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Abstract

Crateva adansonii DC, Maerua siamensis (Kurz) Pax, and Mallotus repandus (Willd.) Miill. Arg. have long been used as ingredients
in compound herbal medicines to relieve pain in Thailand. In this study, an albumin denaturation inhibition experiment was used
to assess the anti-inflammatory properties of the ethanolic extracts of these plants and their mixture. Lupeol, the active molecule
responsible for the anti-inflammatory activity, was chosen as a chemical marker for the extracts. All plant extracts demonstrated an-
ti-inflammatory potential. Their IC, values ranged from 1.19 to 7.31 mg/mL. This blend showed the strongest anti-inflammatory ef-
fect, with a 0.5-fold increase in activity when compared to diclofenac. Lupeol, an anti-inflammatory agent, is one of the chemical con-
stituents of the selected medicinal plants. Its content ranged from 0.04 to 8.60% w/w, as determined by HPLC in this study. It means
that the plants, alone and in combination, are a good source of herbs for further pharmacological study and product development.
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Introduction
bone disorders (Bureau of Drug Control, Food and Drug

Administration, Thailand 2015). The dried bark of the
plant, which is widely available in traditional pharmacies
across the country, is regularly used as one of the ingredients

Crateva adansonii DC is a medicinal plant that is native to
Africa and tropical Asia and belongs to the Capparaceae

family. The leaves and bark of the plant have traditionally
been widely used in India as herbal remedies for the
treatment of inflammation and diabetes (Rathinavel et
al. 2017, 2021). In Cameroon, folk healers have utilized
the bark to treat uterine complaints and inflammatory
illnesses (Zingue et al. 2016). In Thailand, it has been used
by traditional practitioners to treat muscle discomfort, and
the plant has been included on the National List of Essential
Medicines, which was issued by the Ministry of Public
Health, as a group of traditional medicines for muscle and

in polyherbal preparations such as powders, pills, and
decoctions, in which a variety of pain-relieving medicinal
herbs are combined (Narajeenrone et al. 2020). Because of
the plant’s importance in traditional medicine, particularly
in Africa and Asia, phytochemical studies of plant parts,
particularly the bark and leaves, have been conducted in
a systematic manner, revealing the presence of a variety
of bioactive compounds such as polyphenols, flavonoids,
steroids, and terpenoids, as well as the potential for
antioxidant and anti-inflammatory activities (Rathinavel
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et al. 2018; Atchou et al. 2020; Dathong and Maneechai
2020). Although C. adansonii has been shown to have
pharmacological effects that contribute to its traditional use
as a pain reliever and has more value in traditional therapy,
another medicinal plant known as Maerua siamensis
(Kurz) Pax (synonym: Crateva mucronulata Kuntze), which
also belongs to the Capparaceae family, has rarely been
studied. The plant is indigenous to and widely distributed
in Indo-China countries, especially in Thailand. Its roots
have long been used as an herbal remedy for tonics, pain
alleviation, and diuretics by Thai folk healers (Chansuwanit
and Chanprasert 1994). According to the most recent
research on the phytoconstituents and biological activity
of M. siamensis, the isolated alkaloids and terpenoids from
the plant were active as potential larvicide agents. This
research shows that the plant has the potential to evolve
into beneficial plants for pharmacological purposes that
are not limited to conventional applications (Nobsathian
et al. 2018). Among the traditional pain-relieving herbs
used in Thailand, Mallotus repandus (Willd.) Mall. Arg., a
Euphorbiaceae family medicinal plant, is one of the most
well-known for its use as a critical feature in herbal mixtures
for tonics and the treatment of muscle soreness for knee
osteoarthritis (Pongsaree et al. 2020). The stems of this plant
are used as a crude drug and are also listed on the National
List of Essential Medicines as an herbal medicine (Bureau
of Drug Control, Food and Drug Administration, Thailand
2015). Due to the plant’s anti-inflammatory, analgesic, and
antioxidant properties, which have been shown in several
studies, researchers are keen to ascertain the value of the
plant in medications (Hasan et al. 2018; Mondal et al. 2020;
Sriset et al. 2021). While pain-relieving medicinal plants
such as C. adansonii, M. siamensis, and M. repandus have
long been utilized in Thai traditional pharmacy as crude
drugs, they are not used in solitude. These plants are
frequently employed in polyherbal combinations in herbal
therapy (Pongsaree et al. 2020). In consideration of this, we
intend to investigate the pharmacological activity of the
extracts obtained from a blend of these medicinal plants in
comparison to the bioactivity of a single plant extract using
an albumin denaturation inhibition assay to evaluate their
anti-inflammatory potencies in vitro. Furthermore, we
propose identifying a phytochemical compound from each
plant species and a mixture that would be responsible for
anti-inflammatory activity. Although these plants consist of
a large number of active chemicals, one of the most notable
is lupeol, a pentacyclic triterpene that has the potential to
be a therapeutic anti-inflammatory agent (Saha et al. 2020;
Liu et al. 2021) and was discovered in all of these plants
(Nobsathian et al. 2018; Mondal et al. 2020; Rathinavel et al.
2021). As a basis, the compound was chosen as a chemical
marker in this investigation. Our previous research on
the anti-inflammatory effects of Thai herbal pain relievers
led us to hypothesize that the active extracts of the plants
that were subjected to this study might contain lupeol
(Somwong and Theanphong 2021). Thus, chemical analysis
was carried out in this work, utilizing the Soxhlet apparatus
and HPLC-DAD to extract and measure the lupeol content
of plant samples, respectively. Additionally, a relationship

