environmental pollution. These risk factors are twice as
prevalent in male patients, making them more
susceptible to degenerative diseases, particularly
cardiovascular diseases (Handayani et al., 2018).

A total of 232 patients were classified as elderly,
aged 60-74 years, representing 92.1% of the sample.
Previous research indicates that individuals within this
age group have the highest prevalence compared with
other older age groups. This trend can be attributed to
the decline in physiological function and weakened
immune systems among geriatric patients, making them
more susceptible to various diseases. These age-related
changes affect organ function, structure, tissues, and
systems, leading to deterioration of both physical and
psychological health (Rokhman et al., 2020). Age is
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also a non-modifiable risk factor; a person over or equal
to 60 years old has a greater risk of death than a 25-49
year old (Kep et al., 2018).

The diagnosis of geriatric patients with the most
cardiovascular disease was hypertensive heart disease
in 115 patients (26.20%). Hypertension (HTN) is a
major modifiable risk factor. Previous results showed
that hypertension was associated with the incidence of
coronary heart disease, in which respondents who had
hypertension were 2,667 times more likely to have
coronary heart disease than those who did not have
hypertension (Amisi, 2018).

In addition to cardiovascular diseases, a significant
number of patients had comorbidities: 7.9% had type 2
diabetes mellitus. These results indicate that type 2
diabetes mellitus was more prevalent among
respondents than other comorbidities. This higher
prevalence can be attributed to the metabolic disorder
caused by hyperglycemia in individuals with diabetes
mellitus, which leads to the production of metabolites
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that damage the endothelium of blood vessels, including
coronary arteries (Kep et al., 2018).

As shown in Table 2, the treatment profile of
geriatric patients with cardiovascular disease revealed
that the B-blocker drug group, particularly bisoprolol,
was the most frequently prescribed group, with 129
prescriptions (9.31%). According to Frederix and
Mclintosh (2017) from the European Society of

Cardiology, beta-blocker therapy is effective in
controlling the heart rate and preventing the
development of symptoms in stable coronary artery
disease. In post-myocardial infarction conditions, beta-
blockers have been shown to reduce the risk of death
and heart rate by 20-25% in patients with atrial
fibrillation (Arfania et al., 2023).

Table 2. Patient treatment profile

Drug Class Medicine n (%)
Antihypertensive
B-Bloker Bisoprolol 129 (9.31)
Carvedilol 23 (1.66)
Propranolol 10 (0.72)
Nebivolol 2 (0.14)
Hydrochloride
ARB Valsartan 21 (1.52)
Candesartan 110 (7.94)
Irbesartan 7 (0.51)
ACEI Inhibitor Lisinopril 56 (4.04)
Ramipril 25 (1.80)
CCB (Dihydropyridine) Amlodipine 58 (4.18)
Nifedipine 23 (1.66)
CCB (Non Dihydropyridine) Diltiazem 15 (1.08)

Diuretic

Potassium-sparing diuretics Spironolactone 101 (7.29)
Loop Diuretic Furosemide 94 (6.78)
Thiazide Diuretic Hydrochlorothiazide 7 (0.51)
Antiplatelet dan Anticoagulants Clopidogrel 81 (5.84)
Ticagrelor 15 (1.08)
Aspirin 96 (6.93)
Warfarin 35 (2.53)
Apixaban 2 (0.14)
Antianginal Isosorbide dinitrate 52 (3.75)
Glyceryl trinitrate 58 (4.18)
Anti-cholesterol
Statin Simvastatin 46 (3.32)
Atorvastatin 88 (6.35)
Rosuvastatin 3(0.22)
Fibrate Fenofibrate 1 (0.07)
Heart Medicine
Heart Glycocid Digoxin 43 (3.10)
Inhibitor Phosphodiesterase Sildenafil 4 (0.29)
Angiotensin Il Antagonist Uperio 1 (0.07)
Antiarrhythmic Amiodaron 1(0.07)
Inhibitor Sodium Glucose Co-Transporter 2 Forxiga 1 (0.07)
Antigout Allopurinol 100mg 13 (0.94)
Antidiabetics
Sulfonylurea Glimepiride 16 (1.15)
Glucodex 3(0.22)
Gluvas M 1(0.07)
Biguanide .
Metformin 6 (0.43)
Alpha glucosidase inhibitor Acarbose 1(0.07)
Gastric Medicine
Proton Pump Inhibitor Omeprazole 11 (0.79)
Lansoprazole 14 (1.01)
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H2 Blocker Ranitidine 3(0.22)
Antiulcerant Sucralfate syr 1(0.07)
Central Nervous System Drugs
Analgesic Opioid/Antitussive Codeine 21 (1.52)
NSAID Meloxicam 8 (0.58)
Antalgin 3(0.22)
Kalium Diclofenac 1(0.07
Benzodiazepine Alprazolam 3(0.22)
Valisanbe 3(0.22)
Analsik 6 (0.43)
Antidepressant Amitriptilin 4(0.29)
Anticonvulsant Gabapentin 2 (0.14)
Antivertigo Betahistin Mesilat 2(0.19)
Antipyretic Analgesic Paracetamol 1(0.07)
Respiratory Medicine
Decongestant Tremenza 3(0.22)
Rhinos 1(0.07)
Antihistamine CT™M 1(0.07)
Expectorant GG 5 (0.36)
Mucolytic N-Acetylcysteine 4 (0.29)
Antithyroid Thiamazole 5 (0.36)
Anti-hemorrhoid Anadium 1(0.07)
Antibiotic Amoxicillin 1(0.07)

Supplements and Vitamins

Omega-3-acid ethyl
esters 90%, Folic Acid,
Curcuma, Vit B comp

10 (0.72)

Table 3. Suitability of therapy based on Beers Criteria

Conformity (%)

Drug Name Appropriate Not Appropriate
Criteria l

Aspirin 96 (38.10) 0
Warfarin 5(1.98) 30 (11.90)
Nifedipine 0 23 (9.13)
Amiodaron 0 1(0.40)
Digoxin 30 (11.90) 13 (5.16)
Criteria 2

Diltiazem 11 (4.37) 4 (1.59)
Criteria 3

Ticagrelor 16 (6.35) 0
Criteria 4

ARB (Candesartan, Valsartan, Irbesartan) with Potassium sparing diuretics 0 56 (22.22)
(Spironolactone)

ACEI Inhibitor (Lisinopril, Ramipril) with Spironolactone 0 52 (20.63)
Opioid (Codeine) with gabapentin 0 1 (0.40)

The prescribing pattern of geriatric patients with
cardiovascular disease has four criteria: criterion 1 of
drugs that are potentially inappropriate for the elderly,
criterion 2 of drugs that are potentially inappropriate in
the elderly due to certain conditions, criterion 3 of drugs
that are used with caution, and criterion 4 of potentially
inappropriate drug interactions. In the first category,
criterion 1 is a potentially inappropriate drug for the
elderly, which is strongly recommended for avoidance.
Aspirin was used for 96 patients (38.10%) who were
compliant based on the 2023 Beers Criteria. The use of
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aspirin in geriatric patients may result in gastric
bleeding; therefore, it is only used for secondary
prevention (Panel 2023). In this study, aspirin was
prescribed only for secondary prevention because all
patients already had cardiovascular  disease.
Prophylactic aspirin in healthy elderly patients does not
provide benefits and harms, and is not used for primary
prevention in patients over 60 years of age with
cardiovascular disease (Rory et al., 2018). Nifedipine,
with 23 prescriptions  (9.13%), was potentially
inappropriate. The use of nifedipine in geriatric patients
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will result in hypotension, which results in reduced
blood flow to the heart, so that the heart muscle does not
receive sufficient oxygen (Panel, 2023). In cardiogenic
shock, the heart is unable to pump effectively, and this
situation is exacerbated by inhibiting the entry of
calcium ions into heart cells ( Khan, 2023). The choice
of antihypertensive therapy in elderly patients is
adjusted for comorbidities, because CCB is not an
absolute contraindication for geriatric patients (HUA et
al., 2024).

Amiodarone has only one prescription (0.40%),
which is potentially inappropriate based on the 2023
Beers Criteria. Amiodarone is effective at maintaining
sinus rhythm but is more toxic than other antiarrhythmic
drugs used in atrial fibrillation (Stanton et al., 2020).
According to the 2023 Beers Criteria, Amiodarone is
only used in geriatric patients with a diagnosis of atrial
fibrillation (AF) with heart failure or atrial fibrillation
and left ventricular hypertrophy (LVH) (Panel, 2023).
Digoxin obtained 13 prescriptions (5.16%) that were
potentially inappropriate, and 30 prescriptions (11.90%)
met the Beers criteria. Digoxin is not recommended as
first-line therapy in geriatric patients diagnosed with
atrial fibrillation (AF) and heart failure. It is used to
avoid doses >0.125 mg/day, except when treating cases
of atrial arrhythmia (Panel, 2023). In this study, the
appropriateness of prescriptions based on the Beers
criteria was assessed for patients without a diagnosis of
atrial fibrillation (AF) or heart failure. However, for
those diagnosed with AF and heart failure, doses
exceeding 0.125 mg/day were considered. A reduced
renal clearance increases the risk of toxicity. In cases
where there is objective evidence of impaired heart
structure or function at rest, electrocardiography should
be performed on all patients with suspected heart failure.
Routine laboratory examinations for such patients
should include a complete blood count (hemoglobin,
leukocytes, and platelets), electrolytes, creatinine,
glomerular filtration rate (GFR), glucose, liver function
tests, and urinalysis (Handayani et al., 2018). Warfarin
in this study obtained 5 prescriptions (1.98%) which met
the Beers criteria and 30 prescriptions (11.90%) which
were potentially inappropriate. According to Beers, the
use of warfarin for the treatment of nonvalvular atrial
fibrillation or venous thromboembolism (VTE) is not
recommended. For older adults who have been on
warfarin long-term, it is okay to use warfarin with a
well-controlled International Normalization Ratio (INR)

demonstrating high efficacy in cases of acute
coronary syndrome without ST-segment elevation or in
patients with invasive interventions such as primary
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(i.e., >70% of the time in the therapeutic range) and no
adverse effects (Panel, 2023). According to the
guidelines for warfarin management in the community,
the normal INR value of warfarin ranges from to 2-3
(Health 2024). It states that >70% of the time in the
range of being picked is the percentage of times the
patient in a given period reaches the target INR 2-3. For
example, in 10 INR checks, the patient must achieve an
INR value of 2-3 in as many as seven checks so that the
INR value is well controlled (Badawoud et al., 2024). In
this study, according to the Beers criteria, patients
received warfarin drugs with an INR value of 2-3, and
which is potentially inappropriate if they have an INR
value <2 and >3. Dabigatran or rivaroxaban can be
administered to geriatric patients with atrial fibrillation
who are contraindicated with warfarin (Di et al., 2023).
Rivaroxaban may be reasonable in special situations,
such as when once-daily dosing is necessary to facilitate
medication adherence. All Direct oral anticoagulants
confer a lower risk of intracranial hemorrhage than
warfarin (Panel 2023).

The second category, criterion 2, includes drugs
that are potentially inappropriate for the elderly owing
to certain conditions that strongly recommend their
avoidance. The research found that diltiazem was
included in criterion 2, with four prescriptions (1.59%)
deemed appropriate according to the Beers criteria and
11 prescriptions (4.37%) considered potentially
inappropriate. Diltiazem is a non-dihydropyridine
calcium channel blocker (CCB) that inhibits the entry of
calcium ions into the heart muscle during
depolarization. This decrease in intracellular calcium
concentration promotes the relaxation of smooth
muscles, leading to arterial vasodilation and a
subsequent decrease in blood pressure (Puspitasari et al.,
2022). Diltiazem should be avoided in geriatric patients
with heart failure, as it will result in increased fluid
and/or may worsen heart failure (Panel, 2023)

Category 3 consisted of drugs that must be used
with caution. Ticagrelor is included in this category,
with 16 prescriptions (6.35%) aligning with the Beers
criteria. According to these criteria, ticagrelor can
increase the risk of gastric bleeding when used in
combination with clopidogrel, especially in adults over
70 years of age, necessitating its careful use. In this
study, the use of ticagrelor adhered to the Beers criteria,
as it was prescribed only to patients aged << 70 years
old. Ticagrelor is a newer drug replacing clopidogrel,
percutaneous coronary intervention. It works by
inhibiting binding to the P2Y12 receptor (Firdaus,
2016).
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Category 4 includes potentially inappropriate drug
interactions that are strongly recommended to be
avoided. In this study, there were three groups of
potentially inappropriate drug interactions, namely, the
ARB group that interacted with potassium-saving
diuretics; the results of 56 prescriptions (22.22%) and
ACEI Inhibitor drug groups that interacted with
potassium-saving diuretics were 52 prescriptions
(20.63%). Avoid routinely using 2 or more RAS
inhibitors, or a RAS inhibitor and potassium-sparing
diuretic, concurrently in those with chronic kidney
disease stage 3A or higher because of an increased risk
of hyperkalemia (Panel, 2023).

The opioid group that interacted with gabapentin
was prescribed 1 (0.40%). The interaction of ARB and
ACEI inhibitors with potassium-sparing diuretics
resulted in an increased risk of hyperkalemia.
Hyperkalemia is defined as plasma/serum potassium
levels that exceed the upper limit of the normal range
(Linders et al., 2020). Cell damage can lead to the
release of intracellular potassium (K+) into the
extracellular space, as observed in conditions such as
rhabdomyolysis from crush injuries, excessive physical
exercise, and other hemolytic processes. Insulin
deficiency and diabetic ketoacidosis can cause
significant and rapid shifts in intracellular and
extracellular K+ levels, resulting in elevated serum K+
levels despite a decrease in total K+ levels. Tumor lysis
syndrome following chemotherapy can also cause acute
hyperkalemia due to extensive death of cancer cells
(Kasper et al., 2015). In addition, the interaction
between opioid drugs and gabapentin increases the risk
of overdose and adverse drug effects. These side effects
include respiratory distress, coma, and even death
(Drug.com 2024).

The limitation of this study is that it did not include
follow-up on not appropriate with the Beers Criteria, as
the data collection was retrospective and conducted over
a limited time.

CONCLUSION

This study showed that seven types of inappropriate
drugs increased the risk of potentially inappropriate
medication according to the Beers Criteria 2023. The
drugs used were warfarin, nifedipine, amiodarone,
digoxin, diltiazem, the interaction between ARB/ACEi,
and potassium-sparing diuretics. If medication cannot
be used in geriatric patients, an alternative therapy
should be used, or dose adjustment may be necessary.
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Abstract

Background: Hypertension is defined as a medical condition where blood pressure rises above 140/90 mmHg.
Black garlic is recognized as a natural remedy that may help lower high blood pressure, primarily due to its
abundant antioxidant properties, which are believed to inhibit the function of the angiotensin-converting enzyme
(ACE) that is essential for regulating blood pressure. Objective: This study aimed to identify the chemical
composition of black garlic using GC-MS and assess its antihypertensive effects in rat models. Methods: This
study characterized the chemical composition of black garlic using GC-MS (Agilent 7890A) and evaluated its
antihypertensive effects in rats. Hypertension was induced by oral administration of NaCl at a dose of 3.75 g/20 g
body weight (BW) from day 0 to day 14. Blood pressure measurements were taken on days 0, 14, and 21. Black
garlic extract was administered at three dose levels 4.2 mg/20 g BW, 8.4 mg/20 g BW, and 12.4 mg/20 g BW to
evaluate dose dependent antihypertensive responses. Statistical analysis included the Kolmogorov-Smirnov test
for normality, homogeneity testing, One-Way ANOVA Results: The GC-MS analysis identified 9-octadecenoic acid
as the dominant compound in black garlic, accounting for 34.53% of its total composition. The antihypertensive
activity test showed that administering black garlic at a dose of 12.4 mg/20 g BW significantly lowered systolic,
diastolic, and mean arterial blood pressure while enhancing nitric oxide levels in hypertensive rats. Conclusion:
Black garlic has the potential as an effective herbal treatment to lower blood pressure.
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INTRODUCTION

Hypertension is a condition characterized by an
increase in blood pressure above the normal limit, where
the systolic pressure exceeds 140 mmHg and the
diastolic pressure exceeds 90 mmHg (Wahyuni et al.,
2023). Hypertension is a type of multifactorial chronic
disease caused by environmental and genetic factors. In
addition, this disease is also influenced by various
factors such as obesity, excessive stress, lack of physical
activity, and excessive salt consumption (Oliveros et al.,
2020). The World Health Organization (WHO) reports
a global hypertension prevalence of 22%, with Africa
highest at 27% and Southeast Asia third at 25%. In
Indonesia, there are 63.3 million hypertension cases and
427,218 related deaths. The condition is most common
in people aged 55-64. Of the 34.1% prevalence, only
8.8% are diagnosed, with many not taking or not
regularly taking medication. Hypertension can be
managed through synthetic drugs and lifestyle changes
(Kementerian Kesehatan, 2019). The most common
antihypertensive drug prescribed to hypertensive
patients is captopril (60.1%), followed by amlodipine
(29.7%) and hydrochlorothiazide (10.2%) (Diarmika et
al., 2018).

Captopril exerts its antihypertensive effect by
inhibiting the formation of angiotensin 1l, a hormone
responsible for vasoconstriction. However, as an ACE
inhibitor, captopril can lead to bradykinin accumulation,
which may cause a dry cough (Straka et al., 2016). This
side effect can negatively impact patient adherence to
treatment by reducing motivation, lowering awareness,
and diminishing willingness to comply with therapy,
ultimately increasing the risk of non-compliance (Halim
et al., 2015). Therefore, people prefer to use herbal
medicine which is considered safer, one of which is
black garlic.

Black Garlic is a processed garlic product made
through fermentation with high temperatures and
humidity of 70-80%. The fermentation process requires
a longer fermentation time of one month (Kim et al.,
2013). Garlic undergoes characteristic changes during
fermentation. The non-enzymatic browning reaction
that occurs during this process causes the garlic to turn
black. This reaction also produces a sweet taste and
gives the garlic a chewy and jelly-like texture (Yuan et
al., 2016).

Additionally, black garlic is known to contain S-
allyl cysteine (SAC), an active compound which is
formed during the fermentation process. The compound
can dissolve in water and has strong antioxidant
properties (Omar & Al-Wabel, 2010). In vitro and in
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vivo studies have shown that black garlic has stronger
antioxidant properties than white garlic (Lee et al.,
2020).

Black garlic has a significantly higher antioxidant
capacity, as indicated by its TEAC (Trolox Equivalent
Antioxidant Capacity) value of 59.2 + 0.8 umol/g wet,
compared to fresh garlic, which contains only 13.3 £ 0.5
umol/g wet. This elevated TEAC value suggests a strong
potential for preventing diabetes complications. The
antioxidant properties of black garlic are primarily
attributed to sulfenic acid (SAC), a compound formed
from the decomposition of allicin (Chang & Jang, 2021).
In a study conducted by Setyawan & Muflihatin (2019),
black garlic has been shown to effectively reduce both
systolic and diastolic blood pressure in individuals with
hypertension. In a study by Chen et al (2021), black
garlic extracts and nano emulsions alleviate DOCA-salt-
induced hypertension and improve cognitive function in
rats by modulating key biomarkers such as bradykinin,
aldosterone, Ang II, NO, AChE, and antioxidant
enzymes.

This study aims to evaluate the in vivo
antihypertensive activity of black garlic (Allium sativum
L.) in rats. The expected outcome is to provide scientific
evidence on the effectiveness of black garlic as an
antihypertensive agent through in vivo analysis in rats.

MATERIALS AND METHODS
Materials

The garlic used in this study was black garlic
derived from Solo garlic (Allium sativum), obtained
from Yogyakarta City, NaCl (Merck), CMC-Na
(Sigma), Captopril®,  N-(1-naphthyl) ethylene
diaminehydrochloride (Sigma- Aldrich), Sulfanilamide
(Merck), Ortho-phosphoric acid (Merck), and Sodium
Nitrate (Merck).
Extract preparation

Black garlic is produced from Solo garlic (Allium
sativum) through a fermentation process at 60—70°C
with controlled humidity for 12 days, without any
additives. The temperature during fermentation was
maintained within a range of 60-70°C, with some
variation throughout the process. During fermentation,
the garlic undergoes a color change from white to black
and develops a soft texture, mild aroma, and a distinctive
sweet-sour flavor profile (Yudhayanti et al., 2020). One
gram of black garlic was grounded and transferred into
a 10 mL volumetric flask. Distilled water was added to
the mark, and the mixture was vortexed for 1 minute.
The solution was then subjected to sonication for 30
minutes at room temperature to enhance extraction.
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Following sonication, the mixture was centrifuged at
5000 rpm for 10 minutes. The resulting supernatant was
collected and used for further analysis (Pramitha &
Yani, 2020).
Analysis with gas
spectrometry (GC-MS)

GC-MS analysis was performed using an Agilent
7890A system coupled with an Agilent 5975C mass
spectrometer and an HP-5DB capillary column (60 m x
250 pm x 0.25 pm). Helium served as the carrier gas,
with an injector temperature of 250°C, an injection
volume of 0.2 pL, and a 1:200 split ratio. A temperature
gradient was applied to ensure effective separation of
volatile compounds. Mass spectra were recorded in the
range of 35-550 m/z. GC-MS enables the identification
of compounds based on their retention times and unique
mass spectral patterns, facilitating the characterization
of complex mixtures (Pratiwi et al., 2022).
Grouping of test animals

This research, which involved test animals, has
obtained research approval from the Research Ethics
Commission (KEP) of Ahmad Dahlan University
(UAD) under letter number: 012401007. In the planning
of administering black garlic to test animals, 3 dosage
variations were made: 4.2 mg/20 g BW, 8.4 mg/20g
BW, and 12.4 mg/20g BW (Pangala et al., 2022).
Antihypertensive activity test

Antihypertensive activity was evaluated by
measuring blood pressure on days 0, 14, and 21.
Hypertension was induced by oral administration of
NaCl at a dose of 3.75 g/20 g body weight from day 0 to
day 14 (Sadik et al., 2021). On the following day,
baseline blood pressure of the rats was measured. The
animals were then administered black garlic extract at
doses of 4.2 mg/20 g BW, 8.4 mg/20 g BW, and 12.4
mg/20 g BW once daily for seven consecutive days. The
extract was prepared by diluting the aqueous black
garlic extract with distilled water to the appropriate
concentrations. Fresh solutions were prepared daily and
administered orally via gavage. Blood pressure
measurements were repeated on day 21.
Blood collection of rats

Blood samples from the rats were collected on the
21 day. The procedure was performed by holding and
pinching the nape of the neck with fingers. Blood was

chromatography-mass
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drawn from the ophthalmic vein using a capillary tube
and collected into a tube of + 3 cc. Then, the blood was
centrifuged at a speed of 3000 rpm for 15 minutes. The
centrifugation produced a serum, which was then
prepared for nitric oxide (NO) levels analysis (Ma’ruf et
al., 2025).
Measurement of nitric oxide levels

Nitric oxide levels were measured using an ELISA
Reader (Asys) following the method proposed by
Hunter et al (2013) with modifications. Nitric oxide
levels in mouse serum were quantified using the Griess
Reaction Assay. The procedure involved preparing two
reagents: Griess A (0.1%  w/v  N-(1-naphthyl)
ethylenediamine hydrochloride in distilled water)
and Griess B (1% wi/v sulfanilamide in 5% ortho-
phosphoric acid). A sodium nitrate standard solution
(69.0 mg/100 mL) was diluted to generate a nitrite
calibration curve. For analysis, 100 pL of serum sample
or standard was pipetted into a 96-well plate, followed
by sequential additions of 100 pL each of Griess A and
B solutions. After a 10-minute incubation for
chromogenic development, absorbance was measured at
550 nm using an ELISA microplate reader, with values
compared against the standard curve to determine nitrite
concentrations
Data analysis

The collected data on systolic and diastolic blood
pressure, heart rate pressure, and nitric oxide test, were
statistically analyzed using the Kolmogorov-Smirnov
test to assess normality and the homogeneity of variance
test. The differences between treatment groups were
then evaluated using the Tukey test.

RESULTS AND DISCUSSION
Results of Black Garlic Component Analysis with
GC-MS

The chromatogram profile of the analysis results
reveals the presence of seven components in black
garlic. The chromatogram of black garlic is presented in
Figure 1. The analysis of black garlic components with
GC-MS mass spectra was performed by comparing the
base peak with spectra from NIST and WILEY 9 LIB
(Pratiwi et al., 2022). The chromatogram profile of black
garlic that has been analyzed with GC MS is presented
in Table 1 and Figure 1.
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Figure 1. Chromatogram profile of compounds from black garlic

Table 1. Results of black garlic component analysis using GC-MS

No tr(minute) %Area MW(g/mol) Molecular Formula Name

1 11.440 34.53 282.5 C18H3402 9-Octadecenoic acid

2 11.010 32.67 256.4 Ci16H3202 Hexadecanoic acid

3 11.620 9.57 284.4 C18H3602 Octadecanoic acid

4 9.200 5.06 228.3 C14H2802 Tetradecanoic acid

5 7.770 4,98 200.3 C12H2402 Dodecanoic acid

6 11.910 4.88 164.2 C12H20 Cyclododecyne

7 12.730 3.93 280.4 C18H3202 9,12-Octadecadienoic acid

Note :

tR: Retention Time
MW: Molecular Weight

Based on Table 2 and Figure 2, the largest
component of the GC-MS profile of black garlic is 9-
Octadecenoic acid (34.53%), followed by Hexadecanoic
acid  (32.67%), Octadecanoic acid (9.57%),
Tetradecanoic acid (5.06%), Dodecanoic acid (4.98%),
Cyclododecyne (4.88%), and 9.12-Octadecadienoic
acid (3.93%). The results of the black garlic
chromatogram profile reveal that dodecanoic acid had
the shortest retention time, and the longest was 9.12-
Octadecadienoic acid. This is due to the influence of
MW and the influence of the boiling point of each
different compound (Rohman & Man, 2012).

Black garlic is the result of the fermentation of fresh
garlic (Allium sativum) through the Maillard reaction at
high temperatures (60-90 °C) and high humidity (70—
90%) over a certain period. This process alters the
chemical composition and enhances the content of its
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bioactive compounds. The main bioactive compounds in
black garlic include water-soluble sulfur compounds
such as S-allyl cysteine and S-allyl-mercapto cysteing,
as well as Maillard reaction products such as 5-
hydroxymethylfurfural. The levels of polyphenols and
volatile compounds also increase significantly
compared to fresh garlic, resulting in improved
antioxidant, anti-inflammatory, anticancer,
hepatoprotective, and immunomodulatory activities
(Ahmed & Wang, 2021).

