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Abstract

Background The phytochemical study of medicinal plants is rapidly gaining popularity with many pharmacologic
effects. This study aims to determine the antioxidant capacity as well as anticancer and antimigration activities of
Clear belongs Plus extract (CBL-P) which consisted of five medicinal plants namely, Alpinia galanga, Piper nigrum, Citrus
aurantifolia, Tiliacora triandra, and Cannabis sativa on human colon cancer cells SW620 and HCT116 cell lines, and
human non-small cell lung cancer cells A549 and NCI-H460 cell lines.

Methods In this study the dried-plant powder was extracted using 90% ethanol. Additionally, CBL-P was studied
antioxidative activity via DPPH and ABTS assays and anti-inflammatory activities using nitric oxide assay using Griess
reaction. Antiproliferation and antimigration of CBL-P were investigated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyl-2H-tetrazolium bromide (MTT) and scratch assay.

Results The results showed that CBL-P had potent antiproliferative activity with ICy, values in a concentration- and
time-dependent manners for all four cell lines. CBL-P also possessed potent antimigration activity against all stud-
ied cancer cells. CBL-P demonstrated antimigration activity on four different types of cancer cells (A549, NCI-H460,
HCT116, and SW620) after 48 h of incubation, with the greatest effect seen at the highest concentration tested

(15 pg/mL) in A549 cells (10.23% of wound closure) and NCI-H460 cells (9.16% of wound closure). CBL-P was also
effective in reducing migration in HCT116 and SW620 cells, with a range of closure area from 10—50%. In addition,
CBL-P had antioxidant activity with ICs; values of 8549 40.241 mg/mL and 2.673 £0.437 mg/mL for DPPH and ABTS
assays, respectively. CBL-P also showed anti-inflammatory activity with the best inhibitory activity on NO production
at a concentration of 40 ug/mL.

Conclusion In conclusion, the mixture extract possessed antioxidant and anti-inflammatory activity. Furthermore,
the mixture plant extract significantly exhibited antiproliferative and antimigration activities on SW620, HCT116, A549,
and NCI-H460 cells (P < 0.05). Taken together, our results suggest that medicinal plants may have synergistic effects
that could potentially enhance the effectiveness of cancer treatment when used as adjuvants. These findings provide
a solid scientific foundation for future efforts to explore the mechanism of action.
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Background
Antioxidants generated from plants are a vast category of
naturally occurring substances having reducing or radi-
cal-scavenging properties [1]. Antioxidant, anti-inflam-
matory, antibacterial, and anticancer activity are some of
the biological and medicinal qualities attributed to these
plant metabolites [1, 2]. Many phenolic chemicals, such as
flavonoids, tannins, and curcumins, are believed to exert
their effects by scavenging free radicals or inhibiting pro-
inflammatory enzymes such as cyclo-oxygenases (COX)
and lipoxygenases (LOX) in the inflammatory cascades
[3, 4]. It is believed that oxidative stress plays a significant
role in the aetiology of cardiovascular illnesses, neurode-
generation, malignancies, immunological disorders, dia-
betes, ageing, and other conditions [5-7]. Plants, mainly
fruits and vegetables, are an abundant source of antioxi-
dants [1, 6, 7]. It is hypothesised that antioxidants provide
health advantages by reducing oxidative stress directly [1].
The body’s antioxidant network functions through various
methods, including ROS scavenging, lipid peroxidation
termination, and metal chelation [1, 8]. Despite the exten-
sive information about antioxidant structures, character-
istics, and biological effects that had been accumulated,
many elements required clarification and more research
[1]. Nitric oxide (NO) is a free radical with a short half-life
that mediates several biological activities. NO enhances
the bactericidal and tumoricidal actions of activated mac-
rophages as one of its roles [1]. However, excessive NO
generation may result in tissue injury and activation of
pro-inflammatory mediators [3]. It has been established
that extracts from medicinal plants may scavenge these
free radicals and control inflammatory responses [1, 3].
Lung cancer and colon cancer are among the most
common types of cancer globally [9]. Non-small cell lung
cancer is the most common form of lung cancer and
accounts for approximately 85% of all cases [10]. There
are three main types of non-small cell lung cancer: ade-
nocarcinoma, large cell carcinoma, and squamous cell
carcinoma. Adenocarcinoma is the most prevalent form
of lung cancer in the United States and typically origi-
nates in the outer sections of the lungs, while large cell
carcinomas are characterised by large, abnormal-looking
cells that can develop anywhere in the lungs and tend
to grow rapidly, and squamous cell carcinoma typically
starts in the bronchi near the centre of the lungs. In this
study, two non-small cell lung cancer cell lines (A549
and NCI-H460) were selected to be tested for their
response to the extract [11]. A549 is a cell line model
of non-small cell lung cancer used to evaluate the role
of specific proteins in cancer growth and spread, while
NCI-H460 cells have a faster growth rate compared to
A549 cells [11]. Colorectal cancer, also known as colon
cancer, is the third most common type of cancer globally
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[9]. Adenocarcinoma is the most common type of colo-
rectal cancer, comprising 95% of all cases. HCT116 and
SW620 are human colorectal carcinoma cell lines known
for their high aggressiveness [12]. Several genes, includ-
ing APC, TP53, ERBB2, KRAS, PTEN, and BRAF, are
commonly altered in colorectal cancer and can con-
tribute to the development and progression of the dis-
ease [13, 14]. The four cell lines selected for this study
(HCT116, SW620, A549, and NCI-H460) are frequently
used in research as model systems for human colon can-
cer and non-small cell lung cancer.

