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Abstract: Topical steroid withdrawal (TSW) is an iatrogenic dermatosis following
prolonged topical corticosteroid use, with limited non-steroidal alternatives. This
study developed a multi-extract emulgel containing Andrographis paniculata,
Tinospora cordifolia, Curcuma longa, and Piper nigrum and screened its nitric oxide
(NO)-scavenging activity. Standardized ethanolic extracts were incorporated into
eight emulgels (F1-F8) using a 22 full factorial design, varying A. paniculata (3-5%), T.
cordifolia (4-6%), and C. longa (4-6%) with P nigrum fixed at 10%. Physical
characterization showed homogeneous oil-in-water emulgels with pH 5.26-5.90,
spreadability 6.7-6.8 cm, and viscosity 12,560-17,120 cP. ICso values for all
formulations exceeded the highest tested concentration (100 pg/mL) without
reaching the concentration-response curve plateau, and are reported as > 100 ug/mL
compared to 18.48 pg/mL for ascorbic acid. Descriptive ranking placed F4 first,
followed by F7 and F8. Exploratory factorial analysis indicated that C. longa levels and
the A. paniculata = T cordifolia interaction drove ICsq variation, showing that higher
extract loading did not enhance activity. Because this cell-free assay reflects only
direct chemical NO scavenging, findings are strictly preliminary and descriptive.
Future validation requires independent runs across an expanded concentration range
capturing the full upper plateau. F4 is tentatively proposed as the lead formulation

Check for

for confirmatory testing and subsequent stability, cell-based, and in vivo studies.

Introduction
Topical corticosteroids (TCSs) remain the standard first-line

treatment for atopic dermatitis (AD), yet their pattern of
use carries a significant risk. Prolonged and unsupervised
application of medium- to high-potency TCSs is frequently
reported, and this behaviour contributes to the emergence
of topical steroid withdrawal (TSW), also known as red skin
syndrome or topical steroid addiction (1). TSW is an
increasingly recognised, and still medically contested,
dermatosis characterized by diffuse erythema, a burning
sensation, extreme pruritus and prolonged sleep
disturbance following the discontinuation of TCSs after
prolonged use (2). An evidence gap map that analysed the
international literature and patient community platforms
confirmed that TSW is a distinct adverse effect of
prolonged TCS use, while also highlighting the scarcity of
high-quality mechanistic and interventional research (3).
Patient-reported studies further indicate a protracted
disease course and a severe impact on quality of life,
comparable to or worse than that of other chronic
inflammatory skin diseases (4).

Natural products have attracted considerable interest
as potential sources of bioactive compounds for topical

applications. Andrographis paniculata, Tinospora cordifolia,
Curcuma longa, and Piper nigrum contain various
phytoconstituents that have been reported to possess
antioxidant and inflammation-related biological activities
(5). Combining plant extracts with complementary
phytochemical profiles may provide a broader biological
effect than the use of a single extract (6). Nevertheless, the
biological activity of a combination should be
experimentally evaluated because interactions among
extracts may influence the overall activity of the
formulation (7). A. paniculata contains andrographolide, a
major diterpenoid lactone that has been reported to
modulate inflammation-related signaling and reduce the
expression of inflammatory mediators, including inducible
nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2)
(8). Ethanol extracts of A. paniculata have also
demonstrated anti-inflammatory activity in experimental
models (9). T cordifolia is a medicinal plant containing
alkaloids, diterpenoid lactones, glycosides, steroids, and
other bioactive constituents and has been reported to
possess antioxidant, immunomodulatory, and
inflammation-related activities (10). Its constituents have
also been reported to modulate the MAPK pathway and
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the NLRP3 inflammasome, and pre-incubation of
lipopolysaccharide (LPS)-stimulated macrophages with T
cordifolia extract significantly reduced prostaglandin E2
(PGE2) synthesis, an effect associated with decreased
cyclooxygenase-2 (COX-2) expression (11). C. longa,
particularly its curcuminoid constituents, has been widely
investigated for anti-inflammatory and redox-regulating
properties and has been associated with modulation of
iNOS-related processes and reactive nitrogen species (12).
In addition, C. longa preparations have demonstrated anti-
inflammatory effects in experimental topical models (12). P
nigrum, particularly its major constituent piperine, may
function as a bio-enhancer and potentially improve the
bioavailability or topical delivery of co-administered
phytoconstituents. Black pepper extract has also been
investigated for its ability to enhance the penetration of
turmeric-derived constituents in topical delivery systems
(13). Collectively, these findings provide a rationale for
investigating the four botanicals as a multi-extract system;
however, their combined effects on NO-scavenging
activity have not been directly established.

Nitric oxide (NO) is an important signaling molecule
involved in various physiological and pathological
processes in the skin, including epidermal barrier
homeostasis, wound healing, immune responses, and
inflammation (14). Under inflammatory conditions, altered
NO production and the activity of nitric oxide synthases,
particularly inducible nitric oxide synthase (iNOS), may
contribute to inflammatory and oxidative/nitrosative
processes in the skin (15). Therefore, the ability of a test
sample to scavenge NO has been investigated as a
preliminary indicator of its potential to modulate NO-
related oxidative and inflammatory processes. The Griess
assay provides a simple and widely used in vitro approach
for indirectly assessing NO production or scavenging
activity through the measurement of nitrite, a relatively
stable oxidation product of NO (16). However, NO
scavenging activity determined using this assay should be
interpreted as preliminary evidence of NO-related
antioxidant activity and does not, by itself, establish a
specific anti-inflammatory effect or the underlying
molecular mechanism of action (17).

An emulgel is a semisolid topical delivery system that
combines the characteristics of an emulsion and a gel. This
dosage form can provide practical advantages for topical
application, including ease of spreading, acceptable skin
characteristics, and the ability to incorporate both
hydrophilic and lipophilic components (18, 19). These
characteristics make an emulgel a potentially suitable
delivery platform for a combination of plant extracts with
diverse physicochemical properties (20). Therefore,
incorporation of multiple botanical extracts into an
emulgel may provide a practical formulation strategy for
topical delivery, while its biological activity requires
experimental evaluation.

Our previous study investigated a spray-gel
formulation containing the same four Indonesian
medicinal plant extracts, namely A. paniculata, T. cordifolia,
C. longa, and P nigrum, for potential application in topical
steroid withdrawal. Building on this preliminary
formulation work, the present study explores a different
topical delivery platform and a more systematic
formulation optimization strategy (11). Specifically, an
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emulgel system was developed to provide both
hydrophilic and lipophilic characteristics, potentially
facilitating the incorporation and topical delivery of
diverse bioactive constituents (21). In addition, a 23 full
factorial design generated in Design-Expert® software
was employed to systematically investigate the effects and
interactions of formulation variables across eight
formulations rather than evaluating a single fixed
formulation (3, 22).

Despite increasing interest in herbal formulations for
inflammatory skin conditions, many studies have focused
on general antioxidant or anti-inflammatory activities
rather than specifically evaluating NO-related activity in
the  context of  TSW-associated inflammatory
manifestations (3). Previous studies have also commonly
investigated single-plant extracts or empirically selected
combinations, whereas the present study employs a four-
botanical combination based on the complementary
pharmacological potential of the selected extracts. Thus,
the research gap addressed in this study is not the
absence of herbal combinations, but the limited
availability of systematically optimized multi-extract
topical formulations that are developed using factorial
design and preliminarily evaluated for NO-scavenging
activity in the context of TSW (23).