GC-MS analysis of black garlic detects only
volatile compounds, excluding non-volatile bioactives
such as polyphenols, amino acids, and water-soluble
sulfur compounds. Since these compounds play
important biological roles, complementary techniques
like LC-MS are needed for a more comprehensive
chemical profile. Therefore, GC-MS provides only a
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partial overview, highlighting the need for further
studies using additional analytical methods
(Wonorahardjo et al., 2023).

The results of antihypertensive activity test

The study involved six groups of test subjects, with
each group comprising five rats. Blood pressure
readings were recorded on the 14" and 21% days of the
experiment. The findings from these measurements are
presented in Tables 2, 3, and 4.

The data presented in Table 2 revealed that black
garlic administration significantly reduced systolic
blood pressure, with the most effective dosage being 56
mg/g body weight. This dosage achieved a reduction in
blood pressure comparable to the captopril-treated
group, highlighting the potent antihypertensive effects
of black garlic. These findings underscore the role of
black garlic's rich antioxidant content, particularly 9-
octadecenoic acid (oleic acid), in modulating blood
pressure and supporting cardiovascular health (Massaro
et al., 2020).

The statistical evaluation of systolic blood pressure
revealed a notable decrease (p<0.05) following the
administration of the test preparation. These findings
suggest that black garlic demonstrates efficacy as an

antihypertensive agent in male Wistar strain white rats.
This significant reduction in blood pressure underscores
the potential of black garlic as a natural treatment option
for managing hypertension.

The data on diastolic blood pressure presented in
Table 3 indicated that the administration of black garlic
significantly reduced diastolic blood pressure levels.
Notably, the most effective dosage identified in this
study was 56 mg per gram of body weight, which
resulted in a decrease that was almost comparable to the
reduction observed in the group treated with captopril.

The present study demonstrated that black garlic
exhibits an antihypertensive effect, which is attributed
to 9-octadecenoic acid (oleic acid), a compound with
high antioxidant activity (Massaro et al., 2020). The
statistical analysis of systolic blood pressure revealed a
significant result (p<0.05), indicating a marked
reduction in systolic blood pressure after the
administration of the test preparation. Therefore, it can
be concluded that black garlic serves as an effective
antihypertensive agent in male Wistar strain white rats.
This finding highlights the potential of black garlic as a
natural alternative for the management of hypertension.

Table 2. Results of systolic blood pressure (SBP) measurements on days 14 and 21

Dose Average of SBP (mmHq) + SD Decrease

Group (Mg/gBW) Day 14 (NaCl) Day 21 (Intervention) ((r):r:EZ)
Normal - 96.4£5.12 95.6 + 6.98° -0.80
Control CMC-Na 129.8 +5.632 129.2 +5.26 -0.60
Black Garlic 14 129.4+7.122 127.2 £ 5.49° -2.20
28 130.0 +5.472 124.2 +5.97° -5.80
56 129.8£5.40° 120.6 * 6.42° -9.20
Captopril 4,5 131.0 + 7.682 117.8 £ 5.26" -13.20

Table 3. Diastolic blood pressure (DBP) measurement results on days 14 and 21

Average of DBP (mmHq) + SD

Decreased of

Dose

Day 14 Day21 DBP

Group (Mg/gBW) (NacCl) (Intervention) (mmHg)
Normal - 83.8 +£6.30 83.0+ 5.56° -0.80
Control CMC-Na 89.4 £5.942 88.0 £6.20 -1.40
Black Garlic 14 91.0 £ 5.432 87.6 £5.72° -3.40
28 89.2 £5.892 82.4+6.73° -6.80
56 89.6 + 7.892 81.8 +5.40° -7.80
Captopril 45 96.0 + 6.202 80.4 +5.41° -15.60

P-ISSN: 2406-9388
E-ISSN: 2580-8303

©2025 Jurnal Farmasi dan lImu Kefarmasian Indonesia

Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 1 April 2025

Table 4. Mean arterial blood pressure (ABP) measurement results on days 14 and 21
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Dose Average of ABP (mmHg) + SD Decreased of
Group (mg/gBW) Day 14 Day 21 ABP
(NaCl) (Intervention) (mmHg)
Normal - 88.0 £5.69 87.2 +5.65° -0.80
Control CMC Na 102.8 £ 5.68% 101.7 £ 5.87 -1.10
Black Garlic 14 103.8 £5.932 100.8 £ 5.62° -3.00
28 102.8 £ 5.55% 96.3 + 6.40° -6.50
56 103.0 £ 7.05% 94.7 +5.73° -8.30
Captopril 4,5 107.66 £ 5.312 93.1+552b -15.60
Table 5. Results of nitric oxide (NO) level measurements on day 21
Group Dose (mg/gBW) Nitrit Oxide Concentration (UM/L)
Normal - 10.3+2.73
Control NaCMC 56+2.11°
Black Garlic 14 6.1+ 2.44°
28 8.8 +2.06°
56 10.1 +2.52°
Captopril 4.5 11.1+2.50°

Table 4 highlights the mean arterial blood pressure
scores, showing that black garlic administration
effectively lowered blood pressure. The optimal dose of
black garlic was 56 mg/g BW, producing results nearly
comparable to captopril, the standard antihypertensive
drug. This study confirmed the antihypertensive effects
of black garlic, attributed to its high antioxidant content,
particularly 9-Octadecenoic acid (oleic acid). Statistical
analysis showed a significant reduction in systolic blood
pressure (p < 0.05) after treatment, indicating that black
garlic effectively lowers blood pressure in male Wistar
rats. This finding supports the potential of black garlic
as a natural antihypertensive agent (Massaro et al.,
2020).

GC-MS analysis revealed that black garlic contains
fatty acids such as 9-octadecenoic acid, hexadecanoic
acid, and 9,12-octadecadienoic acid, which contribute to
its biological effects, including antiproliferative activity
and modulation of lipid metabolism. The fermentation
process also reduces the pungent odor of fresh garlic and
results in a chewy texture and a distinct sweet flavor.
Therefore, black garlic holds therapeutic potential in the
prevention and management of various chronic diseases
through its strong antioxidant and anti-inflammatory
mechanisms (Binici et al., 2025).

The fatty acid, 9-octadecenoid=c acid has been
shown to exhibit anti-inflammatory and vasodilation
properties, which may contribute to its effects on blood
pressure regulation. Its ability to modulate endothelial
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function and reduce oxidative stress could play a key
role in lowering blood pressure (Villafio et al., 2023).
Nitric oxide (NO) level measurement

In determining the NO levels in hypertensive male
rats, measurements were made at a wavelength of 550
nm. The average value of NO absorption level in male
Wistar rats, measured using ELISA Reader, is listed in
Table 5.

The measurement of nitric oxide (NO) levels on the
21st day revealed statistically significant differences
among the groups. However, no significant difference
was observed between the black garlic 28 mg/gBW, 56
mg/gBW, and Captopril 4.5 mg/gBW groups. This
indicates that black garlic at doses of 28 mg/gBW (8.8
2.06 pM/L) and 56 mg/gBW (10.1 + 2.52 pM/L) can
effectively increase NO levels, achieving results
comparable to Captopril at a dose of 4.5 mg/gBW (11.1
+ 2.50 uM/L).

According to Astutik et al (2014), nitric oxide (NO)
levels in the blood are related to systolic and diastolic
blood pressure because NO has vasodilator properties.
This may be attributed to endothelial damage due to
excessive oxidative stress. As endothelial damage
worsens, NO production decreases, and blood pressure
increases. As a result, decreased NO availability leads to
endothelial- dependent vasodilation disorders in
hypertensive patients.

Increased expression of nitric oxide (NO) in
hypertensive rats indicates involvement in the regulation
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of Hexadecanoic acid or palmitic acid on myocardial
contractility. Palmitic acid supplementation, followed
by the addition of NO inhibitors, significantly increase
contractility. NO affects myocardial function through
mitochondrial ~ protein  regulation, reduction of
mitochondrial oxygen consumption, and modulation of
cardiac metabolism. The combination of NO with
mitochondrial protein inhibitors has the potential to
inhibit the positive inotropic effect of palmitic acid on
hypertensive cardiomyocytes (Tan et al., 2021).

CONCLUSION

The optimal formula contained 0.284% sorbitan
monooleate, 3.429% lauryl glucoside, and 0.287% soy
lecithin, which showed a close alignment between the
observed and predicted data. This formulation achieved
the desired characteristics for Nanostructured Lipid
Carriers (NLC), as evidenced by their homogeneous
consistency, suitable particle size, pH range, and
polydispersity index. The physical stability of NLC
from the creaming index showed that this combination
of surfactant and co-surfactant effectively improved the
stability of NLC and produced an optimal formula for
further development.
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Abstract

Background: Kratom leaves contain major alkaloid compounds, particularly mitragynine and 7-
hydroxymitragynine which have demonstrated anti-pain or analgesic properties. Objective: This study aims to
evaluate the effectiveness of kratom leaf extract emulgel in reducing pain when applied topically in mice. Methods:
This study was conducted on male mice that had been induced with acetan acid intraperitoneally. Following
induction, emulgel formulations were applied topically and pain responses were recorded every five minutes over
30 minutes period. Group 1 (emulgel base without active ingredient), Group 2 (voltaren emulgel), Group 3
(emulgel with 5.6% extract concentration), Group 4 (emulgel with 11.6% extract concentration) and Group 5
(emulgel with 17.6% extract concentration). Results: The results of physical evaluations of emulgel formulations
met the applicable standards. Observations of pain responses indicated optimal analgesic effect in the emulgels
containing 11.6% and 17.6% extract concentration with analgesic values of 51.52% and 63.06% respectively. An
active substance is considered to have analgesic activity whent it demonstrates >50% effectiveness. Conclusion:
This study concluded that emulgels formulated with kratom leaf extract exhibited analgesic activity as evidenced
by the decreased in the writhing response of mice every five minutes.
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INTRODUCTION

Pain is a common and significant health issue,
particularly among middle-aged and elderly individuals.
It is often caused by severe tissue damage or necrosis,
which leads to discomfort during daily activities (Raja
et al., 2020). Therefore, pain management is necessary.
However, the use of non-steroidal drugs or analgesics
may result in adverse side effects, such as
gastrointestinal disorders, nausea, increased blood
pressure, and melena. Acute or chronic pain conditions,
such as musculoskeletal pain, can also be managed with
the use of topical drugs, which offer potential benefits
by reducing systemic side effects (Wang et al., 2018).
Traditionally, kratom leaves have been used to boost
stamina, relieve pain, and treat conditions such as
rheumatism, gout, hypertension, stroke symptoms,
diabetes, insomnia, wounds, diarrhea, cough,
cholesterol, typhoid, and to increase appetite (Wahyono
etal., 2019). The primary compound in kratom leaves is
mitragynine, which has a strong affinity for opioid
receptors and exhibits opioid-like analgesic activity
(Nugraha et al., 2018). Research conducted by Anindita
(2023) on kratom leaf ethanol extract cream
formulations at concentrations of 0.26 grams, 0.56
grams, and 0.86 grams showed that the cream containing
0.86 grams of kratom leaf ethanol extract demonstrated
the strongest antinociceptive activity (Anindita et al.,
2023).

An emulgel is a topical preparation composed of
two phases: a gel phase and an emulsion phase
(Vanpariya et al., 2021). Emulgels can serve as
formulations with a prolonged-action mechanism as
they are suitable for both hydrophobic and hydrophilic
active ingredients and are advantageous for active
ingredients with a short half-life (Patel et al., 2022).
Other advantages of emulgel formulations include ease
of spreading, easy removal, non-staining, acceptability,
transparency, and long-lasting effects (Vanpariya et al.,
2021).

Based on the aforementioned descriptions, there has
been limited research on topical formulations of kratom
leaf extract, with most studies focusing only on the
antinociceptive or analgesic activity of the extract itself.
Therefore, this study aims to develop and physically
evaluate kratom (Mitragyna speciosa Korth.) leaf
extract emulgel formulations as an anti-pain or analgesic
agent in mice (Mus musculus). The concentrations of the
kratom leaf extract used in the emulgel formulations
(Mitragyna speciosa Korth.) were adapted from
Anintida's research (2023) in which initial extract
amounts of 0.26, 0.56 and 0.86 grams corresponded to
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concentrations of 2.6%, 5.6% and 8.6% and were
adjusted to 5.6%, 11.6% and 17.6%.

MATERIALS AND METHODS
Material

The chemical materials used included kratom leaf
extract, Carbopol 940 (Arcypol, Ahmehabad, India) ,
propylene glycol (SamirasChem, Indonesia), liquid
paraffin (Rofa Laboratorium Centre, Bandung,
Indonesia), Span 80 (KOLB, Swiss), Tween 80 (LG
H&H, Korea), TEA (Methan Tirta Kimia, Bekasi,
Indonesia), methylparaben (Golden Era, India),
propylparaben (UENO, Japan), distilled water (Rofa
Laboratorium Centre, Bandung, Indonesia), peppermint
essential oil, 95% ethanol (JK Care, Indonesia), glacial
acetic acid (Merck, Germany), Mayer’s reagent (Merck,
Germany), FeCls (Merck, Germany), and NaOH
(Merck, Germany).
Method
Extraction

The extraction process began by weighing 100 g of
dried powdered leaves, which was then placed in a
previously prepared round bottom flask. A 96% ethanol
solvent was added to the flask up to 500 ml and a boiling
stone was inserted to keep the temperature stable. The
soxhlet process was then carried out for three hours at
78°C. Due to the limited availability of soxhlet
apparatus, the extraction was repeated several times to
obtain the desired quantity of extract. The resulting
extract was filtered and the filtrate collected was
concentrated using a rotary evaporator at a temperature
of = 45°C (Mutiara et al. 2023). The thickened extract
was then subjected to several evaluations including:
organoleptic test, extract yield, total ash content, drying
shrinkage and phytochemical screening.
Phytochemical screening
Alkaloid tests

The kratom leaf extract was dissolved in
chloroform and placed into a test tube. Subsequently,
one or two drops of ammonia were added, then mixture
was shaken and filtered. Following this, 1-3 ml of 2N
sulfuric acid was added. The upper layer formed was
collected using a dropper pipette and distributed into
three separate test tubes, each treated with a different
reagent Wagner, Mayer and Dragendorff’s reagents.
The presence of alkaloids was indicated by the
formation of a white precipitates with Mayer’s reagent,
a red to orange precipitate with Wagner’s reagent, and a
reddish brown precipitates with Dragendorff’s reagent
(Tiaravista et al., 2019).
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Flavonoid test

The kratom leaf extract was dissolved in ethanol,
followed by the addition of Mg and concentrated HCL
solution. The presence of flavonoid compounds in the
extract was indicated by a red color change (Tiaravista
etal., 2019).
Steroid test

The kratom leaf extract was dissolved in ethanol,
and glacial acetic acid and concentrated sulfuric acid
were added. A positive result for steroids was indicated
by the appearance of a green to blue color (Tiaravista et
al., 2019).
Quinone test

A total of 5 ml of extract dissolved in ethanol was
mixed with 1IN NaOH. A sample positive result
forquinone compounds was indicated by the appearance
of a red color (Sofia et al., 2022).
Tannin test

A total of 0.5 g of extract was added to hot water,
folllowed bya few drops of 1% FeCl3. The presence of
tannin compounds was indicated by the formation of a
dark blue or blackish green color (Sofia et al., 2022).
Saponin test

A total of 0.5 g of kratom leaf extract was dissolved
in distilled water, shaken and left for 10 minutes. Then
one drop of 1% hydrochloric acid was addes. A positive
for saponins was indicated by the formation of a stable
foam (Sofia et al., 2022).
Formulation optimization

The formulations of kratom leaf extract emulgel
were modified from the methods described by
Firmansyah et al., (2023).

Preparation of emulgel

Carbopol 940 was dispersed in a mortar containing
preheated distilled water (70-80°C) for 30 minutes,
followed by trituration for 15 minutes until fully
dispersed. TEA was added to the gel base in the mortar
and stirred for 15 minutes until a clear gel base was
formed. Separately, nipagin, nipasol, and Na EDTA
were dissolved in propylene glycol using a porcelain
dish and then mixed into the gel base. The emulsion base
preparation began with the oil phase (Span 80 and liquid
paraffin), which was melted in a porcelain dish at 60—
70°C. The aqueous phase was prepared by melting
Tween 80 and distilled water at 70°C in a porcelain dish.
Both phases were combined by pouring the oil phase
into the aqueous phase and stirred until a homogeneous
emulsion mass was formed. The prepared emulsion
mass was immediately mixed into the gel base in the
mortar, followed by the addition of kratom leaf extract
at varying concentrations and peppermint essential oil.
The mixture was triturated until homogeneous, resulting
in the emulgel mass. The final emulgel was then
transferred into appropriate containers and subjected to
evaluation (Firmansyah et al., 2023).
Evaluation parameters of emulgel
Organoleptic test

The organoleptic test was conducted by directly
observing the emulgel formulation in terms of its
appearance, color, and odor. Gel formulations are
expected clear with a semi-solid consistency.

Table 1. Kratom leaf extract emulgel formulations

Concentration (%)

Materials Function of Materials
K-* F1 F2 F3 K+*
Kratom leaf extract - 56% 11.6% 17.6% Active ingredient
Carbopol 940 05% 05% 05% 0.5% Gelling agent
Propylene glycol 10% 10% 10% 10% Humectant
Liquid paraffin 5% 5% 5% 5% Emollient
Span 80 5% 5% 5% 5% Voltaren Emulsifying agent
Tween 80 5% 5% 5% 5% emulgel Emulsifying agent
Na EDTA 01% 01% 01% 0.1% containing Chelating agent
Methyl paraben 01% 01% 01% 0.1% diethylamine Preservative
Propyl paraben 01% 01% 01% 01% Preservative
. L . 2 2 2
Peppermint essential oil 2 drips drips  drips  drips Perfume
Aquadest Ad10 Ad Ad10 Ad10 Solvent
gr 10 gr gr gr
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Homogeneity test

This test involved applying the emulgel onto a glass
slide and observing its color distribution to ensure
uniformity and the absence of fine granules. According
to SNI standards, a good gel formulation should not
contain coarse particles or clumps (Firmansyah et al.,
2023).
Spreadability test

The spreadability test was performed by weighing
0.5 grams of the emulgel, placing it on a transparent
glass surface, and covering it with another glass plate. A
150-gram weight was applied for one minute, and the
increase in spread diameter was measured. The
spreadability of a semi-solid formulation is considered
good if it meets the standard requirement of 3-5 cm
(Voigt., 1994).
Adhesion test

The adhesion test was conducted using an adhesion
testing device by spreading the emulgel on a glass slide,
covering it with another glass slide, and applying a 250-
gram weight for five minutes. After releasing the lever,
a stopwatch was used to measure the time taken for the
glass slides to separate. An adhesion value greater than
four seconds is considered good (Firmansyah et al.,
2023).
pH Test

The pH test was conducted by diluting 0.5 grams of
the emulgel in 5 ml of distilled water, and the pH was
measured using a pH meter. According to SNI
standards, a good gel formulation should have a pH
suitable for the skin, which is 4.5-8 (Chandra &
Rahmah, 2022).
Analgesic test

A total of 25 mice were prepared and fasted for 18
hours, with free access to water. The mice were weighed
and divided into five groups. Pain induction was
performed by intraperitoneally administering 1% glacial
acetic acid at a dose of 10 ml/kg body weight or 0.2
ml/20g body weight. The mice were left for 10 minutes
before treatment. Group 1 received emulgel without
active ingredients, group 2 received voltaren emulgel
containing diclofenac diethylamine, group 3 received
with emulgel containing 5.6% kratom leaf extract, group
4 received emulgel containing 11.6% kratom leaf extract
and group 5 received emulgel containing 17.6% kratom
leaf extract. Observations were conducted over a 30
minutes at 0, 5, 10, 15, 20, 25, and 30 minutes. Each
group consisted of five mice, and each treatment was
repeated five times, to obtain an average response value.
The analgesic response of the mice in this test was
evaluated based on their behavior, specifically writhing
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movements characterized by pulling both legs backward
and pressing their abdomen against the surface of the
cage. The percentage of pain relief activity was then
calculated.

This study was declared ethically appropiate
according to the seven 2011 WHO standards. The
animal experiment ethics approval number is No0.3088
JUN22.9/PG/2023.

Treatment groups

Analgesic Activity =100 - x100] %

Negative control

RESULTS AND DISCUSSION
Non-specific parameter tets

The concentrated extract obtained weighed 75.8 g
after processing with a rotary evaporator. The results of
the non-specific parameter tests were as follows yield of
25.27%, drying shrinkage of 0.56% and total ash content
of 0.7171%. Phytochemical screening indicated that the
kratom leaf extract contained alkaloids, flavonoids,
steroids, quinones, tannins and saponins. These non-
specific parameter tests were carried out to determine
the quality of the extract to ensure suitability.
Phytochemical screening

The purpose of this test was not only to identify the
class of compounds present in the extract but also to
evaluate the effect of the hot extraction methods
(soxhletation) on the extraction chemical compounds in
kratom leaves. This is consistent with the findings of
Mutiara et al., (2023) who reported that heat-assisted
extraction methods such as reflux and soxhlet can
extract more secondary metabolite compounds. Heating
facilities the extraction of compound that are difficult to
dissolve at room temperature by activating low-
molecular-weight  polymer subunits into high-
molecular-weight, thereby improving extraction
efficiency (Mutiara et al., 2023). The results shows that
the kratom leaf extract tested positive for alkaloids,
flavonoids, steroids, quinones, saponins and tannins.
These findings are consistent with the studiest by
Anindita et al., (2023) which also reported the presence
of these compounds in kratom leaves positive for
alkaloid, flavonoids, tannins and saponins.
Organoleptic test

Observations of the emulgel formulations
containing kratom leaf extract revealed that F1 was light
brown in color, with a characteristic peppermint aroma,
and a semi-solid consistency. F2 produced a dark brown,
emulgel with a slight blackish tint, retaining the
characteristic peppermint aroma, and exhibiting a semi-
solid consistency. Meanwhile, F3 resulted in a blackish-
brown emulgel, maintaining the characteristic
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peppermint aroma, and also presenting a semi-solid
consistency. Homogeneity testing was conducted to
assess the uniformity of the emulgel components. The
results indicated that the formulations were
homogeneous, as evidenced by the absence of coarse
particles or clumps.

Spreadability test

The spreadability of the emulgel formulations was
assessed over one month, encompassing five cycles. The
average spreadability ranged from 4.3 to 5 cm, meeting
the requirements for effective spreadability. The
spreadibility of formulation is influenced by its
consistency; specifically, as the consistency increas, its
spreadability decreases (Bagiana & Kresnawati, 2020).

Statistical analysis was conducted to evaluate the
spreadability data. The Shapiro-Wilk normality test
indicated that spreadability data were normally
distributed, as evidenced by a significance value greater
than 0.05. Homogeneity testing of the three formulations
also show homogeneous data, as indicated by a
significance value of 0.456 (p > 0.05). Additionally, the
ANOVA test yielded, a significance value of 0.008 (p >
0.05), suggesting no significant differences among the
three formulations.

Adhesion test

The adhesion test results over one month with five
cycles presented in Table 4. The adhesion capability of
the emulgel formulation in this study exceeded four
seconds, meeting the criteria for good adhesion. A high
adhesion value of a formulation enhances the absorption
of active substances into the skin by increasing the
contact time between the skin and the formulation.

The Shapiro-Wilk normality test revealed that the
adhesion data were normally distributed, as evidenced
by a significance value greather than 0.05. Homogeneity
testing of the three formulastions also showed
homogeneous data, as indicated by a significance value
of 0.092 (p > 0.05). In the ANOVA test, a significance
value of 0.000 (p < 0.05), indicating a significant
difference among the three formulations. Duncan's test
identified that the third formulation, containing 17.8%

emulgel concentration, exhibited significant differences
compared to F1 and F2.
pH test

The pH test result, conducted over one month
yielded an average value ranging from 6.74 to 7.41,
indicating that the emulgel formulation maintained a
good pH value in accordance with the Indonesian
National Standard SNI 16-3499-1996. This standard
stipulates that a good pH range for emulgel formulations
intended for use on the skin is 4.5-8 (Chandra &
Rahmah, 2022). Throughout the one-month testing
period, changes in pH were observed weekly, likely
influenced by to factors such as storage temperature and
exposure to light.

The Shapiro-Wilk normality test for the pH values
confirmed a normal distribution, with a significance
value greather than 0.05. Homogeneity testing of the
three formulations also showed homogeneous data, as
indicated by a significance value of 0.786 (p > 0.05). In
the ANOVA test, a significance value of 0.001 (p <
0.05), indicating a significant difference among the
formulations. Furthermore, post-hoc testing revealed
that F3 exhibited significant differences when compared
to F1 and F2.

The results presented in Figure 1 indicated in F1,
with a concentration of 5.6%, provided a relatively
weaker analgesic effect, whereas F2 and F3, with
concentrations of 11.6% and 17.6% respectively,
achieved analgesic protection rates of 51.25% and
63.06%. These values can be classified as demonstrating
analgesic effects, with the percentage of pain relief
increasing with higher concentrations of the extract.
This trend indicated that the effectiveness of the
formulation is positively correlated with the
concentration of the kratom leaf extract, suggesting that
higher extract concentrations lead to greater analgesic
efficacy. A test substance is considered to possess
analgesic or pain-relieving properties if it achieves a
percentage value of >50% when tested on laboratory
animals (Lara et al., 2021).

Table 3. Organoleptic test results of kratom leaf extract emulgel

Organoleptic

Formula i
Color Odor Homogeneity
FI (5.6%) Soft brown Semisolid Peppermint Homogenous
F2 (11.6%) Brown Semisolid Peppermint Homogenous
F3 (17.6%) Dark brown Semisolid Peppermint Homogenous
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Table 4. Physical evaluation results of kratom leaf extract emulgel

. Sig ANOVA
Test Formula Result = SD Requirement (p < 0.05)
F1 (5.6%) 5+0.37
Spreadability Test F2 (11.6%) 4.76 £ 0.60 3-5cm 0.008
F3 (17.6%) 4.32+0.63
F1 (5.6%) 14.24 +0.90
Adhesion Test F2 (11.6%) 15.098 + 0.74 > 4 seconds 0.092
F3 (17.6%) 15.876 + 0.32
F1 (5.6%) 7.4 £0.203411
pH Test F2 (11.6%) 7.1+0.127373 4.5-8 0,001
F3 (17.6%) 6.7 £ 0.232499
Analgesic effect within 30 minutes
90
80.15+1.25
80
70 63.06+2.11
60
2 51.52+1.42
2 50
&
L 40
3 31.15+1.53
(@]
= 30
c
<
20
10
0+1.83
0 I
*G1 *G2 *G3 *G4 *G5
-10
Treatments

*G1 = group 1 mice treated with emulgel without active ingredients

*G2 = group 2 mice treated with voltaren emulgel containing diclofenac diethylamine
*G3 = group 3 mice treated with emulgel containing 5.6% kratom leaf extract

*G4 = group 4 mice treated with emulgel containing 11.6% kratom leaf extract

*G5 = group 5 mice treated with emulgel containing 17.6% kratom leaf extract

Kratom leaves contain at least 66% of alkaloid
(Rybarczyk, 2019).

compounds

Figure 1. Analgesic test in mice within 30 minutes

concentrations of mitragynine in the brains of mice;

The compounds however, it did not directly activate opioid receptors.

responsible for the analgesic activity of kratom leaf
emulgel are alkaloids, which play a role in inhibiting the
formation of prostaglandins, particularly in the
cyclooxygenase (COX) enzymatic pathway of the
arachidonic acid route (Tamimi et al. 2020). According
to Kruegel (2019), in vitro evaluations of mitragynine
and 7-hydroxymitragynine in kratom leaves (Mitragyna
speciosa) on mouse liver preparations suggested a
potential interaction with mu-opioid receptors mediated
by cytochrome P450 3A. This study found high
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Kruegel further stated that the analgesic effects of these
compounds may vary depending on the route of
administration (Kruegel et al., 2019).