Thailand is home to various natural plants; making it
ideal for the exploration of phytochemical compounds
and its medicinal properties [15, 16]. More than 50%
of cancer chemotherapeutic drugs are derived from
pure or chemically altered natural plant extract, but
only about 15% have been tested for bioactive com-
pounds making this an under-explored field [17]. There
is a growing interest in traditional medicine as a source
of new therapies, but the scientific evidence supporting
these practices is often limited [17]. Many traditional
medicine practices are based on centuries of empirical
observation and are supported by cultural and anecdo-
tal evidence, but have not been rigorously tested using
modern scientific methods [18, 19]. This is particularly
true for plant-based therapies, which have a long history
of use in traditional medicine but have not always been
subjected to rigorous scientific investigation [18]. Clear
belongs Plus extract (CBL-P) consisted of five medici-
nal plants namely, Alpinia galanga, Piper nigrum, Citrus
aurantifolia, Tiliacora triandra, and Cannabis sativa. A.
galanga is a plant in the ginger family that is native to
Southeast Asia [20]. It is commonly used in traditional
medicine for its anticancer, anti-inflammatory, analgesic,
and antibacterial properties [21, 22]. P. nigrum is a plant
commonly known as black pepper and is native to tropi-
cal regions of Asia [23]. It is commonly used as a spice
and has been shown to have antioxidant, anti-inflamma-
tory, and anticancer properties [24]. C. aurantifolia, also
known as lime, is a plant in the citrus family and is native
to Southeast Asia [25]. It is commonly used as a food and
in traditional medicine for its antihypertensive activity,
antiviral, antibacterial, and antioxidant properties [25,
26]. T. triandra is a plant in the family Menispermaceae
that is native to Southeast Asia [27]. It has traditionally
been used in traditional medicine for its antihypertensive
activity, anti-inflammatory and antipyretic effects [26—
28]. C. sativa is a plant in the family Cannabaceae that
is native to Central and South Asia [29]. It is commonly
known for its psychoactive effects and has been used in
traditional medicine for its anticancer, anti-inflammatory,
analgesic, and anti-anxiety properties [30, 31]. The selec-
tion of A. galanga, P. nigrum, C. aurantifolia, T. triandra,
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and C. sativa for this study was based on their traditional
use and medicinal properties.

The use of plant-based therapies, particularly those
found in traditional medicine, is becoming increas-
ingly popular as people seek more natural and holistic
approaches to health and wellness [18]. However, the
scientific evidence supporting these practices is often
limited, and there is a need for more research to build
solid scientific evidence for traditional medicine prac-
tices, including the use of plant extracts [18]. Hence, this
study aims to investigate the potential anticancer effects
of a mixture extract containing these five plants, known
as Clear belongs Plus extract (CBL-P), in human cancer
cell lines. In particular, the study focused on the antipro-
liferative and antimigration activities of CBL-P in human
colorectal cancer (SW620, HCT116 cell lines) and human
non-small cell lung cancer cells (A549, and NCI-H460
cell lines). Additionally, the antioxidant and anti-inflam-
matory activities of CBL-P were also evaluated, as these
properties may contribute to its potential as an antican-
cer agent. This study contributes to the growing body of
scientific evidence on the potential therapeutic benefits
of traditional medicine practices and highlights potential
therapeutic benefits of traditional medicine practices.

Methods

Plants collection

Various regions of Thailand were sourced for plant mate-
rials. The Alpinia galangal (rhizome), Piper nigrum
(seed), Citrus aurantifolia (lime peel), Tiliacora trian-
dra (leaves), and Cannabis sativa (leaves) were obtained
during October 2021 and cultivated in Bangkok, Thai-
land. The collection method was optimum for conditions
for regeneration of the plants. All methods were carried
out in accordance with the standard guidelines of Living
Collection Policy of the Botanical Garden Organization,
Ministry of Natural Resources and Environment, Thai-
land. The plants were identified by Assistant Professor
Thanapat Songsak and plant materials were kept at the
herbarium of the Department of Pharmacognosy, Col-
lege of Pharmacy, Rangsit University, Thailand, where the
herbarium. The given voucher specimen number for A.
galangal, P. nigrum, C. aurantifolia, T. triandra, and C.
sativa were CC-Ag-125, NV-Pn-136, PT-Ca-122, NV-Tt-
138, and TS-Cs-21-134, respectively.

Preparation of ethanolic extract of the plants

The plant materials were cleaned with tap water to
eliminate extraneous impurities and chopped into small
pieces, oven-dried at 50 °C until dry weight stability was
observed, and then ground using an electric grinder.
Three days were spent macerating 90 g of powdered plant
materials (A. galangal: C. aurantifolia: T. triandra: C.
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sativa: P. nigrum in ration of 1:1:1:1:0.5) in 500 millilitres
of 90% ethanol at room temperature (25—30 degrees Cel-
sius). The ratio of A. galangal: C. aurantifolia: T. trian-
dra: C. sativa: P. nigrum in this study was based on the
traditional use of CBL-P in Thai traditional medicine.
This particular ratio has been used in previous studies
and has been shown to have various biological activities.
The specific ratio of these plants was chosen in order to
maximise the potential therapeutic benefits of the CBL-P
extract. In addition, the use of this specific ratio allows
for the investigation of any potential synergistic effects
between the different plants in the mixture extract.

The extracted solvent was separated and filtered via
Whatman no. 1 filter paper (Merck). The process was
repeated for three times and then the filtrates were
pooled together. Following filtering, the extracts were
rotary-evaporated at decreased pressure. The plant-
mixture extract or Clear belongs Plus extract (CBL-P)
was kept at -20 degrees Celsius until use. The use of
90% ethanol in this study was chosen because it is a
relatively high concentration of ethanol, which may
result in a more efficient extraction of compounds
from the plant material [32]. In South-East Asia, alco-
hol is often used as a base for herbal medicines [32].
Herbs are believed to be more effective and work
faster when prepared in alcohol rather than water [32].
Additionally, it has been shown to be effective in the
extraction of specific compounds from certain plant
species, particularly those that are highly resinous,
such as ginger and galangal [33]. Ginger requires 90%
ethanol as a solvent, and lower quality extracts contain
fewer pungent principles [33]. Furthermore, ethanol is
a commonly used solvent for the preparation of plant
extracts because it is able to dissolve a wide range of
compounds found in plants, including alkaloids, flavo-
noids, tannins, and saponins [32]. It is also relatively
inexpensive and easy to obtain, making it a popular
choice for extract preparation [34]. Therefore, the use
90% ethanol as the solvent in this study was based on
its ability to effectively extract a wide range of com-
pounds from the plant material, as well as its cost-
effectiveness and ability to sterilise the plant material
before extraction.

