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INTRODUCTION

Acne vulgaris is a common dermatological

ABSTRACT

Acne vulgaris is a common dermatological disorder associated with
the imbalance of skin microbiota, particularly Cutibacterium acnes, which
has encouraged the exploration of safe and plant-based topical
formulations. This study was conducted to develop and optimize a herbal
gel containing combined extracts of Caesalpinia sappan and Carthamus
tinctorius. Formulation optimization was performed using a statistical
mixture approach to determine an appropriate proportion of Carbopol
940 and triethanolamine in the gel system. The prepared formulations
were assessed for physical characteristics, stability under temperature
variation, sensory acceptance, and antibacterial activity. The optimized
gel demonstrated acceptable viscosity, spreadability, and pH values
suitable for topical application. Stability testing indicated that the
formulation maintained its physicochemical properties without
noticeable changes. Sensory evaluation showed good acceptance in terms
of odor, texture, and non-irritating effect. The antibacterial assay
confirmed that the optimized gel was able to inhibit the growth of C.
acnes. Overall, the combined extracts of C. sappan and C. tinctorius
produced a stable herbal gel with favorable antibacterial performance,
supporting its potential use as a natural topical preparation for acne
management.

The long-term use of conventional acne
treatments, particularly topical antibiotics, has
increasingly  raised concerns regarding

disorder that predominantly affects areas with
high sebaceous activity, such as the face and
back, where Cutibacterium acnes is the most
abundant bacterium. Although C. acnes is widely
recognized for its role in acne pathogenesis, it
also contributes to normal skin homeostasis
through lipid metabolism, microbial
competition, and protection against oxidative
stress (Rozas et al, 2021). Under specific
conditions, however, excessive proliferation of
this bacterium may disrupt this balance and
initiate inflammatory processes that lead to acne
lesions.

antimicrobial resistance. A recent multinational
study demonstrated that resistance of C. acnes to
clindamycin increased from 25.5% during 1983-
2014 t0 35.4% in 2015-2023, while resistance to
macrolide antibiotics such as erythromycin and
azithromycin also showed a marked upward
trend (Beigetal., 2024). In contrast, resistance to
levofloxacin and tetracyclines remains relatively
low. These findings emphasize the need to
explore alternative acne therapies that are
effective, safe, and do not rely on conventional
antibiotics, particularly those derived from
natural sources.

© 2022 The Author(s). This work is licensed under a Creative Common Attribution 4.0 (CC-BY) International

(https://creativecommons.org/licenses/by/4.0/)


https://creativecommons.org/licenses/by/4.0/
https://issn.brin.go.id/terbit/detail/1180430279
https://issn.brin.go.id/terbit/detail/1562729379
mailto:Umihaniazizah91@gmail.com
https://doi.org/10.23917/pharmacon.v22i2.13175
https://doi.org/10.23917/pharmacon.v22i2.13175

Pharmacon: Jurnal Farmasi Indonesia, Vol. 22 No. 2 (2025), pp. 213-221

214

In this context, medicinal plants traditionally
used in Indonesia offer promising potential.
Caesalpinia sappan (sappan wood) is rich in
bioactive compounds, including brazilin,
brazilein, sappan chalcone, and protosappanin A,
which are known to possess antioxidant, anti-
inflammatory, and antimicrobial properties (Vij
et al,, 2023). Previous studies have shown that
brazilin extracted from C. sappan can suppress
inflammatory mediators such as nitric oxide
(NO), inducible nitric oxide synthase (iNOS), and
cyclooxygenase-2 (COX-2), while also exhibiting
strong antibacterial activity against pathogenic
microorganisms, supporting its potential
application as a topical anti-acne agent
(Pattananandecha et al, 2022). Additionally,
Carthamus tinctorius (kasumba turatea) has
been reported to contain polysaccharides with
antioxidant, anti-inflammatory, and
antibacterial activities, suggesting its suitability
for use in topical antibacterial gel formulations
targeting C. acnes (Hansur et al.,, 2024).