The principle underlying topical medications or
drug administration through the skin is passive
diffusion, wherein active substances move from one
area to another. Absorption occurs when drug molecules
penetrate the skin into the tissue and subsequently enter
the bloodstream through passive diffusion (Bagiana &
Kresnawati, 2020). Based on this mechanism, it can be
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concluded that the alkaloid compounds in kratom leaf
extract emulgel serve as analgesics by moving from the
skin into the bloodstream.

The Shapiro-Wilk normality test for pain relief data
confirmed a normal distribution, with a significance
value greater than 0.05. Homogeneity testing of the
three formulas also showed homogeneous data, as
indicated by the significance value of 0.013 (p>0.05).
ANOVA vyielded a significance value of 0.000 (p<0.05),
indicating significant differences among the three
formulas. Subsequent tests were conducted to identify
formulas that exhibited differences. The follow-up test
demonstrated significant differences among all emulgel
formulations of kratom leaf extract, as evidenced by the
fact that each formulation occupied different locations
in the Duncan test. The results confirmed that the 17.6%
kratom leaf extract emulgel concentration differed from
that of the other two formulas. These findings are
consistent with those of Anindita et al. (2023), who
suggested that higher doses of kratom leaf extract
administered to experimental animals are associated
with decreasing response rates, as reflected by smaller
responses from the test subjects (Anindita et al., 2023).
This study has limitations regarding the writhing
response given by mice, which if the researcher is a
different person, then maybe the results obtained will be
different, because this study was only visually observed
for the writhing response by mice. So, it is suggested
that future research to use a more advanced analgesic
method that is limited to being observed visually.

CONCLUSION

Based on the physical evaluations conducted, the
emulgel formulation met the requirements of a good
emulgel, as evidenced by successful organoleptic,
homogeneity, spreadibility, adhesion, and pH tests. The
efficacy of an emulgel formulation containing kratom
leaf extract at three different concentrations was
evaluated for analgesic properties. Notably, the
formulation at a concentration of 17.6% demonstrated a
significant analgesic effect, achieving an efficacy rate of
63.06%. This was followed by the formulation at a
concentration of 11.6%, which exhibited an analgesic
effect of 51.52%. These findings suggest that the
concentration of kratom leaf extract directly influences
its analgesic capacity, highlighting its potential as a
therapeutic agent for pain management..
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Abstract

Background: Diabetes mellitus (DM) has become a major health problem worldwide, with a continuous increase
in mortality due to complications caused by hyperglycemia. Chronic hyperglycemia is often associated with
inflammation due to increased production of free radicals. Objective: This study’s main objective is to assess
antidiabetic and anti-inflammatory properties in vitro of five particular Syzygium leaves extract (S. cumini,
S.aqueum, S. malaccense, S. polyanthum, and S. aromaticum) using alpha-glucosidase and Bovine Serum Albumin
(BSA). Methods: The five of selected Szygium leaves were macerated by using ethanol 96%, each extract was
assessed in vitro for antidiabetic activity by analyzing the inhibitory of alpha-glucosidase using acarbose as
strandard, and anti-inflammatory activity by analyzing the inhibitory denaturation of BSA Heat-induced and BSA
induced by 2,2-diphenyl-1-picrylhydrazine (DPPH) with Sodium diclofenac as standard. Results: The 1Csq of o-
glucosidase inhibition was 76.235 pg/mL (strong) for S. malaccense and 0.241 pg/mL (very strong) for the
acarbose standard. The greater ICsoof antidenaturation of BSA with heat-induced was S. polyanthum (95.7 pg/mL)
and sodium diclofenac standard (59.25 pg/mL) both were strong inhibitor. Along with greater anti-denaturation
of BSA, DPPH-induced S. malaccense (90.320 pg/mL) and sodium diclofenac standard (43.301 pg/mL), both of
which are strong inhibitors. Conclusion: The ethanol extract of Syzygium leaves has the potential to be developed
as an antidiabetic and anti-inflammatory herbal medicine, particularly S. malaccense and S. polyanthum leaf
extracts, which provided greater activity in this study.
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INTRODUCTION

The increasing prevalence and continuity of
Diabetes Mellitus (DM) has become the main health
problem in the world with a consistent increase in
mortality due to complications of the disease (Zimmet et
al., 2016). The IDF was reported 463 million adults are
diabetes and the projection in 2045 will be estimated 700
million (International Diabetes Federation, 2019). The
DM complications were predicted to be the cause of
death of 4.2 million adults and its comparable to one
mortality every eight seconds (Zimmet et al., 2016). The
progress of Type-2 diabetes mellitus (T2DM)
complications in chronic hyperglycemia induces
oxidative stress and inflammation, simultaneously
promoting  complications including renal and
cardiovascular diseases (Charlton et al., 2021; Yuan et
al., 2019).

The increase in global spending on DM is reported
to be more than 700 billion USD (International Diabetes
Federation, 2019). The side effects of prolonged
consumption of conventional drugs, as well as the less
invasive prevention and therapeutics using natural
medicine, are some of the problems in the success of DM
therapy. The COVID-19 pandemic has also contributed
to the increase in T2DM, so it is necessary to develop
easy and inexpensive natural ingredient therapies to
overcome the increased inflammation of T2DM so as to
reduce diabetes complications.(Salleh et al., 2021). Most
T2DM therapies are reported to have side effects of
gastrointestinal disorders including the use of a-
glucosidase Inhibitor (AGI) drugs due to the degradation
of undigested carbohydrates by colon bacteria, causing
excessive gas formation with a case percentage of 78%
(Kumar et al., 2018). The result of Riset Kesehatan Dasar
(Riskesdas) (2018) reported that, based on the doctor’s
diagnosis, the prevalence of DM in Indonesia aged over
15 years was 2%, an increase from the previous research
results of 1.5% in 2013. Based on the blood sugar test
findings, the prevalence of diabetes mellitus increased
from 6.9% (2013) to 8.5% (2018). The pattern of increase
of DM showed higher in the age ranged 56-64 years and
66-74 years (Kemenkes RI, 2020).

Increased production of free radicals, particularly
reactive oxygen species (ROS), can result from
hyperglycemia and lead to oxidative stress. The
disproportion between ROS and antioxidant defenses not
only causes direct cell damage but also inflammation,
which results in tissue damage. Diabetes is often
associated with inflammation when biochemical changes
in diabetes affect the increase in TNF-a and IL-1p, which
leads to an increase in ROS by mitochondria. Emerging
therapeutic strategies address this pathway in a different
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way, ranging from enhancing free radical scavenging
(antioxidants and Nrf2 activators) to reduce ROS
production such as NADPH oxidase inhibitors and XO
inhibitors or inhibiting associated inflammatory
pathways (NLRP3 inflammation inhibitors, lipoxins,
GLP, receptor -1 agonists and AT-1 receptor antagonists)
(Asmat et al., 2016; Oguntibeju, 2019; Zhang et al.,
2021). Oxidative stress reported to trigger the
development of micro- and macrovascular damage
complications in T2DM and hyperglycemia, as well as
being responsible for DNA, lipid and protein damage
associated with ROS production (Oguntibeju, 2019).

Natural ingredient therapy is currently in great
demand because it is relatively cheaper and easier to
obtain to become one of the options for the treatment of
DM, especially T2DM. Natural medicines are projected
to play a role in overcoming DM complications and the
side effects of conventional drug consumption, especially
if used for a long period of time. Syzygium, a genus of
plants from the Myrtaceae family, is one of the largest
genera of flowering plants with a total of 1800 species
and is distributed in areas that mainly have a tropical
climate, including Indonesia. (Abdullah et al., 2021;
Kavitha & Poonguzhali, 2021). Plants of the Myrtaceae
family are reported to be the 20 largest ethnomedicinal
families in Indonesia with 5 (five) species of the
Syzygium genus (Hidayat, 2021). Some of the species of
the genus Syzygium studied were S. polyantum, S.
aromaticum, S. aqueum, S. cumini, and S. malaccensis.
The Syzigium group of plant species is reported to have
been used for generations in traditional Ayurvedic
medicine in India (Cock & Cheesman, 2018).

Studies conducted by Zaen & Ekayanti (2022) and
Aklimah & Ekayanti (2022) on antioxidants from leaf
extracts of several Syzygium genus plants showed very
strong antioxidants in ethanol extracts of Syzygium plant
leaves with 1Cso values Syzygium aromaticum 3.026+
1.699 pg/ml, Syzygium polyanthum 3.555+ 2.776 pg/ml,
Syzygium aqueum 5.416+ 2.588 pg/mL, Syzygium
malaccense 3.297+ 2.595 pg/mL and Syzygium cumini
2.416+% 1.543 pg/mL (Aklimah & Ekayanti, 2022; Zaen
& Ekayanti, 2022). A phenetic study of each of the five
Syzygium species was conducted as an initial screening
for further investigation of pharmacological activities
and ROS-related mechanisms. The purpose of this study
was to analyze the a-glucosidase inhibition test and anti-
denaturation of Bovin Serum Albumin (BSA) protein of
several Syzygium leaf extracts as a therapy for T2DM and
inflammation through the mechanism of increasing
antioxidant defense, regulating carbohydrate metabolism
and inhibiting inflammatory pathways. The novelty of
this study is the anti-denaturation BSA induced 2,2-
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diphenyl-1-picrylhydrazil (DPPH) activity of five
Syzygium leaf extracts. This study is expected to support
and improve references in the development of herbal
medicine as an antidiabetic and anti-inflammatory agent.
The a-glucosidase enzyme inhibition and protein anti-
denaturation of Syzygium genus plant species is limited
to one activity test, while diabetes is associated with
inflammation; therefore, it is necessary to analyze the
potential of natural medicines with antidiabetic and anti-
inflammatory activities.

MATERIALS AND METHODS
Materials

Alpha-glucosidase from Bacillus
stearothermophilus, 4-Nitrophenyl a-D-glucopyranoside
and Bovine Serum Albumin (BSA) were purchased from
Sigma-Aldrich;  ethanol, aluminum trichloride,
potassium acetate, Methanol, Citric acid, ethyl acetate,
formic acid, and silica gel F254 TLC plates were
purchased from Merck; and DPPH (2,2-Diphenyl-1-
Picryl hydrazine) was from Himedia. Leaves of five
ground Syzygium (S. aromaticum, S. polyanthum, S.
aqueum, S. malaccense, and S. cumini) were collected
from Balai Penelitian Tanaman Rempah dan Obat
(Bogor, Indonesia). Each of the five Syzygium plants was
used to identify plant species at the Research Center of
Biosystematics and Conservation (Bogor, Indonesia).
Methods
Plant extraction

Five Syzygium leaf powders were weighed 500 g and
extracted by the maceration method with 96% ethanol
(1:20 wl/v), soaked for three days, and stirred
periodically. The filtrate from the first maceration was
filtered twice. The filtrate from maceration and repetition
was evaporated at 50 °C by using a vacuum rotatory
evaporator (DLAB Rotary Evaporator RE-100 Pro)
(Wahyulianingsih et al., 2016).

Determination of anti-diabetic activity by inhibition
of a-glucosidase (Akmal et al., 2023)

Initial enzyme activity assay: A total of 60uL of
0.1M phosphate-buffered saline (pH6.8) was added to
50uL of 0.07 U/mL enzyme solution and incubated in a
96 well micro plate at 37 °C for 20 min. After pre-
incubation, 50 pL of 2mM pNPG was added to the
microplate and then incubated again at 37 . The last
stage was stopped by adding 160 pl of sodium carbonate
solution to the micro-plate well and evaluating the
absorbance with a wavelength of 425 nm. Enzyme
activity assay - Syzygium leaf extract: A total of 60pL of
0.1M of each Syzygium leaf ethanol extract was added to
50 pl of 0.07 U/mL enzyme solution and incubated in a
96 well micro plate at 37 C for 20 min. After
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preincubation 50 puL of 2mM pNPG was added into the
microplate and then incubated again at 37 °C. The final
stage was stopped by adding 160 pL of sodium carbonate
solution to the microplate and measuring the absorbance
at a wavelength of 425 nm.

Acarbose-enzyme activity assay: A total of 60uL
acarbose was added to 50 pL of 0.07 U/mL enzyme
solution and incubated in a 96 well micro plate at 37 °C
for 20 min. After pre-incubation, 50 pl of 2mM pNPG
was added to the microplate and incubated again at 37 .
The last stage was stopped by adding 160 uL of sodium
carbonate solution to the cuvette and measuring the
absorbance at a wavelength of 425 nm. The assay of
initial enzyme blank activity and enzyme inhibition
(BEA and BIE): A total of 60ul of phosphate solution of
each Syzygium leaves extract and acarbose standard was
added to 50uL of 0.07 U/mL enzyme solution and
incubated in a 96 well micro plate at 37 °C for 20 minutes.
After preincubation 50 pL of 2mM PNPG was added into
the micro plate and then incubated again at 37 °C. The
last stage was stopped by adding 160 pL of sodium
carbonate solution and reading the absorbance with a
wavelength of 425 nm by using Biotek Epoch Microplate
Spectrophotometer.

Determination of anti-inflammatory activity by
inhibition denaturation of heat-induced bovine serum
albumin (Williams et al., 2008)

The assay of anti-inflammatory activity five selected
Syzygium extracts were conducted using a heat-induced
Bovine Serum Albumin (BSA) denaturation assay. Tris-
buffer Saline 0.05 M was used to create the stock
solutions of BSA 5% (wi/v), which was then adjusted to
pH 6.8 using glacial acetic acid. 100 pL-aliquots of the
BSA stock solution and distilled water were mixed with
varying test tube of the extract to create 1.0 mL sample
that included the extract at different dilutions. The
samples were heated in a waterbath for seven minutes at
70°C to cause protein denaturation. The solutions cooled
to room temperature. Spectrophotometry UV-Vis (PG-
Instrument) was used to quantify the turbidity of the
solutions at wavelength of 517 nm. As controls, solutions
with distilled water in place of the extract were used;
values obtained with these preparations were interpreted
as indicating 100% protein denaturation. BSA-free
samples served as blanks and Diclofenac’s anti-
denaturing properties served as positive control in
concurrent studies. The following formula was used to
determine the percentage inhibition of denaturation,
where Abs control is the absorbance of the controls,
Absorbance (Abs) of sample of the Syzygium leaves
extract or diclofenac samples, and Abs blank of the
blank.
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% inhibition of denaturation
= [{{Abscontrol — (Abssample
— Absblank)} / Abscontrol}

x 100%]
Table 1. Yield percentages of five syzygium leaves
extracts
Sample Yield (%)
Syzygium cumini 24.380
Syzygium aqueum 18.556
Syzygium malaccense 23.756
Syzygium polyanthum 30.19
Syzygium aromaticum 32.90

Determination of anti-inflammatory activity by
inhibition denaturation of DPPH-induced bovine
serum albumin (Alam et al., 2022)

The anti-inflammatory activity of five selected
Syzygium extracts was analyzed by a modified method
using a DPPH-induced BSA denaturation assay. The
radical scavenging activity (RSA) adopted to measure
anti-inflammatory activity using the DPPH method.
Briefly, 2 mL of extract solution (1-100 pg/mL) in
methanol and BSA stock solutions (prepared as the same
method above) was added to 2 mL of DPPH (0.1 mM)
solution. The mixtures were kept aside in a dark area for
30 min and absorbance was measured at Amax 517 nm
against an equal amount of DPPH and methanol as a
blank. The percentage of DPPHe scavenging (%
Scavenging of DPPH) was estimated using the equation:
% Scavenging of DPPH e = [(A0 — A1)/A0] x 100
Statistical analysis

All the experiments for the determination of
inhibitory activity of alpha-glucosidase and denaturation
of BSA Heat-induced, and denaturation of BSA by using
DPPH-induced have been conducted triplet (n=3). The
values are expressed as the mean + standard deviation
(SD).

RESULTS AND DISCUSSION

Syzygium is a genus of plants from Myrtaceae family
which is one of the largest genera of flowering plants
with total 1800 species and distributed in regions mainly
have a tropical climate including Indonesia (Abdullah et
al., 2021). The five fresh leaves of Syzygium were
determined at the Research Center of Biosysthematics
and Conservation (Bogor, Indonesia) and it was validated
as Syzygium aromaticum, S. polyanthum, S. aqueum, S.
malaccense, and S. cumini. The extract of five leaves of
Syzygium was done by cold extraction method
(maceration). The crude extract of five Syzygium leaves
was green-brownish with a distinctive aroma, and the
result of the higher yield percentage was Syzygium
aromaticum (32.90%) and Syzygium polyanthum
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(30.19%) shown in Tablel. The yield percentages of five
Syzgygium extracts obtained fulfilled the quality
requirements of the extraction standard as values above
10% (Kementrian Kesehatan RI, 2017).

Several species of Syzygium, including S. cumini, S.
polyanthum, S. aqueum, S. aromaticum, and S.
malaccense, have been shown to exhibit enzymatic
inhibitory action (Zulcafli et al., 2020). The absorbanse
measurement results then calculate to percentage
inhibition value. The activity of the Syzygium extracts
mostly inhibited 50% of the enzyme activity at 100-200
pg/mL unless S. malaccense inhibited <100 pg/mL. The
result of th a-glucosidase enzyme inhibition study
showed S. malaccense was the greater inhibitory activity
with ICso value 76.235 pg/mL (Table 2). The
concentration 200 pg/mL of Syzygium cumini obtained
percentage of inhibition 63.261+0.178% (Figure 1). The
inhibitory activity of acarbose is greater compared to
each Syzygium extracts with ICso values 0.241 pg/mL.
Acarbose acts by competitive and reversible inhibition of
a-amylase and o-glucosidase from the pancreas
(Glittenberg, 2012). It is well known that flavonoids
derived from plants have antidiabetic effects (Najafian et
al., 2012; Yoshikawa et al., 1998). Ethanolic extract of
Syzygium leaves reported have high flavonoid content
(Aklimah & Ekayanti, 2022; Zaen & Ekayanti, 2022).
Flavonoid and other polyphenols are reported potentially
inhibit a-amylase and a-glucosidase without adverse
gastrointestinal effects and useful to T2DM therapy
(Barber et al., 2021). Many flavonoids have a higher
inhibition of a-glucosidase and leading to slow-release
effect that of a-amylase which may be favoured over
acarbose to decrease postprandial glucose without
uncomfortable side effects (Barber et al., 2021). The
active substances myricetin-3-O-rhamnoside  and
europetin-3-O-rhamnoside, which were separated from
S. aqueum, inhibited a-glucosidase (Manaharan et al.,
2012). Maslinic acid (MA) and Oleanollic acid (OA)
produced from S. aromaticum were observed to decrease
the expression of a-glucosidase, and a-amylase in the
small intestines of STZ-induced diabetic rats (Khathi et
al., 2013). The active component of S. cumini and S.
malaccense, myricitrin, was found to inhibit o-
glucosidase and a-amylase (Khathi et al., 2013).

The strong antioxidant activity of some Syzygium
leaves extract reported in the previous study (Aklimah &
Ekayanti, 2022; Zaen & Ekayanti, 2022), a problem-
solving approach as well as a therapeutic strategy for DM
and inflammation through the mechanism of increasing
antioxidant  defenses,  improving  carbohydrate
metabolism profiles and inhibiting inflammatory
pathways so as to reduce the risk of hyperglycemia
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complications(Akmal et al., 2023; Shaw et al., 2017).
According to Ekayanti et al (2018) Phenolic components
in natural materials are known to bind to proteins of
enzymes and form enzyme-inhibitor bonds, thereby
reducing enzyme activity (Ekayanti et al.,, 2018).
Polyphenols are also reported to have therapeutic effects
on DM vascular dysfunction (Nor et al., 2022). The
antioxidant activity of ethanol extract of Syzygium plant
leaves is expected to overcome the ROS imbalance that
triggers oxidative stress in T2DM (Oguntibeju, 2019).
Further studies in the development of T2DM and
inflammation therapy need to be carried out by analyzing
the a-glucosidase enzyme inhibitory activity and anti-
denaturation of Bovine Serum Albumin (BSA) protein in
ethanol extracts of the leaves of several Syzygium plants.
Alpha Glucosidase Inhibitor (AGI) is one of the effective
therapeutic groups used as T2DM treatment in improving
metabolic profiles and potentially reducing the risk of
long-term hyperglycemia complications (Akmal et al.,
2023). The a-glucosidase is an enzyme secreted from the
epithelium of the small intestine that is responsible for
carbohydrate degradation by hydrolyzing complex
carbohydrates into simple glucose that can eventually be
absorbed (Syabana et al., 2022).

The production of free radicals leads to protein
denaturation in the body, which triggers the release of
inflammatory mediators and triggers inflammatory
pathways (Shaw et al., 2017). The method used to reduce

BSA volume and stock solutions of compounds or
extracts was used to assess anti-denaturation (anti-
inflammatory) activity. The results presented in Table 3
and Figure 2 represent Syzygium ethanolic extract and
sodium diclofenac as a positive control. An anti-
denaturation protein assay using heat induction increased
the kinetic energy and caused the molecules to vibrate
and move quickly, disrupting hydrogen bonds and non-
polar hydrophobic interactions of the protein. Sodium
diclofenac is a non-stereoidal anti-inflammatory drug
that is non-selective and has better solubility in water and
organic solvents. The concentrations of sodium
diclofenac used were 5, 15, 25, 50, and 75 pg/mL. The
concentrations of the Syzygium ethanolic extracts were
25, 50, 75, 100, and 200 pg/mL. The concentrations of
Syzygium leaf extract inhibited protein denaturation
by >50% in the range of 100-200 pg/mL. The inhibitory
activity of protein denaturates is attributed to the
presence of bioactive compounds. The inhibition of BSA
denaturation induce by heating resulted the higher 1Cso
for Syzygium polyanthum (95.7 pg/mL) compared to
standard (sodium diclofenac) was 59.25 pg/mL.
Syzygium extract was reported rich of polyphenol
compound (Sobeh et al., 2018). Polyphenol, phenyl
propanoids and the disulphides interacting with the
aliphatic regions around the lysine residue on the BSA
and reported suitable as an anti-oxidants, anticancer, and
anti-glycation (Williams et al., 2008).

Table 2. Inhibitory percentages and I1Cso values of a-glucosidase

Sample Inhibitor Percentages (%0) I1Cso values (ug/mL)
1 2 3 4 5

Acarbose 36.057 61.305 70.687 93.731 96.930 0.241+0.478

S. cumini 6.667 17.609 29.457 44.094 63.261 123.239+0.224
S. aqueum 28.659 37.391 43.804 48.225 56.087 169.676+0.237
S. malaccense 35.000 43.841 49.638 54.565 60.870 76.235+0.234
S. polyanthum 31.486 38.261 43.768 48.949 52.790 198.222+0.392
S. aromaticum 2.826 17.283 27.971 40.109 58.370 144.698+0.186

Values are mean + SD (n=3). Acarbose concentrations (0.1, 0.5, 1.0, 5.0, and 10.0 ppm), Sample extract concentrations

(25, 50, 75 100, 200 ppm)

Antidiabetic Percentages of alpha-Glucosidase Inhibitor

% Inhibition
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Figure 1. o-Glucosidase inhibitor of five leaves syzygium extract
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Table 3. Inhibitory percentages and ICso values of Anti-denaturation BSA protein heat-induced

Sample Anti-Denaturation Percentages BSA Protein Heat-Induced (%6) 1Cso (ug/mL)
1 2 3 4 5
Sodium diclofenac ~ 22.459 26.089 47.289 63.771 82.720 59.25+0.557
S. cumini 6.968 17.608 33.380 40.301 50.964 200.270£1.331
S. aqueum 8.061 13.724 32.054 41.363 51.727 198.26+0.398
S. malaccense 13.876 28.469 40.072 50.598 55.801 182.73+0.143
S. polyanthum 20.754 34.330 42.883 58.194 65.670 95.7+0.448
S. aromaticum 27.213 39.533 43.002 44797 59.988 164.15+0.717

Values are mean £ SD (n=3), Sodium diclofenac concentrations (5, 15, 25, 50, and 75 ppm), Sample extract concentrations
(25, 50, 75, 100, 200 ppm)

Anti-Denaturation Percentages BSA Heat-Induced

%
g
g -k - Il
I — —
I I “I i I
Sodium diclofenac S. cumini S. aqueum S. malaccense S. polyanthum S. aromaticum
Concl =mConc2 mConc3 mConc4 mConcb
Figure 2. Anti-Denaturation BSA of five leaves syzygium extract heat-induced
Table 3. Inhibitory percentages and 1Cso values of Anti-denaturation BSA protein DPPH-induced
Sample Anti-Denaturation Percentages (%) I1Cs0 (ng/mL)
1 2 3 4 5
Sodium diclofenac 13.427 31.841 49.916 56.432 61.338 43.301+0.422
S. cumini 20.103 27.890 36.710 49.066 63.886 117.233+1.120
S. aqueum 16.530 29.006 35.322 43.353 56.179 180.320+1.282
S. malaccense 8.782 18.306 40.198 52.628 62.400 90.320+1.076
S. polyanthum 13.417 22.075 28.900 44,150 51.404 196.470+0.405
S. aromaticum 11.817 18.760 32.722 45.008 59.165 171.596+0.479

Values are mean £ SD (n=3), Sodium diclofenac concentrations (5, 15, 25, 50, and 75 ppm), Sample extract concentrations
(25, 50, 75, 100, 200 ppm)
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Anti-Denaturation Percentages BSA DPPH-Induced
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Figure 3. Anti-denaturation BSA of five leaves syzygium extract DPPH-induced

Low doses of BSA have been found as a channel for
broad-spectrum in vitro study to analyze possible
therapeutic prototypes (Williams et al., 2008). The
modified method of anti-denaturation BSA was
designed to be relevant to chronic hyperglycemia
conditions, which are caused by an increase in free
radicals and oxidative stress. In this method, BSA was
desaturated by DPPH-inducing and plays role as free
radicals and denaturation agent as well. DPPH is used as
a substrate to evaluate antioxidant activity; it is a stable
free radical that can accept one electron or hydrogen.
The greater anti-denaturation BSA DPPH-induced was
Syzygium malaccense with ICsq values is 90.320 pg/mL
(Table 3) and the percentage chart showed at Figure 3.
Syzygium leaf extract inhibited BSA denaturation,
which was induced by DPPH at a range of 100-200
pg/mL >50% inhibition. The ICso value less than 50
Sodium diclofenac (positive control) was categorized as
having a strong inhibitory effect on protein
denaturation. The ability of blocking the
Cyclooxygenase (COX) and Lipoxygenase-5 (LOX-5)
pathways was one of the pathways to overcome
inflammation. Flavonoid substances are known to have
anti-inflammatory properties, while tannin and saponin
compounds maintain membranes by attaching to
cations. Flavonoids and saponins have been shown to
have anti-inflammatory properties via scavenging free
radicals. The erythrocyte membranes from hypotonic
solutions could be stabilized by free radical inhibitors
(Shalihah et al., 2021).

