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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 μg/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 μmol Trolox/g sample) when compared to 

TCE and Centell (p<0.05). The maximum concentration of plant extracts treated cells was 

not over 500 μg/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 μg/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 

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 et al., 2014). 

According to the Food and Agriculture Organization 

of the United Nations (FAO), 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 



202 Issara et al. / Food Research 8 (5) (2024) 201 - 207 

 https://doi.org/10.26656/fr.2017.8(5).120 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

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 

(Pawłowska 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-α, IL-6, PAI-1, 

angiotensinogen, TGF-β, 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). 

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 μL of the resulting solution was mixed 

with 1950 μL of DPPH solutions (concentration 60 μM). 

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 μM Trolox 

equivalent per gram of the sample. 



 Issara et al. / Food Research 8 (5) (2024) 201 - 207 203 

 https://doi.org/10.26656/fr.2017.8(5).120 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

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 (104) 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 μg/mL. Also, the cell 

was treated with dust extract (PM10) at concentrations 0, 

25, 50, 100, 200, and 400 μg/mL. After 24 hrs, the MTT 

reagent was added, and keep the reaction for 4 hrs at 

37℃. 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 μg/mL for 24 hrs and were kept 

in an incubator. The DAPI powder was dissolved in 

distilled water (500 μL) 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 

previous determination were seeded (106) 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 μg/

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 Mean±standard 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 μg/

mL. Another study by Dedvisitsakul and Watla-iad 

(2022) reported that the antioxidant activity of POE was 

30.52±2.68 μg 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. 

 

Sample 
Total phenolic content 

(mg gallic acid/g sample) 

DPPH activity (μmol 

Trolox/g sample) 

Centell 892.64±23.02b 710.36±17.88b 

POE 1156.02±35.78a 949.45±31.97a 

TCE 727.91±46.83b 673.10±44.56b 

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

Values are presented as mean±SD (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 μg/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 

μg/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 μg/mL) were selected for further analysis. 

Previous research has reported that the cell toxicity of 

Thai herbal plant extracts ranged from 50-400 μg/mL 

without any cell proliferation effect. However, this study 

was able to promote concentrations up to 500 μg/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 μg/mL showing no significant toxicity.  

However, a concentration of 500 μg/mL was found 

to cause reduced cell proliferation and apoptosis. This 

suggests that exposure to PM10 dust may have 

detrimental effects on vascular smooth muscle cells, 

which could potentially contribute to the development of 

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 

A7r5 cells for 24 hrs at concentrations of 50, 100, and 

500 μg/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 μg/

mL. This was observed by a small cell-free zone, 

indicating that the cells had proliferated and migrated 

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 μg/mL. * Indicates significant differences between groups in statistical analysis at p<0.05. 

(A) (B) 

(C) (D) 

* 

* 

* 

* 



 Issara et al. / Food Research 8 (5) (2024) 201 - 207 205 

 https://doi.org/10.26656/fr.2017.8(5).120 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

into the surrounding area. According to Thakur et al. 

(2011) noted that angiogenesis is the process by which 

new blood vessels are formed from existing blood 

vessels. It is essential in many physiological and 

pathological conditions, including wound healing, 

development, and cancer. However, angiogenesis-

modulating agents are compounds that can promote or 

inhibit angiogenesis. Consequently, the current study's 

herbal extracts (Centell, POE, and TCE) containing 

angiogenesis-modulating compounds have a pro-

Table 2. Wound healing of herbal plant extracts at concentrations of 50, 100 and 500 μg/mL on A7r5 cells for 24 hrs. 

Figure 2. The percentage of A7r5 cell viability after being treated with PM10 dust at different concentrations (0-500 µg/mL) (A) 

and cell apoptosis by DAPI staining (B). * Indicates significant differences between groups in statistical analysis at p<0.05. 

(A) 

(B) 

* 
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angiogenic effect on the chorioallantoic membrane 

(CAM). CAM is a highly vascularized extraembryonic 

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. 