Preparation of plant mixture extract and reference drug
The CBL-P was dissolved in dimethyl sulfoxide (DMSO)
to prepare a stock solution (50 mg/mL). The working
solution was prepared from concentrated stock solu-
tion, and studied concentrations were prepared by serial
dilution (1:2) with a complete medium. In each experi-
ment, the plant extract was dissolved in dimethyl sulfox-
ide (DMSO) as a solvent, and the final concentration of
DMSO in the complete medium was 0.2%.
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In vitro studies

Determination of antioxidant activity by DPPH assay

The antioxidant potential of CBL-P was measured by
using diphenylpicrylhydrazyl (DPPH) radical scaveng-
ing technique. CBL-P at six different concentrations
(0—400 pg/mL) were added in triplicate to a 0.1 mL solu-
tion of DPPH (Sigma-Aldrich, St. Louis, MO, USA) in
ethanol in a 96-well microplate, which was then covered
in aluminium foil and incubated at 37 °C for 30 min. At
517 nm, spectrophotometric measurements were done
using a Bio-Rad Benchmark Plus Microplate Spectropho-
tometer. The radical scavenging activity was reported as
a percentage of antioxidant activity using the following
formula.

Acontrolf Asample

Antioxidant activity (%) = x 100

Acontrol

From the formula, A, ., =absorbance of the con-
trol sample and A, .o =absorbance of the test sample.
Ascorbic acid was used as a positive control. The 50%
inhibitory concentration (ICs,) values (sample concentra-
tion required to scavenge 50% DPPH free radicals) were
derived from a simple regression analysis.

Determination of antioxidant capacity by ABTS assay

CBL-P was also measured antioxidative capability by using
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assay. The preparation of Radical ABTS'* was pro-
moted by potassium persulfate to cause an oxidation of
ABTS. ABTS (7 mM) and potassium persulfate (4.95 mM)
were mixed and prepared as equal proportion and stored
at room temperature in the dark for 16 h. After that ABTS/
potassium persulfate mixture was diluted with methanol
to achieve the absorbance values in range of 1 and 1.5 at
734 nm. Then 0.1 mL of the CBL-P extract at 25, 50, 100,
200, and 400 pg/mL was added 3.9 mL of the diluted
ABTS'". The reduction in absorbance was observed
at 734 nm using UV- spectrophotometer. ABTS'" was
used as a blank and Trolox was a positive control in this
investigation.

Inhibition of nitric oxide (NO) production
The mouse leukemic macrophage cell line (RAW
264.7) was obtained from the American Type Culture
Collection (Rockville, MD, USA) and was maintained
with complete medium (RPMI1640 supplemented with
10% FBS and 1% pen/strep). Cells were seeded in 96
well plates (1 x 10° cell/well) and were activated with LPS
(1 g/mL) in a complete medium and various concentra-
tions (0 — 160 pg/mL) of CBL-P dissolved DMSO.

The nitric oxide production from macrophages was
evaluated by determining the nitrite level in the culture
medium using the Griess reagent. After the treatment of
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CBL-P for 24 h, culture medium (100 pL) was taken from
each well and then Griess reagent (100 puL) was added.
The mixture was then incubated for 10 min and meas-
ured the absorbance at the wavelength 550 nm by using
a microplate reader (Bio-Rad Benchmark Plus Microplate
Spectrophotometer). The nitrite levels were observed
using regression analysis. The percentage inhibition of
NO production was determined by comparing CBL-P-
treated cell with LPS-treated control (cells without CBL-
P), which was regarded to have no effect on inhibition of
NO production.

To confirm that the suppression of NO production of
CBL-P was not related to harmful effects to macrophage
cells, the cytotoxicity was also parallelly conducted, as
previously described by Mosmann, with minor changes
[35]. After removing the existent medium, fresh complete
medium (100 pL) was added to the cells. After that 10 pL
of MTT solution (5 mg/mL) was added to each well to get
the final concentration of MTT solution at 0.45 mg/mL.
The cells were incubated with 5% CO, at 37 °C for 4 h.
After that the medium was removed, and the resulting
formazan salt was dissolved in DMSO and the absorb-
ance was measured at 570 nm using spectrophotometer.
The percentage of cell viability was determined relative
to the non-treated control (cells without LPS-containing
extracts were considered to have 100 per cent viability).
All tests measuring the inhibition of nitric oxide were
completed three times in duplicate.

Human cell lines maintenance

SW620, HCT116, A549, and NCI-H460 cell lines were
obtain from the American Type Culture Collection
(ATCC) and cultured in RPMI-1640 medium supple-
mented with 10% Fetal bovine serum (FBS), 100 U/
ml pen/strep and incubated at 37 °C in humidified air
with 5% carbon dioxide. The medium was changed
every two days. For additional in vitro studies, the cell
lines were subcultured at 80% confluence and passaged
onto 96 well plates (5000 cells/well) or 6 well plates
(200,000 cells/well).

Cytotoxic and antiproliferative activities testing

SW620, HCT116, A549, and NCI-H460 cell lines 100
uL of cell suspension (5x 10°cells/mL) was grown in
RPMI1640 complete medium. Cell viability was assessed
using a previously established methylthiazolyldiphe-
nyltetrazolium bromide (MTT) test [36]. Each well of a
96-well plate was seeded with 5 10° cells/mL and incu-
bated for 24, 48, and 72 h. The cells were exposed to
CBL-P at 10 to 320 pg/mL. After 24, 48 and 72 h of the
treatment, the medium was replaced with MTT solution
(0.5 mg/mL) and incubated at 37 °C in the dark for 4 h.
The purple formazan crystals were dissolved using 100
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uL DMSO and measured the absorbance at 570 nm using
a microplate reader for further determination of the anti-
proliferative activity [37]. The results were reported as
50% inhibitory concentration (ICsy). The calculation of
the percentage cell viability as shown below:

Mean absorbance of treated cells

x 100
Mean absorbance of untreated cells

Antimigration assay using would healing assay

SW620, HCT116, A549, and NCI-H460 cell lines were
cultured on 6-well plate at 37 °C in humidified air and
5% CO, until 100% confluence. Using a plastic pipette
diameter of 0.1 mm, gently and slowly scratch across
the centre of the well. Then, wash the cells twice with a
serum-free medium. After that, the cell lines were treated
with CBL-P at 3.75, 7.5 and 15 pg/mL for 48 h. The time
points chosen for the antimigration evaluation in a par-
ticular study may depend on a variety of factors, includ-
ing the specific aims of the study, the type of cancer cells
being used, and the expected time course of cell migra-
tion. In this specific study, the evaluation was conducted
at 0 and 48 h because these time points were sufficient
to observe any changes in migration. The wound width
was measure using an inverted microscope at 5 x mag-
nificent at 0 and 48 h. The space from scratch treatment
between the control and treatment culture cell was quan-
tified using Image ] software to determine percentage
of wound closure [37]. Calculation of total surface area,
migrated cell surface area, and percentage of wound clo-
sure were calculated by the formula below.