Several studies have evaluated the
antibacterial activity of C. sappan and C.
tinctorius individually. Extracts of C. sappan have
demonstrated strong inhibitory effects against
Cutibacterium acnes, with reported inhibition
zones of approximately 19-20 mm, as well as
measurable minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) values for brazilin, indicating substantial
antibacterial potency. Meanwhile, C. tinctorius
extracts have been shown to inhibit the growth
of wvarious pathogenic bacteria, including
Staphylococcus  aureus and Pseudomonas
aeruginosa, largely attributed to their high
phenolic and flavonoid content. However, direct
evidence of their antibacterial activity against C.
acnes remains limited. Taken together, these
findings suggest that although each plant
exhibits notable antimicrobial properties—
particularly C. sappan against C. aches—the
potential benefits of combining both extracts
have not yet been systematically investigated.
This provides a rationale for comparing the
antibacterial performance of the combined
extracts with previously reported activities of
the individual extracts in support of a dual-
extract gel formulation.

Despite the growing body of literature
describing the pharmacological activities of C.

sappan and C. tinctorius, research focusing on
their combined use in topical dosage forms is
still scarce. Gel formulations are particularly
advantageous for acne-prone skin due to their
cooling sensation, non-greasy texture, and ease
of application. Nevertheless, the development of
a stable and effective herbal gel requires careful
optimization of excipient composition. Carbopol
940 and triethanolamine (TEA) are commonly
employed in gel formulations, and variations in
their proportions can markedly influence
viscosity, pH, and overall physical stability of the
final product.

Accordingly, a clear research gap can be
identified. Although the antibacterial activities of
C. sappan and C. tinctorius have been individually
reported, no previous study has developed and
optimized a combined herbal gel formulation
targeting C. acnes using a statistical design of
experiments approach. The novelty of this study
lies in the integration of both plant extracts into
a single topical gel and the application of the
Simplex Lattice Design (SLD) method to optimize
excipient composition, with the aim of improving
physical stability while maintaining antibacterial
efficacy.

Therefore, this study aims to (i) optimize a
herbal gel formulation containing combined
extracts of C. sappan and C. tinctorius using the
SLD approach, (ii) evaluate the physical
characteristics and stability of the formulated
gel, and (iii) assess its antibacterial activity
against C. acnes. The results are expected to
provide a scientific basis for the development of
stable, effective, and natural product-based
topical preparations for acne management.

METHODS
Research Design

This study was conducted as an experimental
laboratory-based investigation aimed at
optimizing a herbal gel formulation containing
combined extracts of Caesalpinia sappan and
Carthamus tinctorius. A Simplex Lattice Design
approach was applied using Design Expert®
version 13 to evaluate the effect of formulation

variables on gel performance. The
concentrations  of Carbopol 940 and
triethanolamine served as independent
variables, while physical characteristics,

stability, sensory acceptance, and antibacterial
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activity against Cutibacterium acnes were
treated as response variables.

Materials And Equipment

The plant materials used in this study
consisted of C. sappan heartwood obtained from
traditional markets in Makassar and C. tinctorius
flowers collected from Enrekang, South
Sulawesi. The chemicals employed included
Carbopol 940, triethanolamine, propylene glyco],
DMDM hydantoin, citrus oil, distilled water, and
ethanol. C. acnes ATCC 11827 was used as the
test microorganism. Clindamycin gel was applied
as a positive control, while a plain gel base
served as a negative control. The main
instruments used comprised a rotary
evaporator, Brookfield viscometer, ultraviolet-
visible spectrophotometer, digital pH meter,
incubator, and autoclave.

Sample Preparation And Extraction

Dried plant materials were powdered and
extracted separately using ethanol through
maceration at room temperature. The extraction
process was carried out over several days with
periodic agitation. The resulting filtrates were
concentrated under reduced pressure using a
rotary evaporator and subsequently stored
under refrigerated conditions. The extracts were
evaluated for yield and basic quality parameters
prior to formulation.

Gel Formulation And Optimization

Gel formulations were prepared according to
the experimental design matrix generated by the
Simplex Lattice Design. Carbopol 940 was
dispersed in distilled water and allowed to
hydrate, followed by the incorporation of plant
extracts and other excipients. Triethanolamine
was added gradually to neutralize the system
and obtain the desired gel consistency.
Optimization was performed by analyzing the
desirability function, with priority given to
formulations exhibiting balanced physical
properties and stability.

