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Importance of the work: The modification of traditional herbal compresses into easy-to-use patches
provides a more convenient alternative while delivering equivalent benefits to other commercial
products.

Obijectives: To extract active compounds for herbal compresses for the development of pain relief
patches.

Materials and Methods: Samples of the Thai herb ‘plai’ (Zingiber cassumunar Roxb.), turmeric
(Curcuma longa L.) and Centella asiatica (L.) Urb., were extracted using steam distillation, water
extraction or frying with coconut oil. Then, the active compounds were analyzed using gas
chromatography-mass spectrometry (GC-MS) and Fourier-transform infrared spectroscopy (FTIR) to
identify their components. Subsequently, these extracts were incorporated into pain relief patches
formulated with a pectin and sodium alginate base.

Results: The extracts from the three plants were analyzed using GC-MS, identifying y-terpinene at 11
min, (E)-1-(3,4-dimethoxyphen) butadiene at 29 min and levomenthol at 18 min as pain-relieving
compounds. The FTIR analysis of the extracts and pain relief patches detected functional groups,
consisting of C=C bending, C-O stretching, N-O stretching, C=0 stretching, C-H stretching and O-H
stretching. An irritation test using the 4 hr closed patch method at 0 hr, 4 hr, 24 hr, 48 hr and 72 hr resulted
in no significant (p > 0.05) skin irritation.

Main finding: The extracts were incorporated effectively into a pectin-sodium alginate hydroginate
matrix, forming structurally stable patches, as confirmed by scanning electron microscopy-energy-
dispersive X-ray spectroscopy and FTIR analyses. Skin irritation testing demonstrated excellent
biocompatibility, while volunteer-based evaluation showed significant pain reduction after application.
Based on these results, the developed hydrogel patch represented a practical and user-friendly alternative
to conventional herbal compresses, bridging traditional medicine with modern transdermal delivery
systems.
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Introduction

The increasing prevalence of chronic pain due to changing modern
lifestyles has led to rising healthcare costs (Gaskin and Richard, 2012).
Traditional Thai herbal medicines, rooted in local wisdom, with the
use of natural products, including herbs, are gaining popularity due to
their cost-effectiveness and safety compared to synthetic chemicals
(Ernst, 2003). The Tasud Herbal Enterprise Group has collaborated
with Chiang Rai Rajabhat University, Thailand to develop herbal-
based products aimed at improving community quality of life and
economic sustainability, as part of initiatives to promote Smart Local
CEOs and enhance competitiveness through innovative products,
including herbal patches, by 2024 (Phichaphibul et al., 2022). In recent
years, various modifications of traditional herbal compresses have
been explored, such as prepackaged semi-finished compresses and
modernized forms that are more user-friendly and aesthetically
appealing (Phichaphibul et al., 2022). In addition, research has focused
on developing herbal hydrogel patches for targeted applications, such
as pain relief for knees (Promsungwong et al., 2020; Thongthamachat
et al., 2021) and reducing inflammation and stress (Srikun, 2018;
Waehayi et al., 2023). These studies have highlighted the potential of
herbal extracts, including Zingiber cassumunar Roxb. known as ‘plai’
in Thai, turmeric (Curcuma longa L.) and Centella asiatica (L.) Urb.,
in delivering therapeutic benefits when incorporated into novel
delivery systems such as hydrogel patches. Typically, extraction
methods for key herbs in traditional compresses, such as plai, kaffir
lime (Citrus hystrix DC) and Ce. asiatica, involve hydrodistillation,
steam distillation or alcohol extraction, followed by gas
chromatography-mass spectrometry (GC-MS) analysis to identify
active compounds. For example, sabinene is the major compound in
plai (Mektrirat et al., 2020), curcumin in turmeric (Ching et al., 2014)
and B-pinene and D-limonene in kaffir lime extracted with water and
ethanol (Le et al., 2020). Ce. asiatica contains high levels of
compounds such as 2-dodecen-1-yl (-) succinic anhydride (15.29%)
and benzenemethanol derivatives (Rahamouz Haghighi et al., 2022).
Furthermore, herbal hydrogel patches have shown promise in clinical
applications. For example, Waehayi et al. (2023) developed a patch
containing Ce. asiatica, Andrographis paniculata, lavender essential
oil and gelatin that substantially reduced stress in 35 student
participants. Similarly, Srikun (2018) formulated transdermal patches
using dill extracts, which effectively reduced inflammation without
adverse reactions. Additionally, Vildanova et al. (2023) demonstrated
the effectiveness of biodegradable hydrogels made from charge-
complementary polyelectrolyte chains, using chitosan and pectin, for
drug delivery. The present study aimed to extract active compounds
from traditional herbal compress ingredients (plai, turmeric, Ce.
asiatica) and subsequently to incorporate them into hydrogel pain
relief patches to enhance usability, therapeutic efficiency and
economic value.

