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Abstract 

 
Background and purpose: The anticancer drugs used for oral cancer treatment present many disadvantages, 
such as low solubility, low permeability, and poor bioavailability. However, the anticancer activity of ECa 233 
has not been widely studied. Therefore, the anticancer activity of ECa 233 was investigated in this study.  
Experimental approach: MTT assay was carried out to determine cell viability. Characterizations of cell 
apoptosis were monitored using DAPI and FDA staining and Hoechst 33258 and AO staining. Confirmation 
of the apoptosis-induced KON cells was done using annexin V-FITC staining, and ROS generation was 
determined by DCFDA staining. Cell death and the cell cycle arrest activity of ECa 233 were demonstrated by 
a flow cytometer. The anti-migration and anti-invasion properties of ECa 233 were examined. The anti-
proliferative of ECa 233 was investigated. Cellular uptake of ECa 233 was measured by TEER values. The 
pharmacokinetics of ECa 233 were estimated using the pkCSM web server.  
Findings/Results: ECa 233 decreased the KON cell viability. Morphological analysis showed the KON cells’ 
loss of cell stability and structure, disorganized nucleus and cytoplasm, and induced cell death. ECa 233 acted 
as a cell cycle arrest in the G0/G1 phase and reduced the migration and invasion ability in KON cells. TEER 
values significantly increased in KON cells, which decreased cell colony and multicellular spheroid 
formations. The pharmacokinetic profiles of the main components are of interest for future usage.  
Conclusion and implication: ECa 233 can be used as an alternative therapy as well as a medicinal plant 
selected for sensitizing oral cancer cells to chemotherapy.  
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INTRODUCTION 

 
Oral cancer is a type of cancer that occurs in 

the upper aerodigestive tract. According to the 
rankings, it is the sixth most common type of 
cancer worldwide. In particular, squamous cell 
carcinoma is the most common histological 
diagnosis accounting for approximately 90% of 
oral cavity cancers (OCC) (1). Tobacco and 
alcohol are important risk factors in cancer, 
with other risk factors implicated in the 
development of oral cancer including diet and 

nutrition, viruses, radiation, ethnicity, familial 
and genetic predisposition, oral thrush, and 
immunosuppression (2). Oral cancer is often 
preceded by a clinical premalignant phase 
accessible to visual inspection, which increases 
the opportunities for earlier detection and 
reduction of morbidity and mortality in oral 
cancer patients (3).  
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Surgical techniques, chemotherapy, and 
radiotherapy are constitutively the major 
conventional approaches applied as first-line 
OCC treatment protocols, which are costly and 
may cause adverse effects after therapy (4). 
Early diagnosis is crucially selected as a 
primary prevention and a suitable choice for 
therapeutic strategies. However, delay in OCC 
diagnosis remains a problem, resulting in high 
morbidity and mortality. Some patients have 
been identified in the advanced stages                            
(III or IV) of OCC progression. Recurrence 
after primary treatment and/or metastasis are 
found in more than 50% of patients and the 5-
year survival rate has been less than 50% in 
recent decades (5,6). Currently, anticancer 
drugs (methotrexate, 5-fluorouracil, paclitaxel, 
and cisplatin) are generally used alone or in 
conjunction with chemotherapy for oral cancer 
management (7). In addition, low solubility, 
permeability, and poor bioavailability after 
administration in the body are limitations for 
oral cancer treatment. Therefore, the search for 
natural products or medicinal plants to improve 
the efficacy of concurrent drug chemotherapy 
needs to be explored (8). Natural products have 
been shown to provide bioactive components 
with pharmacological activities that are well-
documented in reports. These activities are 
associated with numerous bioactive molecules 
and minimal toxicity and have been extensively 
explored for their anticancer activity for more 
than a half-century (9-11). 