between the anti-inflammatory effects of plant extracts,
both single and combined, and the amount of the selected
anti-inflammatory agent was also established in this study.

Materials and methods

Chemicals and reagents

Nanjing Spring & Autumn Biological Engineering Co.,
Ltd. (Nanjing, China) provided the lupeol (99% purity).
Honeywell Burdick & Jackson™ (North Carolina, US)
provided all the analytical reagents for the HPLC anal-
ysis. S.N.P. Scientific Co., Ltd. (Bangkok, Thailand) fur-
nished all disposable accessories for the HPLC apparatus.
Manose Health and Beauty Research Center Co., Ltd.
(Chiang Mai, Thailand) granted diclofenac diethylammo-
nium, a positive control, and all of the essential chemical
reagents used in the in vitro anti-inflammatory assay.

Plant material

In August 2021, C. adansonii bark (CA), M. siamensis
roots (MS), and M. repandus stems (MR) were obtained
from Thai traditional medicine and pharmacy stores.
These plant materials were verified by one of the authors,
Asst. Prof. Dr. Orawan Theanphong, by comparing these
crude drugs to genuine specimens stored at the Depart-
ment of Pharmacognosy, College of Pharmacy, Rangsit
University, Thailand, using macroscopic and microscop-
ic techniques documented in the Thai Herbal Pharma-
copoeia (Department of Medical Sciences, Ministry of
Public Health, Thailand 2018). The specimens that were
verified to be factual were given the numbers RSU 0095,
RSU 0096, and RSU 0097, respectively.

Preparation of plant extracts and
solutions

The individual samples, including CA, MS, and MR, were
pulverized to obtain the powdered samples. Each sam-
ple was precisely weighed (10 g) into a Soxhlet apparatus
thimble. For 3 hours, 300 mL of 100% ethanol was used for
extraction. Furthermore, the powdered samples of each
plant were allocated and combined evenly in order to cre-
ate a combination formula (MX). The blend was weighed
(30 g) and extracted similarly to each crude powdered
substance. The ethanolic extract was reduced to drought
in a rotary evaporator. Each sample’s concentrated extract
was precisely weighed and reconstituted with small vol-
umes of methanol, then diluted with the same solvent and
progressively adjusted to yield a sample solution with a
concentration of 10 mg/mL in a stock volumetric flask.
This procedure was repeated for each sample in triplicate.

