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Introduction

Etlingera is a diverse genus within the Zingiberaceae

Abstract: Etlingera calophrys, commonly known as olae, is an endemic plant in the
family Zingiberaceae, traditionally recognized for its anti-inflammatory properties,
although scientific studies remain limited. This study aims to identify bioactive
compounds in olae rhizomes using Liquid Chromatography—-High Resolution Mass
Spectrometry (LC-HRMS) and to develop an emulgel formulation as a more stable
and effective topical delivery system. Olae rhizome was extracted by maceration
using 96% ethanol, and the metabolite profile was analyzed by LC-HRMS. The
emulgel was prepared in concentrations of 1%, 2%, 3% and evaluated for
organoleptic properties, pH, adhesion, spreadability, irritation, homogeneity, and
stability. In vitro anti-inflammatory activity was evaluated using the bovine serum
albumin (BSA) protein denaturation inhibition assay. LC-HRMS analysis identified
compounds yakuchinone A, 4-methoxybenzaldehyde, betaine, choline, maxacalcitol,
and (9-cis)-Retinal, which are known to have biological activity in inhibiting
inflammatory mediators. The formulation of an emulgel was successfully produced
and met the physical and stability evaluation parameters, including organoleptic,
homogeneity, pH, adhesion, spreadability, irritation, and stability. The results of in
vitro anti-inflammatory activity showed that the emulgel had anti-inflammatory
activity with 1Cso values of 70.54 mg/L, 64.86 mg/L, and 52.55 mg/L, respectively.
However, these results represent preliminary acellular anti-inflammatory activity and
do not establish transdermal permeability or therapeutic efficacy. Further studies
involving extract-release and skin-permeation testing, cell-based anti-inflammatory
models, toxicity assessment, and in vivo validation are required to determine the
topical therapeutic potential of E. calophrys rhizome emulgel.

considerable  pharmacological potential, particularly
antioxidant, antimicrobial, and anti-inflammatory

family, comprising approximately 150-200 species
worldwide, including six species reported on Java and
approximately 48 species on Sulawesi. Seven species are
known to be endemic to Southeast Sulawesi (1). Several of
which have demonstrated important pharmacological
activities (2-5). For example, Etlingera elatior fruit exhibits
hepatoprotective, antibacterial, antioxidant, and
antidiabetic activities (6, 7), while the stem of
Etlingera calophrys has been reported to possess
antioxidant activity (8, 9). The rhizome of Etlingera alba
demonstrates antioxidant and anticancer potential (10, 11),
whereas the fruit and stem of Etlingera rubroloba exhibit
antioxidant, anticancer, antidiabetic, and anti-inflammatory
activities (12, 13). These findings indicate that Etlingera
species contain diverse bioactive compounds with

properties (14-16). Among the endemic species of
Sulawesi, E. calophrys, locally known as Olae, has
traditionally been used by local communities to treat
wounds and pain. However, scientific information
regarding its phytochemical composition and biological
activities remains limited. Therefore, further investigation
of its metabolite profile and anti-inflammatory potential is
warranted to provide scientific evidence supporting its
traditional use and to identify compounds that may
contribute to its biological activity.

Tee et al (3) conducted anti-inflammatory research on
E. calophrys rhizome with sodium diclofenac as a positive
control. The results showed that E. calophrys rhizome has
anti-inflammatory activity with an ICso value of 3.44 mg/L,
which is classified as very strong. The Liquid

Sciences of Pharmacy - 10.58920/sciphar0504733

Page 375


https://crossmark.crossref.org/dialog/?doi=10.58920/sciphar0504733&amp;domain=pdf&amp;date_stamp=2026-10-26
https://crossmark.crossref.org/dialog/?doi=10.58920/sciphar0504733&amp;domain=pdf&amp;date_stamp=2026-10-26
mailto:asmansetiawan15@gmail.com
https://orcid.org/https://orcid.org/0000-0002-5614-2142
https://orcid.org/https://orcid.org/0000-0003-0281-596X
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.58920/sciphar0504733

Muhammad Asman S et al. 2026

ETFLIN Portfolio

Figure 1. Part of Etlingera calophrys plant: (A) leaf ; (B) stem; (C) fruit; (D) rhizome.