 

Conflict of interests 

The authors declare no conflict of interest . 

 

Acknowledgments 

The authors would like to acknowledge the funding 

support from the National Science, Research, and 

Innovation Fund (No.652A07028). We also extend our 

gratitude to the School of Medicine, School of Health 

Science, Scientific and Technological Instrument and 

Medical Plant Innovation Center of Mae Fah Luang 

University as well as the Faculty of Science and 

Technology, Rajamangala University of Technology 

Thanyaburi for their valuable support and providing 

facilities. 

 

References 

Akhtar, M.S., Rafiullah, M., Shehata, W.A., Hossain, A. 

and Ali, M. (2022). Comparative phytochemical, 

thin layer chromatographic profiling and antioxidant 

activity of extracts from some Indian herbal drugs. 

Journal of Bioresources and Bioproducts, 7(2), 128-

134. https://doi.org/10.1016/j.jobab.2022.01.001 

Akshaya, M., Swetha, K.S., Keerthana, D. and Vadivel, 

V. (2023). In vitro studies on wound healing 

mechanisms of leaves of Ipomoea carnea, an Indian 

ethnomedicine. South African Journal of Botany, 

154(1), 239-250. https://doi.org/10.1016/

j.sajb.2023.01.031 

Barua, C., Talukdar, A., Begum, S., Sarma, D., Fathak, 

D., Barua, A. and Bora, R. (2009). Wound healing 

activity of methanolic extract of leaves of 

Alternanthera brasiliana Kuntz using in vivo and in 

vitro model. Indian Journal of Experimental 

Biology, 47(12), 1001-1005.  

Dedvisitsakul, P. and Watla-iad, K. (2022). Antioxidant 

activity and antidiabetic activities of Northern Thai 

indigenous edible plant extracts and their 

phytochemical constituents. Heliyon, 8(9), e10740. 

https://doi.org/10.1016/j.heliyon.2022.e10740 

Elmore, S. (2007). Apoptosis: a review of programmed 

cell death. Toxicologic Pathology, 35(4), 495-516. 

https://doi.org/10.1080/01926230701320337 

Gupta, A., Upadhyay, N.K., Sawhney, R.C. and Kumar, 

R. (2008). A poly-herbal formulation accelerates 

normal and impaired diabetic wound healing. Wound 

Repair and Regeneration, 16(6), 784-790. https://

doi.org/10.1111/j.1524-475X.2008.00431.x 

Liu, T., Zhang, L., Joo, D. and Sun, S.C. (2017). NF-κB 

signaling in inflammation. Signal Transduction and 

Targeted Therapy, 2, 17023. https://doi.org/10.1038/

sigtrans.2017.23 



 Issara et al. / Food Research 8 (5) (2024) 201 - 207 207 

 https://doi.org/10.26656/fr.2017.8(5).120 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

Majumdar, M., Akmal, N., Kamath, J. and Mohammed, 

A. (2007). Evaluation of Tectona Grandis leaves for 

wound healing activity. Pakistan Journal of 

Pharmaceutical Sciences, 20(2), 120-124.  

Mwamatope, B., Tembo, D., Chikowe, I., Kampira, E. 

and Nyirenda, C. (2020). Total phenolic contents and 

antioxidant activity of Senna singueana, Melia 

azedarach, Moringa oleifera and Lannea discolor 

herbal plants. Scientific African, 9, e00481-e00487. 

https://doi.org/10.1016/j.sciaf.2020.e00481 

Orhan, I.E. (2012). Centella asiatica (L.) Urban: From 

traditional medicine to modern medicine with 

neuroprotective potential. Evidence-Based 

Complementary and Alternative Medicine, 2012, 

946259. https://doi.org/10.1155/2012/946259 

Panthong, A., Kanjanapothi, D. and Taylor, W.C. (1986). 

