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Abstract

Thai herbal plant is known as medicinal plant material for several treatments of diseases
particularly non-communicable diseases (NCDs). This work aimed to investigate the
potentiality of three plant extracts, including Bat flower (TCE), Vietnamese Coriander
(POE), and Indian Pennywort (Centell), which can be a therapeutic food ingredient, in the
protection of blood vessels caused by the effect of airborne through the in vitro model.
The vascular smooth muscle cell (VSMC), A7r5 rat aortic cell, was used for cell culture
and determined their activity after being treated with dust and plant extracts at different
concentrations. The dust was prepared at 0-400 ug/mL, and the plant extracts were
prepared as powder by freeze dryer before further use. The toxicity test, antioxidant
activity, and cell apoptosis as well as wound healing properties were examined. The
results showed the POE was highest the antioxidant activity (TPC: 1156.02+35.78 mg
gallic acid/g sample and DPPH: 949.45+31.97 umol Trolox/g sample) when compared to
TCE and Centell (p<0.05). The maximum concentration of plant extracts treated cells was
not over 500 ug/mL for cell toxicity. The VSMC cell apoptosis depended on increasing
the dust concentration manner. There was a positive effect of plant extracts on wound
repair in the blood vessels after being treated with TCE at a concentration of 100 pug/mL.
According to the results, it could be suggested that plant extracts, especially TCE can be a
food ingredient that plays a vital role in preventing the blood vessel from the airborne
effects caused by PM10 receiving. Also, these data help and be useful for healthy food or
therapeutic food development for reducing the risk factor of arteriosclerotic effects.

1. Introduction

Thailand is currently facing air pollution problems
due to smog. A significant portion of this air pollution is
caused by the burning of forests and open spaces for
agricultural purposes, both within Thailand and in
neighbouring countries. This type of air pollution can
have serious impacts on public health, especially PM2.5,
and PM10 Arteriosclerosis is indeed a major global
health concern, responsible for a significant proportion
of cardiovascular disease-related morbidity and mortality
worldwide. According to the World Health Organization
(WHO), cardiovascular diseases are the leading cause of
death globally, with an estimated 17.9 million deaths in
2019, representing 32% of all deaths worldwide.
Arteriosclerosis is a major contributor to this burden,
particularly in high-income countries, where it is the
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leading cause of death. Risk factors for arteriosclerosis
include high blood pressure, high cholesterol levels,
smoking, obesity, diabetes, and a sedentary lifestyle.
Prevention and management of arteriosclerosis typically
involve lifestyle modifications, such as regular exercise,
a healthy diet, smoking cessation, and weight
management, as well as medications to control blood
pressure and cholesterol levels (Prasad ef al., 2014).

According to the Food and Agriculture Organization
of the United Nations (FAQO), Thailand has over 5,800
species of edible plants, many of which are used in local
cuisines. Moreover, many of these vegetables also have
medicinal properties and are used in traditional Thai
medicine  (Dedvisitsakul and Watla-iad, 2022).
Persicaria odorata (Lour.), Tacca chantrieri Andre., and
Centella asiatica (L.) Urban is also known as an
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herbaceous perennial plant. It is native to Southeast Asia
and is commonly used as a culinary herb in Vietnamese,
Cambodian, Singaporean, Malaysian, Lao, and some
regions of Thailand. In addition to their culinary uses,
they are also known for their medicinal properties. It has
been used in traditional medicine to treat various
ailments such as fever, digestive issues, and infections
(Pawlowska et al, 2020). Phenolic compounds are
naturally occurring plant compounds that have been
found to have a range of beneficial effects on human
health. They are widely distributed in the plant kingdom
and are found in a variety of foods, including fruits,
vegetables, whole grains, and legumes. Phenolic
compounds have been shown to have antioxidant
properties, which means they can help protect the body
against oxidative damage caused by free radicals. This,
in turn, may help to reduce the risk of chronic diseases
such as cancer, heart disease, and diabetes. Moreover,
they have been shown to inhibit the growth of cancer
cells in vitro and animal studies, and may also help to
reduce the risk of cardiovascular disease by improving
blood lipid profiles and reducing inflammation (Akhtar
et al., 2022). The study by Saad (2022) suggests that the
consumption of edible medicinal plant extracts can have
beneficial effects on both obesity and non-communicable
diseases (NCDs) by regulating pro-inflammatory
cytokines and hormones, including TNF-q, IL-6, PAI-1,
angiotensinogen, TGF-B, leptin, adiponectin, resistin,
and MCP-1. These molecules are involved in the
immune response and play a role in inflammation, which
is a contributing factor to the development of obesity and
various NCDs.