Chromatography-High Resolution Mass Spectrometry (LC-
HRMS) approach allows for a more in-depth identification
of bioactive compounds in E. calophrys rhizomes, thereby
providing a scientific basis for the plant's pharmacological
activity.

Currently, skin inflammation is generally treated with
corticosteroids and nonsteroidal anti-inflammatory drugs
(NSAIDs) (17). However, long-term use of both types of
drugs can cause various side effects, such as itching,
irritation, dry skin, folliculitis, hypertrichosis, acne-like
rashes, hypopigmentation, allergic contact dermatitis, skin
maceration, striae, and miliaria (18). This condition has
prompted the development of safer alternative therapies.
One of which is through the use of medicinal plants like E.
calophrys rhizome, known to have anti-inflammatory
potential with lower toxicity risks. The development of
topical anti-inflammatory formulations is necessary, as
they can be applied directly to the affected area, allowing
the medication to penetrate the skin optimally (19).

Information regarding the composition of active
compounds obtained from LC-HRMS analysis is an
important basis for the development of appropriate
dosage forms, especially for improving the effectiveness of
bioactive compound delivery to target tissues. An emulgel
was selected as the topical dosage form because it
combines the advantages of emulsions and gels, making it
suitable for incorporating plant extracts containing both
hydrophilic and lipophilic compounds (19). Compared with
conventional creams or ointments, emulgels may offer
favorable spreadability, ease of application, and user
acceptability, while accommodating compounds with
different physicochemical properties (21, 22). The emulsion
phase may facilitate the dispersion and solubilization of
lipophilic compounds, whereas the polymeric gel matrix
may contribute to the physical stability, consistency, and
retention of the formulation on the skin surface (17). These
characteristics make emulgel a potentially suitable delivery
system for E. calophrys rhizome extract.

However, the effects of the formulation on the
release, skin permeation, and local availability of bioactive
compounds remain to be established. Therefore, this study
focused on  developing and  evaluating the
physicochemical characteristics and preliminary in vitro
anti-inflammatory activity of E. calophrys rhizome extract

emulgel. Incorporation of the crude extract into the
emulgel matrix may affect the availability of its
constituents during in vitro testing through interactions
with the Carbomer-HPMC network and partitioning
between the aqueous and oil phases, which may
subsequently influence compound release and diffusion
into the assay medium.

The objective of the study is 1) to characterize the
metabolite profile of E. calophrys rhizome extract using LC-
HRMS; 2) formulate the extract into an emulgel; and 3)
evaluate the physicochemical properties, stability, irritation
potential, and in vitro anti-inflammatory activity of the
resulting formulations. The results of this study are
expected to provide a scientific basis for the development
of natural-based emulgels as candidates for safe, stable,
and effective anti-inflammatory preparations.

Methodology

Plant Material

The E. calophrys plant (see Figure 1) was identified at the
Center for Biosystematics and Evolution Research, National
Research and Innovation Agency (BRIN), Cibinong, Bogor,
Indonesia, with certificate number
957/IPH.1.01/1f.07/V/2019. The rhizome was obtained from
Simbalai Village, Loea District, East Kolaka Regency,
Southeast Sulawesi. Rhizome samples were collected,
washed, sorted, and then dried at 45 °C for three days.
Once dry, the simplisia was ground into a fine powder and
stored in a clean, dry, tightly sealed container protected
from light (3).

Extraction

A total of 500 g of dried E. calophrys rhizome powder was
macerated with 5 L of 96% ethanol at a solid-to-solvent
ratio of 1:10 (w/v) for 3 x 24 h at room temperature with
periodic stirring. The maceration filtrate was separated by
filtration, and the resulting filtrate was concentrated under
reduced pressure at 45 °C using a Stuart RE300 (USA)
rotary evaporator at a rotation speed of 80 rpm until a
thick extract was obtained (3). A total of 25 g of
concentrated extract was obtained, corresponding to an
extraction yield of 5.0%. The resulting E. calophrys rhizome
extract was subsequently analyzed by LC-HRMS for
chemical profiling and used as the active ingredient in the
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Table 1. Anti-inflammatory emulgel formula from Etlingera calophrys rhizome.
Concentration (%)