Material and Methods

Preparation of herbal materials

The herbal ingredients (turmeric, plai, Ce. asiatica and kaffir lime)
were prepared using air-drying or oven-drying and were then ground
into fine powders prior to extraction. All plant materials were sourced
from the Tasud Herbal Enterprise Group, Thailand and identified by a
qualified botanist before use.

Extraction of active compounds

Three extraction methods were used according to the
physicochemical properties of the target compounds in each plant
material. The turmeric powder was extracted using distilled water at a
powder-to-solvent ratio of 1:3 (weight per volume, w/v) to yield the
aqueous extract. Dried rhizome powder of plai was subjected to steam
distillation using a Clevenger-type apparatus for 4 hr and the essential
oil layer was collected and dried over anhydrous sodium sulfate. Ce.
asiatica was fried in coconut oil to extract the lipophilic active
compounds. In addition, kaffir lime essential oil was obtained using
steam distillation of the dried peel and incorporated into the hydrogel
formulation at a concentration of 0.50% (volume per volume).
Subsequently, the extracted solvents from the water-based and steam
distillation processes were concentrated using rotary evaporation at
50°C under reduced pressure and all concentrated extracts were stored
in amber glass bottles at 4°C for later analysis.

Gas chromatography-mass spectrometry and Fourier-
transform infrared spectroscopy analyses

To identify the active compounds, the extracts were dissolved in
dichloromethane and analyzed using GC-MS with a PerkinElmer
Clarus 690 GC system (PerkinElmer Inc.; Waltham, MA, USA)
coupled with an SQ8 mass-selective detector. The GC-MS analysis
utilized a PerkinElmer Elite-SMS column (PerkinElmer Inc.; Waltham,
MA, USA), with a length of 30 m, a 250 pm internal diameter and 0.25
pm film thickness, an injector temperature of 250°C and helium as the
carrier gas at 137895 Pa. The oven temperature was programmed from
an initial 60°C, increasing at 5°C/min to a final temperature of 250°C.
Mass spectra were collected in the range 60—600 m/z using electron
ionization at 70 eV.

Functional group analysis of the herbal extracts and the formulated
hydrogel patches was performed using Fourier-transform infrared
spectroscopy (FTIR) with a Bruker Vertex 80v spectrometer (Bruker
Corporation; Ettlingen, Germany) under dry nitrogen conditions.
Spectra were recorded over the range 500—4000 cm™ to identify
characteristic absorption bands corresponding to the key functional
groups present in the samples.

Hydrogel formulation

Two hydrogel formulations were prepared for comparison. The
first formulation (Gel 5) contained pectin, sodium alginate, saline
solution (1 M sodium chloride, NaCl) and the herbal extracts. The
second formulation (Gel 5-1) additionally incorporated chitosan
alongside pectin, sodium alginate, saline solution and the same
amounts of the herbal extracts.

In both formulations, the dry ingredients were combined and
mixed thoroughly to form Mixture A. Separately, NaCl was dissolved
in distilled water to prepare a 1 M saline solution. Mixture A was
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added gradually to the saline solution with constant stirring for
approximately 2 hr until a clear, homogeneous solution (Mixture B)
was obtained..Then, the herbal extract oils — turmeric (10%, v/v), plai
(5%, v/v), Centella asiatica (3%, v/v) and kaffir lime (0.50%, v/v) —
were added to Mixture B and stirred until uniformly dispersed. Mixture
B was poured into Petri dishes and dried either at 50°C for 8 hr or air-
dried at ambient temperature to form hydrogel sheets. The oven-dried
(50°C) formulation was used for all subsequent characterization and
testing (FTIR, SEM-EDS, skin irritation and pain relief evaluation)
reported in this study, while the air-drying option was included as a
practical, low-cost alternative to allow community enterprise partners
without access to a drying oven to reproduce the formulation.. Both
formulations were characterized using FTIR to confirm the successful
incorporation of the herbal extracts. However, the addition of chitosan
in Gel 5-1 resulted in a harder, less pliable gel compared with Gel 5,
which was softer and adhered to the skin more effectively; Gel 5 was
therefore selected for all subsequent characterization and testing,
including SEM-EDS, skin irritation and pain relief evaluation.