Evaluation of Gel Properties
Organoleptic Properties and Homogeneity

The prepared gels were visually examined for
color, odor, and uniformity to ensure acceptable
appearance and homogeneity.

pH and Viscosity

The pH of each formulation was measured
using a calibrated digital pH meter, while
viscosity was determined using a Brookfield
viscometer under controlled conditions.

Spreadability

Spreadability was evaluated by measuring
the diameter of gel dispersion between glass
plates under a standardized load after a fixed
period.

Stability Testing

Stability was assessed using repeated freeze-
thaw cycles. Each cycle consisted of alternating
storage at low and elevated temperatures.
Changes in physical appearance, pH, viscosity,
and spreadability were monitored after each
cycle.

Hedonic Evaluation

Sensory acceptance of the optimized gel was
assessed by volunteer panelists with no history
of skin sensitivity. Parameters evaluated
included odor, texture, color, and irritation
response using a structured preference scale.

Antibacterial Activity Test

Antibacterial activity was evaluated using the
agar diffusion method. Test samples were
applied to sterile paper discs and placed on agar
media inoculated with C. acnes. Following
incubation under anaerobic  conditions,
inhibition zones were measured to assess
antibacterial effectiveness.

Data Analysis

Experimental data were analyzed using
Design Expert® software to determine optimal
formulation conditions. Statistical evaluation
was conducted using appropriate analysis of
variance techniques, and results were expressed
as mean values with standard deviations.

Ethical Consideration

All experimental procedures were conducted
in accordance with laboratory biosafety
guidelines. Ethical approval for the involvement
of microbial isolates and human panelists was
obtained from the institutional ethics committee.
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RESULTS AND DISCUSSION

The extraction yields of Caesalpinia sappan
and Carthamus tinctorius were 5.00% and
5.02%, respectively, and both extracts complied
with the physicochemical quality standards of
the Indonesian Herbal Pharmacopoeia (Table
1). Although the yields were below the ideal

threshold (>10%), this outcome is consistent
with previous reports indicating that extraction
efficiency is strongly influenced by raw material
characteristics and solvent polarity (Daud &
Suryanti, 2017; Febriyenti et al., 2018; Vij et al,,
2023). These results confirm that the extracts
were suitable for formulation despite moderate
yield values.

Table 1. Standardization and Yield of Extracts

Parameter C. sappan C. tinctorius Reference Standard (FHI)
Moisture content (%) 9.2 9.5 <10%

Total ash (%) 1.3 4.2 < 1.4 (sappan), < 4.4 (kasumba)
Acid-insoluble ash (%) 0.5 1.6 < 0.6 (sappan), < 1.7 (kasumba)
Extractive (ethanol) (%) 5 4 > 4%

Extractive (water) (%) 3 3 23%

Yield (%) 5 5.02 > 10% (ideal)

Source: Data of this study; (Daud & Suryanti, 2017); (Febriyenti et al, 2018); (Vij et al, 2023)

Table 2. IC50 Values of Extracts and Combination

Sample 1C50 (ug/mL) Category
C. sappan extract 48.74 Very strong (<50)
C. tinctorius extract 45.95 Very strong (<50)

Combination extract 43.18 Very strong (<50)
Quercetin (control) 49.92 Very strong (<50)
Source: Data of this study; classification based on Yusufet al, (2022)