In the present study, the sodium nitroprusside (SNP)-
Griess assay was used to evaluate the NO-scavenging
activity of the formulated emulgels. This cell-free assay
evaluates the ability of the formulations to reduce NO-
derived nitrite generated from sodium nitroprusside and
therefore reflects direct NO-scavenging potential rather
than inhibition of cellular NO production or direct
inhibition of iINOS activity (24). Because the reaction
mixture contains neither cells nor NO synthase, any
reduction in nitrite can arise only from direct chemical
interaction of sample constituents with NO or NO-derived
reactive nitrogen species. The quantitative evaluation of
NO-scavenging activity, including 1Cso determination, was
therefore used as a preliminary biological screening
endpoint rather than as direct evidence of a specific anti-
inflammatory mechanism (25).

Based on the reported activities of the individual
botanicals, we hypothesized that their combination may
provide complementary NO-scavenging and
inflammation-related activity. However, the proposed
interactions among the four botanicals represent a
mechanistic hypothesis and were not directly investigated
in the present study. Accordingly, the current work focuses
on formulation development, physicochemical
characterization, and preliminary evaluation of NO-
scavenging activity, while confirmation of specific
inflammatory pathways, including NF-kB, MAPK, NLRP3,
and iNOS-related mechanisms, requires further cell-based
and molecular investigations (26).

This study therefore aimed to formulate a multi-
extract emulgel containing A. paniculata, T cordifolia, C.
longa, and P nigrum using a 23 full factorial design, to
characterize the physical properties of the resulting
formulations, and to evaluate their NO-scavenging activity
using the SNP-Griess assay as a preliminary screening
endpoint. The study further aimed to identify a lead
formulation for subsequent cell-based and mechanistic
evaluation relevant to inflammatory manifestations
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associated with TSW.

The novelty of the present work lies in three aspects.
First, to the best of our knowledge, this is the first report
of an emulgel combining A. paniculata, T. cordifolia, C.
longa, and P. nigrum, botanicals widely used in Indonesian
traditional medicine, developed specifically as a non-
steroidal topical candidate for inflammatory
manifestations associated with topical steroid withdrawal.
Second, instead of testing a single empirically fixed
combination, the levels of the three active extracts were
varied systematically using a 2* full factorial design, so that
their main and interaction effects on nitric oxide-
scavenging potency could be quantified. Third, the
extracts were standardized for non-specific quality
parameters and for their principal marker compounds
before formulation, linking formulation composition to a
defined chemical baseline. The preliminary results also
suggest that, within the studied range, increasing extract
loading did not increase nitric oxide-scavenging potency,
which is relevant for the rational design of multi-extract
topical products, although this observation requires
confirmation in independent assay runs.

Methodology

Materials

The plant materials used were the dried herb of A
paniculata (sambiloto), the stem of T cordifolia (brotowali),
the rhizome of C. longa (kunyit) and the fruit of P nigrum
(black pepper). The plant materials were obtained from
Lansida supplier, Special Region of Yogyakarta, Indonesia,
in June 2025 and were authenticated at Materia Medica
Herbal  Laboratory, Batu, East Java, Indonesia
(authentication numbers 186/LH/06/25 to 189/LH/06/25).
The chemicals and excipients used were 96% ethanol
(Merck, Germany), distilled water, Carbopol® 940
(Lubrizol, USA), triethanolamine (Merck, Germany),
propylene glycol (Merck, Germany), DMDM hydantoin
(Ashland, USA), liquid paraffin (Merck, Germany), Span 80
(Merck, Germany), Tween 80 (Merck, Germany), methylene
blue (Merck, Germany), sodium nitroprusside (Sigma-
Aldrich, USA), phosphate-buffered saline (Gibco, USA),
Griess reagents A and B (Sigma-Aldrich, USA), and ascorbic
acid (Sigma-Aldrich, USA). The principal instruments
included a rotary vacuum evaporator (Biichi [Rotavapor R-
300], Switzerland), Soxhlet extraction apparatus (Pyrex,
USA), analytical balance (Mettler Toledo [XPR305DR],
Switzerland), ultrasonic bath (Elma Elmasonic [P 70 H],
Germany), centrifuge (Hettich [ROTOFIX 32], Germany),
vortex mixer (IKA [Vortex 3], Germany), incubator
(Memmert [IN55], Germany), digital pH meter ([Lutron pH
Meter]), UV-Vis spectrophotometer ([GENESYS 180,
Thermo Scientific, USA]), Brookfield viscometer (AMETEK
Brookfield [DV2T], AMETEK Brookfield, USA), and UV-Vis
microplate reader (BioTek [BioTek Synergy H1], USA). The
experimental design and factorial analysis were performed
using Design-Expert® version 13 (Stat-Ease Inc,
Minneapolis, MN, USA), and nonlinear concentration—
response fitting was performed using GraphPad Prism
version 10 (GraphPad Software, San Diego, CA, USA).

Sample Preparation and Extraction
Fresh plant materials were authenticated, cleaned, cut into
small pieces and dried away from direct sunlight before
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being milled into a coarse powder. The dried herb of A.
paniculata and the stem of T cordifolia were milled and
each macerated (500 g) in 96% ethanol at a 1:10 ratio for
three days, after which the filtrate was collected through
filter paper. The rhizome of C. longa (500 g) and the fruit
of P nigrum (500 g) were extracted separately by Soxhlet
extraction using 96% ethanol at a 1:10 ratio until the
siphoned solvent ran clear. Each filtrate was concentrated
using a rotary vacuum evaporator at 30-40 °C to obtain a
thick extract, which was stored at low temperature. An
ethanol-free test was performed by esterification (adding
concentrated sulphuric acid and acetic acid followed by
heating); the absence of the characteristic ethyl-acetate
odour indicated an ethanol-free extract (11).

Physicochemical and Phytochemical
Standardization

Moisture content, total ash, and acid-insoluble ash were
determined according to standard pharmacopoeial
procedures. Moisture content was determined by drying
approximately 2 g of powdered plant material at 105 + 2
°C to constant weight and expressed as a percentage of
weight loss. Total ash was determined by incinerating
approximately 2 g of the sample in a crucible at
approximately 600 °C until constant weight, and the
residue was expressed as a percentage of the initial
sample weight. Acid-insoluble ash was determined by
treating the total ash with 3 N hydrochloric acid, filtering
the insoluble residue, washing it with hot distilled water,
and igniting it to constant weight; the result was expressed
as a percentage of the initial sample weight. Qualitative
phytochemical screening was performed using standard
chemical tests to detect alkaloids, flavonoids, phenolics,
tannins, saponins, terpenoids, steroids, and glycosides
based on characteristic color changes, precipitate
formation, or persistent foam (27).

Quantitative Determination of Curcumin,
Piperine, and Andrographolide

Curcumin, piperine, and andrographolide contents were
estimated separately in the extracts of C. longa, P. nigrum,
and A. paniculata, respectively, using UV-Visible
spectrophotometry. Methanol of analytical grade was used
as the solvent for the preparation of reference-standard
solutions, sample solutions, and blank measurements. The
marker compounds were analyzed separately to minimize
spectral interference from other extract constituents (28).