Microstructural characterization (scanning electron
microscopy-energy-dispersive X-ray spectroscopy)

The surface morphology and elemental composition of the sodium
alginate-pectin composite films incorporated with NaCl were
examined using a scanning electron microscope (SEM; JEOL JSM-
IT500; JEOL Ltd; Japan) equipped with an energy-dispersive X-ray
spectroscopy (EDS) system (Oxford Instruments; UK). The film
specimens were cut into pieces of approximately 5 mm x 5 mm and
mounted on aluminum stubs using double-sided conductive carbon
tape. To minimize charging effects during observation, the samples
were sputter-coated with a thin conductive layer of gold (approximately
10 nm) using an SC7620 sputter coater (Quorum Technologies Ltd;
UK).

The SEM images were recorded under high-vacuum mode at an
accelerating voltage of 15 kV and a working distance of approximately
10 mm, using a secondary electron detector. Images were captured at
magnifications of 250% and 30,000x to observe both macroscopic and
microstructural features of the films. Surface topography and
morphological uniformity were examined to identify the distribution
of polymer domains and crystalline NaCl particles.

The EDS analysis was conducted under the same instrumental
conditions as the SEM imaging. Multiple regions of each sample were
analyzed to ensure representative and reproducible results. The
elemental spectra were collected and quantified using the Aztec
software (Oxford Instruments; UK), applying ZAF correction (atomic
number, absorption and fluorescence) for semi-quantitative evaluation.
Elemental mapping was performed to visualize the spatial distribution
of carbon (C), oxygen (O), sodium (Na) and chlorine (Cl) across the
film surface. The co-localization of Na and Cl signals confirmed the
presence of sodium chloride microcrystals embedded in or adhered to
the film matrix. Results were reported in both weight percent (wt%)
and atomic percent (at%) units.

Skin irritation test

Skin irritation of the Gel 5 hydrogel patch was assessed using the
standardized 4 hr closed patch test. Sodium lauryl sulfate solution
(SLS, 20% w/v) served as the positive control, while untreated skin
was used as the negative control. The erythema index (EI), a
quantitative measure of skin redness (Saknite et al., 2016) was
recorded using a Mexameter probe at post-application time points of 0
hr, 4 hr, 24 hr, 48 hr and 72 hr. The relative percentage change in El was
calculated using Equation 1:

Relative difference = [(Value after — Value before) / Value before] x 100

@)

Statistical differences in the EI among the treatment groups at each
time point were evaluated using one-way analysis of variance,
followed by Tukey’s post hoc test to determine pairwise differences
among groups. Statistical significance was set at p < 0.05. All analyses
were conducted using the IBM (2019) software.

Pain relief evaluation

The pain relief efficacy and user satisfaction of the Gel 5 hydrogel
patch were evaluated in a volunteer study. In total, 10 volunteers aged
24-60 yr were recruited, who had reported musculoskeletal pain in
areas such as the legs, calves, neck or shoulders. Hydrogel patches (2.5
cm X 2.5 cm) were applied directly to the pain sites and left in place
for 30—60 min. Pain intensity was assessed before and after patch
application using a numerical rating scale (NRS), ranging from 0 (no
pain) to 10 (worst imaginable pain). In addition, overall volunteer
satisfaction with the hydrogel patches, including ease of use and
perceived effectiveness, was evaluated through a structured
questionnaire. Statistical analysis of pain scores was performed using
a paired t test to compare NRS scores before and after patch
application, with significance tested at p < 0.05. All analyses were
conducted using the IBM (2019) software.

Ethics statements

This study was approved by the Ethics Committee of Chiang Mai
Rajabhat University (Approval no. IRBCMRU 2024/323.10.07).