Antioxidant evaluation using the DPPH assay
demonstrated strong radical scavenging activity
for both single extracts and their combination
(Table 2, Figure 1).
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Figure 1. Antioxidant activity (IC50) of single
extracts, combination, and quercetin
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Notably, the combined extract showed the
lowest ICso value, indicating superior
antioxidant capacity compared with individual
extracts. This enhancement is consistent with
the presence of multiple bioactive constituents
in C. sappan, such as brazilin, brazilein, and
sappan chalcone, which are known for their
antioxidant and anti-inflammatory properties
(Syamsunarno et al.,, 2021; Vij et al,, 2023), as
well as hydroxysafflor yellow A (HSYA) in C
tinctorius, a compound with strong antioxidant
and cytoprotective effects (Bai et al., 2025;
Hansur et al,, 2024). The observed improvement
supports previous evidence that phytochemical

combinations may exert complementary
antioxidant mechanisms, which are relevant to
oxidative stress-related conditions such as acne
vulgaris.
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Figure 2. Contour plots of SLD optimization ((a)
Effect of Carbopol 940 and TEA on viscosity, (b)
Effect on pH, (c) Effect on spreadability)

Optimization of the gel formulation using the
Simplex Lattice Design revealed clear effects of
Carbopol 940 and triethanolamine (TEA) on
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viscosity, pH, and spreadability (Table 3, Figure
2). Carbopol 940 predominantly governed
viscosity, consistent with its established role as a
rheology-modifying polymer (Safitri et al,
2021), whereas TEA exerted a stronger influence
on pH due to its neutralizing function in
Carbopol-based systems (Kaya et al., 2024; Yusuf
etal, 2022).

Table 3. Results of Gel Characterization

Run zlclrs)g;)sny pH ?g;(;adablllty
1 15,067 5 5.2
2 15,400 4.75 5.7
3 16,333 4.55 5.7
4 16,400 4.31 5.4
5 14,800 6.45 6.4
6 14,733 7.25 6.9
7 16,733 4.32 5.3
8 14,133 7.7 5.6

Source: Data of this study; interpretation based on Nafisa et
al. (2021); Garg et al. (2002).
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Figure 3. Histogram of inhibition zones at 24 h
and 48 h

The negative interaction term observed in the
pH model reflects the neutralization balance
between these components, in line with TEA-
induced ionization of Carbopol carboxyl groups
(Shmakov et al., 2023). Spreadability showed an
inverse relationship with viscosity, increasing at
higher TEA levels, a trend widely reported in gel
formulation studies (Garg et al., 2002; Nafisa et
al,, 2021). Based on the desirability function, the
optimal formulation was identified at 1.5%
Carbopol 940 and 0.5% TEA, yielding a
desirability value of 0.931.

Table 4. Polynomial Regression Equations Derived from the Simplex Lattice Design Models

Response Model type Polynomial equation (mixture terms)

Viscosity (cps) Cubic (mixture) Y, =19837.22059-A + 3831.27941-B + 647.05882-A-B
pH Quadratic (mixture) Y, =2.65881-A + 5.88992-B - 3.49961-A-B
Spreadability (cm) Quadratic (mixture) Y3 =3.10278-A + 4.68056-B - 2.13333-A-B

Source: Design-Expert® SLD output (experimental data of this study).

Table 5 ANOVA Summary and Model Adequacy Parameters for SLD Responses

Response Model type Model df Adj. R? Model Model p- I:ack-of- Adequ.a te
F-value value fitp precision

Viscosity Cubic 3 0.8728 1427  0.0097 04511 8.7426

(cps) (mixture)

pH Quadratic 2 0.9632 5263  <0.0001  0.2332 19.9469
(mixture)

Spreadability  Quadratic 2 0.8584 1139 00033 02239  9.5551

(cm) (mixture)

Source: Design-Expert® SLD output (experimental data of this study).

Table 6. Average Physical Stability Parameters During Cycling Test (Mean * SD)

Cycle pH (mean * SD) Viscosity (cps * SD) gg;eadablhty (cm
1 511+0.12 16,364 + 45.6 5.57 £0.06
3 490=+0.10 16,296 £ 5.8 5.67 £0.15
6 4.57 £ 0.03 15,844 £ 50.4 5.63+0.15

Source: Data of this study; cycling test protocol adapted from Ramadhani et al, (2017); Lestari et al, (2020).
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Table 7. Hedonic Test Results (Panelist Preferences)

Strongly Strongly Like
Attribute Dislike ?f;‘;tral Like (%) .

(%) 0 (%)
Odor 0 10 30 40
Color 10 20 40 10
Texture 0 20 50 20
Non-irritating 0 10 30 50

Source: Data of this study (primary data, hedonic evaluation).