CONCLUSION
Diabetes mellitus (DM) has become the main health
problem worldwide, with a consistent increase in
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mortality due to disease complications. The chronic
hyperglycemia is often associated with inflammation
due to increase production of free radicals thus lead to
oxidative stress. Syzygium leaves have the potential to
be developed into antidiabetic and anti-inflammatory
drugs. The greater result of ICs value for a-glucosidase
inhibition was 76.235 pg/mL (strong) for Syzygium
malaccense and 0.241 pg/mL (very strong) for the
acarbose standard. The greater antidenaturation of BSA
with heat-induced was Syzygium polyanthum (95.7
pg/mL) and sodium diclofenac standard was 59.25
pg/mL both were strong inhibitor. Along with anti-
denaturation of BSA, DPPH-induced Syzygium
malaccense (90.320 pg/mL) and sodium diclofenac
standard (43.301 pug/mL) were strong inhibitors. Further
research is needed to confirm the antidiabetic and anti-
inflammatory activities of Syzygium extract using
different in vitro and in vivo methods.
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Abstract

Background: The prevalence of anxiety disorders has significantly increased each year but has not been matched
by the availability of adequate treatments. Estrogen receptor alpha (ERa) is known to induce anxiety through the
activation of a complex system in the body, and drugs that inhibit ERa activity are predicted to have anxiolytic
potential. Objective: This study aims to evaluate 50 compounds derived from green tea leaves to discover potential
anxiolytic candidates that act by inhibiting ERo. Methods: The research methods used include toxicity screening,
pharmacokinetic screening, drug scan, molecular docking, and molecular dynamics. Results: Based on the
screening results, quercetin was identified as non-carcinogenic, non-hepatotoxic, easily absorbed, evenly
distributed, non-interfering with CYP2D6 enzyme metabolism, and potentially effective as an oral drug. In
molecular docking results, quercetin showed a AG value of -7.54 kcal/mol and Ki of 2.97 uM, which are better
than the reference drug with a AG value of -7.20 kcal/mol and Ki of 5.24 uM. Quercetin also shown more stable
interactions with the Ero binding site, indicated by amino acids Glu353 and Arg394 in RMSD and RMSF analysis
during molecular dynamics simulation. Conclusion: From the study result it can be concluded that quercetin has
potential as a good candidate for anxiolytic drug material by inhibiting ERo. activity.
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INTRODUCTION

Anxiety disorders involve intense and excessive
fear and worry, accompanied by physical tension and
cognitive symptoms, which significantly impact daily
life if untreated (WHO, 2023). As many as 301 million
people worldwide were known to suffer from anxiety
disorders in 2019 and that number increased
significantly due to the COVID-19 pandemic, but only
27.6% of anxiety disorder sufferers received treatment
due to limited availability (WHO, 2022). Meanwhile, in
Indonesia, the prevalence of anxiety disorders reached
31.9% among children, adults, and the elderly with or
without prior mental disorders in 2022 (Atmawati,
2022).

Estrogen alpha (ERa) is known to influence anxiety
by increasing glucocorticoid secretion through the
Hypothalamic-Pituitary-Adrenal (HPA) axis activity,
enhancing Adrenocorticotropic Hormone (ACTH)
response to stress, and regulating Corticotropin-
Releasing Hormone (CRH) gene expression via histone
acetylation (Borrow & Handa, 2017). Therefore, drugs
that inhibit ERa receptor activity are predicted to have
promising potential in treating anxiety disorders.
Clonazepam, a benzodiazepine-class anxiolytic drug,
has been shown through in vitro research on hERa-
HeLa-99035 cells to exhibit antagonistic activity against
Ero (Kenda et al., 2022).

Many studies have been conducted to discover
anxiolytic drug candidates including research on green
tea plants. Clinical studies indicate that consumption of
decaffeinated green tea beverages positively contributes
to reducing anxiety levels in adolescents who stutter
(Almudhi & Gabr, 2022). In vivo studies also show
positive effects of green tea on neurobiological
behaviors, including anxiety in lead-induced mice (Al-
Qahtani et al., 2022). Meanwhile, in silico studies were
conducted to investigate the molecular interactions of
green tea compounds. The ERa was chosen as the target
due to its known involvement in anxiety
pathophysiology through modulation of the HPA axis
and stress hormone regulation.

MATERIALS AND METHODS
Materials and tools

The hardware used in this research include a
Lenovo ThinkPad laptop with an Intel® Core™ i5-
6200U CPU @ 2.30GHz (4 CPUs) ~2.40GHz; 8GB
RAM; 64-bit system type; operating system Windows
10 Pro, and a computer with specifications featuring an
Intel® Core™ i5-8400 CPU @ 2.80 GHz x 6, Nvidia
Geforce GTX 970/PCle/SSE2 GPU, 64-hit operating
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system type, and 245.1 GB RAM. The software utilized
in this study includes MarvinSketch, Molegro
Molecular Viewer, AutodockTools, Desmond, and
BIOVIA Discovery Studio. Additionally, the research
utilized websites such as KNApSACK, PubChem,
PDBsum, RCSB PDB, and pkCSM. The materials used
comprise 50 compounds found in green tea from
websites
http://www.knapsackfamily.com/KNApSAcK_Family/
the reference drug clonazepam, and the Era with PDB
ID 7UJM (Hosfield et al., 2022).

Method

Preparation of receptor and compound ligands

The crystallographic structure of the ligand binding
domain of the Ero was downloaded from the RCSB
PDB website (https://www.rcsb.org/) at a resolution of
1.80 A (Hosfield et al., 2022). The receptor was
subsequently analyzed on the PDBsum website
(https://www.ebi.ac.uk/thornton-
srv/databases/pdbsum/), which provides detailed
receptor structure information, schematic diagrams of
molecules within each structure, and their interactions
with ligands (Mardianingrum et al., 2021). Further
receptor preparation involved removing solvent
molecules, separating the receptor from natural ligands
and other residues, and adding hydrogen atoms
(Mardianingrum et al., 2023).

The 50 green tea compound ligands were sourced
from the KNApSAcK database
(http://www.knapsackfamily.com/KNApSAcK_Family
/), by entering the plant name Camellia sinensis (green
tea) as the query. The search results were filtered to
include only naturally occurring compounds reported
specifically in the leaves of Camellia sinensis, which are
commonly used in tea preparations and known to
contain bioactive phytochemicals with potential
pharmacological effects. Their structures are obtained
from the PubChem website
(https://pubchem.ncbi.nlm.nih.gov/). The compound
ligands were then prepared through protonation at
physiological pH conditions and conformational search
using Marvin Sketch (Mardianingrum et al., 2023).
Validation of the docking method

The validation process of the docking method was
conducted by redocking the ligand to the previously
separated receptor. Parameters considered included the
RMSD value, which is deemed acceptable if < 2 A
(Mardianingrum et al., 2023). Interactions occurring
between the natural ligand and amino acid residues on
the receptor were then assessed based on 2D
visualization. Additionally, comparisons between the
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natural ligand before and after the docking method
validation process were also examined through 3D
overlays.
Prediction of toxicity aspects, pharmacokinetic
aspects and drug scans

The prediction of toxicity and pharmacokinetic
aspects was conducted by entering the SMILES notation
of the compound ligands on the pkCSM website
(https://biosig.lab.uq.edu.au/pkesm/prediction).

Meanwhile, drug scanning, which refers to
predicting the potential of compound ligands as orally-
based drugs, was performed considering drug
absorption characteristics and effectiveness through
parameters such as molecular weight, log P, partition
coefficient, number of hydrogen bond donors and
acceptors, and molar refractivity, following Lipinski's
rule of five (Mardianingrum et al., 2023).
Analysis and visualization of molecular docking
results

Molecular docking was performed using
AutoDockTools with the Lamarckian Genetic
Algorithm (LGA) settings. Each docking was replicated
three times to ensure consistency of the results. The best
binding pose was selected based on the lowest binding
free energy (AG) and inhibition constant (Ki) to proceed
to molecular dynamics simulation (Mardianingrum et
al., 2022). 2D visualization was conducted on natural
ligands, reference drugs, and the best compound ligands
from the molecular docking results to analyze amino
acid residue contacts and hydrogen bond interactions
(Mardianingrum et al., 2022).
Simulation and analysis of molecular dynamics (MD)
results

MD were performed on the reference drug as well
as on the test compound ligands using Desmond. The

simulation system was set at 300°K temperature, 1 bar
pressure, 100 ns duration, with data recorded every 100
ps that resulting in a total of 1,000 frames (Lv et al.,
2022). The results obtained included trajectory files
analyzed based on Root Mean Square Deviation
(RMSD) and Root Mean Square Fluctuation (RMSF)
(Lv etal., 2022).

RESULTS AND DISCUSSION
Receptor analysis

The 7UJM receptor is a ligand-binding domain
classified as a transcription factor involved in regulating
estrogen-related gene expression in Homo sapiens
organisms (Hosfield et al., 2022). The receptor was
analyzed using a Ramachandran plot, a statistical
representation of amino acid residues in the protein
structure based on ¢ and y dihedral angles (Ruswanto et
al., 2018). The analysis results indicate that the 7UJM
receptor meets the criteria for good structural quality,
with 0.0% of residues in disallowed regions and 94.7%
of residues in most favored regions, as shown in Figure
1 (a).

The binding sites of natural ligands on the receptor
were analyzed using LigPlot, which automatically
generates 2D schematic representations of all
interactions formed between the ligand and protein
molecule residues (Wadapurkar et al., 2018). Binding
sites on the natural ligand are characterized by hydrogen
bonds (Ruswanto et al., 2018). Therefore, based on
LigPlot analysis results, it was found that the binding
site of the natural ligand on receptor 7UJM involves
hydrogen bonding with residues Glu353 and Arg394, as
depicted in Figure 1 (b).

(b)

Figure 1. (a) Ramachandran statistical plot of 7UJM receptors, (b) LigPlot schematic of natural ligands on the
7TUJM receptor
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Docking method validation

The docking method validation was conducted
using a grid box coordinate setup that encompassed the
receptor binding site area and allowed sufficient space
for ligand rotation and translation (Gopinath &
Kathiravan, 2021). The docking method in this study
was deemed valid with an RMSD value < 2 A because
the lower RMSD value indicating the more similar
docking ligand positions to the natural ligand positions

from crystallography and the more effective docking
method (Mardianingrum et al., 2023). Additionally, the
selected receptor structure (PDB ID: 7UJM) had
previously been validated through Ramachandran plot
analysis, with 94.7% of residues located in the most
favored regions and 0.0% in disallowed regions,
confirming its structural reliability. The validation
results of the docking method can be seen in Figure 2
and Table 1.

(a)
Figure 2. (a) natural ligands in a grid box, (b) 3D overlay of ligands before redocking (green) and after redocking (red)

(b)

Table 1. Validation results of the 7UJM receptor docking method along with grid box coordinate settings

Grid dimension Grid center Spacing RMSD AG Ki
X y z X y z
30 24 34 -0.944 18.643 18.988 0.375 A 0.72 A -13.74 kcal/mol 85.02 pM
Table 2. Prediction results of toxicity and pharmacokinetic aspects of 50 compound ligands from green tea
Toxicity Aspects Pharmacokinetic Aspects
No Compound name Ames LDso Hepato- Caco2 HIA VDss CYP2D6 Renal
Toxicity  (mol/Kg) toxicity =% @) 99 innibitor 9CT2
106) L/Kg) substrate
+ Clonazepam No 3.08 No 098 9858 0.14 No No
1. Indole No 2.40 No 154 9330 0.26 No No
2. Adenine No 2.07 No 137 88.74 -0.08 No No
3. Caffeine No 2.80 Yes 111 99.27 -0.59 No No
4, Cytosine No 1.94 No 047 83.05 -0.15 No No
5. Theobromine Yes 2.38 Yes 051 9837 -0.15 No No
6. Theophylline No 2.30 Yes 0.62 100 0.84 No No
7. Xanthine Yes 2.08 No -0.17 6392 -051 No No
8. Methyl anthranilate No 1.74 No 118 8746 0.01 No No
9. 7-Methylxanthine Yes 2.14 Yes 045 89.90 -0.26 No No
10. Paraxanthine No 2.18 Yes 046 9397 -0.24 No No
11.  7-Methylxanthosine No 1.93 Yes 0.63 3933 0.04 No No
12. AMP No 2.06 No -0.66 35.80 0.57 No No
13. L-Theanine No 2.06 No -0.25 4253 -0.56 No No
14. Xanthosine No 1.85 Yes 0.19 4483 -0.02 No No
15. IMP No 2.03 No -0.68 25.94 -0.27 No No
1. ~ Xanthosine 5- No 2.04 No  -057 2249 -011  No No
monophosphate

17. 7-Methyl-XMP No 2.57 Yes -0.97 20.89 0.37 No No
18, Dibuty'}'é(':\‘e'tami " No 2.03 No 148 9343 009  No No
19. 1-Methylxanthine No 2.48 Yes 112 8363 0.21 No No
20. (+)-Catechin No 2.42 No -0.28 68.82 1.02 No No
21. (+)-Epicatechin No 242 No -0.28 68.82 1.02 No No
22. (+)-Gallocatechin No 2.49 No -0.37 5412 1.30 No No
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No -0.28 68.82 1.02 No No
No 1.07 9148 0.56 No No
No -1.26  62.09 0.66 No No
No -0.37 5412 1.30 No No
2.48 -159 45.17 0.13 No No
No -152 47.39 0.80 No No
No -1.26  62.09 0.66 No No
No -1.25 54.04 -0.04 No No
No -0.27 80.84 0.71 No No
No -1.25 39.04 0.14 No Yes
No -1.78 71.28 1.00 No No
No -1.36 51.08 0.68 No No
No 0.11 5892 1.66 No No
No 0.30 48.05 1.44 No No
No 1.60 8181 -1.07 No No
No -0.35 87.30 0.95 No No
No -0.32 6191 0.96 No No
No 092 6470 1.63 No No
No -1.34 3339 154 No No
No -0.25 56.71 181 No No
No 1.02 9131 -0.01 No No
No -0.27 7472 0.61 No No
No -0.22 7720 155 No No
No -0.98 75.64 0.27 No No
No No -0.84 36.37 0.58 No
No No -0.04 73.69 0.62 No
No No -0.38 88.78 0.76 No
No No 0.98 90.00 0.96 No

23. (-)-Catechin No 2.42
24, (-)-Epiafzelechin No 2.36
25, (-)-Epicatechin 3-O- No 255
gallate
26.  (-)-Epigallocatechin No 2.92
27.  (-)-Epitheaflavic acid No 2.48
(-)-Gallocatechin No 2.52
28.
gallate
29. Catechin-3-gallate No 2.55
Epicatechin 3,5-di-O- No 2.48
30.
gallate
31 Epicatechin 3-O-(3- No 2.55
' O-methylgallate)
32 Epigallocatechin 3,3',- No 2.48
' di-O-gallate
33 Epigallocatechin 3-O- No 2.55
" (3-O-methylgallate)
Epigallocatechin 3-O- No 2.55
34.
caffeate
35. Ampelopsin No 243
36. Astragalin No 2.54
37. Cinnamate No 1.75
38. Cyanidin No 2.46
39.  Delphinidin chloride No 2.54
40. Dihydroquercetin No 2.26
41. Isomyricitrin No 2.54
42. Leucocyanidin No 2.39
43. Naringenin No 1.79
44, Pollenitin No 2.36
45, Quercetin No 247
46. Tricetinidin No 2.60
3-O-Caffeoylquinic No 1.97
47, .
acid
48. Peonidin chloride No 2.39
49, Malvidin No 2.34
50. Luteoliflavan No 2.48

*highlight: Not eligible

Prediction of toxicity aspects, pharmacokinetic
aspects and drug scans

Prediction of toxicity and pharmacokinetic aspects
was conducted using the pkCSM website based on
graphical structural features (Pires et al., 2015).
Parameters considered in toxicity aspects include Ames
toxicity as widely used methode to assess the mutagenic
potential of a compound using bacteria, rat LDs as the
amount of a compound that causes 50% mortality in test
animal groups, and hepatotoxicity which involves
chemical-induced liver damage (Pires et al., 2015).
Meanwhile, parameters considered in pharmacokinetic
aspects include Caco-2 permeability as an in vitro cell
model that predicting oral drug absorption, intestinal
absorption (human) as percentage of compound
absorbed by the human intestine, VDss that indicating
drug distribution in body tissues relative to blood
plasma, CYP2D6 inhibitor as an enzyme crucial in drug
metabolism, and renal OCT2 substrate that predicting
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compound transport potential via kidney transporters
affecting drug elimination (Pires et al., 2015). Based on
the results in Table 2, 35 compounds meeting the criteria
for predicting both toxicity and pharmacokinetic
aspects.

Drug scan was conducted on 35 compounds that
had passed the prediction stage for pharmacokinetic and
toxicity aspects. The drug scan stage refers to the
process of scanning or analyzing test compounds using
Lipinski's rule of five. Lipinski's rule of five consists of
guidelines used to evaluate the pharmacokinetic
properties of a compound, particularly its absorption and
permeability characteristics (Chen et al., 2020). First,
molecular weight < 500 Da because smaller molecules
tend to be absorbed better. Second, Log P value < 5
indicating a balance between lipophilicity and
hydrophilicity crucial for optimal absorption. Third,
hydrogen bond donors < 5 (NH or OH groups) to
minimize membrane permeability. Fourth, hydrogen
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bond acceptors < 10 to avoid excessive membrane
permeability. Fifth, molar refractivity reflecting
molecule size and polarity ideally between 40-130
(Chen et al., 2020). Based on the results of the drug scan
in Table 3, 17 test compounds were found to meet all
drug scan parameters. This indicates that these
compounds have the potential for effective use as oral
drugs, capable of being well-absorbed through the
digestive tract, efficiently distributed throughout the
body, and able to reach drug targets with adequate
concentrations. The drug scan results can be seen in
Table 3.
Analysis and visualization of molecular docking
results

Molecular docking process was conducted on 17
test compounds that had passed prediction for toxicity
aspects, pharmacokinetic aspects, and drug scan. The
results of molecular docking were analyzed based on AG
and Ki values. AG measures the ligand's ability to bind
to the receptor, where more negative values indicate
stronger binding affinity (Mardianingrum et al., 2022).
Ki represents the affinity of the compound and its
decomposition, directly proportional to AG, which mean

the more negative the AG value and the Ki value,
indicating more effective inhibition of ligand activity on
the protein (Mardianingrum et al., 2022). The results of
molecular docking can be seen in Table 4.

Based on the results of molecular docking in Table
4, two compounds were selected that showed more
negative AG and Ki values compared to clonazepam.
These compounds are (+)-epicatechin with AG -7.55
kcal/mol and Ki 2.93 uM, and quercetin with AG -7.54
kcal/mol and Ki 2.97 pM. Both compounds are
anticipated to have potential as promising candidates for
anxiolytic drug materials targeting the Ero.

Further visualization was performed as a graphical
representation stage of the molecular docking results to
analyze molecular interactions including the types of
interactions that occur, binding distances, atoms in the
ligand bound to the receptor, and amino acid residues
involved in the interaction (Thahara et al., 2022). 2D
visualization provides important insights into the
interactions between ligands and amino acid residues,
indicating the active site on the receptor (Thahara et al.,
2022). The 2D visualization results can be seen in Figure
3and Table 5.

Table 4. Results of molecular docking of 17 compounds from green tea against the 7UJM receptor

No Compound Name AG (kcal/mol) Ki (UM)

(+) Clonazepam -7.20 5.24
1. Methyl anthranilate -6.05 166.34
2. N,N-Dibutylacetamide -4,51 493.02
3. (+)-Catechin -7.00 7.42
4, (+)-Epicatechin -7.55 2.93
5. (-)-Catechin -7.42 3.64
6. (-)-Epiafzelechin -7.18 5.50
7. Ampelopsin -6.83 9.93
8. Cyanidin -7.44 3.51
9. Delphinidin chloride -7.42 3.64
10. Dihydroquercetin -7.12 6.09
11. Pollenitin -6.94 8.18
12. Quercetin -7.54 297
13. Tricetinidin -7.47 3.32
14. 3-O-Caffeoylquinic acid -6.23 26.93
15. Peonidin chloride -7.34 4.14
16. Malvidin -6.73 11.65
17. Luteoliflavan -7.52 3.07
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Figure 3. 2D visualization (a) clonazepam, (b) epicatechin, (c) quercetin

Table 5. Ligand interactions with 7UJM receptor amino acid residues

Compound Name Bon(lj—lydrogen distaﬂlxclgzg?)en bond Hydrophobic Bond
Clonazepam Glu353 1.79 Leu387, Gly521, Leu346, Leu525,
Arg394 2.20 Ala350, Met343, Met388
(+)-Epicatechin Met343 2.83 Leu346, Ala350, Leu387, Leu391,
Thr347 2.05 Leu525
Glu353 1.74
Arg394 1.97
Quercetin Met343 2.75 Met343, Leu346, Ala350, Leu39l,
Thr347 2.05 Phe404, Leu525
Glu353 1.71
Leu387 2.00
Arg394 2.45
Val533 2.98

Parameters considered in the visualization stage
include amino acid residue contacts, particularly the
presence of hydrogen bonds that indicating interaction
stability. The more hydrogen bonds present, the better
and more stable the interaction between the compound
ligand and amino acid residues on the receptor
(Mardianingrum et al., 2022). Hydrogen bonds are
considered stable and strong when they are within a
distance of < 2.7 A, because distances exceeding 2.7 A
are deemed weak and easily disrupted (Thahara et al.,
2022). Therefore, based on the visualization results,
quercetin is predicted to have more hydrogen bonds at
qualifying distances and to exhibit compatibility with
amino acid residues comparable to natural ligands and
clonazepam.

In this study, the Era is known to be a ligand-
binding domain with an active site on helix 12 (Lv et al.,
2022). Compounds are said to have agonistic properties
if they interact through hydrogen bonding with His524
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that causing helix 12 open and bind with coactivators
(Mardianingrum et al., 2022). (+)-epicatechin and
quercetin are predicted to be antagonistic to the Era
because they do not form hydrogen bonds with His524.
Molecular dynamic analysis and simulation
Molecular Dynamics (MD) simulation is a method
that integrates techniques from physics, mathematics,
and chemistry to study protein movement processes by
tracking protein conformations over time (Lv et al.,
2022). The RMSD graph in Figure 4 (a) shows
conformational changes of three protein complexes over
100 ns (100,000 ps) for clonazepam, (+)-epicatechin and
quercetin. Based on analysis of the graph, quercetin that
represented by the green trendline, appears stable with
RMSD around 3-3.5 A and low fluctuations starting at
80 ns (80,000 ps) until the end of the simulation which
indicating attainment of dynamic equilibrium in the
protein complex. Compared to clonazepam and (+)-
epicatechin  which exhibit unstable fluctuation
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movements, quercetin is predicted to have better
interaction potential with the protein molecule and
selected as the top candidate compound. Meanwhile
average, minimum, and maximum RMSD values during
the 100 ns (100,000 ps) MD simulation can be observed
in Table 6.

Overall, the fluctuation movements exhibited by the
test compounds and reference drugs based on the RMSF
graph in Figure 4 (b) appear nearly identical. Residues
Thrd65 and Phe337, which showed the highest
fluctuations, are predicted not to be active sites of the
Era due to their significant positional changes during the
MD simulation. Quercetin exhibits the lowest
fluctuation at residue Glu353 with an RMSF value of
0.54 A and at amino acid residue Arg394 with an RMSF
value of 0.65 A, which are binding sites of the 7UIM

100

receptor. The higher stability of these two residues
indicates that quercetin interacts more stably and
strongly with the Era compared to clonazepam and (+)-
epicatechin.

From Figure 5, it can be observed that the
conformational changes in quercetin during the MD
simulation are accompanied by alterations in its contacts
with amino acid residues. The conformation at 100 ns
shows the best stability, as it exhibits similarity with the
amino acids from the molecular docking results. The
presence of more identical amino acids before and after
the MD simulation indicates that the compound is stable
and resistant to thermodynamic changes. The amino
acid residues with the highest similarity are Glu353,
Thr347, Leu387, and Phe404.
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Figure 4. (a) RMSD graph, (b) RMSF graph
Table 6. Table of RMSD values during MD simulation
RMSD (A)
Complex — -
Average Minimum Maximum
Clonazepam 2.48 1.13 3.45
(+)-Epicatechin 2.19 1.30 3.29
Quercetin 2.69 1.14 3.56
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Figure 5. Conformational changes of quercetin compounds during MD simulations
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Table 7. Calculation results of bond energy method of molecular mechanics-generalized born surface area (MM-

GBSA)
Energy Component (kcal/mol) Clonazepam Quercetin
Van der Waals Interaction (VdW) -37.7244 -36.5924
Electrostatic Energy (EEL) 106.1903 -131.2730
Electrostatic Contrlbl(lltzl((;):) to Solvation Free Energy -93.6150 142 5944
Non-Polar Contribtio to Solvation Free Energy 41067 38731
(EsurF)
AGgas (VAW + EEL) 68.4659 -167.8654
AGsowv (Ece + Esure) -97.7217 138.7213
AGroTAL (VdW + EEL + Egg + ESURF) -29.2558 -29.1441
Quercetin is an abundant flavonoid in nature, found CONCLUSION

in various plants, fruits, and vegetables such as onions,
cabbage, tea, apples, nuts, and berries (Hasan et al.,
2022). Quercetin is also known as 3,3°,4°5,7-
pentahydroxyflavone, characterized chemically as an
aglycone or glycoside bound to sugars like glucose,
rhamnose, or rutinose (Hasan et al., 2022).