Results and discussion
Identification of active compounds

The GC-MS analysis of the herbal extracts revealed the presence
of key volatile organic compounds known for their anti-inflammatory
and analgesic properties. Chromatograms A—E (Fig. 1) identified the
separation and identification of several major bioactive compounds,
with chromatogram A showing kaffir lime essential oil (extracted from
C. hystrix, using steam distillation): Major compounds identified using
GC-MS were B-pinene (retention time approximately 10.8 min) and
D-limonene (approximately 11.5 min), consistent with another
reported profile of kaffir lime essential oil (Le et al., 2020).
Chromatogram B showed kaffir lime aqueous extract (water-soluble
fraction), where the dominant peak at 18.16 min was confirmed based
on NIST library matching as levomenthol, with a secondary peak at
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17.20 min corresponding to (+)-2-bornanone (camphor). The plai _ (B)
extract (chromatogram C) contained notable peaks corresponding to "%;I-J
terpinen-4-ol, y-terpinene and sabinene, which contribute to its v !

analgesic effects (Hart et al., 2000). The Ce. asiatica oil extract
(chromatogram D) showed major peaks of fatty acid derivatives and
sesquiterpenes, particularly those known for reducing muscle tension
and pain (Saha et al., 2013). The turmeric extract (chromatogram E)
had the strong presence of curcuminoids, including curcumin and its
derivatives, which are widely recognized for their anti-inflammatory
activities (Williamson and Hoggart, 2005). Thus, the extraction | N
methods used (steam distillation for plai, water extraction for turmeric, }-g,“;w,\,ﬂ_____‘,_-“mt\‘_ll\-‘».M*_'m,,,'-» L
oil frying for Ce. asiatica oil extract) proved effective in isolating the

key active components. The concentration process using rotary
evaporation ensured that the active compounds were preserved for
further integration into the hydrogel patch. These findings were T )
consistent with the expected profiles from the literature (Burton et al.,
2009; Higashi et al., 2010), confirming the efficacy of the extraction
techniques. Notably, the GC-MS analysis in the present study was ‘
conducted primarily for compound identification rather than .

quantification. Therefore, precise extraction yield data and quantitative ‘

concentration comparisons across the three extraction methods (water ‘ |‘| \ ‘
extraction, steam distillation, oil frying) were not determined in the
present work. This represents a limitation of the study and future
investigations should include gravimetric yield measurements and
comparative analysis of active compounds across different extraction
techniques to optimize further the formulations and to improve
reproducibility. (D)
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Fig. 1 Chromatograms of the individual herbal extracts used in this study: (A)
kaffir lime oil; (B) water-soluble kaffir lime; (C) plai oil; (D) Centella asiatica
oil; and (E) turmeric oil.
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Hydrogel formulation and analysis

The Gel 5 hydrogel formulation effectively incorporated the herbal
extracts, while maintaining the desired physical properties (Fig. 2) and
chemical properties. The FTIR analysis revealed characteristic
functional groups corresponding to polysaccharides (pectin and
sodium alginate) and herbal compounds, which confirmed the
successful integration. The well-organized polymeric network of the
hydrogel matrix ensured sustained release of active ingredients,
thereby enhancing its therapeutic potential. To further validate the
structural integrity and uniform distribution of the incorporated
bioactive compounds, surface and compositional analyses were
performed based on SEM-EDS. Additionally, a skin toxicity assay was
conducted to evaluate the hydrogel’s biocompatibility and safety for

dermal application.
(A) (B)

Fig. 2 Gel 5 patch composed of pectin and all extracted components: (A)
general appearance; and (B) the same patch photographed alongside a calibrated
ruler for scale reference. Scale bar (B) = 10 mm

Microstructural characterization and elemental mapping of

composite films

At lower magnification (250x), as shown in Fig. 3A, the film
surface appeared continuous and homogeneous with slight undulations,
indicating good miscibility between the alginate and pectin polymers.
However, there were small crystalline particles embedded within the
polymer matrix, which were attributed to NaCl crystallites formed
during solvent evaporation. These salt domains were distributed
irregularly throughout the surface, suggesting partial migration of
NaCl toward the upper film layer during the drying process.