In vitro anti-inflammatory activity

In this study, a protein denaturation assay was conducted
to investigate the in vitro anti-inflammatory potential of
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the dried plant extracts of CA, MS, MR, and MX using
the method of Chandra et al. (2012). Each test’s reaction
mixture contained 0.2 mL of fresh hen’s egg albumin,
2.8 mL of phosphate buffered saline (pH 6.4), and 2 mL
of different doses of the tested extracts diluted in 20%
tween to yield final concentrations of 0.25, 0.5, 1, 2, and
4 mg/mL. Similarly, 2 mL of the examined extracts were
substituted with double-distilled water and diclofenac
diethylammonium to provide the study’s control and
positive control, respectively. In an incubator, the reac-
tion mixtures were heated to 70 °C for 5 minutes. After
cooling at room temperature, the bioactivity of the mix-
tures was evaluated at a wavelength of 660 nm using a
UV-Vis spectrophotometer (UV-1800, Shimadzu, Japan).
Using a formula revealed in a recognized study, the per-
centage inhibition of protein denaturation was computed
from the absorbance of tested samples compared to the
control (Chandra et al. 2012). The IC, value was used to
express the potency of the anti-inflammatory effect for
all examined extracts and diclofenac diethylammonium
as a reference standard. The sample concentration for
50% inhibition of albumin denaturation was estimated
by graphing the percentage inhibition versus sample con-
centration. Also, one-way analysis of variance (ANOVA)
and Tukey’s multiple comparison post-hoc test (PSPP,
GNU Project) were used to consider the statistical signif-
icance at a value of P < 0.05 of the IC, values across the
groups that were tested.

Preparation of standard solutions

A stock standard solution containing 500 ug/mL of lupeol
was prepared by dissolving lupeol (25 mg) in methanol
and then placing the solution in a volumetric flask of
50 mL. Standard solutions were prepared by diluting the
stock standard solution with methanol. They were made at
concentrations ranging from 10 to 400 ug/mL.

HPLC apparatus and conditions

For the chromatographic procedure, an HPLC appara-
tus (1260 Infinity Series, Agilent Technologies, US) with
an equipped photodiode array detector (DAD) was em-
ployed. OpenLab ChemStation software (Agilent Tech-
nologies, US) was used to control the instruments. A
0.45 pm nylon membrane was used to filter the sample
and working standard solutions prior to analysis. Isoc-
ratic elution of the mobile phase, which included meth-
anol and acetonitrile in a ratio of 90:10, was used to
separate the 20-uL samples on the Accucore™ XL C18
packed column (250 mm X 4.6 mm i.d., 4 pm, Thermo
Scientific, US) in the HPLC system. The HPLC instru-
ment’s column chamber was kept at room temperature
while the mobile phase flow rate was set at 1.0 mL/min-
ute. DAD recorded a chromatogram of the analyzed
materials and collected absorbance data for the lupeol
compound at a wavelength of 210 nm. Each injection
was given a time limit of 12 minutes for analysis on the
HPLC system.

Method verification

The analytical method employed in this study was based
on that proposed by Somwong and Theanphong (2021).
Prior to performing the analysis, the analytical procedure
was verified. The accuracy and precision of the applied an-
alytical method were tested by adding a known amount of
lupeol (80-120%w/w) to the three different plant extracts
and the mixture. The recovery and the relative standard
deviation (RSD) percentages were assessed. Additionally,
the specificity of the analytical approach was established
to ensure that it was suitable for evaluating the relevant
plant extracts.

Quantification of lupeol in extracts

The concentration of lupeol was measured by using a lin-
ear regression equation that was obtained from the cali-
bration curve of working standard solutions. Each sample
was analyzed in triplicate and the lupeol concentration
was expressed as grams per hundred grams of the crude
extract. The contents were displayed together with their
standard deviations (SD). The differences in lupeol con-
centrations across the sample groups were assessed using
one-way analysis of variance (ANOVA) combined with
Tukey’s multiple comparison post-hoc test (PSPP, GNU
Project), with a significance level of P < 0.05 found for all
the tested groups.