Curcumin reference standard was dissolved in
methanol and scanned over the wavelength range of 350—
500 nm. The wavelength of maximum absorption was
determined at approximately 421-422 nm and was used
for the analysis of the C. longa extract. A curcumin
calibration curve was prepared using standard working
solutions at concentrations of 1, 2, 3, 4, 5, and 6 pg/mL in
methanol. The absorbance was measured at 421-422 nm
against methanol as the blank. Curcumin content was
calculated from the linear regression equation of the
calibration curve (28).

Piperine reference standard was dissolved in
methanol and scanned over 250-400 nm. The maximum
absorption wavelength was determined at approximately
331 nm and used to analyze the P nigrum extract.
Standard working solutions of piperine (2, 4, 6, 8, 10, and
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Table 1. Independent variables and coded levels used in the 23 factorial design.

Independent variable Symbol  Function in formulation Low level (-1) High level (+1)
Factor A: [A. paniculata] X1 [active extract] 3% 5%
Factor B: [T. cordifolia] X2 [active extract] 4% 6%
Factor C: [C. longa] X3 [active extract] 4% 6%

Table 2. Experimental matrix of the 23 full factorial design.

Formulation X1 X2 X3 A (%) T (%) C (%)
F1 -1 -1 +1 3 4 6
F2 +1 +1 +1 5 6 6
F3 -1 +1 +1 3 6 6
F4 —1 -1 -1 3 4 4
F5 +1 -1 +1 5 4 6
F6 +1 -1 -1 5 4 4
F7 +1 +1 -1 5 6 4
F8 -1 +1 -1 3 6 4

Table 3. Composition of the multi-extract emulgel formulas (% w/w).
Ingredient Function F1 F3 F3 F4 F5 F6 F7 F8
A. paniculata extract Active Ingredient 3 5 3 3 5 5 5 3
T. cordifolia extract Active Ingredient 4 6 6 4 4 4 6 6
C. longa extract Active Ingredient 6 6 6 4 6 4 4 4
P. nigrum extract Bio-enhancer 10 10 10 10 10 10 10 10
Carbopol 940 Gelling agent 1 1 1 1 1 1 1 1
TEA pH adjuster 1 1 1 1 1 1 1 1
Propylene glycol Humectant 10 10 10 10 10 10 10 10
DMDM hydantoin Preservative 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Liquid paraffin Emollient 10 10 10 10 10 10 10 10
Span 80 Emulsifier 14 14 14 14 14 1.4 1.4 14
Tween 80 Emulsifier 3.6 3.6 3.6 3.6 3.6 3.6 3.6 3.6
Distilled water Solvent ad 100 ad 100 ad 100 ad 100 ad 100 ad 100 ad 100 ad 100

12 pg/mL) were prepared in methanol. Absorbance was
measured at 331 nm against methanol as a blank, and

piperine content was calculated from the

calibration curve (29).

standard

Andrographolide reference standard was dissolved in
methanol and scanned over 200-400 nm. The maximum

absorption wavelength was determined at approximately
224 nm and used to analyze the A. paniculata extract. A
calibration curve was prepared from andrographolide
standard working solutions at concentrations of 5, 10, 15,
20, 25, and 30 pg/mL in methanol. The sample absorbance
was measured at 224 nm against methanol as the blank,
and the andrographolide content was calculated from the
corresponding calibration equation (30).

Briefly, 100 mg of extract in 10 mL methanol was
sonicated (15 min), filtered (0.45 um), diluted as needed,
and measured in triplicate. Marker content (mg/g) was
calculated from the calibration curve (30).

Factorial Experimental Design

Eight emulgel formulas were prepared using a 23 full
factorial design generated in Design-Expert® version 13
(Stat-Ease Inc., Minneapolis, MN, USA) in which the extract
concentrations were varied while the base excipients were
kept constant (Table 1). The factorial design was used to

log;,(ICs50) = Bo + b1 X1 + Bo Xy + B3 X3 + P12 X1 Xo + P13 X1 X3 + P23 X2 X38123 X1 X2 X3

estimate the direction and relative magnitude of the main
and interaction effects of the A. paniculata, T. cordifolia,
and C. longa extract levels on NO-scavenging potency
(ICsp) and to guide the selection of a lead formulation,
rather than to test formal statistical hypotheses. Because
each formulation was evaluated once (unreplicated
design), ICso was logso-transformed to stabilize variance,
and the factorial effects were estimated using the coded
polynomial model shown in Equation (1). Potentially active
effects were screened using a half-normal probability plot
and Lenth’s pseudo-standard-error method (a = 0.05), and
the results were interpreted as exploratory (22). The
mathematical relationship between the formulation
variables and the response was evaluated using the coded
polynomial model presented in Equation 1, where {3, is
the intercept; B4, B2, and s are the main-effect coefficients;
B12, P13, P23, and P23 are the interaction coefficients; and
X1, Xz, and X; are the coded levels (-1 or +1) of the A
paniculata, T. cordifolia, and C. longa extracts, respectively.
In the present study, P nigrum extract was maintained at a
constant concentration and was therefore not included as
an independent variable in the Design-Expert experimental
design. The complete combination of factor levels for
each emulgel formulation is presented in Table 2.

(Eq. 1)
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Emulgel Formulation

The aqueous phase was prepared by dispersing Carbopol
940 in distilled water and allowing it to swell, followed by
the addition of propylene glycol and DMDM hydantoin.
The oil phase was prepared by mixing liquid paraffin with
Span 80, while Tween 80 was incorporated into the
aqueous phase to form a stable emulsion system. The oil
phase was then added slowly to the aqueous phase under
continuous stirring, and TEA was added gradually to
neutralise the Carbopol and form the gel consistency. The
A. paniculata, T. cordifolia and C. longa extracts were
incorporated as active substances, followed by the P
nigrum extract as a bio-enhancer, and the preparation was
made up to the final weight with distilled water and
homogenised (31). The vehicle composition (liquid paraffin
oil phase, Span 80-Tween 80 emulsifier pair, and Carbopol
940 gel base) was based on the cited emulgel formula and
kept identical in all formulations; therefore, phase-
behaviour optimization of the vehicle (e.g., construction of
a ternary phase diagram) was outside the scope of this
study, and only the extract levels were varied. The detailed
concentrations and proportions of active ingredients and
excipients used in each of the eight emulgel formulations
(F1-F8) are presented in Table 3.