Ingredients Fo F1 F2 F3 Range Function

E. calophrys rhizome extract 0 1 2 3 - Active ingredient
Carbomer 980 2 2 2 2 0.5-2% Gelling Agent
HPMC 0.25 0.25 0.25 0.25 0.25-5% Gelling Agent
Span 80 1.5 1.5 1.5 1.5 1-10% Emulgator
Tween 80 8.5 8.5 8.5 8.5 1-10% Emulgator
Propylene glycol 10 10 10 10 10-24% Humectant
Benzoic acid 0.2 0.2 0.2 0.2 0.02-0.5% Preservative
BHT 0.1 0.1 0.1 0.1 0.0075-0.1% Antioxidant
Triethanolamine (TEA) 1 1 1 1 1% pH Adjustment
Purified water g.s. 100% 100% 100% 100% Up to 100% Solvent

formulation of emulgel.

Identification of Secondary Metabolites by LC-
HRMS

Approximately 50 mg of dried extract was ultrasonically
extracted (Branson Ultrasonic Corporation, Danbury, CT,
USA) with 1.5 mL of methanol at 30 °C for 15 min. The
extract was filtered through a 0.2 um PTFE syringe filter
(SY25TF, mdi), and the filtrate was transferred into an LC-
MS vial for analysis. Metabolite profiling was performed
using a UHPLC-Q Exactive Plus Orbitrap high-resolution
mass spectrometer (Thermo Scientific™, Waltham, MA,
USA) equipped with an Accucore™ Phenyl Hexyl column
(100 x 2.1 mm, 2.6 pm). Chromatographic separation was
carried out using 0.1% formic acid in water (mobile phase
A) and acetonitrile (mobile phase B) with a linear gradient
elution program at a flow rate of 0.3 mL min™, an injection
volume of 0.5 pL, and an autosampler temperature of 10
°C. Full-scan mass spectra were acquired over an m/z
range of 100-1500 in both positive and negative
electrospray ionization (ESI) modes at a resolving power of
70,000 FWHM, and MS/MS spectra were obtained using
stepped collision energies of 18, 35, and 53 eV. Raw LC-
HRMS data were processed using Compound Discoverer™
(Thermo Fisher Scientific) for peak detection, retention
time alignment, isotope grouping, feature extraction, and
metabolite annotation. Compound annotation was
performed by matching accurate precursor masses,
isotope patterns, and MS/MS fragmentation spectra
against the mzCloud™, ChemSpider™, and PubChem
databases. The precursor and fragment mass tolerances
were set at 5 ppm and 10ppm, respectively, and common

adduct ions, including [M+H]*, [M+Na]’, [M+NH,]",
[M-H], and [M+HCOO], were considered during
annotation. Metabolites were reported as putatively

annotated compounds (MSI Level 2) based on accurate
mass and MS/MS spectral matching, whereas compounds
assigned only from accurate mass without definitive
MS/MS  confirmation were reported as candidate
molecular formulas (MSI Level 3) according to the
Metabolomics Standards Initiative (MSI) (20).

Formulation of Etlingera calophrys Rhizome
Emulgel

The process of emulgel preparation begins with the
preparation of the gel base, which is done by dispersing
HPMC in 4 mL of hot distilled water and leaving it for 30

min. In a separate container, Carbopol is also dispersed in
5 mL of hot water and left for 15 min to expand. After that,
the expanded Carbopol base is crushed, then TEA is added
and mixed with the HPMC base until a clear and
homogeneous gel is formed. The next step is to prepare
the emulsion phase, in which the water phase ingredients:
extract, tween 80, propylene glycol, and distilled water,
and the oil phase: benzoic acid, Span 80, BHT are heated
to 70 °C on a hot plate. Once both phases reach the
appropriate temperature, the oil phase is mixed into the
water phase while stirring until a homogeneous emulsion
is formed. The final step is to mix the emulsion mass into
the gel base while grinding slowly until a homogeneous
emulgel preparation is formed. The formula from E
calophrys rhizome is presented in Table 1.