The biosynthesis of quercetin begins with the
conversion of 4-coumaroyl-CoA, which is condensed by
Chalcone Synthase (CHS) with three molecules of
malonyl-CoA to produce naringenin (Hasan et al.,
2022). The closure of the heterocyclic C ring is
catalyzed by Chalcone Isomerase (CHI), resulting in
naringenin. Then, with the assistance of Naringenin 3-
Dioxygenase  (N3DOX), naringenin  produces
dihydrokaempferol, which is then converted into
quercetin through the action of Flavonol Synthase 1
(FLS1). Dihydrokaempferol also serves as a substrate
for Flavonoid 3'-Hydroxylase (F3'H), producing
dihydroquercetin, which is ultimately converted into
quercetin by Flavonol Synthase 1 (FLS1) (Marin et al.,
2018).

The MMGBSA calculations indicated that the
Clonazepam and Quercetin complexes had nearly
identical total binding free energy (AGTOTAL) values,
at -29.2558 kcal/mol and -29.1441 kcal/mol,
respectively. Despite significant differences in
electrostatic energy (EEL) and solvation contributions
(EGB), where Clonazepam had a positive EEL and
negative EGB, while Quercetin showed the opposite, the
substantial contribution from Van der Waals (VdW)
interactions dominated, bringing the total stability of
both complexes closer. This indicated that the VdW
energy component had the most significant impact on
the system (Mardianingrum et al., 2022).
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This study identified quercetin as a promising
anxiolytic drug material through the inhibition of Era
using in silico studies. Screening results revealed that
guercetin is non-carcinogenic, non-hepatotoxic, easily
absorbed, evenly distributed, non-interfering with
CYP2D6 enzyme metabolism, and potentially effective
as an oral drug. Molecular docking analysis showed that
quercetin has a AG value of -7.54 kcal/mol and a Ki of
2.97 uM, which are better than the reference drug with
a AG value of -7.20 kcal/mol and Ki of 5.24 uM.
Quercetin also demonstrated more stable interactions
with the ERa binding site, indicated by Glu353 and
Arg394 amino acid in RMSD and RMSF analysis during
molecular dynamic simulations.

This study is limited by its in-silico nature, which
requires further validation through in vivo experiments.
Future studies will focus on confirming quercetin's
anxiolytic effects in animal models and exploring its
formulation into a suitable delivery system. The findings
of this study support the traditional use of green tea for
mental health and may pave the way for its development
into a standardized phytopharmaceutical.
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Abstract

Background: Hesperetin is a natural compound that has several properties including anticancer, but has
limitation on low solubility in water. In this case, the development of a hesperetin delivery system using the micellar
system is carried out. Objective: The current study aims to determine the effect of drug concentration on the
physical characteristics and cytotoxicity of the mixed micelle. Methods: In this study, mixed micelles were
formulated with D-a-tocopheryl polyethylene glycol 1000 succinate (TPGS) and poloxamer P84 as polymers
through the thin film method, with hesperetin loaded at four different concentrations, i.e., 5 mg (F1), 10 mg (F2),
20 mg (F3), and 40 mg (F4). The mixed micelles were formulated using thin film hydration method. The evaluation
of micelle’s physical characteristics was the measurement of particle size, Critical Micelle Concentration (CMC)
value, drug loading, and drug entrapment efficiency. The evaluation of cytotoxicity used the T47D cell line and
Micro Tetrazolium (MTT) method. Results: The CMC value of the mixed micelle was 0.0029% w/v, which was
lower than the CMC of TPGS and poloxamer P84 only. The particle size of the micelles produced was between
17.07-20.37 nm. Among the various formulations, F3 showed relatively small particle size and has homogeneous
particle size, high drug loading and encapsulation efficiency, and low 1Cso. Based on the study, particle size of F3
was 17.93+ 0.32 nm with polydispersity index (PDI) of 0.256+0.034. The drug loading percentage of F3 was
4.0092 + 0.0048% with an encapsulation efficiency of 94.5492+0.0013%. Based on cytotoxicity test using MTT
method, F3 has low ICsg, there was 4.036 ppm. Conclusion: Hesperetin-loaded mixed micelles offer potential as
anticancer drugs that improve hesperetin efficacy. The results showed that F3 was the most potent anticancer
formulation based on the physical characteristics and cytotoxicity tests.
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INTRODUCTION

Cancer is one of the diseases characterized by
abnormal, uncontrolled, fast, and continuous cell growth
caused by mutation of genes that control proliferation
(Kumbhar at el., 2017). Cancer cells can cause damage
to surrounding tissues and can metastasize, which
spreads to other tissues. Cancer cells grow from the
body tissue cells that grow abnormally and can be
malignant (Arafah & Notobroto, 2017). Chemotherapy
is one of the most commonly used cancer treatments
(Kumbhar at el., 2017). Chemotherapy is a cancer
treatment using a chemical compound but has adverse
side effects, besides killing cancer cells, it can also kill
normal cells in the body especially those that have rapid
cell division (Setiawan, 2015). To overcome this, an
anticancer was developed with a drug delivery system to
deliver drugs to cancer cells without affecting normal
cells. Hesperetin is one of the chemical compounds that
can be used as an anticancer. Hesperetin is an aglycone
of hesperidin which is included in flavonoid compounds
(Stanisic, 2018). Based on research by Choi (2007),
hesperetin can inhibit cell proliferation, induce cell rest
in the G1 phase, and induce cell apoptosis (Choi, 2007).
Hesperetin is classified under BCS class 2 due to it is
high permeability but low water solubility, which leads
to reduced bioavailability in the body when taken orally
(Shete et al., 2015). A micelle system can be utilized to
enhance solubility (Choi, 2007).

Micelles are self-assembling microstructures of
surfactants in water and generally have small particles
sizes of <50 nm in diameter. Micelles can protect drugs
that have low water solubility or hydrophobic drugs and
can be carriers to deliver drugs to target cells (Lu et al.,
2019). Micelles have a relatively small particle size,
namely nanoparticle size, this causes the micelles
system to avoid detection and destruction by the
endoplasmic reticulum so that can have longer
circulation time in systemic. However, micelles should
not be too small as they can be easily filtered by the
kidneys and excreted in the urine (Saxena & Hussain,
2013). Generally, the micelle structure of block
copolymers is spherical and block copolymers have
larger hydrophilic blocks than hydrophobic blocks with
the core encapsulating the active compounds (Croy &
Known, 2006; Lombardo et al., 2015). The spherical
shape has low free energy so it can reduce the
hydrophobic block to interact with the aqueous
environment. This can increase the stability of the
micelles system in water (Croy & Known, 2006;
Lombardo et al., 2015).
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Poloxamer is a polymer that is commonly used in
micellar systems. Poloxamer is a block copolymer
composed of ethylene oxide (EO) and propylene oxide
(PO). Generally, the structure is EOx — POy — EOx.
Poloxamer is a self-assembly system with PO as the
hydrophobic core and EO as the hydrophilic tail. The
drugs will be encapsulated within the hydrophobic core,
while the hydrophilic tail will help maintain the stability
of micelles (Gao et al., 2008; Saxena & Hussain, 2012).
One of the poloxamers that can be used is the poloxamer
P84. Poloxamer can be used as a carrier of cancer drugs
but it has low encapsulation capacity and high CMC
value (Zarrintaj et al., 2020). To improve the low
encapsulation capacity and high CMC value, poloxamer
P84 will be combined with other micelle-forming
compounds, which can be D-a-tocopheryl polyethylene
glycol 1000 succinate (TPGS) (Zhang et al., 2014).
TPGS is a natural compound that is a derivative of
vitamin C (a-tocopheryl) and polyethylene glycol 1000
succinate which can improve solubility and absorption.
It can be a carrier form of a lipid-based drug delivery
system. The combination of poloxamer and TPGS will
produce a mixed micelle system (Gao et al., 2008;
Saxena & Hussain, 2012). TPGS and poloxamer will
interact at the hydrophobic block by hydrogen bonding.
The aromatic ring on hesperetin will interact with the
hydrocarbon group of poloxamer P84 and the aromatic
ring of TPGS. The phenolic hydroxyl of hesperetin will
make hydrogen bonds with TPGS and poloxamer P84
(Liu et al., 2019). TPGS and poloxamer P84 mixed
micelles have low CMC value, small particle size, and
high encapsulation efficiency. It can be used to entrap
anticancer drugs that have low water solubility. The
drug release will be maintained so that the
bioavailability will be maintained for some time. Mixed
micelles of poloxamer P84 and TPGS have a synergistic
effect to inhibit p-glycoprotein (P-gp) thus increasing
the effectiveness of hesperetin and can deliver high
concentrations of the drug to cancer cells (Saxena &
Hussain, 2012).

Based on research by Arifah (2019), the mixed
micelles of TPGS and poloxamer P84 in the ratio 1:4
had good stability and physical characteristics but the
formulation had a low concentration of hesperetin about
5 mg (Arifah, 2019). Further research is needed to
increase the concentration of hesperetin by considering
it stability and physical characteristics. Changes in the
level of drug encapsulated in mixed micelles can change
the physical characteristics but have the same CMC
value (Mandal et al., 2017). An increase in the loading
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capacity can increase the levels of hesperetin that can be
encapsulated in the micelle system. An increase in the
hesperetin can enhance the interaction of drugs with
micelle-forming polymers and can improve the kinetic
stability of micelles (Zhou et al., 2016).

The method of micelle preparation is based on the
physicochemical properties of micelle-forming polymer
which have an effect on the physicochemical properties
of micelles. In addition, the amount of polymer can also
influence to physical properties of micelles such as
particle size, homogeneity, drug loading capacity,
encapsulation efficiency, and micelle stability, so it is
necessary to optimize the micelle preparation with good
physicochemical properties. Generally, micelle systems
are fabricated using physical methods such as solvent
evaporation, dialysis, direct dissolution, and thin film
hydration. Thin film hydration is a commonly used
method because it is easy, simple, and produces small
and uniform particle sizes (Ai et al., 2014).

One evaluation of the effectiveness of the micelle
system is cytotoxicity testing. The size, charge, shape,
and structure of micelles can affect the interaction of
micelles and the biological environment (Adjei &
Sharma, 2014). The cytotoxicity test is a method to
determine the potential of a compound that can induce
cell damage (Damiani et al., 2009). Micro tetrazolium
(MTT) is a commonly used method in cytotoxicity
testing (Cancer Chemoprevention Research Center,
2012). The micro tetrazolium assay has a colorimetry
principle, namely tetrazolium salt (3 - (45 -
dimethyltiazole — 2 — il) — 2,5 — diphenytetrazolium
bromide) which is yellow salt will dissolve and turn into
purple formazan which cannot be dissolved by
membrane reductase and cell plasma. In this study, an
ELISA reader was used (Cancer Chemoprevention
Research Center, 2012; Nga et al., 2020; Raveendran,
2012). ICs is a cytotoxicity outcome parameter. A low
ICso value correlates with high cytotoxicity (Damiani et
al., 2009). According to in vitro studies, hesperetin is
believed to have a higher 1Csy value compared to
hesperetin loaded in mixed micelles. This is because
mixed micelles enhance the delivery of hesperetin to
cancer cells, leading to increased accumulation within
the cells and correlates with increased efficacy as an
anticancer (Zarrintaj et al., 2020). However, increasing
the content of the drug loaded in the micelle system
cannot always increase it is cytotoxicity effect because
micelles have a maximum capacity to load drugs
(Callari etal., 2017). This research aims to determine the
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effect of increasing the level of hesperetin loaded in
mixed micelles of poloxamer P84 and TPGS on the
physical characteristics and effectiveness of mixed
micelles as carriers by cytotoxicity test.

MATERIALS AND METHODS
Materials

Hesperetin was purchased from Xi’an Xiaocao
Botanical Development, China. D-a-tocopheryl
polyethylene glycol 1000 succinate (TPGS) was
purchased from Sigma Aldrich, Singapore. Poloxamer
P84 was purchased from BASF, Germany. Potassium
lodide (KI) was purchased from Merck, Germany.
lodine (I2) was purchased from Merck, Germany.
Ethanol 96% was purchased from Merck, Germany. 3-
(4,5-Dimethylthiazole-2-il)-2,5-diphenyltetrazolium
bromide was purchased from Biobasic Inc. Dimethyl
Sulfoxide (DMSO) and Phosphate Buffer Saline (PBS)
was purchased from Invitrogen, USA. SDS 10% in 0,01
N HCI, Culture Medium (CM) (1% penicillin —
streptomycin, 10% FBS (Fetal Bovine Serum), Trypsin-
EDTA, and ad 100% Gibco Roswell Park Memorial
Institute (RPMI) 1640 Medium) was purchased from
Gibco, USA. Sodium Bicarbonate was purchased from
Nacalai, Tesque.
Method
Micelle preparation by thin film hydration method

Micelle preparation with this method was done by
dissolving the polymers and active compounds into an
organic solvent, such as 96% ethanol, then followed by
the solvent’s evaporation and reconstitution to make the
formation of the micelles (Bodratti & Alexandridis,
2018). Hesperetin, TPGS, and poloxamer P84 were
dissolved in 5.0 mL 96% ethanol in a round bottom flask
and mixed. Then 96% ethanol was removed using rotary
vacuum evaporation (Buchi R-100) at 50°C for 1 hour
to form a drug-containing thin film and further dried in
a vacuum desiccator for 24 hours to remove the residue.
The 10.0 mL distilled water was added to the drug-
containing thin film and the solution was mixed by
rotary evaporation at 50°C for 30 min without vacuum
and allowed to reach room temperature. The micelle
solution was prepared by passing it through a 0.2 pm
filter to distribute the micelles structures and remove
free hesperetin. The micelles form flowed through the
membrane filter. Micelles were prepared in four
different formulas as in Table 1:
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Table 1. Mixed micelles of TPGS and poloxamer P84 with hesperetin loading at various concentrations

Amount (mg)

Materials Function F1 =) = £z
Hesperetin Active compound 5.0 10.0 20.0 40.0
TPGS (2,5 mM) Polymer 37.825 37.825 37.825 37.825
Poloxamer P84 (10 mM) Polymer 420.0 420.0 420.0 420.0
Distilled water Hydration media 10.0 ml 10.0 ml 10.0 ml 10.0 ml

Particle size and polydispersity index (PDI)

Dynamic Light Scattering (Delsa™ Nano Beckman
Coulter) was used to measure the particle size and
polydispersity index. Each sample was taken as much as
2.5 ml. The measurements were repeated three times.
The reported experimental result of each sample was
expressed as a mean size + SD and PDI + SD.
Critical micelles concentration

CMC value test used iodine as the hydrophobic
probe. lodine storage was carried out in a dark place and
protected from direct sunlight because iodine can
decompose if exposed to light (Fallah et al., 2020). First,
the standard solution of KI/l; was made from 0.5 g of I,
and 1 g of Klin 50.0 ml of distilled water. The polymer
solution was made with a concentration of 0.0001% w/v
- 0.0055 % w/v (1 — 55 ppm). Then standard Kl / 1, was
added as much as 25 pL. Incubation was carried out for
12 hours with room temperature conditions and a dark
environment before measurement. Before absorbance
measurement was carried out, the maximum wavelength
of absorbance was determined using a UV-Vis
Spectrophotometer (Double Beam Spectrophotometer
HITACHI UH5300). The CMC value corresponds to the
concentration that undergoes a sharp increase in the
observed absorbance (Gao et al., 2008).
Drug loading and encapsulation efficiency

UV-Vis  spectrophotometry  (Double Beam
Spectrophotometer HITACHI UH5300) was used to
measure the percent of drug loading and encapsulation
efficiency at a measurement wavelength of 288.5 nm. A
linear regression was established before conducting the
formula analysis, which then served as the basis for
determining the hesperetin content loaded in the micelle
system. First, each sample was diluted with 96% ethanol
to disrupt the micelle system, allowing the measurement
of hesperetin content within the micelles. The drug
loading and encapsulation efficiency percentage were
determined using the following equations.

% Drug Loading =
Weigh of hesperetin in micelle
£ L x100%

Weigh of hesperetin in micelle
Weigh of the feeding hesperetin

Weigh of the feeding copolymer and hesperetin

% Encapsulation Efficiency =
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x100%

In vitro cytotoxicity study

In vitro cytotoxicity of hesperetin-loaded mixed
micelles was evaluated using the MTT assay. Briefly,
T47D cells were seeded to 96-well culture plates at a
density of 5x10° cells/well with 100 pL/well each
formulation, then incubated for 24 h at 37°C under 5%
COs,. The medium was replaced with fresh medium, and
100 pL of samples containing free hesperetin, blank
micelles, and hesperetin-loaded micelles at different
concentrations (20 ppm, 30 ppm, 40 ppm, 60 ppm, 100
ppm, 150 ppm, and 200 ppm) were added. The cells
were then incubated for an additional 24 h at 37°C under
5% CO,. After the incubation, the media was removed
and the cells were washed twice with 100 gL PBS. Then,
100 pL MTT solution was added, and the cells were
incubated for 4 h at 37°C under 5% CO,. To stop
reaction, 10% SDS in 0,01 N HCI was added to each
well, followed by incubation for 24 hours in a dark. Cell
viability was assessed by measuring absorbance at 570
nm using an ELISA reader (Thermo Fisher), and
concentration at which 50% cell viability is inhibited
(ICso) was calculated using the following equations then
the 1Cso value was obtained using Probit analysis.
% Viability cells =

Absorbance of the formulation—Absorbance of control medium

Absorbance of control cells—Absorbance of control medium

RESULTS AND DISCUSSION

The mixed micelles result in a liquid formulation
with  clear organoleptic  characteristics, being
transparent, odorless, colorless, and tasteless. The
occurrence of turbidity during storage indicates
instability of the formulation, which is observed in F4.
Particle size and polydispersity index (PDI)

The particle size of micelles must be controlled
because can affect the solubility. It can be determined
by dynamic light scattering (DLS), also referred to as
photon correlation spectroscopy or quasi-elastic light
scattering. DLS can detect the Brownian motion of the
particles which can be correlated with particle size.
Brownian motion is based on random particles
scattering due to collisions between molecules so that
translation occurs and can be detected by DLS. Larger
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molecules have a slower Brownian mation. The result of micelle-forming compounds. It has been reported that
particle size and PDI value can be seen in Table 2. increasing the hydrophobic drug into micelles enhances
the  hydrophobic  forces during micellization,

Table 2. Particle size and PDI value of micelles strengthening in the interaction between the drug and
Formulations Particle Size (nm) PDI micelle-forming compounds while also improving
F1 17.07 £ 0.47 0.262 + 0.034 kinetic stability (Zhou et al., 2016). On the other hand,

F2 20.37 £ 0.25 0.266 + 0.011 F4 precipitation caused by the level of hesperetin loaded

Ei ggg i 82523 8??8 i ggig in micelle has exceeded the capacity. Based on research

by Liu et al. (2006), if the drug concentration is
increased to a level that surpasses the solubilization
capacity of the micelles, it can affect to precipitation
(Liu et al., 2006).
Critical micelle concentration

Based on the study the maximum wavelength
obtained is 351.5 nm. The results of the I, absorption
measurement can be seen in Table 3.
Based on the results, a log curve of polymer
concentration and I, absorption is then carried out as
shown in Figure 1. A sharp spike in absorption was
obtained in polymer solutions at 30.041 ppm, which is
0.378. Then calculations were carried out to obtain the
intersection of the two regression equations before and
after the absorbance with the substitution method so that
the critical concentration of micelles was 28.99 pug/mL
or equal to 0.0029% wi/v.

Based on the study, all the formulations have small
particles and uniform size. The uniform particle size can
be described by the polydispersity index (PDI), in which
the uniform particle has a range between 0.170 — 0.266.
PDI values smaller than 0.7 indicate the particles has a
narrow size distribution. In drug delivery system
applications, a PDI of 0.3 and below indicates a
homogenous population of the particles (Danaei et al.,
2018). F2 has the biggest particle size, it is 20.37 + 0.25
nm and the smallest particle size was F1, which is 17.07
+ 0.47 nm. Based on analytical studies of one way
ANOVA, it can be known increasing hesperetin
concentration has an impact on particle size of all
formulations (P < 0.005).

In this study, the decreasing particle size of F3
caused increasing the interaction of the drugs and

Table 3. I; absorbance results at a maximum wavelength of 351.5 nm

P0|ymer concentration LOg of polymer concentration Absorbance I,

(ppm) (Log C)

1.001 0.000 0.261
5.007 0.700 0.298
7.510 0.876 0.323
10.014 1.001 0.325
15.020 1.177 0.339
20.027 1.302 0.337
25.034 1.398 0.327
30.041 1.478 0.378
35.048 1.545 0.343
40.054 1.603 0.358
45.061 1.654 0.372
50.068 1.700 0.384
55.075 1.741 0.397
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Figure 1. Curve of log concentration and absorbance 12

Table 4. Drug loading and encapsulation efficiency of mixed micelles (n=3)

Formulations

Drug Loading + SD (%)

Encapsulation Efficiency + SD (%)

F1 1.0094 + 0.0000
F2 2.2649 £+ 0.0081
F3 4.0092 + 0.0048
F4 5.0789 £ 0.0035

93.7111 + 0.0000
97.4781 + 0.0035
94.5492 + 0.0013
62.5231 + 0.0004

The CMC value obtained is below the CMC value
of its single polymer. Based on research by Bodratti and
Alexandridis (2018), it is known that the CMC value of
a single poloxamer P84 is 2.6% w/v and single TPGS
value is 0.02% w/w ( Zhang et al., 2012).

TPGS and poloxamer P84 mixed micelles can
decrease the CMC value which can affect to increasing
the hydrophobicity of the polymer and the interaction
strength of the drug with the polymer to improve the
thermodynamic and kinetics stability of micelles (Zhou,
et al., 2016). A low CMC value indicates that a low
concentration of polymer can make micelle form. When
the surfactant concentration is below the CMC value, the
micelle will dissociate to establish thermodynamic
balance (Croy & Known, 2006). In this case, the
advantage of micelles with low CMC values is that they
can maintain their stability by still forming a micelle
system when dilution occurs, so it can be concluded that
the use of a combination of TPGS and poloxamer P84
has a synergistic effect so that its stability is better than
its single polymer.

Drug loading and encapsulation efficiency

Observations of encapsulation efficiency were
made to determine the amount of hesperetin that can be
trapped in the micelle system. Based on the study, it is
known that F2 has the highest encapsulation efficiency
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and F4 has the lowest encapsulation efficiency, this is
because the micellar system is no longer able to contain
hesperetin in it. Entrapment efficiency data can be seen
in Table 4. Based on the statistical analysis of one way
ANOVA obtained, it is known that there is an effect of
increased levels of hesperetin loaded in the micellar
system on drug loading and encapsulation efficiency of
all formulations (P<0.005).

The drug loading increases but the encapsulation
efficiency of F3 and F4 decreases; this is due to the
presence of hesperetin compounds that cannot be loaded
in the micelle system. According to the encapsulation
efficiency data, the hydrophobic part of the micelle-
forming polymer can no longer load hesperetin. As a
result, any hesperetin that is not bound to the
hydrophobic portion of the micelle-forming polymer
will be removed during the filtration process.

Based on the study, F3 is the best formulation
because has high drug loading despite a decrease in the
encapsulation efficiency. The drug loading can affect
the amount of drug present in the preparation so it will
affect the dosage dose given. The higher the drug loaded
in the micellar system, the smaller the dose given so that
acceptability, effectiveness, and efficiency of using the
preparation can be achieved.
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Figure 2. Graph of T47D cell viability in sample treatment (n=3)

Table 5. ICsq value with Probit analysis

Formulations I1Cs0 (ppm)
Blank Micelles 126.161
Free Hesperetin 165.767

F1 10.621
F2 13.200
F3 4.036
F4 1.759

In vitro cytotoxicity

Data related to cell viability were obtained which
were then graphed the results of observations of cell
viability as shown in Figure 2.

From the graph, it can be seen that the four formulas
have effectiveness against cell death which is indicated
by a lower cell viability value when compared to the free
micellar and hesperetin. From the results of cell viability
data, calculations were then made on the ICsy value of
each formulation. Free hesperetin exhibits the highest
levels of T47D cell viability due to its low solubility
causing it to precipitate during in vitro evaluation based
on organoleptic observation. As a result, it is unable
penetrate cancer cells, leading to reduced effectiveness.
Blank micelles have lower levels of T47D cell viability
than free hesperetin because poloxamer P84 and TPGS
has synergistic effect in inhibiting P-glycoprotein thus
can inhibit the cancer cells growth (Saxena & Hussain,
2012). To obtain the concentration value of the 50%
resistance of the population, calculations were carried
out using Probit analysis so that the prediction of the
ICso value was obtained as in Table 5.

It is known that the four formulas have a lower ICsg
value when compared to the blank micelles and free
hesperetin. The use of a combination of poloxamer P84
and TPGS as a combination micellar system has a
synergistic effect on the inhibition of p-glycoprotein (p-
gp) to increase the permeation of hesperetin into cancer
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cells which correlates with an increase in its
effectiveness. Free hesperetin has the highest ICso value
due to the effect of p-gp on cancer cells which causes
the ejection of hesperetin from the cells so that levels in
cancer cells become small (Saxena & Hussain, 2012).
Based on the cytotoxicity study, increasing the levels of
hesperetin can decrease the ICso value because higher
levels of hesperetin can be inside the cancer cell and
caused the death of cancer cell. It is known that the
formula that has the potential for further testing is F3
because it has a low 1Csq value. F4 is unsuitable for use
because hesperetin precipitates in the micelle
formulation. This occurs when the micelle system
exceeds its loading capacity, preventing effective
delivery of hesperetin to cancer cells (Fares et al., 2017).