Physical Evaluation

The prepared emulgel formulations were evaluated for
their physical and physicochemical properties, including
organoleptic characteristics, homogeneity, emulsion type,
pH, adhesion, spreadability, and viscosity. Organoleptic
properties were evaluated by direct visual and sensory
observation of the colour, odour, and consistency of each
formulation. Homogeneity was assessed by visual
examination of the emulgel after spreading a small
amount of the formulation on a glass slide to ensure
uniform distribution of the components and the absence
of visible particles, lumps, or aggregates. The emulsion
type was determined using the methylene blue dye test. A
small amount of each emulgel was spread on a glass slide,
one drop of methylene blue solution was added, and the
preparation was observed under a light microscope at [4x]
magnification. Rapid and uniform diffusion of the water-
soluble dye throughout the continuous phase, with
unstained dispersed droplets, was taken as the indicator of
an oil-in-water (O/W) emulsion, whereas retention of the
dye as discrete blue spots would indicate a water-in-oil
(W/O) emulsion. The pH was measured using a calibrated
digital pH meter by dispersing the emulgel in distilled
water and allowing the sample to equilibrate before
measurement. The measured pH was compared with the
generally acceptable skin pH range of approximately 4.5-
6.5. Spreadability was evaluated by placing 0.5 g of
emulgel between two glass plates and applying a 1000 g
load for 1 min. The diameter of the spread formulation
was then measured, with a spreadability range of
approximately 5-7 c¢cm considered desirable for topical
application. Adhesion was evaluated by placing a defined
amount of emulgel between two glass slides, applying an
80 g load, and measuring the time required for the slides

o Acontrol - (Asample - Ablank)

NO scavenging (%) = x 100

Acontrol
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to separate. An adhesion time of more than 1 s was
considered acceptable for topical preparations. Viscosity
was determined using a Brookfield rotational viscometer
at controlled room temperature using an appropriate
spindle and rotational speed. The viscosity value was
recorded in centipoise (cP). The pH, spreadability,
adhesion, and viscosity measurements were performed in
triplicate (n = 3) for each formulation. A viscosity range of
approximately 6,000-50,000 cP was used as a practical
reference for evaluating the consistency and spreadability
of the semisolid emulgel formulations (32).

Emulgel Sample Preparation For The Griess Assay
A 100-mg portion of each emulgel formulation (F1-F8)
was dispersed in 10 mL phosphate-buffered saline (PBS),
vortexed, and sonicated for 15-30 min to facilitate the
release of the incorporated extracts. The samples were
then centrifuged and the supernatants were collected and
filtered. The resulting stock solutions were serially diluted
with PBS to obtain concentrations of 20, 40, 60, 80, and
100 pg/mL, calculated based on the total combined
extract content of each formulation. The prepared samples
were subsequently evaluated using the Griess assay (33).

Nitric Oxide Scavenging Assay (Griess Method)
Nitric oxide scavenging was determined using the Griess
method. Briefly, a 5 pL sample was mixed with 10 mM
sodium nitroprusside (SNP) in PBS and incubated at room
temperature for 150 minutes. Griess reagent B (100 L)
was then added and the mixture left for 5 minutes,
followed by Griess reagent A (100 pL) and a further 30-
minute incubation at room temperature. Absorbance was
read at 540 nm using a microplate reader, and ascorbic
acid was used as the positive control (34)(35).

Data Analysis

Results are presented as figures and tables. The
percentage of NO scavenging was calculated for each
concentration using Equation 2, where Acntrol =
absorbance of the control, Ag;pe = absorbance of the
sample + reaction system and Apjank = absorbance of the
sample/formulation blank without the NO-generating
reaction.

ICso was defined as the sample concentration
producing 50% scavenging of nitric oxide generated by
sodium nitroprusside under the stated assay conditions,
rather than as a measure of biological inhibition, and was
estimated by nonlinear regression using a four-parameter
logistic (4PL, variable-slope) model. When the estimated
ICso exceeded the highest tested concentration (100
pg/mL), it was reported as > 100 pg/mL. The
corresponding numerical values obtained by extrapolating
the fitted curves beyond the tested range are presented
only as apparent estimates for descriptive ranking and for
the exploratory factorial analysis, and they were not
interpreted as reliable measures of potency.

Each formulation and concentration was measured in
duplicate technical wells within a single assay run. Results
are presented as mean * standard deviation of duplicate

(Eq. 2)
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technical measurements. The duplicate wells were used to
assess intra-assay precision and were averaged for
calculation of percentage nitric oxide scavenging and
apparent ICso values. Because independent assay runs
were not performed, no inferential comparisons between
formulations  (ANOVA, multiple  comparisons, or
significance testing) were conducted. The 95% confidence
intervals reported for ICso were derived from the curve fit
of the mean responses and therefore reflect fitting
uncertainty only, not between-run variability. Accordingly,
all NO-scavenging results reported here are strictly
preliminary and descriptive, and their validation requires
independent assay runs performed on at least three
separate occasions. Physical characterization data are
presented as mean = SD of three (n = 3) replicate
measurements.

Results and Discussion

Extraction Method

The extraction yields ranged from 12.0% to 18.8% (Table
4). The highest yield was obtained from C. longa L.
extracted by maceration (18.8%), whereas the lowest yield
was observed for T cordifolia (Willd.) Miers extracted by
maceration (12.0%). The yield obtained for T. cordifolia was
comparable to a previously reported cold-maceration yield
of approximately 13.44%, although other studies have
reported values ranging from 4.8% to 20.35%, depending
on the solvent and extraction conditions. The yield of C
longa in the present study was higher than the 7.62%
reported for cold maceration but lower than the 10.27%
obtained using Soxhlet extraction in another study,
indicating that solvent composition, solvent-to-material
ratio, extraction time, temperature, and plant material
characteristics strongly affect the final yield. Overall, the
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yields obtained in this study were within the range
reported in the literature.

The physicochemical analysis showed moisture
contents of 5.76-9.08%, total ash values of 2.12-4.24%,
and acid-insoluble ash values of 0.03-0.56% (Table 5). A.
paniculata exhibited the highest moisture content,
whereas C. longa showed the highest total and acid-
insoluble ash values. These findings were generally
comparable with recent reports for medicinal plant
materials, although differences may result from variations
in plant part, geographical origin, drying conditions, and
inorganic contamination. The low acid-insoluble ash values
suggest minimal contamination with soil or sand and
support the acceptable preliminary quality of the tested
materials.

Qualitative phytochemical screening revealed the
presence of alkaloids, flavonoids, phenolic compounds,
and tannins in all four plant extracts (Table 6). Saponins
were detected in T. cordifolia and A. paniculata , whereas
steroids/triterpenoids were detected in T cordifolia, P
nigrum, and A. paniculata. These findings are generally
consistent with recent reports describing the occurrence of
alkaloids, flavonoids, phenolics, steroids, and terpenoids in
T. cordifolia and phenolic and terpenoid constituents in A.
paniculata. The differences in phytochemical profiles may
be related to plant species, plant part, geographical origin,
solvent polarity, extraction method, and seasonal variation.
Because the tests were qualitative, the results indicate the
presence or absence of phytochemical groups and should
not be interpreted as differences in their concentrations.

Quantitative analysis showed that the A. paniculata
extract contained the highest marker-compound level,
with an andrographolide content of 24 mg/g extract,
followed by curcumin in the C. longa extract at 1.6 mg/g
extract and piperine in the P nigrum extract at 1.1 mg/g

Table 4. Plant materials, botanical authentication numbers, extraction methods, extract weights, and extraction yields.

Plant ) Scientific Name Botanical Authentication Method Extract  Yield Extraction
material Numbers (9) (%)
Brotowali T. cordifolia (Willd.) Miers 187/LH/06/25 Maceration 60 12
Kunyit C. longa L. 186/LH/06/25 Soxhlet 94 18.8
Lada hitam P nigrum L. 189/LH/06/25 Soxhlet 84 16.8
Sambiloto A. paniculata (Burm.f.) 188/LH/06/25 Maceration 82 164
Nees

Table 5. Non-specific quality parameters of the four plant extracts according to the Indonesian Herbal Pharmacopoeia.