Anti-Inflammatory Activity: Protein Denaturation
Method

The anti-inflammatory activity test method using the
protein denaturation technique was carried out by
preparing a test solution consisting of 2 mL of bovine
serum albumin (BSA) 1%, 2.8 mL phosphate buffer solution
(PBS, pH 6.4), and varying volumes of sample extract to
obtain final concentrations of 50, 40, 30, 20, and 10 mg/L.
A control solution was prepared without the addition of
extract. Next, the mixture was incubated at 37.5 °C for 10-
15 min, then heated at 65 °C for 5 min to trigger the
protein denaturation process. After cooling, the
absorbance was measured at a wavelength of 650 nm. As
a comparison, sodium diclofenac at the same
concentrations (50, 40, 30, 20, and 10 mg/L) was used as a
positive control and subjected to the same treatment (23,
24).

Characterization of Emulgel Preparations
Organoleptic Test: This was done by directly observing
the color, smell, and consistency of the emulgel base that
had been made (25).

Homogeneity Test: A sufficient amount of emulgel
preparation is applied to a glass object and covered with
another glass object, then placed on white paper and
observed for uneven particles (26).

pH Test: About 1 g of emulgel is dissolved in 10 mL of
distilled water. Next, universal pH indicator paper is
dipped into the mixture for a few moments. The color
change that occurs is compared to the color standard on
the outside of the container (26).
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Table 2. Profiling of secondary metabolite compounds in Etlingera calophrys rhizome extract.

No RT (min) Molecular Weight Name Relative area (%)
1 0.75 103.10 Choline 2.29
2 0.84 117.08 Betaine 3.91
3 0.85 137.05 Methyl isonicotinate 0.77
4 6.84 185.21 Tributylamine 1.91
5 9.75 317.29 2-Amino-1, 3, 4-octadecanetriol 1.84
6 9.78 433.21 Mycophenolate mofetil 0.79
7 10.02 144.06 1-Naphthol 0.95
8 10.21 330.07 Aflatoxin G2 6.82
9 10.58 344.09 Bagremycin B 4.85
10 1179 314.08 Aflatoxin B2 1.81
11 12.09 31217 Yakuchinone A 2.18
12 12.09 136.05 4-Methoxybenzaldehyde 13.24
13 1224 190.17 1, 3-di-tert-butylbenzene 17.82
14 12.51 288.21 Testosterone 3.31
15 12.67 350.24 Tetrahydro-11-deoxycortisol 0.80
16 13.07 318.22 5-OxoETE 2.84
17 13.07 108.09 4-Vinylcyclohexene 2.58
18 13.65 348.23 3.17.21-Trihydroxypregn-2-en-1-one 2.16
19 14.62 264.25 2-[(52)-5-tetradecenylcyclobutanone 1.16
20 14.88 390.28 Bis (2-ethylhexyl) phthalate 0.76
21  15.34 284.21 (9cis)-Retinal 26.06
22 1596 418.31 Maxacalcitol 1.15

Adhesion Test: 0.5 g of emulgel is placed in the center of
two glass objects with a 1 kg load for 5 min. Both ends of
the objects are attached to the device. Adhesion is
calculated as the time required for the two glass objects to
separate (26).

Spreadability Test: The spreadability of formulations
was determined by placing 0.5 g of emulgel on a clean
transparent glass plate and covering it with a s glass plate.
Loads of 50, 100, 150, and 200 g were applied sequentially
to the upper plate, with each load maintained for 1 min.
The test was performed in triplicate for each formulation,
and the results were expressed as mean + standard
deviation (SD) (25).

Irritation Test: Ten volunteers were sought. The test
was conducted by applying 0.5 g of emulgel to the inner
forearm. The test was conducted for 15 min, 3 times a day
in the morning, afternoon, and evening for 1 day. A
positive irritation reaction was indicated by redness,
itching, or swelling of the treated skin area (25).

Stability Test (Cycling Test): The four emulgel
formulations were stored at 2-8 °C for one day, followed
by storage at 40 °C for one day (one cycle). The
examination was conducted for 3 cycles, totaling 6 days,
and physical changes in the emulgel preparations before
and after the cycling test were observed using the same
testing method as in the room temperature storage test
(26).