(A) (B)

100/,

Fig. 3 Scanning electron micrographs of Gel 5 sodium alginate-pectin
composite films containing NaCl showing: (A) cross-sectional morphology
with micro-roughness related to NaCl crystallization and polymeric phase
interaction at 250x magnification (scale bar = 50 um); and (B) uniform

polymeric surface with visible salt particles at 30,000x magnification (scale bar
=100 nm)

At higher magnification (30,000x), as shown in Fig 3B, the
microstructure revealed a dense polymeric network with distinct
granular features. The surface had micro-roughness and fine cavities,
which could be related to the partial phase separation between alginate
and pectin chains due to differences in their gelling and ionic
crosslinking behaviors. Similar surface features have been reported in
alginate-pectin and alginate-starch films incorporating inorganic salts
or polyol plasticizers, where ionic interactions between the Na* ions
and carboxylate groups (-COO~) modified the local film morphology
and mechanical flexibility (Galus and Lenart, 2013; Li et al., 2020).

The occurrence of NaCl microcrystals was confirmed by the EDS
analysis (Fig. 4), showing high Na and ClI signals correlated in the
same regions of the surface. These observations supported the
conclusion that the residual NaCl particles were retained within or on
the surface of the film matrix, contributing to the heterogeneity and
potential alteration of moisture permeability and tensile strength.

The elemental mapping (Fig. 4) demonstrated clearly high and co-
localized intensities of the Na and CI signals, indicating the
accumulation or crystallization of NaCl on the film surface after the
drying process. This observation was consistent with another SEM—
EDS study on polymeric films containing added salts, where Na/Cl co-
localization corresponded to salt crystal domains on the matrix surface
(Wilson, 2012).

The EDS analysis of the sodium alginate-pectin composite film
incorporated with NaCl and the herbal extracts (turmeric, plai, Centella
asiatica and kaffir lime essential oils) revealed the overall elemental
composition, as shown in the EDS Map Sum spectrum (Fig. 5)

The relatively high carbon content (Table 1) reflected the
polymeric backbone of the alginate-pectin matrix and the contribution
of the carbon-rich essential oil constituents. However, notably, EDS
has inherent limitations in quantifying light elements, such as C and O,
due to their low X-ray generation efficiency and absorption effects.

Table 1 Quantitative results of elemental distribution and average
weight percentages

Element ST%E? Line Wt% S\ivgt rl;/loa At(o)/?lic nggle;rd
C EDS Kseries ~16.5 0.39 ~33.2 SiC
(0] EDS Kseries ~6.1 0.24 ~8.9 Si02
Na EDS Kseries ~18.0 0.30 ~18.3 Albite
Cl EDS Kseries ~32.8 0.51 ~21.7 NaCl
Au EDS M series ~26.6 0.45 ~17.9  Aufoil
Total 100 100

Wt% = weight percentage; ~ = approximately; EDS = energy-
dispersive X-ray spectroscopy Au = gold as added sputter coat.
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(A) (B)

10 pm 10 pm

—_——

10 pm 10 pm

Fig. 4 Energy-dispersive X-ray spectroscopy (EDS) layered mapping of sodium alginate-pectin hydrogel film containing sodium chloride: (A) scanning electron
microscopy-EDS layered image showing cross-sectional morphology and elemental overlay; (B) elemental distribution map of carbon (C Kal,2); (C) elemental
distribution map of oxygen (O Kal); (D) elemental distribution map of sodium (Na Kal,2); (E) elemental distribution map of chlorine (Cl Kal); and (F) elemental
distribution map of gold (Au Mal), showing overall uniform dispersion of Na and Cl, corresponding to sodium chloride within the film matrix. Scale bar = 10 um
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M Mzp Sum Spectrum

Fig. 5 Energy-dispersive X-ray spectroscopy (EDS) spectrum and elemental
composition of sodium alginate-pectin hydrogel film containing NaCl, showing
distinct peaks corresponding to carbon (C), oxygen (O), sodium (Na) and
chlorine (Cl), indicating presence of NaCl and polysaccharide constituents
within hydrogel matrix.