Table 8. Antibacterial Activity (Inhibition Zone, mm)

Treatment 24 h (mean * SD) 48 h (mean % SD) Category
Formula optimum gel 14+£1.0 15.0+£0.0 Strong
Combination 10% 10+ 0.0 16.3+2.3 Moderate-Strong
Combination 20% 15+£0.0 17.7+2.5 Strong
Clindamycin (+) 10+0.0 15.0+0.0 Strong

Base gel (-) 0 0 None

Source: Data of this study; classification of antibacterial strength adapted from Lukmayani et al. (2022); Cahyani et al.

Model adequacy was confirmed by ANOVA
results (Table 5), which showed high adjusted
R? values (0.8584-0.9632), significant model p-
values, non-significant lack-of-fit, and adequate
precision values exceeding the recommended
threshold. These parameters indicate that the
SLD models reliably predicted formulation
behavior, supporting their application for gel
optimization (Deka, 2022; Litovin & Noveski,
2022; Nahdhia et al., 2025; Pratiwi et al., 2024).

Physical stability testing demonstrated that
the optimized gel maintained consistent pH,
viscosity, and spreadability throughout six
freeze-thaw cycles (Table 6). Statistical analysis
showed no significant differences among cycles
(p > 0.05), and no visual instability was
observed, including phase separation or color
change. These findings are consistent with
earlier reports that Carbopol-TEA systems
exhibit good resilience under thermal stress
(Lestari et al., 2020; Ramadhani et al.,, 2017).
Hedonic evaluation further indicated acceptable
sensory characteristics, particularly for odor,

C

e
Figure 4. Representative inhibition zone images for each treatment against Cutibacterium acnes
((a)Optimized gel, (b)10% extract, (b) 20% extract, (d) Clindamyci, (e) Base gel)

texture, and non-irritating properties, while
slightly lower color preference was attributed to
natural pigments from the plant extracts.

Antibacterial testing against Cutibacterium
acnes demonstrated that the optimized gel and
extract-containing formulations produced clear
inhibition zones compared with the base gel
(Table 8, Figure 3, Figure 4). The 20% extract
formulation showed the strongest activity,
reflecting a concentration-dependent
antibacterial effect, whereas the optimized gel
containing 10% extract maintained strong
inhibition while achieving balanced physical
properties.  Statistical analysis confirmed
significant differences among treatments (p <
0.05). These results are consistent with previous
reports on the antibacterial relevance of plant-
derived compounds in addressing antibiotic
resistance (Beig et al,, 2024) and the pathogenic
role of C. acnes involving biofilm formation and
immune modulation (Cavallo et al, 2022;
Mayslich et al,, 2021). The enhanced activity of
the combined extracts aligns with earlier
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findings on synergistic antibacterial effects of
phytochemical combinations (Singh et al., 2023;
Yan et al., 2021). Moreover, the antioxidant and
anti-inflammatory properties of C. sappan and C.
tinctorius may concurrently mitigate oxidative
stress and inflammation associated with acne
pathogenesis (Almasaudi, 2021; Bai et al., 2025;
Carballido et al., 2024; Olmos & Gonzalez-Benito,
2021).

Overall, these findings support the successful
integration of dual herbal extracts into a
statistically optimized gel matrix, addressing
formulation stability and antibacterial efficacy
simultaneously. While challenges such as raw
material variability and limited in vitro scope
remain (Litovin & Noveski, 2022), the
application of SLD provides a robust framework
for rational herbal gel development and
supports future refinement using advanced
delivery systems (Dixit, 2021; Hayat et al., 2023;
Sindhu et al,, 2022; Wekalao et al., 2025).

CONCLUSIONS
This study demonstrates that the
combination of Caesalpinia sappan and

Carthamus tinctorius extracts can be successfully
formulated into a stable and effective herbal gel
using a Simplex Lattice Design approach. The
optimized formulation exhibited acceptable
physicochemical properties, maintained stability
under freeze-thaw conditions, and showed
strong antioxidant and antibacterial activity
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