Data Analysis

Data analysis includes the profile of bioactive compounds
obtained from LC-HRMS and in vitro anti-inflammatory
activity testing. LC-HRMS data is used to identify
secondary metabolites in E. calophrys rhizome extracts
based on molecular mass, chemical formula, and ion
fragmentation patterns with reference to literature,
thereby obtaining compounds with anti-inflammatory

potential. In vitro anti-inflammatory activity tests were
analyzed from absorbance values to calculate the % of
protein denaturation inhibition and determine the ICso
value through linear regression between log concentration
and % inhibition. In addition, the results of the physical
evaluation of the preparation (pH, homogeneity,
spreadability, adhesiveness, and stability) were analyzed
descriptively to ensure the quality and stability of the
emulgel as an effective topical preparation.

Results and Discussion

Profiling of the Chemical Components

Analysis of secondary metabolites in E. calophrys rhizomes
using Liquid Chromatography-High Resolution Mass
Spectrometry (LC-HRMS) successfully identified various

bioactive compounds belonging to the phenolic,
flavonoid, and steroid groups. Some of the main
compounds detected include yakuchinone A, 4-

methoxybenzaldehyde, betaine, choline, maxacalcitol, and
(9-cis)-retinal (Table 2). These compounds are known to
have important biological activities, particularly in
inhibiting inflammatory mediators and protecting cells
from oxidative stress (5, 8, 27, 28).

Chemical composition analysis successfully identified
22 major compounds with retention times (RT) ranging
from 0.75 to 15.96 min. The analysis results showed that E.
calophrys rhizomes contain various bioactive compounds
belonging to the alkaloid, phenolic, steroid, and fatty acid
derivative groups, which are known to have important
pharmacological  activities,  particularly as  anti-
inflammatory agents and antioxidants. The compounds
with the highest concentrations includes (9-cis)-Retinal
(26.06%), 1, 3-di-tert-butylbenzene (17.82%), 4-
methoxybenzaldehyde (13.24%), aflatoxin G2 (6.82%),
bagremycin B (4.85%), betaine (3.91%), testosterone
(3.31%), 5-OxoETE (2.84%), 4-Vinylcyclohexene (2.58%),
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Table 3. Evaluation of Etlingera calophrys rhizome emulgel.

Organoleptic

Adhesive strength Spreadability

Formula Smell Shape Color Homogeneity ) (cm) pH Irritation
Before the cycling test
FO ) Semi- White Homogeneous 1.80 4.1 45 MO
solid irritating
F1 Distinctive Semi- Light Homogeneous 1.79 5.6 5.0 Mo
odor solid brown irritating
F2 Distinctive Seml— Brown Homogeneous 1.65 5.45 5.0 .no.n—.
odor solid irritating
F3 Distinctive Semi- Brown Homogeneous 1.52 5.8 50 oM
odor solid irritating
After the cycling test
FO - ™ \White  Homogeneous 175 4.1 45 00
solid irritating
F1 RIS Seml— g Homogeneous 1.50 55 5.0 Mo
odor solid brown irritating
F2 Distinctive semi- Brown Homogeneous 1.45 5.45 50 oM
odor solid irritating
F3 Distinctive seml Brown Homogeneous 1.33 5.6 5.0 Mo
odor solid irritating

choline (2.29%), yakuchinone A (2.18%), and maxacalcitol
(1.15%). These compounds are known to have strong
biological activity in inhibiting inflammatory mediators
such as prostaglandins and proinflammatory cytokines (5,
27, 29, 30). For example, yakuchinone A is a phenolic
compound that has been reported to suppress the activity
of COX-2 and NO synthase enzymes (2, 30, 31), while (9-
cis)-Retinal has antioxidant effects that can suppress
oxidative stress, which causes inflammation (32).

Based on the LC-HRMS analysis results presented in
Table 2, several metabolites labeled as putatively
annotated metabolites show similarities to compounds
reported as Aflatoxin B2 and Aflatoxin G2. However, it
should be emphasized that this identification was
obtained through an untargeted metabolomics approach
based on accurate mass matching and MS/MS spectra
against a metabolite database. Therefore, it cannot be
interpreted as definitive evidence of the presence of
aflatoxins in E. calophrys rhizomes. In accordance with the
Metabolomics Standards Initiative (MSI) guidelines, these
annotations remain at the level of putative identification
and require further confirmation using targeted analysis
with  authentic standards or other spectroscopic
techniques before they can be declared as definitive
identifications. Therefore, this study focused on
metabolites with higher biological relevance, particularly

@L)

phenolic and steroid compounds tentatively identified in
the LC-HRMS profiles.