Functional structural investigation using Fourier-transform
infrared spectroscopy

The FTIR spectra identified the functional groups present in the
herbal extracts and the hydrogel formulations (Gel 5 and Gel 5-1). The
broad peak observed around 3200-3600 cm™* corresponded to the O-H
stretching vibrations, which are characteristic of hydroxyl groups
present in the herbal extracts and polysaccharide components, such as
pectin and sodium alginate (Gulrez et al., 2011). The intensity and
broadness of this peak for the Gel 5 and Gel 5-1 indicated the effective
incorporation of phenolic compounds from the herbal extracts into the
hydrogel matrix. Additionally, the absorption band around 1700—1750
cm! was attributed to C=0 stretching, typically associated with
carbonyl groups found in esters, aldehydes or carboxylic acids
(Fernandez-Barbero et al., 2009). This peak (evident in the spectra of
the herbal extracts such as turmeric and plai) remained prominent in
the hydrogel formulations, confirming the retention of active
compounds. The region around 1500-1600 cm™' displayed C=C
stretching vibrations, indicating the presence of aromatic compounds
such as curcuminoids from turmeric and sesquiterpenes from plai,
which contribute to their anti-inflammatory and analgesic properties
(Hart et al., 2000; Jurenka, 2009). The peaks observed in the range
1000-1300 cm™! corresponded to C-O stretching, indicative of the
ether or ester bonds in the polysaccharides and confirmed the
successful integration of the hydrogel base with the herbal extracts
(Gulrez et al., 2011). Furthermore, the peaks within 1200—-1400 cm™
corresponded to C-N stretching vibrations, likely originating from
nitrogen-containing functional groups in the herbal extracts. The
spectra for Gel 5 and Gel 5-1 had overlapping features of the herbal
extracts and hydrogel components, with slight shifts and peak
broadening suggesting strong interactions between the matrix and the
active compounds. These interactions were likely due to hydrogen
bonding between the hydroxyl groups of the polysaccharides and the
functional groups of the extracts and enhanced the structural
integration. Notably, no new peaks or major changes were observed,
confirming that the chemical structure of the active compounds
remained intact, ensuring their bioactivity. This structural stability
supported the effectiveness of the Gel 5 formulation as a pain relief
patch. Comparing the results to other studies, the observed peaks
aligned with the FTIR characteristics of curcumin, terpinen-4-ol and
other bioactive compounds from the turmeric and plai extracts. In
addition, the GC-MS analysis confirmed the presence of 2,4-di-tert-
butylphenol (retention time of 26.89 min) in both the turmeric and
kaffir lime aqueous extracts. In addition, there was a phenolic

compound in the FTIR spectra of the herbal extracts and hydrogel
formulations whose characteristic O-H stretching vibration (3200—
3600 cm™) was consistent with the broad absorption (Fig. 6).

Gel 5-1
B W

Salicylic.

g

Turmeric’

Centella

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 6 Fourier-transform infrared spectra showing functional groups in extracts
and gel patches

Furthermore, curcumin and its derivatives, identified as major
constituents of the turmeric extract, are well-known polyphenols
whose O-H and C=0 stretching bands align with the FTIR peaks at
3200-3600 cm™! and 1700—-1750 cm™!, respectively (Ching et al.,
2014). In addition, the polysaccharide matrix had similar features to
other reported alginate-pectin systems used in sustained-release
formulations (Ward and Georgiou, 2011). Overall, the FTIR analysis
validated the successful incorporation of the herbal extracts into the
hydrogel matrix and suggested that the formulation was structurally
stable and suitable for controlled release applications, enhancing the
therapeutic efficacy of the pain relief patch.

Although the release kinetics of the active compounds from the
developed hydrogel were not evaluated in the present study, based on
the SEM and FTIR results, there was a porous polymeric network and
intermolecular interactions that may support sustained release
behavior. Future studies should investigate the release profile using
quantitative analysis under simulated conditions.

Skin toxicity and pain relief efficacy

The 4 hr closed patch test indicated that the Gel 5 hydrogel patch
was non-irritating to human skin (Table 2), as the EI for the Gel 5
hydrogel patchwas significantly lower than the positive control (20%
SLS), which was consistent with the reported safety profiles of similar
herbal formulations (Yip and Tam, 2008). In the pain relief evaluation,
volunteers reported a significant reduction in pain levels based on the
NRS. Before application, the pain scores were in the range 4-8,
indicating moderate-to-severe pain. After 30-60 min of patch
application, the scores reduced to 0-3, indicating mild-to-no pain. In
addition, the participants reported high satisfaction levels with the
hydrogel patches in terms of ease of use and effectiveness. Statistical
analysis using a paired t test confirmed that the reduction in NRS pain
scores before and after hydrogel patch application was significant,
supporting the therapeutic efficacy of the formulation. However, the
present study had notable limitations, including a small sample size (n
= 10) and the absence of a placebo control group, which may limit the
generalizability of the findings. These limitations should be addressed
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Table 2 Erythema index values for volunteer skin redness over time after application of various test samples