Total surface area = width of wound(mm) X lenght of wound (mm)

Migrated cell surface area = lenght of cell migration(mm)

X 2 x lenght of wound(mm)

Migrated cell surface area

Percentage of wound closure = X 100%

Total surface area

Measuring total phenolic and flavonoid contents

To determine the total phenolic content (TPC) of a sam-
ple, the Folin-Ciocalteu method was used. This involves
reacting the sample with a reagent that forms a blue-col-
oured compound in the presence of phenolic compounds.
The intensity of the blue colour is proportional to the
amount of phenolic compounds present in the sample.
To standardise the results, the TPC is expressed as the
amount of gallic acid present in milligrams per milligram
of extract (mg GAE/mg extract). This allows the results to
be easily compared between samples, as the TPC is nor-
malized to the amount of extract used. To determine the
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total flavonoid content (TFC) of a sample, the aluminium
chloride (AICl;) colorimetric method was used. This
involves reacting the sample with a solution of aluminium
chloride, which forms a yellow-coloured compound in the
presence of flavonoids. The intensity of the yellow colour
is proportional to the amount of flavonoids present in the
sample. To standardise the results, the TFC is expressed
as the amount of quercetin present in milligrams per mil-
ligram of extract (mg QE/mg extract). This allows the
results to be easily compared between samples, as the
TEC is normalised to the amount of extract used.

Statistical analysis

All data were reported as the means of experiments con-
ducted in triplicate. In these investigations, the signifi-
cance of differences between tested extract was evaluated
using one-way analysis of variance (ANOVA), followed
by the Tukey test for further multiple comparisons,
where probability (P <0.05) was indicated significant.

Results

Antioxidant activities

This study investigates the IC;, values of CBL-P and
individual plant extract (A. galangal, C. aurantifolia, T.
triandra, C. sativa, and P. nigrum) through the use of
the DPPH and ABTS assays. Our results showed that
CBL-P possessed antioxidant capacity with the ICg,
of 8.549+£0.241 mg/mL and 2.673+0.437 mg/mL for
DPPH and ABTS assays, respectively (Table 1). However,
the IC;, values of CBL-P was not as potent as ascorbic
acid and Trolox which were used as a positive control.

Inhibition of nitric oxide (NO) production

NO is an inflammatory mediator generated by activated
RAW?264.7 cells which was induced by LPS. NO was
measured using Griess reagent in nitrite ions (NO,")
form in cell culture medium. At 24 h, NO production
was significantly decreased by CBL-P extract at 40, 80,

Table 1 The ICs, values of CBL-P and each plant extracts using
DPPH and ABTS assays

Samples DPPH assay IC;, (mg/mL)  ABTS assay IC5, (mg/mL)
CBL-P 8.54940.241 2673+£0437

A. galangal 9.871+0.145 6.384+£0.242
C.aurantifolia 1232340321 9912+£0.276

T triandra 0.096+0.112 0.058+£0.107

C. sativa 0.39240.287 0.132+0.206

P nigrum 0.214+0.121 0.125+£0.115
Ascorbicacid  0.040+0.216 -

Trolox - 0.069+£0.328

The values are represented as average mean +SEM
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RAW264.7
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Fig. 1 The effect of CBL-P on NO production. CBL-P the
concentration of 40, 80, 160 ug/mL significantly inhibited NO
production. Data were represented as mean 4 SEM values of 3
independent tests (n=3), with each experiment completed in
triplicate. **P <0.01, ***P <0.001 and ****P < 0.0001 compared to the
control

80 160

Table 2 Inhibitory activity of CBL-P on the LPS-induced NO
production in RAW 264.7 cells

CBL-P (ug/mL) % NO inhibition % Cell viability

0 04540912 99.3240.562
10 1568+0.106 97.7840.362
20 30.3940.154 982340429
40 98.24+0.273" 96.61+0.337
80 89.254+0.851" 90.3240462"
160 918740347 858640571

Data were expressed as mean &+ SEM values of 3 independent experiments
(n=3), with each experiment completed in triplicate. *P < 0.05 compared to the
control

160 pg/mL. The inhibitory activity of CBL-P on NO pro-
duction by induced RAW 264.7 macrophage cell lines is
presented in Fig. 1. CBL-P extract had the best inhibi-
tory activity on NO production (98.23% inhibition and
96.61% cell viability) at 40 ug/mL (Table 2). In addition,
the potential to inhibit NO production of CBL-P from
40 to 160 pg/mL were significantly different compared
to the control. Furthermore, CBL-P up to 40 pg/mL did
not exhibit cytotoxicity on RAW?264.7 cells and CBL-P
from 80 to 160 pug/mL showed little cytotoxic activity on
RAW264.7 cells.

Cytotoxic activity and antiproliferative activity

This study assessed the efficacy of CBL-P in suppressing
cell growth. Figure 2 showed the antiproliferative activ-
ity of CBL-P on four studied cell lines. Before conducting
the cytotoxic activity of CBL-P on cancer cells, the effect
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of vehicle control (0.2%DMSO in completed medium)
on cell viability of all studied cell lines were performed
to ensure that the results of cytotoxicity of CBL-P were
not interfered by the effect of vehicle control. The results
illustrated that the vehicle control was not detrimental
the growth of cancer cells and can be utilised safely for
dissolving CBL-P.

CBL-P inhibited the growth of SW620, HCT116, A549,
and NCI-H460 cell lines, as shown by the reduction of
percentage of cell viability after the treatment of CBL-P
for 24, 48, and 72 h. In this assay, our results showed
that the percentage viability of SW620, HCT116, A549,
and NCI-H460 significantly decreased after treated with
CBL-P at increasing concentration (0-320 pg/mL) as a
concentration-dependent manner (Fig. 2a - d). In addi-
tion, CBL-P also showed the antiproliferative activity as
time- dependent manners with distinct ICy, values of
four studied cell lines in each incubation time (24, 48,
and 72 h) (Table 3). Interestingly, at the same incubation
time the ICy, value of CBL-P was not significantly dif-
ferent between colorectal cancer (SW620 and HCT116)
and non-small cell lung cancer cell (A549 and NCI-
H460). This anticancer effect of CBL-P could be due to
the molecular action of CBL-P could be similar effects
on each cancer cell line. The cytotoxic activity of CBL-
P, a mixture extract containing A. galanga, P. nigrum, C.
aurantifolia, T. triandra, and C. sativa, was more potent
compared to individual plant extracts (Table 4).