Quality Control T. cordifolia  C. longa
Moisture content (%) 5.76 6.91 7.6
Total ash content (%) 3.24 4.24
Acid-insoluble ash (%) 0.26 0.56

P. nigrum  A. paniculata

3.83
0.45

FHI Acceptance Criteria

9.08 < 10%
2.12 < 5%
0.03 < 1%

Table 6. Qualitative phytochemical screening of the plant extracts.

Phytochemical group Qualitative test

Alkaloids Dragendorff's test
Flavonoids Shinoda test
Phenolic compounds Ferric chloride test
Tannins Gelatin test
Saponins Froth test

Steroids/triterpenoids Liebermann—-Burchard test

T. cordifolia C.longa P.nigrum A. paniculata
+ + +

+ + + +

+ + + +

+ + + +

+ - - +

+ - + +

Note: (+) Presence; (-) Absence of the respective phytochemical group.
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extract (Table 7). These results confirm the presence of the ~ composition. Curcumin was measured at 421 nm, piperine
selected marker compounds in the respective extracts and  at 331 nm, and andrographolide at 224 nm. However,
provide preliminary information regarding their chemical  because the analysis was performed using UV-Visible

Table 7. Preliminary UV-Visible spectrophotometric quantification of selected marker compounds in plant extracts (mean

£ SD, n = 3).
Sample Name Marker Compound Result Unit Method
C. longa extract Curcumin 1.60 + 0.0057 mg/g Spectro 421 nm
P. nigrum extract Piperine 1.13 + 0.015 mg/g Spectro 331 nm
A.paniculata extract Andrographolide 2.39 + 0.01 mg/g Spectro 224 nm

TE——

Figure 1. Appearance of the emulgel formulations (F1-F8).

Table 8. Organoleptic test results of emulgel formulas.

Sample Shape Color Smell Sensory

F1 Thick Brownish olive green Aromatic Cooling sensation
F2 Thick Bright yellowish green Aromatic Cooling sensation
F3 Thick Yellowish olive green Aromatic Cooling sensation
F4 Thick Pale yellowish green Aromatic Cooling sensation
F5 Thick Yellowish green Aromatic Cooling sensation
F6 Thick Dark olive green Aromatic Cooling sensation
F7 Thick Olive green Aromatic Cooling sensation
F8 Thick Pale yellow-green Aromatic Cooling sensation

Figure 2. Methylene blue dye test of the emulgel formulations (F1-F8). Uniform distribution of the water-soluble dye in
the continuous phase indicates an O/W emulsion. Panels A-H correspond to formulations F1-F8, respectively.
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spectrophotometry, the results should be interpreted
cautiously, particularly for complex plant extracts, because
co-extractives may absorb at similar wavelengths.

Physical Evaluation of Emulgel

Organoleptic Characteristics

The organoleptic evaluation showed that all formulations
(F1-F8) had a thick consistency and an aromatic odor. The
color of the formulations varied from brownish olive green
to dark olive green. Specifically, F1 was brownish olive
green, F2 was bright yellowish green, F3 was yellowish
olive green, F4 was pale yellowish green, F5 was yellowish
green, F6 was dark olive green, F7 was olive green, and F8
was pale vyellow-green (Figure 1). All formulations
produced a cooling sensation upon application (Table 8).
Overall, the formulations exhibited comparable physical
characteristics, particularly in terms of consistency, odor,
and sensory response. The observed variation in color may
be associated with differences in the concentration or
distribution of the extract and other formulation
components.

Emulsion Type Evaluation

The emulsion type evaluation demonstrated that all
formulations (F1-F8) were oil-in-water (O/W) emulsions, as
indicated by the rapid and uniform diffusion of methylene
blue throughout the continuous phase while the dispersed
oil droplets remained unstained (Figure 2). This result
indicates that the oil phase was dispersed as fine droplets
within a continuous aqueous phase. Consequently, the
formulations are expected to be readily dispersible or
washable with water and to provide a light, non-greasy
feel during topical application. The O/W emulsion type is
considered appropriate for topical preparations because
the external aqueous phase can promote a cooling
sensation, improve user acceptability, and facilitate the
release of hydrophilic active constituents. The consistent
O/W characteristics observed across all formulations also
suggest that the selected emulsifier system was effective
in stabilizing the dispersion of the oil phase in the aqueous
phase (36).

Homogeneity Test

The homogeneity test showed that all formulations (F1-F8)
were homogeneous. No visible coarse particles, lumps,
phase separation, or uneven distribution of components
were observed during the examination. This finding
indicates that the mixing process was effective and that
the ingredients, including the active substances and
excipients, were uniformly distributed throughout each

ETFLIN Portfolio

formulations is an important indicator of good physical
quality, as it supports consistent product performance and
helps ensure uniform application and dose distribution
during topical use (37).

pH Test

The pH values of formulations F1-F8 ranged from 5.26 +
0.01 to 590 £ 0.02. Formulation F1 showed the highest
pH, whereas F8 showed the lowest pH. The low standard
deviation values (0.01-0.06) indicate good repeatability of
the pH measurements. All formulations exhibited a slightly
acidic pH, which is generally considered suitable for
topical application because it is close to the physiological
acidity of the skin surface. Previous studies have reported
that topical gels and creams commonly exhibit acceptable
pH values within approximately 4.5-6.5, although the
optimal range may depend on the intended application
site, formulation components, and active ingredients.

Therefore, the pH results suggest that all tested
formulations may have acceptable preliminary skin
compatibility. However, pH alone cannot establish

dermatological safety, and further irritation, sensitization,
and stability studies are required (38).

Adhesion Test

The adhesion test results of the emulgel formulations
showed adhesion times ranging from 11 + 1.00 to 16 *
2.65 min (Table 9). Formulations F3 and F6 exhibited the
shortest adhesion time, both at 11 min, whereas F5 and F8
showed the longest adhesion time of 16 min. The other
formulations demonstrated intermediate adhesion times,
namely 12 + 1.00 min for F2 and F7, 13 + 3.06 min for F4,
and 14 £ 1.53 min for F1. These results indicate that all
formulations were able to remain in contact with the
surface for several minutes, which may support sufficient
residence time during topical application. The differences
in adhesion among formulations may be related to
variations in the composition and concentration of the
formulation components, particularly the gelling and
emulsifying agents, which can influence the consistency
and cohesive properties of the emulgel. Higher adhesion
may be advantageous for topical preparations because
prolonged contact with the skin can potentially increase
the residence time of the active constituents at the
application site. However, excessively high adhesion may
reduce the ease of spreading and patient acceptability.
Overall, the adhesion results indicate that the F1-F8
formulations possessed adequate adhesive properties for
topical application (11).

Table 9. Adhesion test results of the emulgels (mean + SD, n = 3).

formulation. The homogeneous appearance of all
Sample Adhesion Time (min), Mean £ SD
F1 14 + 1.53
F2 12 + 1.00
F3 11 + 1.00
F4 13 £ 3.06
F5 16 + 1.00
F6 11+ 1.53
F7 12 + 1.00
F8 16 + 2.65
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Table 10. Spreadability test results of the emulgels (mean + SD, n = 3).