Wound healing is a complex process that involves
several stages, including inflammation, proliferation, and
remodelling, and involves a variety of cells and
molecules. Factors that can affect wound healing include
age, nutritional status, underlying medical conditions,
and the presence of infection (Akshaya et al., 2023).
There has been a growing interest in traditional Thai
herbal plants for their potential health benefits. Many
studies have investigated the biological effects of Thai
herbal plants on various health parameters, including
blood vessel health and metabolism. For example, one
study published in the Journal of Medicinal Plants
Research found that a Thai herbal formula containing
nine plants showed potential for reducing blood pressure
and improving blood vessel health in rats with high
blood pressure (Yi et al., 2023). Another study published
in the Journal of Ethnopharmacology found that an
extract from a Thai herbal plant had significant anti-
diabetic effects in diabetic rats, potentially by improving
glucose metabolism and insulin sensitivity (Panthong et
al., 1986; Panthong et al., 1991).
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Thai herbal plants have been studied for their
potential health benefits, including their effects on blood
vessels and endothelial cells. However, the mechanisms
of action of these plants in relation to blood vessel
function and endothelial cell recovery are not yet fully
understood, and there are still relatively few reports on
this topic. Therefore, this study aimed to examine the
effect of herbal plant extract consumption on the
prevention or recovery of blood vessels from airborne
effects intake via the A7r5 cell line model.

2. Materials and methods
2.1 Herbal plant extract and dust preparation

In this experiment, the three herbs, Bat flower
(Tacca chantrieri Andre.), Vietnamese Coriander
(Polygonum odoratum Lour.), and Indian Pennywort
(Centella asiatica (L.) Urban) were collected from the
local herb farm in Chiang Rai province, Thailand and
extracted using ethanol by immersing them for 24 hrs
with auto shaking at room temperature. The extract was
then separated and dried using a freeze-dryer, and the
resulting sample was stored in brown vials at -18°C to
prevent exposure to light until further use and analysis.
The plant extracts were named Bat flower: TCE,
Vietnamese Coriander: POE, and Indian Pennywort:
Centell S.

The dust extract used in the experiment was
purchased from Sigma-Aldrich and had PM10 as the
standard dust.

2.2 Antioxidant activity of plant extract determination

To determine the total polyphenol content (TPC) of
the plant extracts, the method described by Mwamatope
et al. (2020) was used. The plant-extracted samples were
left at room temperature for 15 mins, weighed, and then
dissolved in distilled water before analysis. Chemical
reagents were prepared and mixed with the plant extract
samples to complete the reaction. The absorbance of the
resulting solution was measured at 765 nm using a
spectrophotometer. Gallic acid was used as a standard
for calculating the amount of TPC in the plant-extracted
sample, which was expressed in mg gallic acid
equivalents (GAE) per gram of the sample.

For the DPPH measurement, the method described
by Liu et al. (2017) was used with some modifications.
The plant-extracted sample was dissolved in distilled
water, and 50 pL of the resulting solution was mixed
with 1950 puL of DPPH solutions (concentration 60 pM).
The mixtures were left in the dark for 30 mins, and the
absorbance was measured at 517 nm. The radical
scavenging activity was expressed as uM Trolox
equivalent per gram of the sample.
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2.3 Cell culture

The A7r5 rat thoracic aorta cell line was purchased
from ATCC and cultured in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% (v/v) FBS,
1% of antibiotic, and 1.5 g/L of sodium bicarbonate. The
cells were then incubated at 37°C under controlled
conditions. Before cell treatment, the cells were pre-
cultured in a medium containing 0.5% FBS for 48 hrs.
Afterwards, the plant-extracted solution was added to the
culture medium to study their effects, following a
method slightly modified by Yang et al. (2015).

2.4 Cell toxicity test

The A7r5 cells were determined by MTT assay
following the method of Zhuang et al. (2013) with some
modifications. The A7r5 cells (10*) were seeded into 96-
well plates and cultured with or without different
concentrations of plant-extracted solution at 0 (control),
1, 5, 10, 50, 100, 500, and 1000 pg/mL. Also, the cell
was treated with dust extract (PM10) at concentrations 0,
25, 50, 100, 200, and 400 pg/mL. After 24 hrs, the MTT
reagent was added, and keep the reaction for 4 hrs at
37°C. Cells were performed by DMSO solution and
conducted to measure at 540 nm of absorbance. The data
was recorded and presented as the percentage of cell
viability.

2.5 Cell apoptosis determination by DAPI

Rat aortic cells (A7r5) were cultured in 6-well plates
until reaching subconfluence. Cells were supplemented
with dust extract (PM10) and plant extract solution at a
concentration of 0-500 pg/mL for 24 hrs and were kept
in an incubator. The DAPI powder was dissolved in
distilled water (500 upL) and mixed well until
homogeneous. Then 49.5 mL of PBS was added referred
to as a stock working solution. For analysis of cell
treatment, the cell in each well was fixed by 10%
formaldehyde-PBS for 15 mins and all sample was
stained by DAPI solution for 30 mins. Next, cells were
washed with DPBS 2 times, and the growth medium was
added to each well. The stained cells were observed by
using a fluorescence microscope (model: EVOS™,
ThermoFisher, Life Technologies Corporation, Bothell,
WA 98021). The center and surrounding zone were
collected in each well. Cells with uncondensed nuclei
were interpreted as living cells. The cell viability was
presented as the percentage.