Results and discussion

Evaluation of in vitro anti-inflammatory
activity

The anti-inflammatory impact of plant extracts was tested
in vitro against the denaturation of egg albumin in the
current study. The percentage inhibition of albumin de-
naturation was computed using linear regression mod-
els derived from the inhibition efficiency against sample
concentrations as shown in Fig. 1 (A-E). Samples CA,
MS, MR, and their mixture formula (MX) displayed
inhibitory efficacy on protein denaturation assays, evi-
denced by the IC,, values shown in Table 1. In that sense,
MX was found to be more anti-inflammatory than CA,
MS, and MR. When compared to diclofenac, a nonste-
roidal anti-inflammatory drug that was used as a posi-
tive control, MX, CA, MS, and MR showed differences

Table 1. Concentrations of various extracts of individual plant
samples and their combination formula resulted in a 50% inhibi-
tion of the protein denaturation assay.

Samples IC,, mg/mL
C. adansonii bark (CA) 5.10 + 0.46
M. siamensis roots (MS) 5.44 +0.18
M. repandus stems (MR) 7.31 +£0.07
Combined plants (MX) 1.19 £ 0.02
Diclofenac diethylammonium 0.59 +£0.02

Mean + SD, n = 3.



748

Theanphong O, Somwong P: Combination of pain relief medicinal plants with anti-inflammatory abilities

60.00

2000 -

¥ =22509x-68532  _ 07415 gg4p1 Y = 18338x-5307
R? = 09998 R? = 09196

Rz = 09941

0.00
2000 ¢

% Inhibition

-40.00

-60.00 -

-80.00 -

Concentration (mg/ml

45

4000

20,00

y = 26564x- 7686 ¥ = 22828x-73735 y = 19.404x-71.833

Bz = 09957 RZ = 09967 RZ = 0.9935

0.00

% Inhibilion

-2000 -

-4000 |

-60.00 -

-80.00 -

Concentration (mg/ml

a5

2000

1000 -

y = 59487x-3155
R? = 0.9853

y =13039x-4466 y - 12131x-39351
Rz =09101 RZ = 0.9961

0.00

% Inhibition

-10.00 -
-2000 -
-30.00 -
-40.00 -

-50.00 -

Concentration (mg/mb

a5

400,00

300.00
25000
200.00
150.00
100.00
50.00
0.00
-50.00
-100.00

% Inhibition

35000 -

Ty = 106.47x-78.181 ¥ = 66.085%-61.069 \ - 10305571565
R = 0528 R? = 09977 R? = 0.9904

-

Concentration (mg/ml)

45

400.00

300.00
250,00
200.00

% Inhibition

150.00
100.00
50.00
0.00

E

35000 -

y =80978x+22192 y = 89.984x- 06793
R? = 09754 Rz = 0528

y = 85.093x- 00906
R? = 09327

0 05 1 15 2 25 3 35 q

Concentration (mg/ml)