Antimigration on cancer cell lines

The wound healing experiment was done to assess the
influence of CBL-P on the migration of cancer cells. The
concentration used in this experiment was based on
the concentration acquired from the viability assay. The
non-toxic concentrations were selected based the IC,
value of CBL-P at 48 h treatment. To ensure the safety
of the experiment, the concentration of CBL-P used was
selected to be less than the IC;, value of approximately
30 ug/mL at 48 h, as determined by cytotoxicity testing
on four cell lines. The chosen concentration was achieved
through a two-fold dilution process, resulting in a cell
viability of greater than 70% for all cell lines [38]. This is
in line with the INTERNATIONAL ISO STANDARD
10,993-5, which specifies that if the reduction in viabil-
ity of the cell culture with the highest concentration of a
sample extract is 30% or less, the material can be consid-
ered non-cytotoxic [39]. In other words, the ISO standard
suggests that a chemical or substance can be considered
non-toxic if it does not cause more than a 30% reduction
in the viability of cells in culture when exposed to the
highest concentration of the sample. By selecting non-
toxic concentrations of CBL-P that resulted in a viabil-
ity of all cell lines higher than 70%, this study aimed to
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Fig. 2 The cytotoxic activity of CBL-P on SW620, HCT116, A549, and H460 cell lines. The percentage viability of SW620 (a), HCT116 (b), A549 (c), and
H460 (d) cell lines after 24, 48, and 72 h of CBL-P treatment. Data were expressed as mean = SEM values of 3 independent tests (n = 3), with each
experiment completed in triplicate. **P <0.01 and ****P <0.0001 compared to the control

Table 3 The IC;, of CBL-P on SW620, HCT116, A549, and H460 cell lines at 24,48,and 72 h

Time (h) CBL-P IC5, (ug/mL) + SEM

SW620 HCT116 A549 NCI-H460
24 713240782 62.4840.891 69.9241.021 752641352
48 329241394 25.1241.065 30.0541.284 359842113
72 121540654 1057 +1.314"* 16.8240.725™* 19.7240871"*

The values represented as mean IC5,+SEM, n=3; "P<0.05 and *P < 0.05 compared to each particular cell at 24 and 48 h incubation time, respectively

Table 4 The comparison of ICy, of CBL-P and individual plant extract (A. galangal, C. aurantifolia, T. triandra, C. sativa, and P. nigrum) on
SW620, HCT116, A549, and H460 cell lines at 48 h

Extracts 1C5o (Mg/mL) =SEM at 48 h

SW620 HCT116 A549 NCI-H460
CBL-P 32,924 13942bcde 2512+ 3005+ 3598+

1.065 #Pde 1.284 bede 2113 bcde

A. galangal 382641015 419840822 323242241 36.84 40924
C. aurantifolia 1247340942 959140.72 187.26+1.845 1982242315
T. triandra 15124 1.224 2656+ 1.034 351242034 39564 1.151
C.sativa 578341715 33.8941.167 371442101 29.95+1970
P. nigrum 62.7842.036 68.22+2.124 583241.902 64.784+1.116

The values represented as mean ICg,+ SEM, n=3;?P <0.05, bp <0.05, P < 0.05, 9P < 0.05, and °P < 0.05 compared to the extracts of A. galangal, C. aurantifolia, T.
triandra, C. sativa, and P. nigrum at 48 h, respectively, for each particular cell line
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ensure that the extract did not cause significant harm to
the cells and could be studied for its effects on cancer cell
migration. Three non-toxic concentration (3.75, 7.5, and
15 pg/mL) were used in this experiment since the con-
centrations did not cause major cell death which could
interfere the interpretation of the results. Figure 3a - d
depicted the movement of SW620, HCT116, A549, and
NCI-H460 cell lines with the exposure of CBL-P during
wound healing process. After 48 h of CBL-P incubation,
wells containing CBL-P at 3.75, 7.5, and 15 pg/mL exhib-
ited antimigration activity on A549 cell line with a per
cent closure area of 53.12, 41.25, and 10.23%, respectively.
While the per cent would closure of CBL-P on NCI-H460
at 3.75, 7.5, and 15 pg/mL were 15.21. 11.94, and 9.16%,
respectively. In addition, CBL-P (at 3.75, 7.5, and 15 pg/
mL) showed similar potential on antimigration activity in
both HCT116 and SW620 colorectal cancer cells (range
of per cent closure area varies from 10 — 50%). Interest-
ingly, CBL-P showed better antimigration efficacy on an
aggressive NCI-H460 than A549 (Fig. 3e).

Total phenolic and total flavonoid contents

Total phenolic content (TPC) and total flavonoid content
(TFC) are two commonly used measures of the antioxi-
dant activity of plant-based compounds. TPC and TFC
are measures of the concentration of phenolic com-
pounds and flavonoids present in a sample, respectively.
These compounds are known to have a number of bio-
logical activities, including antioxidant, anti-inflamma-
tory, and anti-carcinogenic effects. The TPC of CBL-P
was 648.19 mg GAE/mg extract. The TFC of CBL-P was
265.82 mg QE/mg extract (Table 5).

Discussion

Herbal remedies have been used to maintain health
and treat diseases in many places worldwide for a long
time [16]. However, they are not officially recognised
internationally because qualitative and quantitative evi-
dence on their safety and effectiveness is insufficient
[15, 16]. Herbal medications used in traditional folk
medicine have long played a significant role in rural and
urban health care in various nations, including Thailand
[16, 40]. CBL-P is a mixture extract that consists of A.
galanga, P. nigrum, C. aurantifolia, T. triandra, and C.
sativa. These plants contain a variety of phytochemicals
with potential health benefits. A. galanga is known for its
antioxidant, anti-inflammatory, and anticancer proper-
ties and has been used traditionally to treat a variety of
ailments. P nigrum has antioxidant, anti-inflammatory,
and analgesic properties and has been traditionally used
to treat a variety of conditions. C. aurantifolia has anti-
oxidant, anti-inflammatory, and antibacterial proper-
ties and has been traditionally used to treat a variety of