Table 11. Viscosity of the emulgel formulations (spindle 64, 30 rpm; mean + SD, n = 3).

Sample Spreadability (cm), Mean + SD
F1 6.8 + 0.058

F2 6.7 + 0.058

F3 6.8 + 0.058

F4 6.8 + 0.058

F5 6.8 + 0.058

F6 6.8 + 0.058

F7 6.7 + 0.058

F8 6.7 + 0.058

Sample Viscosity (cP), Mean *+ SD
F1 16.380 + 86.60

F2 13.800 + 43.59

F3 13.620 + 26.46

F4 16.180 + 20.00

F5 17.120 + 36.06

F6 12.560 + 26.46

F7 13.800 + 62.45

F8 16.980 + 43.59

Spreadability

The spreadability values of formulations F1-F8 ranged
from 6.7 to 6.8 cm (Table 10). F1, F3, F4, F5, and F6
showed a spreadability of 6.8 + 0.058 cm, whereas F2, F7,
and F8 showed 6.7 + 0.058 cm. The small difference
among the formulations suggests that the tested
formulation variables had only a limited effect on the
spreading diameter under the applied test conditions. The
low standard deviation indicates good repeatability of the
measurements. Overall, the formulations exhibited
acceptable spreading properties, which may facilitate
uniform application to the skin. Values in the range of
approximately 5-7 cm have been reported as suitable for
topical gel application in comparable studies, although
direct comparisons should be made cautiously because
spreadability is highly method-dependent.

Viscosity Evaluation

The viscosity values of formulations F1-F8 ranged from
12,560 to 17,120 cP (Table 11). Formulation F5 exhibited
the highest viscosity (17,120 + 36.06 cP), whereas F6
showed the lowest value (12,560 + 26.46 cP). The higher
viscosity of F5 may provide greater structural consistency
and prolonged retention on the application surface,
although excessively viscous formulations may be more
difficult to spread. In contrast, the lower viscosity of F6
may facilitate spreading but could reduce the
formulation’s resistance to flow and retention. All eight
formulas fell within the 6,000-50,000 cP range specified
for emulgel preparations under SNI 16-4399-1996, and
none approached either boundary, indicating a
comfortable formulation margin (39).

Nitric Oxide Scavenging

NO-scavenging activity was assessed using Griess reagent
detection at 540 nm (40). The method rests on the
spontaneous release of NO radicals by SNP in aqueous
solution at physiological pH. The liberated NO reacts with

dissolved oxygen to form nitrite ions, and it is this nitrite
that is quantified colorimetrically through the Griess
diazotisation reaction between nitrite, sulfanilamide and
N-(1-naphthyl)ethylenediamine. Compounds capable of
scavenging NO compete with oxygen and thereby reduce
nitrite formation and lower absorbance (8). The decrease
in absorbance relative to the negative control therefore
represents the extent to which the test sample chemically
scavenges NO and thereby limits nitrite accumulation (41).

Two control parameters attest to the validity of the
assay system. A reagent blank absorbance of 0.0853
indicates a low and stable reagent background, while a
negative control absorbance of 0.6120 = 0.0001
demonstrates consistent NO release by SNP across wells.
The dynamic range of 0.527 absorbance units between
blank and negative control provides an adequate
measurement window to resolve both partial and near-
complete scavenging. All readings were taken on a single
96-well microplate, eliminating inter-plate variability as a
source of systematic error.

Nonlinear concentration-response analysis using a
four-parameter logistic model showed that the positive
control had the lowest 1Cso value (18.4836 pg/mL),
indicating the highest apparent potency under the assay
conditions. In contrast, the estimated ICso values of all
formulations exceeded the highest concentration tested
(100 pg/mL); the 1Cso of each formulation is therefore
reported as > 100 pg/mL. The numerical values in Table
12 were obtained by extrapolating the fitted curves
beyond the experimental range and are presented only as
apparent estimates for descriptive ranking: F4 had the
lowest apparent 1Cso (approximately 124 pg/mL), followed
by F7 and F8 (approximately 157 and 159 pug/mL), whereas
F6 had the highest (approximately 1,057 pg/mL). Estimates
above approximately 600 pg/mL (F1, F2, F3, F5, and F6) lie
six-fold or more beyond the tested range and carry no
reliable quantitative meaning. The upper asymptotes of
the unconstrained fits also exceeded 100% for all
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Table 12. Nonlinear sigmoidal dose-response regression parameters and apparent (extrapolated) ICso values of the
formulations (4PL model, variable slope; n = 2 technical replicate wells per concentration, single assay run).

Extract loading Apparent ICs,

2
Sample  A/T/C, %)  (ug/mL) R
Positive 18.4836 0.9990
Control
F1 3/4/6 7117297 0.9907
F2 5/6/6 646.7601 0.9944
F3 3/6/6 839.6475 0.9923
F4 3/4/4 1241278 0.9960
5 5/4/6 996.7422 0.9912
F6 5/4/4 1.057e+3 0.9926
F7 5/6/4 157.0514 0.9982
F8 3/6/4 159.3957 0.9983

Hill

pIC50 95% CI Bottom Top
slope

-1.27 not estimable  3.162 55.49 96.58

-2.85 not estimable  0.969 40.53 168.11

-2.81 not estimable  0.982 39.00 202.83

-2.92 not estimable  1.018 38.74 208.08
4.77e+1 -

-2.09 5 690+2 1.401 34.99 114.33

-3.00 not estimable  1.113 42.59 245.09

-3.02 not estimable  0.804 37.50 186.71
7.02e+1 -

-2.20 2 85042 1.351 36.27 121.70
7.21e+1 -

-2.20 335042 1.378 38.27 125.50

Note: A = A. paniculata, T = T. cordifolia, C = C. longa. Each concentration was measured in duplicate technical wells
within one assay run. Apparent ICso values were calculated from the mean duplicate response. No independent assay
replicates were performed; therefore, SD values reflect intra-assay technical variation only, and no ANOVA, post-hoc
multiple comparisons, or p-values were reported; the 95% Cls reflect curve-fitting uncertainty only. plCso = —l0g10(ICs0,
pg/mL). @ For all formulations, I1Cse > 100 pg/mL (highest tested concentration); the values shown were extrapolated from
unconstrained fits whose upper asymptotes exceeded 100% and are reported for descriptive ranking only, not as reliable

potency estimates.

formulations (Table 12), reflecting the limited coverage of
the upper part of the concentration-response curves.
Because the upper plateau was not captured, the top
asymptote, and therefore the ICso, was not adequately
constrained by the data, and reliable 1Cso values for the
formulations can be obtained only by testing an expanded
concentration range.

The fitted curves showed high R? values, ranging from
0.9907 to 0.9990. However, R?> was interpreted together
with the Hill slope, asymptotic parameters, confidence
intervals, and curve diagnostics. The Hill slope values
ranged from 0.804 to 1.401, indicating differences in the
steepness of the concentration-response transitions. F4
showed the steepest fitted response among the
formulations, whereas F6 showed the shallowest response.