Overall, the LC-HRMS results indicate that E. calophrys
rhizomes are rich in phenolic and steroid compounds that
contribute to anti-inflammatory and antioxidant activities.
The predominance of these two compound groups
indicates that E. calophrys rhizomes have the potential for
antioxidant and anti-inflammatory activity. This metabolite
composition provides a scientific basis for the traditional
use of E. calophrys rhizomes as a natural medicine while
supporting their development as a source of anti-
inflammatory active ingredients.

Characterization of Emulgel Preparations

The physical properties of the anti-inflammatory emulgel
preparation of E. calophrys rhizome were tested for
organoleptic properties, homogeneity, pH, adhesive
strength, spreadability, irritation, and stability.
Observations were made over a period of 4 weeks at room
temperature storage (Table 3).

Physical and stability evaluation of E. calophrys
rhizome emulgel includes organoleptic observation,
homogeneity, adhesion, spreadability, pH, and irritation
potential. All formulas (FO-F3) exhibit a soft and

homogeneous semi-solid form (Figure 2). The control
formula (FO) was white with no distinctive aroma. In

Figure 2. Anti-inflammatory of Etlingera calophrys rhizome emulgel: (FO) blank, (F1) 1%, (F2) 2%, (F3) 3%.
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Figure 3. Comparison of the adhesive strength of Etlingera
calophrys rhizome emulgel before and after the cycling
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Figure 4. Comparison of the spreadability of Etlingera
calophrys rhizome emulgel before and after the cycling
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Figure 5. Comparison of the pH values of Etlingera
calophrys rhizome emulgel before and after the cycling
test.

contrast, the extract-containing formulas (F1-F3) were
light to dark brown with a distinctive E. calophrys rhizome
aroma that intensified with increasing extract
concentration. These differences in color and aroma

ETFLIN Portfolio

indicate that the extract content influences the
preparation's visual and sensory characteristics.

In general, all formulations were still able to maintain
their physical characteristics after undergoing accelerated
stability testing, although slight changes occurred in some
parameters. The adhesion values of all formulations
tended to decrease after the cycling test. The control
formulation (FO) decreased from 1.80 to 1.75 s; however,
based on statistical analysis, this change was not
statistically significant (p = 0.053; p > 0.05). In contrast,
formulations F1, F2, and F3 exhibited statistically
significant decreases in adhesion strength after the cycling
test (p < 0.001), from 1.79 to 1.50 s, 1.65 to 1.45 s, and
1.52 to 1.33 s, respectively (Figure 3). The decrease in
adhesion is thought to be related to changes in the gel’s
structural network due to the heating and cooling cycles,
which caused a slight decrease in the formulation’s
viscosity. Nevertheless, the adhesion values obtained are
within an acceptable range for topical formulations, so
they are expected to maintain contact between the
formulation and the skin surface.

In the spreadability test, formulations FO and F2
showed no change after the cycling test (p = 1.000), with
their values remaining at 4.10 cm and 5.45 cm, respectively
(Figure 4). Meanwhile, formulation F1 experienced a slight
decrease in spreadability from 5.60 to 55 cm, and
formulation F3 from 5.80 to 5.60 cm, which was statistically
significant (p < 0.001). Despite these decreases, all
formulations still exhibited a spreadability within the 4-7
cm range, thereby meeting the criteria for good
spreadability in semisolid formulations. Adequate
spreadability is essential to ensure ease of application and
even distribution of the formulation across the skin's
surface.

The pH parameter showed the most stable results
compared to the other parameters. The pH values of all
formulations remained unchanged after the cycling test,
with formulation FO maintaining a pH of 4.50, while F1, F2,
and F3 each remained at a pH of 5.00. Statistical analysis
showed that there were no significant differences between
the pre- and post-cycling test values for all formulations (p
= 1.000). These pH values remain within the physiological
pH range of the skin (approximately 4.5-6.5), so they are
not expected to cause irritation and remain safe for topical
use.