(2023) 23:43 Page 8 of 12

conditions. T. triandra has antioxidant, anti-inflamma-
tory, and hepatoprotective properties and has been tra-
ditionally used to treat a variety of ailments. C. sativa
has a variety of potential health benefits including pain
relief, anxiety reduction, and anti-inflammatory effects
and has been used for medicinal and recreational pur-
poses. The combination of these plants in CBL-P may
have synergistic effects on various biological processes.
Antioxidants neutralise reactive oxygen species, hydroxyl
radicals, and nitric oxide, whereas anti-inflammatory
mediators modulate the activities of pro-inflammatory
enzymes and cytokines [41, 42]. An accumulation of free
radicals causes damage to cells and is suspected to be the
underlying cause of a wide variety of disorders. In the
present study, we explored multiple biological activities
of mixture extract of six Thai traditional medicine Clears
Belong Plus (CBL-P) which consisted of A. galanga, P
nigrum, C. aurantifolia, T. triandra, and C. sativa. The
antioxidative analysis methods were carried out and the
results showed that CBL-P possessed substantial anti-
oxidant potential. It is speculated that the hydrogen-
donating capability of the test extracts is responsible for
the effect those extracts had on DPPH and ABTS radi-
cals scavenging. Also, the anti-inflammatory activity was
conducted in RAW264.7 cells after the safety testing of
CBL-P on RAW264.7 cells via cytotoxicity assay. CBL-P
did not exhibit any cytotoxic effects at concentrations
of up to 320 pug/mL. Thus, the anti-inflammatory effect
of a non-toxic concentration (0-160 pg/mL) was sub-
sequently determined for anti-inflammatory activity.
CBL-P showed promised activity on anti-inflammatory
activity by inhibiting NO production with no significant
toxicity to the cells (Table 2). These results suggested that
the bioactive constituents of CBL-P had both antioxidant
and anti-inflammatory activities. CBL-P with effective
inhibition of NO generation and minimal cytotoxicity is
more beneficial. To lessen the inflammation caused by
nitric oxide (NO) release, extracts that have the poten-
tial to act as NO scavengers or production inhibitors,
especially those with low cytotoxicity, could be used. The
reduction of NO generation by extracts from medicinal
plants may be related to the inhibition of the activity or
overexpression of inducible nitric oxide synthase [4].
The suppression of NO generation by medicinal plant
extracts may be related to the suppression of inducible
nitric oxide synthase activity or its expression.
Furthermore, our study indicated that CBL-P exhib-
ited strong cytotoxic and antiproliferative effects
against colorectal cancer HCT116 and SW620 as well
as non-small cell lung cancer A549 and NCI-H460
cells as a concentration- and time-dependent manner.
The observation that CBL-P has more potent cytotoxic
activity than individual plant extracts suggests that
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Fig. 3 The antimigration effect of CBL-P on SW620, HCT116, A549, and NCI-H460 cell lines. The wound closure area of colorectal cancer SW620
(a), colorectal cancer HCT116 (b), non-small cell lung cancer A549 (c), and non-small cell lung cancer NCI-H460 (d) after treatment with CBL-P at
3.75,7.5,and 15 pg/mL for 48 h. The percentage wound closure of the studied cell lines (e). Data were represented as mean = SEM values of 3

independent tests (n=3), with each experiment completed in triplicate. *P < 0.05 compared to the control
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Table 5 Total phenolic content (TPC) and total flavonoid
content (TFC) of CBL-P extract

Extract TPC (mg GAE/mg extract) TFC (mg QE/mg extract)

CBL-P 648.194+0.365 2658240729

the combination of these plants may have a synergis-
tic effect on cell growth and survival. This means that
the combination of these plants may be more effec-
tive at inhibiting the growth of cancer cells than any of
the individual plants alone. Interestingly, this CBL-P
was a mixture extract of plants which exert signifi-
cant antimigration activity at very low concentration.
Several researches have been conducted on a wide
variety of plants to determine the levels of phenolic
and flavonoid chemicals they contain and the effects
these compounds have on cancer cells. The cytotoxic-
ity of polyphenols on various cancer cell lines has been
proven, and the antioxidant capabilities of polyphenols
have been explored [43]. It takes longer to produce
significant quantities of plant secondary metabolites
because of their poor solubility or poor bioavailability,
both limiting traits connected to many plant secondary
metabolites. These metabolites are needed to function
as therapeutic medications. By using synergistic effect
of medicinal plants would be one of the solutions to
solubility issue. Our results indicated that CBL-P as a
promising anticancer compound that can inhibit prolif-
eration antimigration of multiple cancer cells could be
due to their synergistic effects of phytochemical con-
stituents. Furthermore, CBL-P, with the combination
of Thai medicinal plants, enables the development of
a wide range of cancer treatments and possibly other
pathological conditions and personalised treatments.
Therefore, our finding suggested that anticancer activ-
ity of the CBL-P could strongly attributed to their
promised antioxidant and anti-inflammatory activities
(Fig. 4). However, further investigation on molecu-
lar level of CBL-P on anticancer mechanism related
inflammatory cytokines and signalling are required.
CBL-P is a mixture extract that contains high
amount of phenolics and flavonoids. These types of
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phytochemicals are known to have multiple biological
activities. The presence of high levels of phenolic and
flavonoid compounds in CBL-P suggests that it may
have antioxidative, anti-inflammatory, and anticancer
activities. The inclusion of these compounds in CBL-P
may contribute to its overall therapeutic potential,
making it a promising adjuvant compound for cancer
treatment. However, more research is needed to fully
understand the mechanisms of action and potential
therapeutic applications of CBL-P.

Conclusion

This study demonstrated that CBL-P has significant anti-
cancer potential. In addition, the data given in this study
reveals the antioxidant and anti-inflammatory actions
of CBL-P, which correspond to the ethnomedical claims
made for each plant species in a mixed extract. The
mechanisms responsible for the anti-inflammatory prop-
erties of the CBL-P ethanolic extract appear to be associ-
ated with its ability to inhibit NO generation and serve as
a free radical scavenger. In addition, we demonstrate for
the first time that CBL-P antioxidant effectiveness and
anti-inflammatory activity may be correlated to its anti-
cancer effects. The overall biological properties of CBL-
P, a mixture extract containing five medicinal plants,
were demonstrated to have anticancer potential in this
study. In addition, CBL-P was found to possess antioxi-
dant and anti-inflammatory activity, as demonstrated by
its ability to inhibit the production of NO and serve as
a free radical scavenger. These findings suggest that the
phenolics and flavonoids present in CBL-P, may provide
therapeutic and health-promoting benefits. The precise
mechanisms by which these compounds contribute to
the therapeutic and health-promoting effects of CBL-P
are not yet fully understood and require further investi-
gation. However, these findings suggest that CBL-P may
be a promising adjuvant compound for cancer therapeu-
tic purposes. Regarding the overall biological properties
of CBL-D, it could be regarded as the primary bioactive
compound responsible for synergistic medicinal plants’
therapeutic and health-promoting potential. It could be
used as a promising adjuvant compound for cancer ther-
apeutic purposes.