The 95% confidence intervals were estimable only for
F4, F7, and F8 and were relatively broad: 47.7-269, 70.2—-
285, and 72.1-335 pg/mL, respectively. The overlap among
these intervals indicates that the apparent potency
differences among F4, F7, and F8 should not be
interpreted as statistically significant without formal curve-
comparison analysis. For the remaining samples, the 95%
confidence intervals were not estimable under the selected
fitting conditions. Therefore, the 1Cso ranking should be
considered descriptive and preliminary.

The positive control (ascorbic acid) exhibited an 1Cs
of 1848 pg/mL. Among the tested formulations, F4
showed the lowest apparent (extrapolated) 1Cso, followed
by F7 and F8. F1, F2, F3, F5 and F6 also exhibited
concentration-dependent NO-scavenging activity, with
their apparent 1Cso estimates presented in Table 12. The
differences in 1Cso values should be interpreted alongside
their confidence intervals, as overlapping intervals may
indicate uncertainty in distinguishing the apparent NO-
scavenging activities of the formulations. Overall, ascorbic
acid exhibited greater apparent NO-scavenging activity

than the tested formulations under the experimental
conditions.

Reported NO-scavenging ICso values for single and
multiple extracts vary widely. C. longa rhizome extracts
showed ICso values of 52.5-54.3 pug/mL in the SNP assay
(42). Among multi-herb products, the polyherbal
formulation Rumalaya Forte, which contains T. cordifolia
extract, exhibited an 1Cso of 10.37 pg/mL (43). The
extrapolated ICsq of F4 is therefore higher than those
reported for the C. longa extract and the polyherbal
product. These comparisons should be made with caution
because the cited studies tested extracts or powdered
products dissolved directly in the assay medium, whereas
the present values were obtained from PBS dispersions of
a complete emulgel and were expressed relative to its
total extract content. The emulgel matrix, incomplete
release of lipophilic constituents such as curcuminoids and
piperine into the aqueous test medium, and removal of
the oil phase during centrifugation would all be expected
to lower the apparent activity relative to that of free
extracts.

Ascorbic acid was used as a reference antioxidant in
the sodium nitroprusside (SNP)-Griess assay because the
assay evaluates the ability of the tested formulations to
scavenge nitric oxide (NO) generated under cell-free
conditions. Accordingly, ascorbic acid was not considered
a mechanistic anti-inflammatory reference or an inhibitor
of inducible nitric oxide synthase (iINOS). Its role in the
present study was limited to providing a benchmark for
the NO-scavenging capacity of the formulations. Further
comparison with established anti-inflammatory or iNOS-
targeting compounds would be more appropriate in future
cell-based studies designed to investigate cellular
inflammatory pathways (44).

The sodium nitroprusside (SNP)-Griess assay was
employed as an initial cell-free screening method to assess
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Figure 3. Half-normal plot of the estimated factorial effects on log1o(ICso) for NO scavenging. A = A. paniculata, B = T.
cordifolia, C = C. longa. Orange symbols indicate positive effects (higher ICso, lower potency) and blue symbols indicate
negative effects. The dashed line indicates Lenth’s margin of error (o = 0.05).

the NO-scavenging potential of the formulated emulgels.
Although NO is an important mediator of inflammatory
processes and may contribute to vascular changes
associated with topical steroid withdrawal (TSW), the
present assay does not provide direct evidence of
inhibition of cellular inflammatory pathways or iNOS-
mediated NO production (45). Accordingly, these findings
provide preliminary evidence of the NO-scavenging
capacity of the formulations but do not establish their
direct anti-inflammatory efficacy in the context of TSW
(46).

It should be emphasized that, in this assay, NO is
released non-enzymatically from SNP in a buffered, cell-
free medium. No cells, NO synthase, or inflammatory
stimulus are present in the reaction system; therefore, the
decrease in nitrite observed in the presence of the emulgel
samples can result only from direct chemical scavenging of
NO, or of NO-derived reactive nitrogen species, by
constituents released from the formulation. The present
data thus demonstrate direct NO-scavenging capacity, and
they do not demonstrate cellular anti-inflammatory
efficacy, suppression of cellular NO production, or direct
inhibition of iINOS activity or expression. Although
andrographolide, T cordifolia  constituents, and
curcuminoids have been reported to down-regulate iNOS,
COX-2, and related inflammatory mediators in cellular and
animal models (8, 11, 12), such effects were not evaluated
in the present study and cannot be inferred from these
results. Moreover, direct NO scavenging in a chemical
system does not necessarily translate into an anti-
inflammatory effect in the skin, where NO availability
depends on enzymatic NO production, cellular redox

status, and the penetration of active constituents into the
tissue. Demonstrating anti-inflammatory relevance will
therefore require cell-based models in which NO is
produced enzymatically, such as LPS-stimulated
macrophages or keratinocytes, with concurrent cell-
viability testing and measurement of nitrite, iINOS
expression, and pro-inflammatory cytokines, followed by
in vivo evaluation.

Effect of Formulation Variables on NO-
Scavenging Potency

The 23 full factorial design was used to evaluate how the
three variable extracts influenced NO-scavenging potency.
Because the ICso values spanned almost one order of
magnitude (124-1,057 pg/mL), the response was analysed
as 10g1o(ICso). The coded polynomial model obtained from
the eight formulations is given in Equation 3, where X;, X,
and X; are the coded levels of A. paniculata (3-5%), T.
cordifolia (4-6%), and C. longa (4-6%), respectively.
Positive coefficients indicate an increase in |Cso (lower NO-
scavenging potency), whereas negative coefficients
indicate a decrease in 1Cso (higher potency). Because the
design was unreplicated and the model is saturated,
Equation 3 reproduces the eight observed formulations
exactly and has no residual degrees of freedom; it should
therefore be used to interpret the direction and relative
magnitude of the effects rather than to predict untested
formulations. In addition, because the response variable
was derived from ICso values extrapolated beyond the
tested concentration range, the factorial effects describe
the pattern of these apparent estimates only; they should
be regarded as hypothesis-generating and re-estimated

log;(ICs0) = 2.638 + 0.120X; — 0.104X; 4 0.259X5 — 0.150X; X,

—0.111.X; X35 + 0.075X, X3 + 0.085.X; X5 X3

(Eq. 3)
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Figure 4. Contour plots of predicted ICso (Mg/mL) as a function of A. paniculata and T. cordifolia concentrations at 4%
(left) and 6% (right) C. longa, derived from Equation (3). Symbols indicate the experimental formulations and their
observed ICs, values.

once ICso values are determined within an expanded
concentration range.

The half-normal plot (Figure 3) showed that the C.
longa main effect (X5) was the largest, accounting for
approximately 48% of the total variation in logo(ICso),
followed by the A. paniculata x T cordifolia interaction
(X1Xz; 16%), the A. paniculata main effect (Xi; 10%), the
X1X3 interaction (9%), and the T. cordifolia main effect (Xy;
8%). The Shapiro-Wilk test of the effect estimates (W =
0910, p = 0.393) did not indicate a departure from
normality; however, none of the effects exceeded Lenth's
margin of error (1.26 log units, o = 0.05), so the effects
cannot be declared statistically significant with the present
unreplicated data.