CONCLUSIONS

The usage of poloxamer P84 and TPGS as
combination micellar-forming polymers can reduce the
CMC value, which will increase its effectiveness. The
use of these two polymers has a synergistic effect so that
it can produce a smaller CMC value when compared to
the single polymer. Increased levels of hesperetin
influence the physical characteristics of micelles, which
by increasing these levels can improve the physical
properties of the micelle system. Based on this study, it
is known that the most optimal formula is F3 with an
amount of hesperetin about 20.0 mg because has a small
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particle size and is homogeneous which is characterized
by a PDI value. F3 has high drug loading and
encapsulation efficiency. In tests on cytotoxicity using
T47D cells, the four formulas have lower 1Cso values
when compared to blank micelles and free hesperetin.
This is due to the increased ability of drug permeation
into cancer cells and the inhibition of p-gp which causes
accumulation in cancer cells so that it is more effective
to kill cancer cells. Of the four formulas, F3 has an
optimal effect on cytotoxicity testing with low ICsg
value.
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Abstract

Background: Sunlight is a major contributor to skin damage, including erythema, pigmentation, premature aging,
and other related conditions. Kenikir extract contains flavonoid derivatives, which have the potential to act as
sunscreen due to the presence of chromophore groups that can reduce the intensity of sun exposure on the skin. In
this study, sunscreen was made from kenikir extract with the addition of collagen hydrolysate. Objective: This
study aims to assess the effectiveness and characteristics of various sunscreen cream formulations produced.
Methods: Kenikir extract was obtained through ethanol-based maceration, while collagen hydrolysate was
prepared by isolating chicken bone collagen using acetic acid solvent, followed by enzymatic hydrolysis with
bromelain. Four sunscreen cream formulations were developed using various concentrations of kenikir extract
and collagen hydrolysate. The creams were characterized by evaluating sun protection factor (SPF), percent
erythema, percent pigmentation, organoleptic properties, acceptance testing, homogeneity, pH, viscosity,
centrifugation, and spreadability. Results: The cream containing kenikir extract was effective as sunscreen with
an SPF of 45.59, erythema of 1.96%, and pigmentation of 1.27%. It also exhibited homogeneity, with a pH of 7.83
and a viscosity of 46,700 cps, which met the permissible range for sunscreen use. The stability test indicated that
it was stable, with no separation observed. Conclusion: Sunscreen cream containing kenikir extract has the
potential to protect the skin from excessive sun exposure due to the effectiveness and good characteristics
according to the Indonesian National Standard (SNI).
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INTRODUCTION

The primary cause of skin damage, including
erythema, pigmentation, premature aging, and skin
cancer, is ultraviolet (UV) radiation (Ahmad & Agus,
2013). Cosmetics are used to protect the skin both
physically and chemically. Sunscreen is a component
contained in topical formulations that has the ability to
interact with UV radiation (Pasha, 2021). Synthetic
chemicals are typically used in the cosmetic industry to
produce sunscreens. However, the use of synthetic
sunscreens sometimes causes irritation with a burning or
stinging sensation and allergic photocontact reactions.
As a result, natural ingredients are now being developed
as sunscreens (Savira & Iskandar, 2020). To ensure
effective photoprotection, natural sunscreens must
contain at least one active ingredient with antioxidant
properties (Ismail, 2013). Antioxidants in sunscreen
formulations function to prevent or minimize UV-
induced oxidative damage, increase the effectiveness of
photoprotection, and reduce skin aging (Jesus et al.,
2023).

Kenikir (Cosmos caudatus Kunth.) extract is rich in
flavonoids derivatives such as quercetin, kaempferol,
myricetin, catechin, luteolin, apigenin, quercetin 3-O-
rhamnpside (quercitrin, quercetin  3-O-glucoside,
quercetin 3-O-xyloside, quercetin 3-0-
arabinofuranoside), and rutin that have the potential as
sunscreen agents. Phenolic compounds, especially
flavonoids, contain chromophore groups that can absorb
UV radiation, thereby reducing the intensity of exposure
to the skin (Lisnawati et al., 2019). Chromophore
groups are unsaturated covalent structures that can
absorb radiation in the ultraviolet and visible regions
(Wardani et al., 2020).

Another ingredient that can be added to sunscreen
formulations is collagen hydrolysate, which has been
widely used as a substitute for synthetic antioxidants
because it is safer, more nutritious, and therapeutically
beneficial (Aguirre-Cruz et al., 2020). Collagen
hydrolysate has the ability to inhibit the tyrosinase
enzyme activity, which leads to skin pigmentation. In
addition, when applied topically, it can hydrate the skin,
increase skin elasticity, and eliminate wrinkles
(Prokopova et al., 2021). Chicken bone waste is a
potential and underutilized raw material source for
collagen hydrolysate production.

A previous study has indicated that a nanocream
prepared from kenikir leaves exhibited an SPF of 7.26
(Rahman & Herdaningsih, 2021). However, the study
did not involve any viscosity tests, centrifugation tests,

P-ISSN: 2406-9388
E-ISSN: 2580-8303

or determination of erythema and pigmentation values.
In addition, a study by Wang et al. (2019) showed that
collagen hydrolysate derived from chicken skin can
increase the viability and production of pro-collagen 1,
reduce the levels of reactive oxygen species (ROS),
MMP-1, and MMP-9, induce phosphorylation of the
discoidin domain receptor 2 (DDR2), and inhibit UV-
induced phosphorylation of Akt and ERK1/2. Thus,
kenikir extract and collagen hydrolysate derived from
chicken bone are potential natural ingredients for
sunscreen.

In this study, sunscreen creams were prepared using
kenikir extract and collagen hydrolysate. Four cream
formulations were developed, including a control
cream, a kenikir extract cream, a collagen hydrolysate
cream, and a combination cream. These formulations
were evaluated in accordance with SNI 16-4399-1996
standards. The analyses carried out included tests for
homogeneity, viscosity, pH, and SPF. In addition, the
creams were subjected to quality assessments through
organoleptic and acceptance tests, spreadability tests,
centrifugation tests, and determination of erythema and
pigmentation values.

MATERIALS AND METHODS
Materials

The materials used in this study were kenikir leaves
obtained from Telagareja Market, Yogyakarta, chicken
bones, 96% ethanol (technical grade), ethanol (Merck),
glacial acetic acid (Merck), NaOH (Merck), aquades,
bromelain enzyme (HIMEDIA), disodium hydrogen
phosphate (Merck), sodium dihydrogen phosphate
(Merck), stearic acid (technical grade), cetyl alcohol
(technical grade), mineral oil (technical grade), glycerin
(technical grade), dimethycone (technical grade),
triethanolamine (TEA) (technical grade), and methyl
paraben (technical grade).
Equipment

The tools used in this study were a set of glassware,
an analytical balance, a grinder, a 30-mesh sieve, an
oven, a basic equipment set consisting of a waterbath,
condenser, and vacuum pump to replace a rotary
vacuum evaporator, a shaker incubator (Witeg Wisd
Shaking Incubator WIS-30), fume hood, mortar and
pestle, magnetic stirrer, centrifuge (Labogene 406),
Brookfield viscometer (DV-11+ Pro), freeze dryer, UV-
Vis spectrophotometer (Hitachi U-1800), and FTIR
spectrophotometer (Thermo Scientific Nicolet 1s10).
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Methods
Maceration of kenikir leaves

Kenikir leaves were cleaned, dried, and ground
using a grinder and sieved through a 30-mesh sieve. A
total of 250 grams of kenikir leaf powder was macerated
in 96% ethanol solvent at a ratio of 1:4 for 3 x 24 hours.
The extract was then filtered using a filter paper. The
filtrate obtained was then evaporated using a substitute
apparatus for a rotary evaporator (Widiyantoro &
Harlia, 2020).
Preparation of collagen hydrolysate

The preparation of collagen hydrolysate was
adapted from the method described by Putri and Ningsih
(2018). Cleaned chicken bones were ground using a
blender and air-dried. A total of 100 grams of chicken
bone powder was demineralized by soaking in 1N acetic
acid solvent using a shaker incubator for five hours at
room temperature. The demineralized bone was then
neutralized with 10% NaOH and rinsed with distilled
water. The mineral-free chicken bone powder was then
extracted with acetic acid solvent at a ratio of 1:5 using
a shaker incubator for five hours at 40°C. The filtrate
and residue from the extraction were then filtered using
a filter paper. Furthermore, the filtrate was neutralized
with 10% NaOH. The filtrate was then decanted, and
only the white precipitate was collected. The white
precipitate was then centrifuged at a speed of 4,000 rpm
and the wet solid was oven-dried at 40°C for three days
to produce dry collagen. Chicken bone collagen was
then hydrolyzed using bromelain enzyme at a
concentration of 0.002 grams/ml in 600 ml phosphate
buffer solution at 55°C for four hours in a shaker
incubator. The enzyme was then inactivated by heating
at 100°C for 10 minutes, then centrifuged. Finally, the
resulting wet solid was dried using a freeze dryer.
Sunscreen cream formulation

The oil phase in beaker | contain stearic acid, cetyl
alcohol, mineral oil, and dimethylcone, was heated at
75°C. In beaker Il, the water phase containing TEA,
glycerin, methyl paraben, and distilled water was
prepared. The water phase was gradually added to the
oil phase with continuous stirring until the mixture was
homogeneous. Following the formation of the oil-in-
water emulsion, the active ingredients were added to the
mixture as specified in Table 1, and the mixture was
stirred for 25 minutes until homogeneous (Elcistia &
Zulkarnain, 2018).
Organoleptic and acceptance tests

Organoleptic tests were performed through direct
observation of the shape, color, and odor of the
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sunscreen cream formulations (Prastya, 2019).
Acceptance tests were conducted by 27 panelists by
assessing the color, odor, and texture of the cream using
a 7-point scale, where 7 indicated very much like, 6
much like, 5 like, 4 neutral, 3 dislike, 2 somewhat
dislike, and 1 very much dislike (Guttifera et al., 2020).

Table 1. Sunscreen cream formulations in gram

Material Formula

A B C D
Kenikir - - 0.3 0.3
Extract
Hydrolyzed - 2 - 2
Collagen
Stearic Acid 7.5 7.5 7.5 7.5
Cetyl Alcohol 2 2 2 2
Mineral Oil 2.2 2.2 2.2 2.2
Dimethylcone 4 4 4 4
TEA 1.5 1.5 1.5 15
Glycerin 1.8 1.8 1.8 1.8
Methyl 0.2 0.2 0.2 0.2
Paraben
Aguadest Add Add Add Add

100 100 100 100
*A: basic cream; B: collagen hydrolysate cream; C:

kenikir extract cream; D: collagen hydrolyzate-kenikir
extract cream.
Homogeneity test

The cream was applied to a glass slide, spread, and
observed visually by touch. A homogeneous cream
formulation was indicated by the absence of coarse
grains in the cream (Prastya, 2019).
pH test

A pH meter was used to measure the dissolved
cream (1 g) in 100 ml of distilled water (Prastya, 2019).
Spreadability test

A 500 mg sample of the cream was placed at the
center of a graduated round glass and another weighed
round glass was placed on top of the cream for one
minute. The diameter of the cream that spread after
adding a load of 100 grams, 150 grams, or 200 grams
was then recorded (Prastya, 2019).
Viscosity test

The cream was put into a container, and spindle No.
64 was installed. The rotor was operated at a speed of 12
rpm with a torque percentage of 11%. After the reading
of the Brookfield viscometer stabilized, the value was
recorded and multiplied by the spindle correction factor
(Suhery et al., 2023).
Centrifugation test

The cream was put into a centrifuge tube and
centrifuged at 3,700 rpm for five hours. This test aimed
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to detect the presence of phase separation in the cream
formulation (Pratasik et al., 2019).
Determination of spf value, % erythema, and %
pigmentation

A total of 2 grams of cream was dissolved in 10 ml
of ethanol PA and mixed until homogeneous and then
filtered using a filter paper. Subsequently, the
absorbance at a wavelength of 290-400 nm and its
transmittance at a wavelength of 292.5-372.5 nm were
measured at intervals of 5 nm. The results of absorbance
and transmittance were used to calculate SPF,
percentage of erythema, and percentage of pigmentation
(Syahrani, 2015).
Data analysis

The pH, viscosity, spreadability, SPF, and
percentage transmission for erythema and pigmentation
were analyzed using IBM SPSS Statistics version
29.0.1.0. The data obtained were tested for normality
(using the Saphiro-Wilk test) and homogenity (using the
Levene’s test). If the data were normally distributed,
analysis was continued with one-way ANOVA.
However, if the data were not normally distributed, it
was continued with the Kruskal-Wallis test. Data from
the homogeneity, organoleptic, and stability tests were
analyzed descriptively. Acceptance test data (color,
odor, and texture) were analyzed statistically using
univariate analysis, followed by Duncan’s post-hoc test
if significant differences were found (Mayangsari et al.,
2022).

RESULTS AND DISCUSSION
Kenikir extract

The maceration process of kenikir leaves used
ethanol as a solvent due to its polarity and ability to
dissolve flavonoid compounds. In addition, ethanol has
good absorption capacity, neutrality, resistance to
microbial growth, non-toxicity, and relatively low
evaporation temperature. During maceration, the
ethanol solvent penetrated the cell walls of kenikir
leaves and entered the cell cavity containing active
compounds. These compounds dissolved into the
solvent and moved out of the cell due to the difference
in concentration between the solution inside and
outside. The process was repeated until a balanced
concentration between the solution outside and inside
the cell was reached (Najib, 2018). The resulting kenikir
extract had a yield of 4.168% and a texture similar to
blackish brown cotton candy, with a unique aroma.
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Hydrolyzed chicken bone collagen

Chicken bone collagen was obtained through the
process of reducing the size of chicken bones, drying,
acid-based demineralization, and extraction (Nurjanah,
2020). To increase the bone surface during the
extraction process, it is necessary to cut the chicken
bones (Rahmawati & Nurjanah, 2020). The addition of
acid in the demineralization process aims to remove
minerals (impurities) and loosen the bone structure. The
demineralization process results in a highly acidic pH,
thereby necessitating neutralization with NaOH. During
the extraction process with acid solvents, the triple helix
structure of the collagen is broken down (Putri &
Ningsih, 2018). Following re-neutralization and
decantation, collagen was obtained with a yield of
4.802%. The collagen was then hydrolyzed using the
bromelain enzyme to produce short peptides. The
resulting collagen hydrolysate was then analyzed using
an FTIR spectrophotometer to compare its functional
group profile with that of collagen and commercially
available collagen hydrolysates.

Yo Transmuttance
=
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Figure 1. FTIR of chicken bone collagen, commercial

collagen hydrolysate, and chicken bone collagen
hydrolysate

Collagen has standard absorption peaks in the
regions of the amide bands A and B as well as I, Il and
I11. Figure 1 shows that chicken bone collagen had an
absorption peak in the amide Il region at 1234 cm™.
After hydrolysis using bromelain, this peak was no
longer observed within the amide Il range (1229 cm-
1301 cmt), while commercial fish collagen hydrolysate
showed a low-intensity admide Il absorption. The
absence or reduction in intensity of amide 111 confirmed
that the triple helix structure of the collagen transformed
into a random coil shape due to the dissociation of
hydrogen bonds during hydrolysis. Schmidt et al. (2020)
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compared the FTIR spectra of collagen and collagen
hydrolysate produced by treatment with the
flavourzyme and alcalase enzyme. The spectrum of
collagen hydrolyzed with the flavourzyme enzyme had
a low-intensity amide Il absorption peaked at
1450 cm™, and the absorption disappeared in
hydrolysate produced using the alcalase enzyme.
Enzymatic treatment can break the bonds in polypeptide
chains, thereby generating a higher yield of peptides
(Ledn-Lopez et al ., 2019).
SPF test

According to Figure 2, cream A containing no
active ingredients was ineffective as a sunscreen
because the SPF was below the minimum protection
value. Cream B also lacked sunscreen efficacy, with an
SPF of 1.539 £ 0.001, while cream C containing kenikir
extract was a good sunscreen because the SPF value met
the ultra-protection category. Cream D, comprised of
active ingredients such as kenikir extract and collagen
hydrolysate, was also effective as a sunscreen although
it exhibited a lower SPF of 38.91 + 0.799.

Table 2. SPF test results
SPF Standard

Code Formula Value  Deviation
A Base Cream 1.139 0.001
Hydrolyzed

B Collagen Cream  1.539 0.018
Kenikir Extract

C Cream 45.59 4,049
Combination
D Cream 38.91 0.799

After determining the SPF, the Saphiro-Wilk
normality test and the homogeneity test were conducted
using SPSS. The results indicated that the SPF data were
not normally distributed (p = 0.009 < 0.005) and not
homogeneous (p < 0.001). Therefore, the analysis was
continued with a non-parametric test, namely the
Kruskal-Wallis test, whose results showed no
significant differences among the four sunscreen
formulations (p = 0.080 > 0.05)

The hydrolyzed collagen cream was not effective as
a sunscreen because of the presence of peptides with
varying molecular weights resulting from the lack of a
purification process. Song et. al (2017) reported that the
molecular weight of collagen peptides affects the
effectiveness in repairing photoaging on the skin. The
administration of collagen peptides with low molecular
weights (0.5 kDa < BM < 1 kDa) demonstrated greater
efficacy in repairing photoaging on mouse skin than
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collagen peptides with high molecular weights (>1
kDa). This is attributed to the greater availability of
electron donors and enhanced free radical scavenging
capcacity of low molecular weight collagen peptides.
The composition and sequence of their amino acids also
play a role in the effectiveness of collagen peptides. A
high composition of hydrophobic amino acids is present
in collagen peptides with high antioxidant activity,
including pro, his, tyr, trp, met, and cys amino acids. In
addition, hydrophobic amino acids at the C and N
terminals such as Ala, Phe, Leu, and Prp contribute
significantly to antioxidant activity (Li et al., 2021).

Compared to the base cream, adding kenikir extract
alone significantly increased the SPF. This is attributed
to the presence of flavonoid compounds in the kenikir
extract. According to Rafi et al. (2023), kenikir contains
isoquercitrin,  quercetin-3-O-rutinoside, avicularin,
rutin, quercitrin, vitexin compounds which are known
for their antioxidant properties. These compounds can
protect the skin from sun exposure due to the
chromophore groups in the form of an aromatic ring that
has the ability to absorb UV radiation and emit light with
lower energy. This mechanism helps prevent the
adverse effects of exposure to UV radiation.

The combination cream, which contains both
kenikir extract and collagen hydrolysate, offered
excellent protection against UV rays, but its SPF
(38.9075) was lower than that of the cream containing
only kenikir extract. The UV absorption capacity of the
combination cream may be compromised possibly due
to the antagonistic interactions between kenikir extract
and collagen hydrolysate, resulting in lower SPF. Such
interactions have been reported in previous studies,
including between soy protein hydrolysate and
polyphenolic flavonoid cyanidine-3-ortho-glucoside,
which was found to reduce antioxidant activity against
ABTS and DPPH free radicals (Wu et al., 2021).

Similarly, Peres et al. (2017) formulated a
sunscreen with active ingredients, namely octocrylene,
avobenzone, titanium dioxide, and collagen
hydrolysate. The SPF was 41% lower than the
formulation without the addition of collagen
hydrolysate to the sunscreen cream. Furthermore, the
addition of collagen hydrolysate to a combination of
octocrylene, avobenzone, and titanium dioxide caused a
decrease in SPF by 38%. These findings support the
notion that negative interactions between natural
ingredients, excipients, and sunscreen carriers can
reduce the effectiveness of the sunscreen formulation.
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Percentage of erythema

Redness following UV exposure is a symptom of an
acute inflammatory reaction known as erythema. When
the skin is exposed to UVB radiation, the skin sensitizer
absorbs the radiation and undergoes excitation to
generate ROS. These ROS interact with mast cells to
release mediators (such as histamine) which can induce
vasodilation of blood vessels, causing skin redness
(Pratama et al., 2020). The percentage of erythema
transmission indicates the proportion of sunlight that
penetrates the sunscreen formulation and can lead to
erythema or redness on the skin.

As shown in Table 3, cream A had a high erythema
percentage of 77.351% + 0.001, indicating its
ineffectiveness in protecting the skin from UVB-
induced erythema. Cream B also lacked effectiveness in
protecting the skin from UVB-induced erythema, but it
transmitted less UVB radiation than the base cream,
with a percentage of 39.98% + 0.018. Cream C offered
additional protection and was successful in preventing
erythema, as it transmitted UVB radiation to the skin at
1.965% =+ 4.049. Cream D could prevent erythema, as it
transmitted less UV radiation to the skin than the kenikir
extract cream. This is possible because the active
compounds in cream C absorbed more light at the
transmittance wavelength of 317,5-372.5 nm than at the
erythema-inducing wavelength of 292.5-317.5 nm.

Table 3. Percentages of erythema transmittance

Percentage

Code Formula of Erythema Star_lda}rd
Deviation
(%)
A Base Cream 77.351 0.001
Hydrolyzed
B Collagen Cream 39.98 0.018
Kenikir Extract
C Cream 1.965 4.049
Combination
D Cream 1.648 0.799

The erythema data obtained were tested using the
Shapiro-Wilk normality test and the homogeneity test
using SPSS. The results indicated that the data were
normally distributed (0.057 > 0.05), allowing for
parametric testing using one-way ANOVA. The
ANOVA test revealed a significant difference among
the four formulations (p = 0.002 < 0.005), indicating the
need for further analysis. The homogeneity test showed
that the data were not homogeneously distributed (p =
0.001 < 0.005). Therefore, the Games-Howell test was
employed. The additional examination revealed no
difference between two formulas.
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Percentage of pigmentation

Melanin production is directly affected by UV
radiation, which causes skin pigmentation, through the
stimulation of various keratinocyte cytokines such as
interleukin-1, a-MSH, and ACTH. These cytokines bind
to melanocortin-1 receptors, thereby stimulating
tyrosinase activity. Increased tyrosinase activity leads to
the proliferation of melanocytes and an increase in
melanin production. Melanin that accumulates in
keratinocytes causes skin to darken or tanning (Mamoto
et al., 2013). Additionally, UV radiation can damage the
sulfhydryl groups present in the epidermis. These
groups function as inhibitors by binding to Cu ions
essential for the tyrosinase enzyme. Damage to the
sulfhydryl groups can lift the inhibition of the tyrosinase
enzyme, allowing the enzyme to function optimally and
triggering melanogenesis (Fajriah, 2021).

The percentage of pigmentation transmittance
refers to the amount of UV radiation that penetrates the
skin despite the application of sunscreen, which can
result in skin pigmentation or darkening. As shown in
Table 4, the base cream transmitted 94.04% + 0.549 of
UVA radiation at a wavelength of 320-375 nm,
indicating that it was ineffective in preventing UVA-
induced pigmentation. Cream B was able to protect the
skin from the effects of pigmentation, placing it in the
fast-tanning category, by transmitting 75.484% + 2.52
of UVA radiation. Sunscreens in the fast-tanning
category allow significant UVA penetration, which can
rapidly darken the skin without causing erythema.
Cream B had the ability to prevent pigmentation from
UVA radiation, but its protective ability was minimal.
In contrast, creams C and D had very good ability to
protect the skin from UVA-induced pigmentation by
only transmitting 1.274% + 0.057 and 1.585% + 0.042
of UVA radiation, respectively, classifying them in the
sunblock category.

Table 4. Percentages of pigmentation transmittance

Percentage of

Code Formula Pigmentation Stapda}rd
Deviation
(%)
A Base Cream 94.004 0.549
Hydrolyzed
Collagen
B Cream 75.484 2.52
Kenikir
C Extract Cream 1.274 0.057
Combination
D Cream 1.585 0.042
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Based on the Saphiro-Wilk normality test, the
percentage of pigmentation transmittance data were not
normally distributed (p = 0.007 < 0.05). In addition, the
homogeneity test showed that the data were not
homogeneous (p < 0.001). Therefore, the Kruskal-
Wallis test, a non-parametric test, was used for further
analysis. The results showed no significant differences
among the four sunscreen formulations (p = 0.083 >
0.05).

Organoleptic and acceptance tests

As shown in Table 6, the highest average preference
score (5.11 + 1.07) was recorded for cream A, which
was classified as “like” by panelists due to its extra
white color indicating a clean cream formulation. Cream
B, with a color ranging from pure white to milky white,
showed a decrease in brightness due to the addition of
collagen hydrolysate. This change affected the
panelists’ preference, resulting in a score of 4.67 £ 1.02
within the neutral category. Cream D exhibited a pure
bone white color with low brightness, which reduced its
preference score (4.33 + 1), falling under the neutral
category. Cream C with kenikir extract displayed a
creamy texture, which influenced its preference score,
which was the lowest (3.74 = 1.35), placing it in the
“dislike” category. According to the univariate analysis,
the preference scores for cream color showed a
significant difference (p = 0.01 < 0.05). Therefore,
further analysis was carried out using the Duncan’s test.
This test revealed that the preference score level for the
kenikir extract cream was significantly different from
the other three formulations.

Table 6 also illustrates that the panelists had nearly
identical preferences for the aroma of the four creams.
According to Table 5, all four creams exhibited an
aroma similar to stearic acid because of its high
concentration following aquadest in the formulation.
The univariate test yielded a significance level greater
than 0.05 (p = 0.721), suggesting no difference in the
preference level for the aroma of the four creams.

As illustrated in Table 6, the panelists had similar
preferences for the texture of the four creams. The
texture of all four creams was semi-solid (Table 5).
According to the univariate test, no significant
differences in texture preferences were observed (p =
0.117 > 0.005).
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Table 5. Organoleptic test results

Formula Color Aroma Texture
Base Cream Extra Stearic Semi
White Acid Solid
Hydrolyzed Pure Stearic Semi
Collagen White Acid Solid
Cream
Kenikir Cream Stearic Semi
Extract Acid Solid
Cream
Combination  Cottage Stearic Semi
Cream White Acid Solid

Table 6. Acceptance test results
Likeability Standard

Parameter Code

Score Deviation
A 511 1.07
Color B 467 1.02
C 3.74 1.35
D 433 1
A 437 1.04
Ao B 415 0.95
C 43 1.03
D 407 0.83
A 493 0.96
B 4.89 1.12
Teksture C 441 1.47
D 433 1

Homogeneity test

To determine the uniformity of ingredient
dispersion in the cream formulations, a homogeneity
test was conducted. A good cream is defined by the
absence of coarse grains and a uniform color
distribution. The cream formulation must be homogene
to prevent irritation when applied to the skin surface,
and so that each gram of cream contains ingredients with
the same levels and effectiveness. According to the test
results, the base cream and kenikir extract cream
exhibited homogenous mixtures with evenly distributed
color. This indicated the effective performance of the
emulsifier agents used in the formulation. The
emulsifier, a non-ionic surfactant, causes all ingredients
to be evenly dispersed, resulting in a homogenous cream
formulation (Hendrawan et al., 2020). Non-ionic
surfactants such as cetyl alcohol and stearic acid can be
used as emulsifying agents and contribute to the
physical stability of the formulation (Devi et al., 2019).
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Cream B

Cream C Cream D

Figure 2. Homogeneity test results. Red circles
indicate unmixed collagen hydrolysate granules

In contrast, the collagen hydrolysate cream and
combination cream failed to achieve homogeneity
because of the presence of coarse collagen hydrolysate
grains (Figure 6). Proteins that contain more
hydrophobic amino acids have less water solubility than
those that contain more hydrophilic amino acids.
Collagen consists of approximately 80% of non-polar
amino acids such as glycine, alanine, valine, and proline.
The composition of collagen chains is made up of
thousands of amino acids that have repeating Gly-X-Y
sequences, where X and Y sequences are mostly
occupied by proline and hydroxyproline (Cherim et al.,
2019).
pH Test

A cream that is too acidic may cause skin irritation,
while a cream that is too alkaline may result in itching
and flaking of the skin (Sari, 2014). All four cream
formulations had pH values within the range permitted
by SNI 16-4399-1996 (4.5-8), indicating they are safe
for use.