Oxidative
stress

Fig.4 Proposed anticancer mechanism of CBL-P

Cancer
cells




Jongrungraungchok et al. BMC Complementary Medicine and Therapies

Acknowledgements
The authors are grateful to College of Pharmacy, Rangsit University, Thailand
for supporting facilities.

Authors’ contributions

Jongrungraungchok S and Songsak T contributed to plant collection, iden-
tification, and extraction. Madaka F, Wunnakup T, Pongphaew C, and Sudsai
T conducted biological activity testings. Pradubyat N. performed conceptual
and design of the work and contributed data analysis as well as wrote the
main manuscript. The authors read and approved the final manuscript.

Funding
This research was funded by Rangsit University, Thailand.

Availability of data and material
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with the standard guidelines

of Living Collection Policy of the Botanical Garden Organization, Ministry of
Natural Resources and Environment, Thailand. The plants were identified by
Assistant Professor Thanapat Songsak and plant materials were kept at the
herbarium of the Department of Pharmacognosy, College of Pharmacy, Rang-
sit University, Thailand, where the herbarium. The given voucher specimen
number for A. galangal, P. nigrum, C. aurantifolia, T. triandra, and C. sativa
were CC-Ag-125, NV-Pn-136, PT-Ca-122, NV-Tt-138, and TS-Cs-21-134, respec-
tively. All plants were collected with permission from the private landowner.

Consent for publication
Not Applicable.

Competing interests
Authors declare no conflict of interest.

Author details

'Department of Pharmaceutical Chemistry, College of Pharmacy, Rangsit
University, Pathum Thani 12000, Thailand. 2Drug and Herbal Product Research
and Development Center, College of Pharmacy, Rangsit University, Pathum
Thani 12000, Thailand. *Princess Srisavangavadhana College of Medicine,
Chulabhorn Royal Academy, Bangkok 10210, Thailand. “Department of Phar-
macognosy, College of Pharmacy, Rangsit University, Pathum Thani 12000,
Thailand. °Department of Pharmacology, College of Pharmacy, Rangsit Univer-
sity, Pathum Thani 12000, Thailand.

Received: 30 November 2022 Accepted: 25 January 2023
Published online: 10 February 2023

References

1. ApakR, Ozyurek M, Guclu K, Capanoglu E. Antioxidant activity/capac-
ity measurement. 3. Reactive oxygen and nitrogen species (ROS/RNS)
scavenging assays, oxidative stress biomarkers, and chromatographic/
chemometric assays. J Agric Food Chem. 2016;64(5):1046-70.

2. Maneenoon K et al. Ethnomedicinal plants used by traditional healers
in Phatthalung Province, Peninsular Thailand. J Ethnobiol Ethnomed.
2015;11(1):1-20.

3. Lee CJ, Chen L-G, Liang W-L, Wang C-C. Anti-inflammatory
effects of punica granatum linne in vitro and in vivo. Food Chem.
2010;118(2):315-22.

4. Lee MH, et al. The anti-inflammatory effects of pyrolae herba extract
through the inhibition of the expression of inducible nitric oxide syn-
thase (iNOS) and NO production. J Ethnopharmacol. 2007;112(1):49-54.

5. WangT, Jiang X, Ruan'Y, Li L, Chu L. The mechanism of action of the
combination of astragalus membranaceus and ligusticum chuanxiong in
the treatment of ischemic stroke based on network pharmacology and
molecular docking. Medicine. 2022;101(28): €29593.

(2023) 23:43

20.

21.

22.

23.

24.

25.

26.

27.

Page 11 of 12

Wang T, Jiang X, Ruan Y, Zhuang J, Yin Y. Based on network pharma-
cology and in vitro experiments to prove the effective inhibition of
myocardial fibrosis by Buyang Huanwu decoction. Bioengineered.
2022;13(5):13767-83.

Wang T, Zhou Y, Wang K, Jiang X, Wang J, Chen J. Prediction and
validation of potential molecular targets for the combination of astra-
galus membranaceus and Angelica sinensis in the treatment of ath-
erosclerosis based on network pharmacology. Medicine. 2022;101(26):
€29762.

Sarker U, Oba S. Phenolic profiles and antioxidant activities in selected
drought-tolerant leafy vegetable amaranth. Sci Rep. 2020;10(1):1-11.
Chhikara BS, Parang K. Global Cancer Statistics 2022: the trends projection
analysis. Chem Biol Lett. 2022;10(1):451.

. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small cell lung

cancer: epidemiology, risk factors, treatment, and survivorship, vol. 83. 5th
ed. Gale Academic OnefFile. Elsevier; 2008. p. 584-94.

. Townsend MH, et al. Non-small-cell lung cancer cell lines A549 and NCI-

H460 express hypoxanthine guanine phosphoribosyltransferase on the
plasma membrane. Onco Targets Ther. 2017;10:1921.

. Wan M-L, et al. Colorectal cancer (CRC) as a multifactorial disease and

its causal correlations with multiple signaling pathways. Biosci Rep.
2020;40(3):BSR20200265.

. Rachiglio AM, et al. Genomic profiling of KRAS/NRAS/BRAF/PIK3CA wild-

type metastatic colorectal cancer patients reveals novel mutations in
genes potentially associated with resistance to anti-EGFR agents. Cancers.
2019;11(6):859.

. Ghafouri-Fard S, Hussen BM, Badrlou E, Abak A, Taheri M. MicroRNAs as

important contributors in the pathogenesis of colorectal cancer. Biomed
Pharmacother. 2021;140: 111759.

. Chotchoungchatchai S, Saralamp P, Jenjittikul T, Pornsiripongse S,

Prathanturarug S. Medicinal plants used with Thai traditional medicine in
modern healthcare services: A case study in Kabchoeng Hospital, Surin
Province, Thailand. J Ethnopharmacol. 2012;141(1):193-205.