2.6 Wound repair properties examination

The A7r5 cells were determined for the in vitro
migratory activity using a scratch-wound migration assay
(adapted from Zhuang et al., 2013 and Yang et al,
2015). In brief, cells treated with the dust extracts of
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previous determination were seeded (10°) in a 6-well
plate for culturing until reaching the monolayer. After
that, an injury line (cell-free zone) was done by a
sterilized pipette at the center of the plate. The severed
cells were continually cultured with the plant-extracted
solution treatment at concentrations 50, 100, and 500 pg/
mL for 24 hrs. The fresh medium was used as the vehicle
control in this trial. The wound repair was observed by
an inverted microscope with a camera (OLYMPUS
model CXX53SF Tokyo 163-0914, Japan) under a 40%
lens magnification and recorded with the capture of the
image.

2.7 Statistical analysis

All data were presented as Meantstandard deviation
(SD), N = 3. The experiment result was performed by
using One-way ANOVA with Duncan’s multiple ranges
tests. The 95% was used for a significant level via SPSS
software (SPSS 16.0 for Windows, SPSS Inc., Chicago,
IL) interpretation.

3. Results and discussion
3.1 Antioxidative activity of herbal plant extracts

The total phenolic content and the antioxidative
activity of Centell, POE, and TCE are shown in Table 1.
A comparison of three plant extracts showed that the
POE extract showed the highest total phenolic content
and antioxidative activity, as measured by the DPPH
assay, compared to Centell and TCE extracts. However,
there was no significant difference observed between
Centell and TCE extracts with both TPC and DPPH
values. Additionally, a study by Orhan (2012) reported
that Centell had high DPPH and FRAP values compared
to Turkish Centella asiatica, and it could potentially
inhibit the AChE enzyme at a concentration of 200 g/
mL. Another study by Dedvisitsakul and Watla-iad
(2022) reported that the antioxidant activity of POE was
30.52+2.68 ng AAE/g DW. Based on the current results,
all three herbal plant extracts appear to have high
biological compound content and function well as anti-
oxidative stress agents for mammalian cells or organs.

Table 1. The antioxidant activity of three herbal plant extracts.

Total phenolic content
(mg gallic acid/g sample)

DPPH activity (umol

Sample Trolox/g sample)

Centell 892.64+23.02° 710.36+17.88°
POE 1156.02+35.78° 949.45+31.97*
TCE 727.91+46.83° 673.10+44.56"

Values are presented as meantSD (n = 3). Values with
different superscripts within the same column are statistically
significantly different at p<0.05.
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3.2 Effect of herbal plant extracts on A7r5 cell
cytotoxicity

The percentage of cell viability of A7r5, vascular
smooth muscle cells, treated with different
concentrations of Centell (A), POE (B), and TCE (C) at
1-1000 pg/mL is shown in Figure 1. It can be interpreted
that Centell, POE, and TCE extracts are safe for A7r5
vascular smooth muscle cells at concentrations up to 500
ug/mL, as they did not show any toxicity. However, the
highest concentration of the plant extract was found to be
toxic and caused a decrease in cell proliferation. To
further investigate the effects of the plant extracts on
cellular activity, the three highest concentrations (50,
100, and 500 pg/mL) were selected for further analysis.
Previous research has reported that the cell toxicity of
Thai herbal plant extracts ranged from 50-400 pg/mL
without any cell proliferation effect. However, this study
was able to promote concentrations up to 500 pg/mL on
the A7r5 aortic cell test. This suggests that the plant
extracts (Centell, POE, and TCE) stimulate VSMC
activity through biologically active compounds present
in the plants, which are consistent with the phenolic test
results shown in Table 1.

3.3 Effect of dust extracts on cell toxicity and apoptosis

According to the results shown in Figure 2, it can be
illustrated that the PM10 dust extract has a dose-
dependent effect on A7r5 cells, with concentrations of 25
-200 pg/mL showing no significant toxicity.