Overall, the test results showed that the cycling test
had only a minor effect on the adhesion and spreadability
of some formulations, while the pH remained stable
throughout the testing, as seen in Figure 5. These findings
indicate that E. calophrys rhizome emulgel exhibits good
physical stability after accelerated storage and continues
to meet quality requirements as a topical preparation.
Although there was a decrease in adhesion and
spreadability in some formulations, these changes did not
significantly affect the physical performance of the
preparations and remained within acceptable limits.

Anti-Inflammatory Activity: Protein Denaturation
Method

Measurement of anti-inflammatory activity at a maximum
wavelength of 660 nm using a UV-Vis spectrophotometer.
The anti-inflammatory activity of E. calophrys rhizome
emulgel preparations was determined based on the ICsg
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Table 4. The Inhibition of Etlingera calophrys rhizome emulgel.

Concentration Absorbance
Formula e D1 D2
10 0271  0.293
20 0.263  0.264
F1 30 0262 0.242
40 0245 0.218
50 0216  0.205
10 0277 0.254
20 0241  0.267
F2 30 0.233 0.239
40 0.205 0.208
50 0.202 0.182
10 0233 0.254
20 0.196  0.205
F3 30 0.191  0.194
40 0.172  0.189
50 0.12 0.141
10 0.454 0.452
20 0336 0.335
Positive control 30 0.277 0278
40 0.193  0.192
50 0.116  0.115

% Inhibition

P3 P1 P2 P3 Average
0259 13419 1.347 6.498 7.088
0242 15974 11.111 12.635 13.24
0235 16.294 18.519 15.162 16.658
0.178  21.725 26.599 35.74 28.022
0.138  30.99 30.976 50.181 37.382
0271  8.278 15.333 13.141 12.251
0.25 20.199 11 19.872 17.024
0215 22.848 20.333 31.09 24.757
0.207  32.119 30.667 33.654 32.147
0.18 33.113 39.333 42.308 38.251
0.2 0.851 23.03 11.894 11.925
0.196  16.596 37.879 13.656 22.71
0.185  18.723 41.212 18.502 26.146
0.156  26.809 42.727 31.278 33.604
0.117  48.936 57.273 48.458 51.556
0453 6.198 6.418 6.597 6.405
0.337  30.579 30.642 30.515 30.579
0.276  42.769 42.443 43.093 42.768
0.194 60.124 60.248 60 60.124
0.117  76.033 76.19 75.876 76.033

value, which is the concentration capable of inhibiting 50%
of the protein denaturation process, as an indicator of the
anti-inflammatory potential of the preparation (Table 4).
The anti-inflammatory activity test was conducted in
vitro using the protein denaturation method, which is
based on the principle that anti-inflammatory agents can
inhibit denaturation or damage to protein structures due
to heat exposure (31, 33). The protein denaturation
process resembles the inflammatory mechanism in the
body, where body proteins (such as albumin) can change
structure due to oxidative stress or immune reactions (34,
35). In this study, sodium diclofenac was used as a positive
control because it is a nonsteroidal anti-inflammatory drug
(NSAID) that works by inhibiting the cyclooxygenase (COX)
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enzyme, thereby reducing the production of inflammatory
mediators (36, 37).

The results of in vitro anti-inflammatory activity
testing of emulgel showed that the % of inhibition
increased with increasing extract concentration in all
formulas. Formulas F1, F2, and F3 showed the highest
average inhibition percentages at a concentration of 50
mg/L, at 30.382%, 38.25%, and 51.55%, respectively. This
indicates a positive relationship between increasing extract
concentration and protein denaturation inhibition ability.
Compared to the positive control (sodium diclofenac),
which showed an average inhibition of 76.03% at a
concentration of 50 mg/L, the anti-inflammatory activity of
E. calophrys extract emulgel was still lower, but showed
strong potential, especially in formula F3 with the highest
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Figure 6. Graph of inhibition anti-inflammatory activity of Etlingera calophrys rhizome emulgel and positive control.
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Table 5. ICs, Value of Etlingera calophrys rhizome emulgel.

Formula

F1

F2

F3

Positive control (diclofenac sodium)

extract concentration (3%) (Figure 6). This formula had the
highest inhibitory activity among all formulations,
indicating that increasing the extract concentration can
enhance anti-inflammatory efficacy.