. Andrade C, Gomes NGM, Duangsrisai S, Andrade PB, Pereira DM, Valentao

P Medicinal plants utilized in Thai traditional medicine for diabetes treat-
ment: ethnobotanical surveys, scientific evidence and phytochemicals. J
Ethnopharmacol. 2020,263: 113177.

. Atanasov AG, Zotchev SB, Dirsch VM, Supuran CT. Natural products in

drug discovery: advances and opportunities. Nat Rev Drug Discovery.
2021,20(3):200-16.

Liu C-X. Overview on development of ASEAN traditional and herbal
medicines. Chinese Herbal Medicines. 2021;13(4):441-50.

Taylor RCR. Alternative medicine and the medical encounter in Britain
and the United States. In: Alternative Medicines. Routledge; 2022. p.
191-228.

Kaushik D, Yadav J, Kaushik P, Sacher D, Rani R. Current pharmacological
and phytochemical studies of the plant alpinia galanga. Zhong Xi Yi Jie
He Xue Bao. 2011;9(10):1061-5.

Imchen P, Ziekhr M, Zhimomi BK, Phucho T. Biosynthesis of silver
nanoparticles using the extract of alpinia galanga rhizome and rhus
semialata fruit and their antibacterial activity. Inorganic Chemist Commu.
2022;142:109599.

Pradubyat N, et al. 1’-Acetoxychavicol Acetate from alpinia galanga
represses proliferation and invasion, and induces apoptosis via
HER2-signaling in endocrine-resistant breast cancer cells. Planta Med.
2022,88(02):163-78.

Milenkovi¢ AN, Stanojevi¢ LP. Black pepper: chemical composition and
biological activities. Advanced Technologies. 2021;10(2):40-50.
Takooree H, et al. A systematic review on black pepper (Piper nigrum L.):
from folk uses to pharmacological applications. Crit Rev Food Sci Nutr.
2019;59(sup1):5210-43.

Gupta S, Rahman MA, Sundaram S. Citrus fruit as A potential source of
phytochemical, antioxidant and pharmacological ingredients. JSHE.
2021;2581:8473.

Neamsuvan O, Komonhiran P, Boonming K. Medicinal plants used for
hypertension treatment by folk healers in Songkhla province, Thailand. J
Ethnopharmacol. 2018;214:58-70.

Nutmakul T. Phytochemical and pharmacological activity of Tiliacora
triandra (Colebr) Diels. J Sci Technol. 2021;43(5).



Jongrungraungchok et al. BMC Complementary Medicine and Therapies

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Dedvisitsakul P, Watla-lad K. Antioxidant activity and antidiabetic activities

of Northern Thai indigenous edible plant extracts and their phytochemi-
cal constituents. Heliyon. 2022;8(9): e10740.

Baron EP, Lucas P, Eades J, Hogue O. Patterns of medicinal cannabis use,
strain analysis, and substitution effect among patients with migraine,
headache, arthritis, and chronic pain in a medicinal cannabis cohort. J
Headache Pain. 2018;19(1):1-28.

Baron EP. Medicinal properties of cannabinoids, terpenes, and flavo-
noids in cannabis, and benefits in migraine, headache, and pain: an
update on current evidence and cannabis science. J Headache Pain.
2018;58(7):1139-86. https://doi.org/10.1111/head13345.

Leelawat S, et al. Antitumor Effects of Delta (9)-Tetrahydrocannabinol and
Cannabinol on Cholangiocarcinoma Cells and Xenograft Mouse Models.
Evid Based Complement Alternat Med. 2022;2022:6477132.

Morgan M. Ethanol in herbal medicine. Mediherbal phytotheraphist’s
perspective. 2009;129:1-4.

Bone K. A clinical guide to blending liquid herbs: herbal formulations for
the individual patient. Elsevier Health Sciences; 2003. p. 227-31.

Bone K, Mills S. Principles and practice of phytotherapy: modern herbal
medicine. Elsevier Health Sciences; 2012. p. 121-39.

Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods.
1983;65(1-2):55-63.

Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB. Evaluation of
a tetrazolium-based semiautomated colorimetric assay: assessment of
chemosensitivity testing. Can Res. 1987;47(4):.936-42.

Zihlif M, et al. The antiangiogenic activities of ethanolic crude extracts of
four salvia species. BMC Complement Altern Med. 2013;13(1):1-10.
NelsonV, Sahoo N, Sahu M, Pullaiah C, Muralikrishna K. In vitro anticancer
activity of Eclipta alba whole plant extract on colon cancer cell HCT-116.
BMC Complement Med Ther. 2020;20(1):355.

Wallin RF, Arscott EF. A practical guide to ISO 10993-5: cytotoxicity. Medi-
cal Device and Diagnostic Industry. 1998;20:96-8.

Srithi K, Trisonthi C, Wangpakapattanawong P, Balslev H. Medicinal plants
used in hmong women’s healthcare in northern Thailand. J Ethnophar-
macol. 2012;139(1):119-35.

Schaich KM, Tian X, Xie J. Hurdles and pitfalls in measuring antioxidant
efficacy: a critical evaluation of ABTS, DPPH, and ORAC assays. Journal of
functional foods. 2015;14:111-25.

Stratil P, Klejdus B, Kuban V. Determination of total content of phenolic
compounds and their antioxidant activity in vegetables evaluation of
spectrophotometric methods. J Agric Food Chem. 2006;54(3):607-16.
Amin A, Gali-Muhtasib H, Ocker M, Schneider-Stock R. Overview of
major classes of plant-derived anticancer drugs. International journal of
biomedical science: IJBS. 2009;5(1):1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

(2023) 23:43

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/head13345

	In vitro antioxidant, anti-inflammatory, and anticancer activities of mixture Thai medicinal plants
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Plants collection
	Preparation of ethanolic extract of the plants
	Preparation of plant mixture extract and reference drug
	In vitro studies
	Determination of antioxidant activity by DPPH assay
	Determination of antioxidant capacity by ABTS assay
	Inhibition of nitric oxide (NO) production
	Human cell lines maintenance
	Cytotoxic and antiproliferative activities testing
	Antimigration assay using would healing assay

	Measuring total phenolic and flavonoid contents
	Statistical analysis

	Results
	Antioxidant activities
	Inhibition of nitric oxide (NO) production
	Cytotoxic activity and antiproliferative activity
	Antimigration on cancer cell lines
	Total phenolic and total flavonoid contents

	Discussion
	Conclusion
	Acknowledgements
	References