a5

Figure 1. Plots of various concentrations of different extracts: C. adansonii bark (A), M. siamensis roots (B), M. repandus stems (C),
and the mixture formula (D) and the positive control (E) against the percentage of inhibition of the protein denaturation assay. The
triangular, diamond-shaped, and square markers on each plot’s lines denoted the three experimental replicates.
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in their anti-inflammatory activities, which were further
investigated statistically. The anti-inflammatory activity
of MX, a blend that incorporated CA, MS, and MR equal-
ly in a formula, was the strongest. Its inhibitory effect on
albumin denaturation was also found to be greater and
significantly different (P < 0.05) when compared to the
inhibitory effects of each individual sample of CA, MS,
and MR. Remarkably, the statistical difference in anti-in-
flammatory activity between the MX sample and the an-
ti-inflammatory drug diclofenac was found to be insig-
nificant (P = 0.49). Furthermore, the effects of CA and
MS samples, which are members of the same medicinal
plant family, Capparaceae, were revealed to be identical
(P=0.79). The statistical difference observed in this study
among the examined groups revealed that all of the sam-
ples were potent differently on this anti-inflammatory ex-
amination, with the exception of the pairs of CA and MS,
as well as MX and diclofenac. Thus, the studied extracts
and the positive control can be arranged from strong to
weak anti-inflammatory action in the following order: di-
clofenac>MX>CA, MS>MR. This finding demonstrated
that the extract from the mix of three active plant parts,
including C. adansonii bark, M. siamensis roots, and M.
repandus stems, had the most potent anti-inflammatory
effect. This analysis verifies the conventional use of these
plants in Thai herbal medicine by providing scientific ev-
idence why they had never been utilized as a single treat-
ment. They should be utilized as ingredients in herbal
pain-relief preparations by combining them with other
medicinal herbs, as they had been traditionally. However,
an extensive pharmacological and phytochemical exam-
ination of the potential anti-inflammatory components in
the mixture should be designed and carried out to sup-
port the mixture formula as a candidate for an effective
alternative combination of an anti-inflammatory phar-
maceutical preparation.

This study confirmed the anti-inflammatory properties
of C. adansonii extracts, which had an important
impact on various anti-inflammatory mediators such as
inhibition of 5-lipoxygenase (5-LOX), cyclooxygenase
(COX), and myeloperoxidase (MPO), which are key
enzymes in the inflammatory process (Rathinavel et
al. 2017; Umeti et al. 2019; Thirumalaisamy et al. 2020;
Rathinavel et al. 2021). The anti-inflammatory impacts
of C. adansonii extracts have been scientifically proven,
indicating that the plant should not be limited to folkloric
use but should be encouraged to be developed for use in
analgesic and anti-inflammatory herbal medicines also.
Although there are numerous scientific reports supporting
the pharmacological effects of C. adansonii extracts,
bioactivity studies of another Capparaceae medicinal plant
that is specifically distributed in the Indo-China region,
notably M. siamensis, have received limited attention. The
plant was found to contain phytochemicals with potential
activity in a larvicidal bioassay. Its activities might well be
beneficial in preventing the dengue epidemic (Nobsathian
et al. 2018). Our study discovered that M. siamensis roots
have anti-inflammatory properties. It demonstrated a
significant ability to inhibit protein denaturation, similar

to the activity of the most well-known plant, C. adansonii
bark, indicating that the plant is noteworthy for use in
anti-inflammatory herbal treatments in the same manner
as C. adansonii bark. This is the first instance that the
extract of M. siamensis roots has been proven to have anti-
inflammatory properties. Furthermore, this investigation
was expanded to include the exploration of another well-
known medicinal plant, M. repandus, which is a member
of the Euphorbiaceae family and has been used in various
traditional herbal recipes for tonics and pain treatment
in Thailand (Pongsaree et al. 2020). Due to the activity
observed in this study, the extract of the stems of this plant
could also be provided as one of the anti-inflammatory
herbal treatments. Although this study indicated that
the plant has the potential for anti-inflammatory effects,
consistent with previous reports (Hasan et al. 2014;
2018), researchers have been urged to conduct additional
pharmacological tests to evaluate its importance in herbal
medicine, including antioxidant, hepatoprotective, and
antibacterial properties (Mondal et al. 2020; Sriset et
al. 2021; Zhang et al. 2021). In this comparative study,
M. repandus was found to have a less potent anti-
inflammatory effect than C. adansonii and M. siamensis in
our evaluation of the three pain-relieving medicinal plants.
But the results could help support how the plant has been
used in the past, which has been in compound herbal
recipes for pain relief and reducing inflammation rather
than in a single treatment. Even though the traditional
uses of C. adansonii and M. repandus have already been
shown to have certain effects, this study is the first to show
that a mixture of these two plants and M. siamensis has an
anti-inflammatory effect that is much stronger than those
of either plant alone.