In vitro anti-inflammatory activity testing results
indicate that all E. calophrys rhizome extract emulgel
formulations have anti-inflammatory potential, as
evidenced by the ICso values obtained. Formula F1 with an
extract concentration of 1% showed an ICso value of 70.54
mg/L, while F2 (2%) and F3 (3%) had ICso values of 64.86
mg/L and 52.55 mg/L, respectively (Table 5). The decrease
in 1Cso value with increasing extract concentration
indicates an inverse relationship  between the
concentration of the active substance and the ICso value
(2), meaning that the higher the extract concentration, the
stronger the anti-inflammatory activity.

Test results show that all emulgel formulas have weak
anti-inflammatory activity, with ICso values of 70.54 mg/L
(F1), 64.86 mg/L (F2), and 52.55 mg/L (F3), respectively.
Based on general classification, A compound has a very
strong anti-inflammatory when ICsq < 10 mg/L, strong ICso
10-30 mg/L, moderate 1Cso 31-50 mg/I, weak ICso 51-100
mg/l, and very weak ICso > 100 mg/L (31, 38). For
comparison, sodium diclofenac showed an ICs, value of
34.04 mg/L, which is classified as moderate. The decrease
in 1Cso values with increasing extract concentration
indicates a positive dose-response relationship, where an
increase in active substance content enhances anti-
inflammatory activity (39). Although this indicates an
improvement in apparent anti-inflammatory activity with
increasing extract concentration, the response was not
proportional to the threefold increase in extract
concentration. This non-linear relationship may be
associated with the physicochemical properties of the
emulgel matrix. At higher extract concentrations,
interactions between the extract constituents and the
Carbomer-HPMC polymer network, as well as partitioning
between the aqueous and oil phases, may influence the
fraction of active constituents released into the assay
medium (40). However, this interpretation remains
hypothetical because extract-release kinetics and diffusion
were not directly evaluated in the present study. Although
the activity of the E. calophrys rhizome extract was still
below the positive control, these results indicate that E.
calophrys rhizome has potential as a natural source for the
development of anti-inflammatory topical preparations.

This study has several limitations that should be taken
into account when interpreting the results. Metabolite
identification using an untargeted LC-HRMS approach
remains tentative (putative annotation) based on matching
accurate mass and MS/MS spectra against databases;
therefore, none of the reported compounds, including
metabolite candidates showing similarity to aflatoxins, can
yet be declared definitively identified without confirmation

1C50 (mg/L) Category
70.54 Weak
64.86 Weak
52.55 Weak
34.04 Moderate

using authentic standards, targeted LC-MS/MS analysis, or
spectroscopic techniques such as NMR. The anti-
inflammatory activity in this study was evaluated only
through an in vitro protein denaturation assay. Therefore,
the results obtained cannot yet comprehensively describe
the anti-inflammatory mechanism at either the cellular or
organismal level. Therefore, further research is needed to
confirm the identity of the metabolites, evaluate the safety
of the extract through validated mycotoxin analysis, and
test anti-inflammatory activity using cell-based assays and
in vivo models so that the pharmacological potential of E.
calophrys rhizomes as an active ingredient in topical
preparations can be more thoroughly demonstrated. In
addition, optimization of the emulgel formulation is also
necessary to improve its physical characteristics, stability,
and the effectiveness of delivering bioactive compounds
to target tissues.

Conclusion

The present study demonstrated that E. calophrys rhizome
can be successfully formulated into a physically stable
emulgel that fulfilled the evaluated physicochemical
quality parameters. LC-HRMS-based untargeted
metabolite profiling tentatively revealed the presence of
several phenolic and steroid-like metabolites that may
contribute to the biological activity of the extract.
However, these metabolite annotations remain putative
and require confirmation using authentic reference
standards and targeted analytical approaches. The emulgel
exhibited weak in vitro anti-inflammatory activity, with I1Csg
values ranging from 52.54 to 70.54 mg/L, indicating that
although the extract possesses measurable biological
activity, its anti-inflammatory potency remains limited
under the experimental conditions employed. Future
studies should evaluate extract-release kinetics and skin
permeation, cytotoxicity, and anti-inflammatory activity
using cell-based models such as LPS-induced RAW 264.7
macrophages, followed by appropriate in vivo studies.
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