However, a concentration of 500 pg/mL was found
to cause reduced cell proliferation and apoptosis. This
suggests that exposure to PMI10 dust may have
detrimental effects on vascular smooth muscle cells,
which could potentially contribute to the development of
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cardiovascular diseases. It is important to note that
further studies are needed to fully understand the
mechanisms of toxicity and to evaluate the potential
health effects of exposure to PM10 dust. Consequently,
analyzing the results of the current experiment will be
key to confirming the effect of the Thai herbal plant
extract on vascular cells. Elmore (2007) noted that
apoptosis known as programmed cell death, plays a
crucial role in various developmental processes,
including the development of the blood vessel
maintaining and the immune system. In the development
of the angiogenesis pathway, there is a period of massive
production of growth factors (such as VEGFA) and other
cells (Tang and Tang, 2008). However, many of these
cells will not be needed to establish functional synaptic
connections with another biomarker (Tang and Tang,
2008). To confirm the effectiveness of the Thai herbal
plant extract on A7r5 cells activity needs to involve
measuring a wound healing assay or a transwell
migration assay. These assays can help assess how well
the cells are able to migrate and close a wound through a
pathway of cell recovery or growth.

3.4 Effect of herbal plant extracts on wound healing
properties

The wound healing of herbal plant extracts treated
AT7r5 cells for 24 hrs at concentrations of 50, 100, and
500 pg/mL is shown in Table 2. The study investigated
the effects of different plant herbal extracts on wound
healing and the migration of vascular smooth muscle
cells. The results showed that three of the extracts
positively affected these processes, with the TCE extract
being the most effective at a concentration of 100 pg/
mL. This was observed by a small cell-free zone,
indicating that the cells had proliferated and migrated
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Figure 1. The percentage of cell viability of A7r5, vascular smooth muscle cells, treated with different concentrations of Centell
(A), POE (B), and TCE (C) at 1-1000 pg/mL. * Indicates significant differences between groups in statistical analysis at p<0.05.
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Figure 2. The percentage of A7r5 cell viability after being treated with PM 10 dust at different concentrations (0-500 png/mL) (A)
and cell apoptosis by DAPI staining (B). * Indicates significant differences between groups in statistical analysis at p<0.05.
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Table 2. Wound healing of herbal plant extracts at concentrations of 50, 100 and 500 pg/mL on A7r5 cells for 24 hrs.

Concentration

Time Centell POE TCE
(ug/mL)
50
100
0 hr
500
50
100
24 hrs
500

into the surrounding area. According to Thakur et al. development, and cancer. However, angiogenesis-
(2011) noted that angiogenesis is the process by which modulating agents are compounds that can promote or
new blood vessels are formed from existing blood inhibit angiogenesis. Consequently, the current study's
vessels. It is essential in many physiological and herbal extracts (Centell, POE, and TCE) containing
pathological conditions, including wound healing, angiogenesis-modulating compounds have a pro-
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angiogenic effect on the chorioallantoic membrane
(CAM). CAM is a highly vascularized extraecmbryonic
membrane that is commonly used as a model for
studying angiogenesis. The increase in the size and
number of blood vessels suggests that the herbal extract
has promoted angiogenesis in the CAM (Stevenson et
al., 2002; Wang et al., 2004; Gupta et al., 2008; Barua et
al., 2009). Furthermore, the Centell, POE and TCE
extracts contain phytoconstituents, such as flavonoids,
alkaloids, and terpenoids, that have main antioxidant
properties. This property allows the extracts to scavenge
free radicals and prevent infection, which are important
factors for promoting wound healing. In addition, several
herbal extracts have been shown to stimulate collagen
synthesis and increase circulation, critical wound-healing
processes (Majumdar et al., 2007). Collagen is a major
component of the extracellular matrix and plays a key
role in wound healing by providing structural support to
the healing tissue. Increasing collagen synthesis and
viability can accelerate the wound-healing process.
Finally, promoting DNA synthesis is also an important
function of herbal extracts in wound healing. DNA
synthesis is required for cell proliferation and tissue
regeneration, which are essential processes in wound
healing. By promoting DNA synthesis, herbal extracts
can accelerate the rate of tissue regeneration and wound
closure. Therefore, the synergistic effects of the various
bioactive molecules present in herbal extracts contribute
to their enhanced wound-healing potency. However,
further research may be necessary to confirm these
findings and explore their potential clinical applications.

4. Conclusion

The health benefits of phenolic compounds are an
active area of research. Based on the results of this
finding, the available evidence suggests that Thai herbal
plant extracts in particular TCE have the potential to
develop as a food ingredient for a therapeutic diet for
people with NCDs. The TCE treatment was highly
effective for cell migration or repairing and low cell
apoptotic activity. Moreover, Thai herb extract
consumption with appropriate concentration may deliver
health benefits for preventing any health disorder
especially caused by air pollution. Nevertheless, more
research is needed to elucidate the mechanisms by which
Thai herbal plants exert their beneficial effects on
cardiovascular health, particularly with regard to
endothelial cell function and vascular health or the
angiogenesis process. This could help identify novel
therapeutic targets and food for the prevention and
treatment of cardiovascular diseases.
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