Table 7. pH test results

Standard
Code Formula pH Deviation
A Base Cream 7.874 0.059
Hydrolyzed
B Collagen Cream  7.03 0.014
Kenikir Extract
C Cream 7.833 0.007
Combination
D Cream 6.964 0.041
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The Saphiro-Wilk normality test and homogeneity
test showed that the pH data were not normally
distributed (p = 0.006 < 0.05) and not homogeneous.
Therefore, the analysis was continued with the non-
parametric Kruskal-Wallis test. The results showed no
significant differences among the four sunscreen
formulas (p = 0.083 > 0.05).

Cream A had a pH of 7.874 + 0.059, which was a
weak base. Cream C had a lower pH than its base cream,
which was 7.833 £ 0.007. Kenikir extract lowers the pH
of the formulation because it contains phenolic
compounds that can release H* ions from their hydroxyl
groups (Tambun et al., 2016). Cream B had a lower pH
than the base cream, which was 7.03 + 0.014. This is
because the added collagen hydrolysate is composed of
amino acids. Amino acids contain both hydroxyl (-
COOH) and amine (-NH), allowing them to behave as
acids or bases depending on the surrounding
environment (amphoteric). If the amino acid is in a
strong acidic environment, the substance will be basic,
but if the substance is in a basic environment, the
substance will be acidic (Wahyudiati, 2017). When
collagen hydrolysate is added to a weak base cream, the
amino acid will act as an acid and release H* ions,
resulting in a decrease in the pH of the formulation.

Cream D was prepared by adding kenikir extract
first, followed by collagen hydrolysate. The addition of
kenikir extract caused a slight decrease in the pH,
although the cream remained weakly alkaline. When
collagen hydrolysate was added, the amino acids
released H* and further decrease the pH.

Viscosity Test

The viscosity test was conducted to assess the
thickness of the cream formulation, which directly
influences its ease of application to the skin. A cream is
considered good when its viscosity is neither too thick
nor too runny. According to SNI 16-4399-1996, a high-
quality sunscreen cream should have a viscosity
between 2,000 and 50,000 cps. As shown in Table 8, the
four creams met this standard with viscosities above
2000 cps and below 50,000 cps.

The Shapiro-Wilk normality test and homogeneity
test showed that the viscosity data were not normally
distributed (p = 0.003 < 0.05) and not homogeneous.
Therefore, further analysis was conducted using the
non-parametric Kruskal-Wallis test, whose results
showed no significant differences among the four
sunscreen formulations (0.083>0.05).
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Table 8. Viscosity test results

Viscosity Standard
Code Formula (Cps) Deviation
A Base Cream 43,500 25
Hydrolyzed
B Collagen 19,100 100
Cream
Kenikir
C Extract 46,700 50
Cream
Combination 41,550 550
Cream

The addition of collagen hydrolysate resulted in
decreased viscosity, while the addition of kenikir extract
resulted in increased viscosity. The base cream had a
viscosity of 43,525 + 25 cps. The presence of hydroxyl
groups in kenikir extract can increase viscosity because
of the high number of hydroxyl groups present in its
flavonoid compounds, particularly quercetin. These
hydroxyl groups can interact with similar groups in the
components of the cream formulations, such as stearic
acid, TEA, cetyl alcohol, glycerol, methyl paraben, and
aquadest by forming hydrogen bonds. These hydrogen
bonds occur when hydrogen atoms in both kenikir
extract and cream components bind to more
electronegative atoms, specifically oxygen atoms. The
increase in hydrogen bonds strengthens the interactions
among components, leading to a higher viscosity.
Kuncari and Praptiwi (2014), citing Contreras and
Sanchez, noted that hydrogen bonds can increase cross-
linking between chains, thereby increasing viscosity. In
contrast, the addition of active ingredients such as
collagen hydrolysate decreases the viscosity of the base
cream. Collagen hydrolysate can act as a natural
humectant (Sionkowska et al., 2020) which can reduce
the viscosity of the cream and make its consistency more
liquid. Humectants are utilized to minimize water loss
from the formulation, helping to prevent dryness and
increase spreadability.

Centrifugation Test

The stability of an emulsion is determined by its
ability to resist changes in its properties over time. The
more stable the emulsion, the slower its properties
change (Del Rio-Ortufio et al., 2022). The
centrifugation technique, which operates based on
Stokes' law, is used to determine cream stability. Under
increased gravitational force, phase separation occurs
more rapidly, thereby accelerating the creaming
process. Creaming is a process where layers with
different concentrations form within an emulsion.
Gravitational force causes the raising of particles with
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lower densities to the surface, and vice versa.

Centrifuging a cream formulation for five hours at a

speed of 3,700 rpm is equivalent to the effect of

gravitational force for one year (Dewi et al., 2014).
Before After

PP AAAA

A

Figure 3. Centrifugation test. The four creams did not
experience phase separation after centrifugation

Figure 4 shows that the four cream formulations did
not separate, indicating that they were stable over a one-
year storage period. By combining stearic acid and
triethanolamine, the molecules on the surface will be
packed more tightly, increasing the strength of the
interfacial layer and enhancing the stability. The
stability of the preparation can be improved with the use
of cetyl alcohol as a cosurfactant, which can increase the
density of the emulsifier molecules at the emulsion
interface. Cetyl alcohol also functions to increase
consistency and as a non-ionic surfactant (Sari et al.,
2021).

Spreadability Test

The spreadability test was conducted to evaluate the
ability of the cream formulation to spread when applied
to the skin surface. Greater spreadability allows the
active ingredients to be dispersed evenly, enhancing
their therapeutic effects. A good spreadability range of
the cream is approximtaley 5-7 cm (Syarif et al., 2015).
As shown in Table 10, the four formulas demonstrated
poor spreadability.

Table 9. Spreadability test results

Spread
Code Formula Power Standard
Test (cm) Deviation
A Base Cream 4.55 0.167
Hydrolyzed
Collagen
B Cream 4.183 0.033
Kenikir Extract
C Cream 4.967 0
Combination
D Cream 4.042 0.075
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A normal distribution was observed in the
spreadability test data, as shown by the Shapiro-Wilk
normality and homogeneity test. Therefore, a one-way
ANOVA parametric test was conducted. The ANOVA
test revealed a significant difference (p =0.190 > 0.005),
indicating that further analysis was required. The
homogenity test showed that the data were not
homogeneous (p < 0.001), so the Games-Howell test
was employed. The additional examination revealed a
difference in  spreadability between collagen
hydrolysate cream and kenikir extract cream. This may
be attributed to the high viscosity of the formulations. In
addition, the poor spreadability of the collagen
hydrolysate cream and the combination cream is likely
due to the uneven mixing of hydrolyzed collagen during
formulation. Greater pressure is required when applying
creams with low spreadability to the skin so that it is
evenly distributed (Sari & Susiloningrum, 2022).

CONCLUSION

The kenikir extract cream and combination cream
were effective in protecting the skin from UV radiation
with ultra protection indicated by the SPF and
percentages of erythema and pigmentation. Meanwhile,
the base cream and collagen hydrolysate cream were
less effective as sunscreens. Based on the
characterization tests, the four creams were stable with
no phase separation during the centrifugation test and
met the standards for viscosity and pH. However, the
four creams had poor spreadability which can affect the
ease of application. The panelists had similar
preferences for the aroma and texture of the four creams
and favored formulations with a clean white color.
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Abstract

Background: Lip balm moisturizes the lips and can be made from natural ingredients such as mango rhizome
extract (Curcuma mangga Val), which is rich in antioxidants. Objective: This study aims to evaluate the
formulation of lip balm with varying concentrations of mango rhizome extract and determine its optimal
concentration. Methods: The research employs a qualitative and quantitative approach using 1 Kg of mango
rhizome simplisia from Southeast Sulawesi. The lip balm formulations include extract concentrations of 0%, 5%,
10%, and 15%, involving ingredients such as mango rhizome extract, cera alba, olive oil, glycerin, BHT, nipasol,
strawberry essence, D & C Red 6, and vaseline album. Evaluation was conducted through organoleptic tests, pH,
homogeneity, adhesion, spreadability, melting point, cycling test, moisture, irritation, and panelist preference. All
formulations demonstrated stability in color, texture, and aroma at room temperature and during the cycling test.
Consistency, homogeneity, and pH of all formulas remained stable. Results: Spreadability and adhesion improved
with the concentration of the extract, with Formula F3 (15% extract) showing the best results, including an
increased melting point indicating thermal stability. All formulas were safe and did not cause irritation. Preference
tests indicated that F3 was preferred for moisture, while F1 and F2 were favored for aroma and color. Conclusion:
The mango rhizome extract lip balm is stable, safe, and effective as a lip moisturizer, with Formula F3 being the
most effective. Future research is expected to develop other formulations from mango rhizome to enhance
moisturizing effects while maintaining the stability of the preparation.
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How to cite this article:

Andriani, R., Ifaya, M., Fauziah, R., Trisnaputri-D. R., Fitriah, W. O. I. & Qur’ani. (2025). Formulation of Lip Balm
Extract of Temu Mangga Rhizome (Curcuma mangga Val) as Moisturizer. Jurnal Farmasi dan IImu Kefarmasian
Indonesia, 12(1), 126-141. http://doi.org/10.20473/jfiki.v12i12025.126-141

P-ISSN: 2406-9388 ©2025 Jurnal Farmasi dan lImu Kefarmasian Indonesia
E-ISSN: 2580-8303 Open access article under the CC BY-NC-SA license



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 1 April 2025 127

INTRODUCTION

The development of cosmetics in the modern era has
become a daily necessity for people to enhance their
appearance. The use of cosmetics serves not only beauty
but also health (Tranggono, 2007). Cosmetics are
substances applied to the outer parts of the human body,
such as the skin, hair, nails, lips, and external genital
organs, as well as the teeth and mucous membranes of
the mouth. They are primarily intended to cleanse,
improve body odor, protect, or care for the body. Skin
care cosmetic products, or skincare, are utilized to
cleanse the skin (cleanser), moisturize the skin
(moisturizer), and protect the skin (sunscreen)
(Pusmarani, 2023).

Lips are a part of the body that need protection to
maintain moisture. Lips do not have sweat glands or hair
follicles, and they possess a thinner stratum corneum
(Rasyadi et al., 2022). Damage to the lips can also be
caused by exposure to UV rays from the sun, which harm
the keratin cells in the lips that serve to protect them.
When Kkeratin cells are damaged, the lips may peel,
appearing chapped, dry, and dull in color. Additionally,
chapped lips can cause pain, appear less attractive, and
make the skin of the lips even more unhealthy (Ambari
et al., 2020).

Lip balm is a product that is applied to the lips that
serves as a moisturizer by forming a protective layer of
unmixed oil on the surface. The primary purpose of using
lip balm is to enhance lip moisture (Kase et al., 2023).
While the use of lip balm has become a lifestyle choice
for many, it has also evolved into a necessity. However,
numerous  manufacturers incorporate  hazardous
chemicals as fundamental components of lip balm, which
can irritate the lips and undermine the very purpose of the
product. These synthetic ingredients may lead to side
effects and even compromise the natural shape of the lips
(Tampubolon, 2023).

Natural ingredients offer a safe alternative for
formulating lip balm. One such ingredient is the rhizome
of temu mangga (Curcuma mangga Val). This rhizome is
rich in compounds such as curcumin, flavonoids,
polyphenols, and p-hydroxycinnamic acid. The presence
of flavonoids and curcumin in temu mangga is believed
to be closely associated with its antioxdant activity
(Zulkarnain et al., 2023). These antioxidants can help
address lip issues by delaying or inhibiting the oxidation
reactions of free radicals, which can lead to cellular
damage (Erwan et al., 2022).

Research conducted by Susiloningrum and Mugita
Sari (2021) evaluated the antioxdant activity and total
flavonoid content in temu mangga rhizomes, with
optimal results achieved using a 96% ethanol solvent.
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Under these conditions, the flavonoid content was
measured at 10.22 + 0.11%, and the IC50 value was
determined to be 75.06 ppm, indicating strong
antioxidant activity. According to Zulkarnain (2023),
temu mangga rhizomes are rich in flavonoids and
curcumin, both of which exhibit antioxidant properties.

Pujimulyani (2020) stated that temu mangga
rhizome can reduce oxidative stress caused by excessive
exposure to free radicals and disruptions in the
antioxdant system, which can accelerate the aging
process. Additionally, temu mangga rhizome extract can
also protect collagen from degradation and inhibit the
activity of pro-inflammatory enzymes such as MMP1,
MMP3, and MMP13. Furthermore, it helps maintain the
health of human skin fibroblast cells that have been
induced by free radicals, serving as a model for cellular
aging.

In this study, the concentrations of temu mangga
rhizome extract to be used in the lip balm preparation
were 5%, 10%, and 15%. Based on research by
Susiloningrum and Mugita Sari (2021), the cream
preparation with a combination of temu mangga rhizome
and zinc oxide showed the best results at a concentration
of 5%. Additionally, Zulkarnain et al. (2023) found that
a concentration of 10% also produced favorable
outcomes, while Widyastuti (2017) reported that a
concentration of 15% achieved optimal results in the
formulation. Based on the background provided, the
researcher is interested in conducting a study entitled
"Lip Balm Formulation of Mango Ginger Rhizome
Extract (Curcuma mangga Val) as a Lip Moisturizer. a
lip balm using mango ginger rhizome extract and to
compare different concentrations to determine which
formulation exhibits the best characteristics.

MATERIALS AND METHODS
Materials

The materials used in this study included turmeric
extract, 96% alcohol (Brataco), ammonia (Mitra Muda
Berkah), BHT (Advent), magnesium metal powder
(Mitra Muda Berkah), cera alba (Making Cosmetic), CI
15850, strawberry essence (Spectra), FeCls, glycerin
(Palapa Muda Perkasa), HCI (Supelco), H2SO4
(Supelco), chloroform (Mitra Muda Berkah), nipasol
(Mitra Muda Berkah), Mayer's reagent, Wagner's
reagent, Dragendorf, and Vaseline album (Brataco), olive
oil (NHR), and aquadest.
Tools

The tools utilized in this study included a stirring
rod (Pyrex), glass beaker (Pyrex), porcelain cup (Pyrex),
measuring cup (Pyrex), hand scoop (latex examination),
hot plate (IKA C-MAG HS 7), watch glass (Pyrex),
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object glass (Pyrex), filter cloth, oven (Memmert),
universal pH meter (Nesco), dropper pipette (Pyrex),
rotary evaporator (Stuart), skin moisture analyzer, test
tube (Pyrex), and digital scales (Ohaus).
Method
Sampling

The samples used in this study were mango ginger
rhizomes (Curcuma mangga Val) that were ready for
harvest. These samples were obtained from Penanggo
Jaya Village in the Lambandia District of East Kolaka
Regency, Southeast Sulawesi.
Sample determination

The plant specimens were identified at Mandala
Waluya University in Kendari. The purpose of this
identification is to verify the authenticity of the samples
used in the study. Plant identification is conducted by
comparing the morphological characteristics of the
specimens with descriptions found in existing literature
(Ekayani et al., 2021).
Sample processing

The temu mangga rhizome samples were sorted to
remove impurities, washed, and cut into pieces. They
were then dried in the sun until completely dry, crushed
using a blender, and sieved with a 60 mesh sieve to
produce temu mangga powder (Bintoro et al., 2017).
Sample extraction

Extraction of temu mangga rhizome employing the
maceration method involves soaking. Temu mangga
powder is placed in a dark container, and 96% ethanol is
added until the simplicia is fully submerged. The
simplicia is stirred evenly, and then the vessel is tightly
sealed. The maceration process is conducted for 3 x 24
hours, replacing the solvent daily and stirring several
times, keeping it in a location protected from sunlight.
The resulting macerate is filtered using filter paper with
the assistance of a vacuum pump to separate it from the
filtrate. The resulting filtrate is evaporated with a rotary
evaporator at a temperature of 40°C to produce a thick
extract (Ambari et al., 2020).
Phytochemical screening of mango rhizome extract
(Curcuma mangga Val)
Alkaloid testing

A weighing 4 g was combined with an adequate
amount of chloroform. Subsequently, 10 mL of ammonia
was added, and the solution was filtered. The filtrate was
then transferred to an Erlenmeyer flask, followed by the
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addition of 10 drops of 2 N H2SO4. The mixture was
shaken gently and allowed to sit until two distinct layers
formed. The upper layer was carefully transferred to a
test tube. The solution was then tested with Mayer,
Wagner, and Dragendorff reagents. The formation of a
precipitate indicates the presence of alkaloids: Meyer's
reagent produces a white precipitate, Wagner's reagent
yields a brown precipitate, and Dragendorff's reagent
results in an orange precipitate (Rahmi et al., 2021).
Flavonoid test

The flavonoid test was conducted using 0.5 g of
extract, to which 5 mL of ethanol was added. The mixture
was then heated for approximately 5 minutes, after which
10 drops of concentrated hydrochloric acid (HCI) and 0.2
grams of magnesium powder were introduced. The
formation of a reddish-black, yellow, or orange color
indicates a positive result for flavonoids (Septia et al.,
2020).
Phenol test

The phenol test was conducted by adding 0.5 g of
the extract to 3-4 drops of FeCl3. A color change from
bluish black to dark black indicates the presence of
phenolic compounds (Septia et al., 2020).
Saponin test

A total of 0.5 grams of extract was placed into a test
tube, followed by the addition of 10 mL of previously
heated distilled water. The mixture was shaken
vigorously for approximately one minute. It was then
allowed to sit for 10 minutes, during which the formation
of foam was observed, indicating a positive result for
saponins (Septia et al., 2020).
Tannin test

The tannin test was conducted by adding 0.5 grams
of extract to 10 mL of hot water, followed by with the
addition of 1% FeCl3. The formation of a blackish-green
color indicates the presence of tannins (Septia et al.,
2020).
Steroid and terpenoid testing

Atotal of 0.5 g of extract was placed into a test tube,
followed by the addition of 2 mL of concentrated H2SO4.
The solution was gently shaken and allowed to sit for a
few minutes. A blue to green color indicates a positive
result for steroids, while a brownish red to purple color
indicates a positive result for terpenoids (Septia et al.,
2020).
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Table 1. Formula design of lip balm extract from mango ginger rhizome (Curcuma mangga Val)

Material Function FO F1 F2 F3

Mango ginger rhizome extract Active Substance 0% 5% 10% 15%
Glycerin Humectant 8% 8% 8% 8%

Cera alba Stiffening agent 15% 15% 15% 15%
Olive Oil Oil 5% 5% 5% 5%

Nipasol Preservative 0.2% 0.2% 0.2% 0.2%

BHT Antioxidant 0.05% 0.05% 0.05% 0.05%
Strawberry Essence Fragrance 1% 1% 1% 1%

Cl 15850 Coloring 0.5% 0.5% 0.5% 0.5%

Vaseline album Mass gainer/Base ad 100% ad 100% ad 100% ad 100%

Making lip balm preparations from mango ginger
rhizome extract (Curcuma mangga Val.)

Melt the base of Vaseline, cera alba, and olive oil at
a temperature of 60-65°C (Mixture A). In a separate
container, mix Nipasol, BHT, and glycerin to create
Mixture B. Gradually incorporate Mixture A into
Mixture B while continuously stirring at a temperature
of 50-55°C. Once the mixture is not too hot, add
strawberry essence and Cl 15850. While stirring,
incorporate the extract of mango ginger (Curcuma
mangga Val). Pour the mixture into a mold that has been
coated with glycerin. Allow it to set at room temperature
(Sholehah et al., 2022).
Physical evaluation of mango turmeric extract lip
balm
Organoleptic test

Organoleptic testing utilizes human senses as the
primary means of assessing the acceptability of a
preparation. The types of tests conducted include
evaluations of color, taste, smell, and shape (Ambari et
al., 2020).
pH Test

The pH measurement was conducted using a
Universal pH Indicator tool, with each formula
replicated three times. The Universal pH Indicator was
immersed in the lip balm preparation and allowed to sit
for a few seconds. Subsequently, the color on the paper
was compared to the comparator provided on the
packaging. The pH of the lip balm preparation ranged
from 4.5 to 6.5 (Ambari et al., 2020).
Homogeneity test

Each lip balm preparation containing the active
ingredient, temu mangga rhizome extract, was evaluated
for homogeneity by applying 1 gram of the formulation
to a glass surface. The coarse particles were then
assessed by touch, ensuring that the preparation
exhibited a homogeneous composition with no visible
coarse grains are visible (Ministry of Health of the
Republic of Indonesia, 2020).
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Spreadability test

A sample of lip balm weighing 0.5 grams was
placed on a spreadability tester, which consisted of a
glass plate with a scale paper base. The sample was
covered with a previously weighed glass plate and
allowed to rest for 1 minute. The diameter of the lip balm
spread was measured from various angles, and the
average was calculated. This process was repeated three
times, with incremental loads added periodically (50 g,
100 g, 150 g, 200 g) (Ambari et al., 2020). Good
spreadability for lip balm preparations is between 3 and5
cm (Pawestri et al., 2024).
Adhesive power test

The lip balm preparation sample was weighed to a
mass of 0.25 grams and then placed on a glass object.
Two glass objects were joined together until they were
united. A load of 1 kg was applied for 5 minutes, after
which it was removed. Subsequently, a load of 80 grams
was applied, and the time was recorded until the two
glass objects were separated. This procedure was
replicated three times (Ambari et al., 2020). A good
adhesive power is defined as lasting more than 4 seconds
(Pawestri, et al 2024).
Melting point test

The method for determining the melting point of lip
balm involves placing the lip balm in an oven set to an
initial temperature of 50°C for 15 minutes to observe
whether it melts. After this initial period, the
temperature is increased by 1°C every 15 minutes, and
observations are made to identify the temperature at
which the lip balm begins to melt. The melting point
specifications for lip balm are based on SNI 5769-1998,
which stipulates a range of 50-70°C, with the
experiment being replicated three times under the same
conditions. According to Pertiwi (2020), a quality lip
balm should haves a melting point above 50°C
(Tampubolon, 2023).
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Stability test (cycling test)

The cycling stability test evaluates the stability of
the preparation by storing it at specific temperatures and
humidity levels over designated intervals. The
temperature storage is conducted at 4°C and 40°C for 24
hours (one cycle), with three replicates for each
condition. The test is performed for a total of six cycles,
and each cycle is monitored for physical changes (Abdul
et al., 2022)

Moisture test

This test involved 20 panelists, divided into four
groups. Five researchers utilized formula 0, while five
panelists each used formulas F1, F2, and F3. The
moisture test for the lip balm preparation was conducted
by applying the product to the panelists' lower arms
every morning and evening. This test was carried out for
12 days, with measurements taken daily. Observations
of the results were made by directly assessing physical
changes and measuring skin moisture with a skin
moisture analyzer. The skin moisture analyzer (U-trac
Model: CR-302) employs sensor technology to gauge
the skin's moisture levels. It analyzes the skin's ability to
conduct electrical signals, which are then processed to
determine whether the skin is dry, normal, or hydrated.
The measurement results are presented in numerical
form or as graphs, indicating the percentage of skin
moisture (Imani, 2022).

Irritation test of preparations

The technique employed in this irritation test is an
open patch test conducted on the inner lower arm of 20
panelists who have provided written consent. The open
patch test involves applying the preparation to a
designated area (2.5 x 2.5 cm) and leaving it uncovered
to observe any reactions (ethical clearance
004/KEP/UMW/11/2024). This test is performed three
times a day over two consecutive days (Ambari et al.,
2020). The inclusion criteria for the irritation test are as
follows: female participants aged 20 to 30 years, who
are physically and mentally healthy, have no history of
allergic diseases, and have expressed their willingness
to participate. The preparation is deemed acceptable if
the researcher does not observe any irritation reactions,
such as erythema, papules, vesicles, or edema
(Sariwating and Wass, 2020).

Preference test (hedonic test)

The preference test was conducted visually with 20
panelists. Each panelist was instructed to apply the
prepared formula to the skin on their wrist.
Subsequently, the panelists selected the formula
variation they preferred the most. They rated their
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preferences using a scale: 1 for strong dislike, 2 for
dislike, 3 for like, and 4 for strong like. Panelists
completed the provided questionnaire, which assessed
observation parameters in the preference test, including
ease of application (texture), aroma, color, and the level
of moisture felt on the skin (Tampubolon, 2023).

RESULTS AND DISCUSSION

This study commenced with the collection and
processing of 1,000 grams of temu mangga (Curcuma
mangga Val) rhizome samples from Penanggo Jaya
Village, Lambandia District, East Kolaka Regency,
Southeast Sulawesi. The initial procedure involved wet
cleaning to eliminate dirt from the rhizomes, followed
by cutting to reduce the sample size for easier drying.
The samples were then sun-dried using a black cloth
until completely dry, after which they were crushed
using a blender. The identity of this plant was verified at
the Pharmacognosy-Phytochemistry Laboratory of
Mandala Waluya University in Kendari, confirming it as
the Curcuma mangga Val species.

Rhizome extraction is performed using the
maceration method, which involves soaking powdered
simplicia in a solvent. This method was selected for its
simplicity and its ability to preserve thermolabile
compounds. Ethanol is utilized as the solvent due to its
universal, polar nature and its availability (Asworo and
Widwiastuti, 2023). A 96% ethanol solution was chosen
for its selective properties, non-toxicity, effective
absorption, and high extraction capacity, enabling it to
extract non-polar, semi-polar, and polar compounds
(Wendersteyt et al., 2021).

The ginger mango rhizome powder is placed in a
dark container, and 96% ethanol is added until the herbal
material is fully submerged. The mixture is stirred
thoroughly, and the vessel is sealed tightly. The
maceration process is conducted for three days, with
periodic stirring, and is kept in a location protected from
sunlight. Stirring is intended to facilitate a more rapid
equilibrium of the extracted material's concentration in
the solvent. Subsequently, the initial brown macerate is
filtered. The residue is then soaked again in the solvent
during the remaceration process, which involves adding
fresh solvent to the remaining herbal material to
optimize the extraction of active compounds.
Remaceration continues until a clear-colored macerate
is obtained, indicating that no more soluble compounds
remain (Alviola Bani et al., 2023).

After the maceration process, the filtrate was
separated using a vacuum pump to eliminate any
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remaining liquid. Subsequently, the filtrate was
evaporated with a rotary evaporator at a temperature of
40°C to prevent damage to the compounds from
excessive heat, while also concentrating the extract and
removing 96% ethanol solvent from the rhizome of temu
mangga (Curcuma mangga Val) through the principle of
solvent evaporation. The concentration process
continued until a constant weight was achieved over
three days (Ambari et al., 2020).

The yield of temu mangga rhizome extract was
measured at 11.21%, as presented in Table 2. This
extract is characterized by its brown color, thick
consistency, distinctive odor, and bitter taste. The yield
exceeds the minimum requirement of 10.7% set by the
Indonesian Ministry of Health (2017). Table 3 displays
the results of the phytochemical screening, indicating
that the temu mangga rhizome extract contains various
compounds. The extract also yielded positive results for
several  phytochemical  constituents:  flavonoids
(indicated by a reddish-black color when treated with
HCI and Mg), phenols (dark red color with FeClI3),
saponins (stable foam formation with hot distilled
water), tannins (blackish-green color with 1% FeClI3),
and terpenoids (brownish-red color with concentrated
H2S04) (Septia et al., 2020).