Despite this limitation, the pattern of effects is
informative for formulation development (Figure 4).
Increasing C. longa from 4% to 6% increased logqo(ICse) by
0.52 units on average, corresponding to an approximately
3.3-fold increase in ICso, and all four formulations
containing 6% C. longa (F1, F2, F3, and F5) had ICs, values
above 640 pg/mL. At 4% C. longa, the effect of A
paniculata depended strongly on the level of T cordifolia
(X1Xz interaction): increasing A. paniculata from 3% to 5%
raised the ICso approximately 8.5-fold when T. cordifolia
was 4% (F4 vs F6; 124 vs 1,057 pg/mL) but had almost no
effect when T cordifolia was 6% (F8 vs F7; 159 vs 157
pg/mL). Thus, the most active formulations were the one
with the lowest total extract loading (F4) and those
combining low C. longa with balanced levels of A
paniculata and T. cordifolia (F7 and F8), indicating that NO-
scavenging potency was not additive with respect to
extract concentration.

Several factors may explain this less-than-additive
behaviour. Because sample concentrations were
normalized to total extract content, formulations with a
higher C. longa loading contained a larger proportion of
curcuminoids, which are poorly water-soluble and are
likely to partition into the oil phase and to be partly
removed during centrifugation of the PBS dispersion.

Higher extract loading may also increase interactions
between phenolic constituents and the Carbopol-
surfactant matrix, limiting their release into the aqueous
test medium. Antagonistic chemical interactions among
the extract constituents, which have been reported for
some phytochemical mixtures (7, 23), cannot be excluded.
These explanations are hypotheses that were not tested
directly and should be examined in future release and
solubility studies. Nevertheless, within these constraints,
the factorial analysis supports the provisional selection of
F4 as the lead formulation and suggests that further
optimization should explore lower C. longa levels rather
than higher overall extract loading.

Limitations of the Study

This study has several limitations. First, antioxidant activity
was evaluated using a cell-free nitric oxide-scavenging
assay based on the sodium nitroprusside (SNP)-Griess
method. Although this assay measures the chemical
inhibition of nitrite formation, it does not directly establish
intracellular antioxidant activity, enzymatic NO-synthase
inhibition, or in vivo anti-inflammatory efficacy. The assay
may also be affected by reaction conditions and matrix-
related spectral or chemical interference from co-extracted
constituents. In addition, the assay does not capture the
complexity of cellular responses or biological processes
involved in inflammation. Thus, the 1Cso values should be
interpreted within the scope of the assay as indicators of
apparent NO-scavenging capacity, while further studies
using biologically relevant models are needed to establish
the biological significance of these findings (46).

Second, and most importantly, the assay was
performed using duplicate technical wells in a single
experimental run. These duplicate measurements provide
an indication of within-run measurement repeatability but
do not represent independent experimental replicates.
Consequently, between-run variability could not be
estimated, and confidence intervals for the ICsy values,
ANOVA-based inference, or formal multiple comparisons
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among formulations could not be reliably performed. The
reported NO-scavenging results and formulation ranking
should therefore be considered strictly preliminary and
descriptive. The same limitation prevented formal
significance testing of the factorial effects, which were
therefore interpreted as exploratory. Independent assay
runs conducted on at least three separate occasions,
preferably with triplicate technical wells at each
concentration, are required to validate these findings
before any conclusion on relative potency can be drawn
(44).

Third, the present study did not assess cellular uptake,
intracellular metabolism, cytotoxicity, or the effects of the
extracts on the iNOS pathway. Therefore, the results
cannot distinguish direct chemical NO scavenging from
inhibition of enzymatic NO production. Further studies
should combine the cell-free assay with cell-based
inflammatory  models, such as  LPS-stimulated
macrophages, together with cell-viability testing and
measurement of NO, iNOS, and relevant inflammatory
mediators. Such models would provide complementary
evidence regarding the biological relevance of the
observed activity but should not be considered directly
equivalent to the present cell-free chemical assay because
they involve additional cellular and molecular processes
47).

Fourth, the 1Cs values of all formulations exceeded
the highest concentration tested (100 pg/mL) and were
obtained by extrapolation of unconstrained four-
parameter logistic fits. Because the upper plateau of the
concentration-response curve was not captured, the
formulation ICs values are reported as > 100 pg/mL, and
the extrapolated estimates were used only descriptively. In
the planned validation study, the tested range will be
expanded (for example, to approximately 1,000-2,000
pg/mL, or until a clear upper plateau is observed), with
additional concentrations around the expected 1Cso, more
concentrated stock dispersions where necessary, and
appropriate sample blanks to correct for matrix colour and
turbidity. This will allow ICso values to be determined by
interpolation within the experimental range, the top
asymptote to be constrained to 100%, and the factorial
analysis to be repeated on reliable 1Cso values.

Fifth, the physical evaluation was limited to the
parameters reported here. Extrudability, rheological
profiling, and accelerated and long-term stability testing
(e.g., heating-cooling cycles and storage at different
temperatures) were not performed, so the shelf life and in-
use performance of the emulgels remain to be established.
Finally, the four botanicals were selected on the basis of
their ethnomedicinal use, published pharmacological
evidence, and our previous spray-gel study (11) rather
than by in silico screening, and no cell-line or animal
studies were conducted. Molecular docking or network-
pharmacology analysis, cell-based assays, in vivo anti-
inflammatory models, and stability studies are planned for
the lead formulation F4.

The main focus of this study was to compare the NO-
scavenging potential of the formulated emulgels. The
physical evaluation was conducted primarily to
characterize the physical properties of the prepared
formulations and to provide supplementary information
on their formulation characteristics. Accordingly, these
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physical parameters were not considered primary
comparative outcomes and were therefore not subjected
to statistical analysis.

Conclusion

A multi-extract emulgel containing A. paniculata, T
cordifolia, C. longa, and P nigrum was successfully
formulated in eight variants using a 23 full factorial design.
All formulations were homogeneous oil-in-water systems
with skin-compatible pH (5.26-5.90) and viscosity (12,560-
17,120 cP), indicating acceptable physical characteristics
for topical application. In the cell-free sodium
nitroprusside—Griess assay, nitrite reduction increased
consistently with concentration over 20-100 pg/mL (R* >
0.990). However, the ICso values of all formulations
exceeded the highest tested concentration and are
reported as > 100 pg/mL; extrapolated estimates ranked
F4 first, followed by F7 and F8, but their 95% confidence
intervals were broad and overlapping and were not
estimable for the remaining formulations, so the potency
ranking is descriptive rather than statistically established.
Exploratory factorial analysis of these estimates suggested
that C. longa concentration and the A. paniculata x T
cordifolia interaction were the main contributors to the
variation in 1Cso and that higher extract loading did not
improve NO-scavenging potency. Accordingly, the
findings support only direct chemical scavenging of nitric
oxide under cell-free conditions and do not demonstrate
inhibition of cellular NO production, iNOS expression, or
anti-inflammatory efficacy relevant to topical steroid
withdrawal. All NO-scavenging findings are therefore
strictly preliminary and descriptive and require validation
through independent assay runs on at least three separate
occasions, using an expanded concentration range that
captures the complete upper plateau of the
concentration-response  curve. F4 is  provisionally
proposed as the lead candidate for this confirmatory
testing and for subsequent cell-based studies, including
LPS-stimulated macrophage models with cytotoxicity
testing and measurement of NO, iNOS, and related
inflammatory mediators, followed by stability testing and
in vivo anti-inflammatory evaluation.
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