Ethnobotanical review of medicinal plants from Thai 

traditional books, Part I: Plants with anti-

inflammatory, anti-asthmatic and antihypertensive 

properties. Journal of Ethnopharmacology, 18(3), 

213-228. https://doi.org/10.1016/0378-8741(86)

90001-2 

Panthong, A., Kanjanapothi, D., Taesotikul, T. and 

Taylor, W.C. (1991). Ethnobotanical review of 

medicinal plants from Thai traditional books, part II: 

Plants with antidiarrheal, laxative and carminative 

properties. Journal of Ethnopharmacology, 31(2), 

121-156. https://doi.org/10.1016/0378-8741(91)

90001-T 

Pawłowska, K.A., Strawa, J., Tomczyk, M. and Granica, 

S. (2020). Changes in the phenolic contents and 

composition of Persicaria odorata fresh and dried 

leaves. Journal of Food Composition and Analysis, 

91, 103507. https://doi.org/10.1016/

j.jfca.2020.103507 

Prasad, A., Singh, M., Yadav, N.P., Mathur, A.K. and 

Mathur, A. (2014). Molecular, chemical and 

biological stability of plants derived from artificial 

seeds of Centella asiatica (L.) Urban-An industrially 

important medicinal herb. Industrial Crops and 

Products, 60(1), 205-211. https://doi.org/10.1016/

j.indcrop.2014.06.022 

Saad, B. (2022). Prevention and treatment of obesity-

related inflammatory diseases by edible and 

medicinal plants and their active compounds. 

Immuno, 2(4), 609-629. https://doi.org/10.3390/

immuno2040038 

Stevenson, P.C., Simmonds, M.S.J., Sampson, J., 

Houghton, P.J. and Grice, P. (2002). Wound healing 

activity of acylated iridoid glycosides from 

Scrophularia nodosa. Phytotherapy Research, 16(1), 

33-35. https://doi.org/10.1002/ptr.798 

Tang, H.M. and Tang, H.L. (2018). Anastasis: recovery 

from the brink of cell death. Royal Society Open 

Science, 5(10), 181629. https://doi.org/10.1098/

rsos.181629 

Thakur, R., Jain, N., Pathak, R., and Sandhu, S.S. 

(2011). Practices in wound healing studies of plants. 

Evidence-Based Complementary and Alternative 

Medicine Journal, 2011, 438056. https://

doi.org/10.1155/2011/438056 

Wang, S., Zheng, Z., Weng, Y., Yu, Y., Zhang, D., Fan, 

W., Dai, R. and Hu, Z. (2004). Angiogenesis and 

anti-angiogenesis activity of Chinese medicinal 

herbal extracts. Life Sciences, 74(20), 2467-2478. 

https://doi.org/10.1016/j.lfs.2003.03.005 

Yang, Y.S., Chan, K.C., Wang, C.J., Peng, C.H. and 

Huang, C.N. (2015). Vascular smooth muscle cell 

proliferation and migration induced by oleic acid, a 

mechanism involving connective tissue growth 

factor signals. Acta Endocrinologica, 11(2), 162-

169. https://doi.org/10.4183/aeb.2015.162 

Yi, X., Akatvipat, A., Mongkolrat, N., Saenubol, P., 

Pornnimitara, P. and Boonyayatra, S. (2023). 

Analgesic and anti-inflammatory effects of oral 

Centella asiatica (L.) urban extract in cats 

undergoing ovariohysterectomy. Phytomedicine 

Plus, 3(1), 100403. https://doi.org/10.1016/

j.phyplu.2022.100403 

Zhuang, W., Wang, G., Li, L., Lin, G. and Deng, Z. 

(2013). Omega-3 polyunsaturated fatty acids reduce 

vascular endothelial growth factor production and 

suppress endothelial wound repair. Journal of 

Cardiovascular Translational Research, 6(2), 287-

293. https://doi.org/10.1007/s12265-012-9409-0 