Based on the standard formula proposed by
Sholehah et al. (2022), the lip balm formulation
incorporating ethanol extract of temu mangga rhizome
was modified to enhance physical stability and
moisturizing properties, attributed to its antioxidant
content. This formulation includes ethanol extract of
temu mangga rhizome at concentrations of 5%, 10%,

and 15%, along with additional ingredients such as cera
alba (15%), glycerin (8%), olive oil (5%), nipasol
(0.2%), BHT (0.05%), strawberry essence (1%), ClI
15850 dye (0.5%), and vaseline album, totaling 100%.
Cera alba is utilized to improve consistency at a
concentration of 15%, glycerin serves as a humectant at
8%, olive oil acts as an oil base at 5%, nipasol functions
as a preservative at 0.2%, BHT is included as an
antioxidant at 0.05%, strawberry essence provides
fragrance at 1%, and Cl 15850 dye (D&C Red 6) is used
at 0.5%. Vaseline album is incorporated as a fat base,
with a total weight of up to 5 grams.

A physical stability evaluation was conducted on
days 0, 7, 14, 21, and 28 at room temperature. The
evaluation included a Cycling Test consisting of 6
cycles to assess the stability of the lip balm. Various
parameters were examined, including organoleptic
properties, homogeneity, pH, spreadability, adhesion,
melting temperature, humidity, irritation, and preference
tests (hedonic).

The room temperature stability test and temperature
cycle test are crucial for ensuring the stability and
effectiveness of mango ginger rhizome extract lip balm.
The room temperature stability test evaluates the
performance of the lip balm at ambient conditions,
confirming that there are no changes in color, texture, or
efficacy. In contrast, the temperature cycle test simulates
extreme temperature fluctuations to verify that the
quality of the lip balm is preserved during storage. Both
tests are essential for ensuring that the lip balm retains
its optimal moisturizing benefits as a lip moisturizer
under various conditions (Pertiwi and Unggul, 2023).

Table 2. Results of extraction of mango ginger rhizome (Curcuma mangga val)

Solvent Powder Weight(gram) Extract Color Extract Weight (gram) % Yield
Etanol 96 % 1000 Brown 112.1 11.21
Table 3. Phytochemical screening results
No  Type of testing Reagen Result Information

1 Alkaloid Test Mayer No sediment O]

Dragendoff There is orange sediment (+)

Wagner There is brown sediment (+)

2 Flavonoid Test Concentrated HCI and Blackish red color (+)
Powder Mg

3 Fenol Test FeCls Dark black color +)

4 Tanin Test FeCl; 1% Greenish black color (+)

5 Saponin Test Aguadest Hot Forms a stable foam (+)

6 Triterpenoid Test H,SO4 Pekat Brownish red color (+)
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The organoleptic test revealed that FO (without
extract) was pink, F1 was pink, F2 was red, and F3 was
brick red. After 4 weeks, there was no change in shape,
color, or aroma, indicating the stability of the
preparation. Organoleptic testing during the Cycling
Test showed that the FO, F1, F2, and F3 preparations
maintained their original color, with no change before
and after the Cycling Test. The correlation between the
results of room temperature storage and the Cycling Test
indicated that the preparation exhibited high stability
against various environmental conditions. Thus, the
resulting lip balm demonstrates good quality and can be
relied upon during storage and use.

The observation results regarding the consistency of
all lip balm formulas indicate that all samples have a soft
texture, making them easy to apply to the lips. This
softness is attributed to the use of a cera alba base, which
is one of the components in oil-in-water (o/w)
preparations, ensuring ease of application, good
spreadability on the skin, and a soft texture.
Additionally, the inclusion of Vaseline album as a mass
enhancer and softener further contributes to the softness
and ease of application of the product (Sholehah et al.,
2022).

The homogeneity test was conducted by applying 1
gram of the preparation to a glass object, demonstrating
that all formulas (F0, F1, F2, F3) did not contain coarse
grains for 28 days, both before and after storage,
indicating good homogeneity (Ambari et al., 2020).
Homogeneity testing during the Cycling Test also
revealed no changes in all preparations. This is
attributed to the method of making lip balm, which
employs a melting technique where the ingredients are
heated until completely melted to ensure a homogeneous
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mixture (Desnita et al., 2022). Research by Nurul
Afriyanti Yusuf (2019) also indicated that the use of cera
alba base in lip balm formulations produced good
homogeneity, confirming that the cera alba base
influences the homogeneity of the preparation
(Sholehah et al., 2022).

The pH test was conducted using universal pH
paper. The results of the test, shown in Table 4, indicate
that preparations FO, F1, F2, and F3 maintained a pH of
5 for 28 days, both before and after storage. The pH
cycling test of lip balm preparations FO, F1, F2, and F3
also showed a pH of 5 before and after the cycling test.
This indicates a stable pH, meeting the requirements for
a good lip balm pH, which is 4.5-6.5 according to
Tranggono (2007).

Based on the results of the spreadability test of the
lip balm preparation using the ethanol extract of temu
mangga rhizome (Curcuma mangga Val), there was an
increase in spreadability over 28 days. The FO
preparation increased from 3.39 cm to 3.72 cm; F1 went
from 3.35 cm to 3.75 cm; F2 rose from 3.31 cm to 3.48
cm; and F3 improved from 3.38 cm to 3.50 cm. In the
cycling test for spreadability, results were gathered for
all formulations (FO-F3). Formulation FO (without temu
mangga rhizome) exhibited the smallest increase, from
351 £ 021 cm to 3.59 + 0.09 cm. Meanwhile,
formulation F1, which contains 5% temu mangga
rhizome, showed a more significant increase, rising
from 3.53 £ 0.20 cm to 3.79 + 0.19 cm. Formulations F2
(10%) and F3 (15%) also demonstrated an increase in
spreadability. This increase suggests that higher extract
concentrations enhance the stability of spreadability
(Pawestri et al., 2024).

Table 4. Organoleptic examination

Day-to-Day Observations

Preparation Inspection 0 7 12 51 28

FO (0%) Color Pink Pink Pink Pink Pink
F1 (5%) Pink Pink Pink Pink Pink

F2 (10%) Red Red Red Red Red

F3 (15%) Brick red Brick red Brick red Brick red Brick red
FO (0%) Aroma Strawberry Strawberry Strawberry Strawberry Strawberry
F1 (5%) Strawberry Strawberry Strawberry Strawberry Strawberry
F2 (10%) Strawberry Strawberry Strawberry Strawberry Strawberry
F3 (15%) Strawberry Strawberry Strawberry Strawberry Strawberry
FO (0%) Consistency Semi Solid Semi Solid Semi Solid Semi Solid Semi Solid
F1 (5%) Semi Solid Semi Solid Semi Solid Semi Solid Semi Solid
F2 (10%) Semi Solid Semi Solid Semi Solid Semi Solid Semi Solid
F3 (15%) Semi Solid Semi Solid Semi Solid Semi Solid Semi Solid
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The adhesion test indicated that all formulas (FO,
F1, F2, and F3) satisfied the adhesion requirements of
over 4 seconds after being stored for 28 days. Increased
adhesion was also observed in all formulas following the
Cycling Test. Formula FO (without extract) improved
from 12.47 seconds to 13.47 seconds, F1 (with 5%
extract) from 12.50 seconds to 13.98 seconds, F2 (10%
extract) from 13.92 seconds to 14.40 seconds, and F3
(15% extract) from 14.03 seconds to 14.68 seconds. The
most significant increase was noted in F3. All
formulations met the criteria for good adhesion testing,
defined as exceeding 4 seconds. During six cycles of
stability testing, the adhesion test values showed a trend
of increasing, suggesting that the active substance was
strongly retained within the formulation base, thereby
enhancing the adhesion duration. Augmenting the
concentration of temu mangga rhizome extract in lip
balm led to an improved adhesion capacity.

The test results show that all lip balm formulas meet
the criteria for a good adhesion test, which is more than
4 seconds. During the six cycles of stability testing, the
adhesion value tends to increase. After the cycling test,
the adhesion duration becomes longer because the active
substance is strongly bound in the formulation base,
affecting the increase in adhesion time. Higher
concentrations of temu mangga rhizome extract in the
formulation produce greater adhesion, increasing the
duration of contact between the preparation and the skin,
as well as the effectiveness of the delivery of active
substances (Ridhani et al., 2022). Adhesion is greatly
influenced by the viscosity of the preparation base
(Priawanto, 2017). Vaseline album, which is used in the
formulation, can reduce the consistency of the
preparation, making it thinner (Alfilaili et al., 2021). In
the formulation, the concentration of vaseline album in
FO yields the thinnest preparation consistency or the
lowest viscosity. A decrease in the viscosity of the
preparation can lead to a decrease in adhesive power
(Lumentut et al., 2020).

At room temperature, the melting point of lip balm
gradually increased for all formulas, indicating
enhanced thermal stability over time. An increase in
melting point was also observed after the cycling test,
but this change was not as pronounced as that seen
during room temperature storage. There was a positive
relationship between extract concentration and the
increase in melting point, both at room temperature and
during the cycling test. The effect of room temperature
storage appeared to be more significant than the cycling
test regarding the increase in melting point.
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The addition of ethanol extract from temu mangga
rhizome increases the melting point of lip balm, with a
more significant increase occurring during room
temperature storage compared to the cycling test. This
indicates that the formulation containing the extract is
more thermally stable, particularly at room temperature.
The higher the concentration of the extract, the higher
the melting point of the lip balm preparation (Hayati et
al., 2024). The obtained melting point meets the SNI 16-
5769-1998 standard (50-70°C), although the ideal
melting temperature for lip balm should be close to body
temperature (36-38°C). A higher temperature (55-75°C)
was chosen to enhance resistance to tropical conditions
and maintain shape during distribution, storage, and use
(Tampubolon, 2023).

The results of the humidity test demonstrated the
impact of the concentration of the preparation on the
changes in the parameters measured over several days
of observation, both in the morning and evening. Group
FO (0%) exhibited minimal changes in parameters, with
differences ranging from 1.2 to 3.6. Group F1 (5%)
experienced a greater increase in the difference
compared to FO, ranging from 4.2 to 6.2. Group F2
(10%) showed a more substantial increase, with a
difference reaching up to 9.0. Meanwhile, group F3
(15%) displayed the most dramatic increase, with a
difference reaching 20.4 in the morning and 19.2 at
night.

Lip balm moisture testing was conducted in the
morning and evening to obtain a comprehensive
understanding of the product's effectiveness in various
situations. In the morning, lips are typically drier after
waking up, while at night, they have been exposed to
various environmental factors throughout the day. By
testing at these two times, researchers can assess the lip
balm's ability to retain moisture and provide maximum
protection, both during activities and while resting. This
test also reflects daily usage patterns, where lip balm is
usually applied in the morning and evening, making the
test results more relevant and applicable (Bielfeldt et al.,
2019).

These findings can be explained by the skin
hydration theory, which highlights the importance of
balancing water content in the stratum corneum with the
rate of water evaporation from the skin surface
(Mojumdar et al., 2017). Mango turmeric extract in lip
balm works to enhance hydration through two
mechanisms: creating a barrier to reduce water
evaporation (occlusive effect) and attracting moisture
from the environment into the skin (Azmin et al., 2020).
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The effectiveness of this lip balm can be understood
through the theory of active ingredient penetration.
Increasing the concentration of temu mangga extract
creates a greater concentration gradient, facilitating the
penetration of active ingredients into the skin layers of
the lips. This explains why Formula 3, with the highest
concentration, showed the most significant moisturizing
effect. Although the increased concentration of the
extract resulted in enhanced moisturizing properties, the
right formulation must consider the overall balance and
stability of the preparation (Dal’Belo et al., 2006).

A study by Yuandanandi et al. (2021) on Curcuma
mango extract showed high antioxidant activity, which
may contribute to skin protection from oxidative
damage. This aligns with the findings of this study,
where increasing the concentration of the extract
resulted in a better moisturizing effect, which may also
provide additional skin protection benefits.

A study by Zang et al (2024) investigated the dose-
response relationship between the concentration of
natural active ingredients in skincare products and their
effectiveness. The researchers discovered that higher
concentrations did not always correlate linearly with
increased effectiveness, highlighting the significance of

134

formula optimization. This finding is pertinent to the
results of the current study, as Formula 3 demonstrated
the best outcomes; however, further optimization may
still be necessary.

A lip balm irritation test was conducted to ensure
that the lip balm does not irritate the lips. Irritation is
categorized into primary irritation, which occurs
immediately after contact with the skin, and secondary
irritation, which occurs several hours later. The irritation
test employed an open patch test on the forearms of 20
panelists who consented to participate. The preparation
was applied to an area measuring 2.5 x 2.5 cm, left
uncovered, and observed three times a day for two days.
Inclusion criteria required participants to be women
aged 20-30 years, physically and mentally healthy, with
no history of allergies, and willing to serve as panelists.
The reactions monitored included erythema, papules,
vesicles, and edema. The test results indicated that all
formulations (FO, F1, F2, and F3) did not elicit irritation
reactions in the panelists, as they had a pH of 5, which
is within the skin's normal pH range of 4.5-6.5. A
preparation is considered safe if it does not cause irritant
reactions on the skin.

Table 5. Homogeneity test results

Day to Day Observations

Preparation

0 7 14 21 28
FO (0%) Homogen Homogen Homogen Homogen  Homogen
F1 (5%) Homogen Homogen Homogen Homogen  Homogen
F2 (10%) Homogen Homogen Homogen Homogen  Homogen
F3 (15%) Homogen Homogen Homogen Homogen  Homogen
Table 6. Results of pH test
Preparation Day-to-Day Observations Acceptance
P 0 7 14 21 28 Parameter
FO (0%) 5.00+0,00 5.00+0,00 5.00+0,00 5.00+0,00 5.00+0,00
F1 (5%) 5.00+0,00  5.00+0,00  5.00+0,00  5.00+0,00  5.00+0,00 4.5-6.5
F2 (10%) 5.00+0,00 5.00+0,00 5.00+0,00 5.00+0,00 5.00+0,00
F3 (15%) 5.00+0,00 5.00+0,00 5.00+0,00 5.00+0,00 5.00+0,00
Table 7. Spreading power test results
Preparation Day-to-Day Observations
P 0 (cm) 7 (cm) 14 (cm) 21 (cm) 28 (cm)
FO (0%) 3.31+0.15 3.31+0.16 3.34+0.14 3.47+0.20 3.72+0.17
F1 (5%) 3.35+0.19 3.32+0.17 3.41+0.15 3.45+0.13 3.75+0.17
F2 (10%) 3.38+0.13 3.41+0.18 3.43+0.16 3.47+0.19 3.48+0.13
F3 (15%) 3.39+0.17 3.44+0.20 3.46+0.19 3.46+0.16 3.50+0.17
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Table 8. Results of adhesion power test

Day-to-Day Observations

Preparation

0 (det) 7 (det) 14 (det) 21 (det) 28 (det)
FO (0%) 12.45+1.64 12.50+0.61 12.57+1.54 13.47+0.57 13.65+0.59
F1 (5%) 12.47+1.05 12.55+0.84 12.7440.39 10.84+0.33 13.82+0.44
F2 (10%) 12.50+0.70 12.70+1.93 12.7740.92 10.83+0.37 14.51+1.02
F3 (15%) 12.59+0.87 13.01+1.67 13.92+0.56 14.06+0.17 14.63+1.00
Table 9. Melting point test results
Preparation Day-to-Day Observations
0 (°C) 7 (°C) 14 (°C) 21 (°C) 28 (°C)
FO (0%) 54.0+0.00 55.1+0.00 56.5+0.00 57.0+0.00 58.5+0.00
F1 (5%) 59.0+0.00 60.0+0.00 61.1+0.00 63.0+0.00 64.0+0.00
F2 (10%) 60.0+0.00 61.0+0.00 61.5+0.00 62.0+0.00 63.0+0.00
F3 (10%) 61.0+0.00 62.0+0.00 63.0+0.00 63.5+0.00 64.0+0.00
Table 10. Organoleptic cycling test results
Formula Inspection Observation Cycling Test
Before After
FO (0%) Color Pink Pink
F1 (5%) Pink Pink
F2 (10%) Red Red
F3 (15%) Brick red Brick red
FO (0%) Aroma Strawberry Strawberry
F1 (5%) Strawberry Strawberry
F2 (10%) Strawberry Strawberry
F3 (15%) Strawberry Strawberry
FO (0%) Dosage Form Semi Solid Semi Solid
F1 (5%) Semi Solid Semi Solid
F2 (10%) Semi Solid Semi Solid
F3 (15%) Semi Solid Semi Solid
Table 11. Cycling test homogeneity test results
Formula Homogeneity Examination Result
Before After
FO (0%) Homogen Homogen
F1 (5%) Homogen Homogen
F2 (10%) Homogen Homogen
F3 (15%) Homogen Homogen
Table 12. pH cycling test results
Formula Observation Cycling Test Acceptance
Before After Parameter
Accelerated Accelerated
FO (0%) 5.00+0.00 5.00+0.00
F1 (5%) 5.00+0.00 5.00+0.00
F2 (10%) 5.00+0.00 5.00+0.00 4.5-6.5
F3 (15%) 5.00+0.00 5.00+0.00

Table 13. Spreadability test results cycling test storage

Formula Spread Power Test Observation
Before (cm) After (cm)
FO (0%) 3.53+0.25 3.59+0.09
F1 (5%) 3.51+0.21 3.79+0.19
F2 (10%) 3.60+0.23 3.70+0.10
F3 (15%) 3.53+0.20 3.75+0.16
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Table 14. Cycling test storage adhesion test results

Formula Observation of Adhesion Test
Before (det) After (det)
FO (0%) 12.47+1.05 13.47+0.57
F1 (5%) 12.50+0.61 13.98+0.37
F2 (10%) 13.92+0.56 14.40+0.15
F3 (15%) 14.03+0.84 14.68+0.40

Table 15. Melting point test results storage cycling test

Formula Before (°C) After (°C)
FO (0%) 59.7+0.00 62.0+0.00
F1 (5%) 61.0+0.00 62.8+0.00
F2 (10%) 62.0+0.00 63.0+0.00
F3 (15%) 63.0+0.00 64.0+0.00
Table 16. Humidity Test Results
Formula Day Ke- Before (SD) After (SD) Difference (SD)
1 36.8 +2.59 38.6+2.07 1.8 £3.32
2 39.0+4.06 41.2+4.21 2.2+5.85
3 37.4+2,51 39.2+2.39 1.8 £3.47
4 36.4+1.14 39.2+1.10 2.8 +1.59
5 39.8+2.39 42.2+3.27 2.4 £4.05
FO (0%) 6 38.2+2.49 40.0+2.24 1.8+3.35
Morning 7 37.0£1.00 39.4+0.55 24114
8 35.0+£3.16 38.6+2.30 3.6 +3.91
9 40.8+1.30 43.6+£2.61 2.8 £2.92
10 37.6+£3.05 40.4+2.61 2.8 +4.01
11 38.6+2.88 41.8+2.59 3.2+3.87
12 37.4+2.07 40.4£1.52 3.0 £2.57
1 35.4+2.61 41.6+2.88 6.2 £3.88
2 37.6+2.07 42.4+3.65 4.8 +4.20
3 37.0+1.41 42.2+1.79 5.2 +2.28
4 37.0+1.00 41.6+2.07 4.6 £2.30
5 37.8+2.59 42.2+£3.77 4.4 +4,58
F1 (5%) 6 35.8+2.86 40.0+3.67 4.2 £4.65
Morning 7 34.4+2.30 40.4+3.13 6.0 +3.88
8 37.6+1.82 43.2+1.64 5.6 +2.45
9 37.2+£1.10 43.0£1.22 5.8 £1.64
10 36.6+1.67 42.2+1.79 5.6 £2.45
11 38.0+2.74 43.8+2.05 5.8 +3.42
12 38.4+0.55 43.8+£0.84 5.4 +1.01
1 38.0+2.24 47.045.15 9.0 £5.61
2 38.4+1.95 44.2+2.49 5.81£3.16
3 37.2+1.79 44.0+1.58 6.8 £2.39
F2 (10%) 4 38.0+2.12 45.4+3.21 7.4 £3.84
Morning 5 35.0+1.87 41.6£1.95 6.6 £2.70
6 37.6+2.41 43.6+3.36 6.0 +4.14
7 37.0+£1.22 44.4+2.61 7.4 £2.88
8 35.6+2.51 42.6+2.97 7.0+3.88
9 38.6+£3.91 44.8+3.35 6.2 +4.83
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10 39.2+2.49 47.6x1.14 8.4 £2.74
11 36.8+2.95 44.6+3.85 7.8 +4.85
12 37.0+1.58 44.4+1.95 7.4 1251
F3 (15%) 1 39.6+2.30 57.6+5.37 18.0 £5.84
Morning 2 39.8+2.39 59.0+2.24 19.2 £3.28
3 40.2+1.64 58.0+£3.46 17.8 £3.83
4 40.8+1.92 60.0£0.00 19.2 £1.92
5 39.6+5.32 54.6+5.55 15.0 £7.69
6 38.4+1.34 55.8+4.55 17.4 £+4.74
7 38.6+1.52 59.0+2.24 20.4 +2.71
8 39.6+1.67 58.2+3.49 18.6 £3.87
9 39.2+1.48 59.6+0.89 20.4 £1.73
10 40.0£1.58 55.8+4.38 15.8 +4.66
11 39.0+3.67 57.84+4.92 18.8 £6.13
12 39.8+3.03 56.0+4.18 16.2 £5.16
1 37.2+3.56 39.2+3.03 2.0 +4.67
2 37.4+2.30 38.6+2.41 1.2+3.33
3 37.8+£2.17 40.2+2.28 2.4 £3.15
4 38.4+1.82 39.8+1.64 1.4 +2.45
5 40.2+£2.95 42.2+2.59 2.0 £3.93
FO (0%) 6 36.0+1.73 37.8+£2.17 1.8+£2.78
Evening 7 38.6+1.14 41.2+0.84 2.6 +1.42
8 37.2+1.48 40.6x1.14 3.4 £1.87
9 39.2+2.59 41.4+2.61 2.2 +3.68
10 39.6+2.07 42.2+2.05 2.6 £2.91
11 37.2+£1.79 40.4£1.52 3.2+2.35
12 39.6+0.89 42.4+1.14 2.8 £1.45
1 36.4+1.67 41.8+1.48 5.4 +2.23
2 36.8+1.64 41.6+1.14 4.8 +2.00
3 37.0+£3.39 41.4+3.97 4.4 522
4 39.0+0.71 43.8+1.10 4.8+1.31
5 38.6+1.52 43.6£1.52 5.0£2.15
6 38.0+£2.35 43.4+2.30 5.4 +£3.29
F1 (5%)
Evening 7 37.8+£1.79 42.4+2.30 4.6 +2.91
8 38.0+£3.16 42.8+3.03 4.8 +4.38
9 39.0+2.24 44.242.17 5.2+3.12
10 38.6+1.67 42.8+3.56 4.2 £3.93
11 37.4+1.82 43.2+£2.95 5.8 £3.47
12 40.0£1.22 45.611.14 5.6 £1.67
1 36.4+0.55 42.8+3.11 6.4 +3.16
2 38.0+£2.35 46.8+2.17 8.8 £3.20
3 37.6+£1.95 43.6+2.88 6.0 £3.48
F2 (10%0) 4 37.0£1.58 44.4+4.04 7.4 +4.34
Evening 5 38.2+1.79 43.8+£3.03 5.6 £3.52
6 36.8+1.48 42.6+1.95 5.8 +2.45
7 36.6+£2.19 41.8+1.48 5.2 £2.64
8 37.4+1.14 44.2+1.30 6.8 £1.73
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9 36.6+2.30 45.6+2.61 9.0+3.48
10 37.6+1.67 43.8+1.64 6.2 +2.34
11 37.8+2.17 46.0+1.87 8.2 +2.87
12 37.8+1.10 44.2+1.48 6.4 +1.84
1 42.2+3.49 59.0+2.24 16.8 +4.15
2 42.0+3.24 59.4+1.34 17.4 +3.51
3 40.6+2.70 57.0+4.80 16.4 +5.51
4 40.0+2.65 56.6+4.72 16.6 +5.41
5 40.0+1.22 58.8+1.79 18.8 +2.17
F3 (15%) 6 41.8+2.59 59.4+1.34 17.6 £2.92
Evening 7 40.6+0.89 57.4+3.71 16.8 £3.81
8 38.8+2.49 58.0+2.74 19.2 +3.70
9 40.4+2.51 59.0+2.24 18.6 +3.37
10 38.6+2.07 57.0+4.00 18.4 +4.50
11 41.2+0.84 57.6+2.19 16.4 +2.35
12 40.8+1.79 59.2+1.79 18.4 +2.53
Table 17. Preparation Irritation Test Results
Formula Eritema Eritema and Eritema, Papula, Edema and
Papula and Vesikula Vesikula
FO (0%) - - - -
F1 (5%) - - - -
F2 (10%) - - - -
F3 (15%) - - - -
Table 18. Hedonic test results
Formula Indicator
Texture Aroma Color Hummadity
FO (0%) 63 71 67 54
F1 (5%) 62 72 72 62
F2 (10%) 65 68 64 68
F3 (15%) 72 65 65 73

Figure 1. Irritation test on the formulation (a) application of the formulation (b) test results showing no irritation

reaction
Description:
Erythema (Redness) D+
Erythema & Papules (Redness & Small solid bumps in red) D+t
Erythema, Papules & Vesicles (Redness, small solid bumps in red and small blisters containing
fluid) e
Edema & Vesicles (Swelling and small blisters containing fluid)

No reaction
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CONCLUSION

The lip balm containing temu mangga rhizome
extract from all formulations demonstrated good
stability regarding color, aroma, consistency,
homogeneity, and pH. Formula F3, which contains 15%
extract, excelled in spreadability, adhesion, and thermal
stability, making it the most preferred option for
moisture retention. Formulas F1 and F2 were favored for
their pleasant aroma and appealing color. All
formulations were found to be safe and non-irritating.

The lip balm containing turmeric rhizome extract
(Curcuma mangga Val) in formulations F1, F2, and F3
significantly enhanced moisture levels, with F3 (15%)
demonstrating the highest effectiveness in moisture
retention. The effectiveness of the extract in
moisturizing the lips increases with  higher
concentrations. Future research should aim to develop
additional formulations that incorporate turmeric
rhizome (Curcuma mangga Val) for moisturizing
benefits, thereby broadening its applications.
Furthermore, increasing the concentration of the extract
in the formulation may yield a more optimal
moisturizing effect while maintaining product stability.
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