Determination of lupeol content in

different plant extracts

Ground samples of CA, MS, MR, and MX were extracted
individually with absolute ethanol using the Soxhlet de-
vice. After evaporating the extracts from each trial, they
were accurately weighed to obtain the crude extracts,
providing an extraction yield of 3.68, 6.92, 6.68, and
9.47%w/w, respectively. The extracts were further divid-
ed to prepare the sample solutions for the HPLC analysis,
which was performed according to the method devel-
oped by Somwong and Theanphong (2021). The HPLC
method was validated using the lupeol compound and
standard-spiked technique prior to the chemical analysis
of the plant extracts. The chromatograms obtained from
that HPLC system showed the peak of lupeol at 9.6 min-
utes of retention time, and the signal of that marker was
clearly separated from the other interferences in the plant
extracts, as shown in Fig. 2 (A-D). As a result, the method
was shown to be selective and competent for determining
lupeol in these plant extracts. Furthermore, the analytical
method used in this study is accurate and reliable, as ev-
idenced by the recovery and relative standard deviation
percentages of the verification performed on all plant
samples, which showed acceptable values in the ranges of
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Figure 2. The HPLC chromatograms demonstrate the peak for lupeol compound at a retention time of 9.6 minutes from different
extracts: C. adansonii bark (A), M. siamensis roots (B), M. repandus stems (C), and the mixture formula (D).
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91.71-101.88 and 0.15-1.73%, respectively. The validated
method was then used to determine the concentration of
lupeol in all plant extracts, and the percentage of lupeol in
each sample was calculated and shown in Table 2. Among
the three plants, CA had the highest lupeol yield (8.38 +
0.26%w/w), while MR had the lowest lupeol content (0.04
£ 0.01%w/w). Lupeol was found in all plant extracts, but
the amount of lupeol in each extract varied greatly. The
significant difference in lupeol content in extracts of three
plant species, as well as their mixture, was investigated
in our study. One-way ANOVA revealed that there were
significant differences in lupeol content between CA, MS,
MR, and MX extracts (P < 0.05, F = 905.84, df = 3, 8). The
results of Tukey’s post-hoc test revealed that the amount
of lupeol in the tested samples varied significantly, with
the exception of the content between the two pairs of CA
and MX, as well as MS and MR, which revealed no no-
ticeable difference in the content of lupeol compound at
the significant values of 0.78 and 1.00, respectively. The
lupeol yields in CA (8.38 + 0.26%w/w) and MX (8.60 +
0.50%w/w) were found to be uniform because the amount
of lupeol in CA was found to be predominant, whereas
the lupeol content in MS and MR extracts was found to
be 100-200 times lower than that in the CA extract. Thus,
the observed yield of lupeol in the combination most like-
ly corresponded to the estimated yield of that constituent
in CA. This discovery showed that the amount of lupeol
in the CA extract affected the quantity of lupeol found in
the mixture, and that the CA extract could have played a
significant role in the formulation of these selected plants.
In addition, our results indicate that lupeol is present in
sufficient quantities in the examined plants and their mix-
tures to serve as a chemical marker for the HPLC analysis
of their crude drug quality control. Based on the reviewed
analytical method for exploring the active ingredients
in CA, this study could help to show that the pentacy-
clic triterpene lupeol is a noteworthy chemical marker
for the analysis because of its abundance in this plant ex-
tract (Tchimene et al. 2016; Thirumalaisamy et al. 2020;
Rathinavel et al. 2021). In the extracts of MS and MR, a
small amount of lupeol was found, which shows that the
chemical analysis of the molecule in these plants is ordi-
nary, as revealed in previous reports (Nobsathian et al.
2018; Mondal et al. 2020). However, this is the first study
to quantify and confirm that their extracts contain the
active compound lupeol, which makes them valuable for
anti-inflammatory usage. Furthermore, this finding could
facilitate the investigation of additional phytochemical
components and their relevant medicinal effects in plant
extracts.

Table 2. Content of lupeol compound of the examined
plant extracts.