Time after patch application (hr)

Sample

0 4 24 48 72
Gel 5 patch 214.50+25.30 219.96+27.62* 217.5+31.62° 213.96+25.76 216.67+26.65°
20%w/v SLS 212.504+38.07 253.67+39.52° 234.42446.63° 221.25439.70 219.83437.81°
Negative control 211.214+28.83 211.13432.72* 207.33430.35° 212.42435.33 210.46+40.35°

20%w/v SLS =20% weight per volume of sodium lauryl sulfate = positive control; Negative control = untreated skin.
Values (mean = SD, n = 10) within the same column followed by different lowercase superscripts are significantly different (p < 0.001), based on

Tukey’s post hoc test

by future randomized controlled trials with larger sample sizes and
appropriate placebo controls to further validate the clinical efficacy
and safety of the herbal hydrogel pain relief patch.

The EI values in Table 2 provided an insight into the skin irritation
potential of the tested gel patch compared to the positive control (20%
w/v SLS) and the negative control. At time point 0, the EI values for
all samples were comparable, indicating no initial irritation. Over time,
distinct trends were observed between the samples. The gel patch had
arelatively stable EI across all time points, with only slight fluctuations
that remained within the margin of error (from 214.5 +25.30 at 0 hr to
216.67 £26.65 at 72 hr), indicating minimal irritation. In contrast, the
positive control (20% w/v SLS) had a significant increase in EI from
212.5+38.07 at 0 hr to a peak of 253.67 £ 39.52 at 4 hr, highlighting
the strong irritation potential of SLS, commonly used as a benchmark
for assessing skin irritants. The EI values gradually decreased over
time but remained higher than those of the gel patch and control group,
confirming prolonged irritation effects. The negative control group
maintained consistently low EI values across all time points, from
211.21 £28.83 at 0 hr to 210.46 + 40.35 at 72 hr, indicating no
irritation and validating the baseline for comparison. The post hoc
comparisons using Tukey’s test revealed that 20% w/v SLS had a
significantly higher EI than both the gel patch and the negative control
(p =0.0001). The gel patch was not significantly different from the
negative control (p >0.05). Overall, the gel patch showed consistently
lower EI values compared to the SLS-containing positive control, with
the EI values of the former remaining close to those of the negative
control. Based on these results, the herbal-based gel patch was non-
irritating and suitable for topical application. These findings aligned
with other studies reporting the low skin irritancy of herbal-based
patch formulations (Yip and Tam, 2008; Sarikaputi et al., 2019;
Promsungwong et al., 2020) and provided further support regarding
the potential of the hydrogel formulation in the present study as an
effective topical pain relief alternative. This analysis underscored the
potential of the gel patch as a effective alternative for pain relief
applications.

Conclusions

The active compounds extracted from turmeric, plai and Ce.
asiatica, identified using GC-MS and FTIR analyses, were compounds
recognized as having anti-inflammatory and analgesic properties.The
Gel 5 hydrogel pain relief patch developed from these extracts
provided significant pain relief with minimal skin irritation. These
findings supported the potential of integrating traditional herbal
medicine with modern delivery systems for effective pain management.
Statistical comparisons were performed separately at each post-
application time point among the three treatment groups: at each time
point where superscripts differ, the Gel 5 and negative control groups
were both significantly different from 20% w/v SLS (p = 0.0001),
while Gel 5 and the negative control did not differ significantly from
each other.

However, quantitative data on extraction yields and compound
concentration levels were not included in the present study, as the GC-
MS analysis was focused on compound identification to support
formulation development. This recognized limitation should be
addressed in future studies that should quantify extraction yields,
compare efficiencies across the different extraction techniques use and
determine the precise concentrations of active compounds in each to
optimize further the hydrogel formulation and strengthen the evidence
base for its therapeutic application. Furthermore, the pain relief
evaluation was limited by its small sample size (n = 10) and the
absence of a placebo control group, which may affect the robustness
of the clinical conclusions. Future randomized controlled trials are
recommended with larger participant cohorts and appropriate placebo
controls to provide stronger clinical validation of the analgesic efficacy
of the developed Gel 5 hydrogel patch.
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