Samples Content of lupeol, %w/w
CA 8.38 £0.26
MS 0.06 = 0.01
MR 0.04 +£0.01
MX 8.60 £ 0.50

Mean + SD, n = 3.

Comparing the amount of lupeol expressed in CA,
MS, and MR extracts with their relative anti-inflamma-
tory ability revealed that the CA sample with the high-
est level of lupeol also exhibited the highest inhibition
effect against protein denaturation, with an IC,, value
of 5.10 = 0.46 mg/mL. This result indicates that the po-
tential of the plant extracts to counter inflammation was
associated with the amount of the active compound lu-
peol existing in the plants. However, a comparison of
CA and MS samples revealed that the quantified lupeol
in their extracts differed substantially. The content of lu-
peol in MS extract (0.06 + 0.01%w/w) was found to be
about 100 times lower than in CA extract, but they both
had similar anti-inflammatory activity. This shows that
the activity of the MS extract was affected not only by
the lupeol compound but also by the other active ingre-
dients. The presence of indole glycosides, cappariloside
A and B, a flavonoid chrysoeriol, and a phenylpropanoid
cinnamic acid, which were isolated from M. siamensis
in a previous report (Nobsathian et al. 2018), might well
be attributed to the anti-inflammatory ability of MS ex-
tract in our observation. These phytoconstituents have
already been demonstrated to be active molecules with
anti-inflammatory properties (Li et al. 2018; Pontiki and
Hadjipavlou-Litina 2019; Yoon and Park 2021). Likewise,
the intriguing action was also found in the MR sample,
whereas its extract had the smallest amount of lupeol
(0.04 + 0.01%w/w), which was comparable to MS and
much lower than CA samples. Based on this result, it
seems likely that the other active constituents of the MR
extract might work synergistically with the lupeol com-
pound to respond to the activity. Previous reports on
phytochemical studies of M. repandus stem extracts re-
vealed that the plant contains an isocoumarin bergenin
as one of its active constituents (Riviére et al. 2010; Sriset
et al. 2021). Bergenin was examined in various anti-in-
flammatory models and was proven to be an efficient
anti-inflammatory compound (Oliveira et al. 2019). The
compound has been thoroughly studied in terms of phar-
macology and has emerged as a promising candidate for
therapeutic uses (Mehta et al. 2022). Due to the anti-in-
flammatory agents that were identified as chemical con-
stituents of M. siamensis and M. repandus, as well as the
abundant lupeol compound found in C. adansonii, there
could be a reason to support the anti-inflammatory ac-
tivity of the mixture of these three plants, which was the
most potent in our observation. The existence of these ac-
tive phytoconstituents in the mixture might even increase
its activity to a level comparable to that of diclofenac, a
nonsteroidal anti-inflammatory drug used as a positive
control in this study. Our finding suggests that a variety
of chemical compounds might be responsible for the an-
ti-inflammatory effect of the mixture formula. Therefore,
an extensive study on the phytochemical analysis of other
promising anti-inflammatory agents, as well as the use of
multi-chemical markers for performing HPLC analysis
in the mixture, should be considered in order to develop
this combination into an effective pharmaceutical herbal
compound for the treatment of inflammation.
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Conclusion

This study demonstrates the efficacy of ethanolic extracts
from herbal materials including C. adansonii bark, M. si-
amensis roots, and M. repandus stems, as well as their
blending formula, in an in vitro anti-inflammatory as-
say. The study shows that the anti-inflammatory ability
evident in all of these plants could support their tradi-
tional use as ingredients in herbal recipes for analgesic
and anti-inflammatory purposes. This investigation was
the first one to illustrate the anti-inflammatory action of
a mixture formula of medicinal plants, and it also indi-
cated that the extract from this blending is beneficial to
developing as one of the most effective anti-inflammato-
ry herbal remedies due to its highest potency toward an
anti-inflammatory test, observed similarly to diclofenac
in our study. This report outlined an effective tool for
quantifying the lupeol compound, which could be used
as a marker in the chemical analysis for the quality as-
sessment of these plant crude drugs, and is the first to
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