Estrogen receptors (ERs) are classified into 
ERα and ERβ as nuclear receptors, which 
function as the transcription factors that induce 
the expression of genes involved in the 
regulation of cancer cell growth and survival. 
The phosphorylation and conformational 
changes in these receptors lead to the 
dissociation of heat shock proteins and 
processes of receptor dimerization, nuclear 
translocation, and binding to estrogen-
responsive elements found at the promoter sites 
of estrogen-responsive genes. By binding to 
estrogen-responsive elements, the ERs catalyze 
the entry of coactivators or corepressors and 
combine them into complexes, thereby 
regulating the transcription process. The 
transcription of estrogen-responsive genes and 
the regulation of various physiological 

processes within the body physiologically 
facilitate DNA binding, and ligand-activated 
ERs can act as coactivators that regulate gene 
transcription by binding to transcription factors 
such as activating protein 1 and specificity 
protein 1. In addition, activation of ERs by 
intracellular signaling can occur in the absence 
of a ligand (12-14).  

Previous research has shown the role of ERs 
in regulating hormone-regulated cancers, such 
as breast, prostate, ovarian, and endometrial 
cancers. The incidence of ERs in oral squamous 
cell carcinoma (OSCC) is not well understood, 
and the exact pathogenesis of the disease is 
unknown. However, in previous studies, ERα 
and ERβ expression has been found in OSCC 
tumors and cell lines, where tamoxifen therapy 
plays a key role in specific tumor suppression 
and inhibits the proliferation of cancer cells 
(15,16). Additionally, expression of ERα and 
ERβ can be found in head and neck squamous 
cell carcinoma tumors, but the cellular role of 
ERα is greater than that of ERβ in tumor 
lesions, predominantly in adjacent mucosa in 
patients with ERα. ERα-expressed tumors 
showed reduced cancer survival compared to 
cancer patients with less ERα expression, which 
demonstrated that head and neck squamous cell 
carcinoma cells overexpressed ERα, which is 
related to the development and growth of oral 
cancer (17). However, the activation of ERα 
and the regulatory mechanism in OSCC cells 
are not known (18). In this study, cancer cell 
motility and proliferation induction were tested 
using estrogen (β-estradiol) because it was 
expected that the cancer cells used in the study, 
KON cells, likely expressed the ERs inside. The 
expression of ERs in these cancer cells has not 
been reported before, from which the research 
team hypothesized that it is likely that the ERs 
are expressed in the nucleus of KON cells. 
Therefore, as a study to measure the response 
of oral cancer cells to estrogen, the data of the 
present study will provide a better 
understanding of the effects of estrogen on the 
habitually of KON cells concerning migration 
and invasion capacity, which is beneficial for 
drug selection in anti-hormonal agents to 
eradicate oral cancer cells. 

Centella asiatica (ECa 233) has long been 
widely used as traditional herbal medicine in 
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Thailand and Southeast Asia (19). It possesses 
the major bio-composition of madecassoside 
and asiaticoside, characterized as a white to off-
white powder and a ratio of madecassoside to 
asiaticoside of 1.5 ± 0.5:1 (20,21). This plant 
has been reported to have various 
pharmacological properties and has been used 
for its asthma, ulcer, eczema, and wound 
healing effects, as well as memory and learning 
enhancement and anxiety relief, which can 
contribute to a deep state of relaxation and/or 
mental calmness throughout meditation 
practices (22-26). ECa 233 also acts an as 
inhibitor in the lipopolysaccharide-stimulated 
production of inflammatory mediators in 
keratinocyte HaCaT cells by suppressing 
ERK1/2 and nuclear factor kappa B pathways, 
which may be related to the inhibition of 
reactive oxygen species (ROS) production                                  
(27). Multiple oral dosing of ECa 233 at                     
100 mg/kg/day for 7 days in rats has                           
been identified. The physical appearance                             
and blood biochemical parameters of the                      
rats were not significantly altered after 
treatment with ECa 233 for 7 days.                                
The maximum plasma concentration and area 
under the curve of madecassoside and 
asiaticoside were reduced by 70-80% in one 
day. Moreover, triterpenoid glycosides were 
extensively distributed and sustainably 
accumulated in the body, then typically 
excreted in feces (28,29). 

However, the anticancer activity of ECa 233 
has not been widely studied. Thus, we 
investigated the anticancer activity of ECa 233 
toward inhibition of cell growth in KON oral 
cancer cells and also determined the anti-
migratory ability and invasion activity under 
normal conditions and β-estradiol (E2)-induced 
cell migration and invasion. The possible 
underlying mechanism associated with cells 
undergoing apoptosis and the effects of ECa 
233 on the KON cell cycle were also evaluated. 
The safety profile of ECa 233 was investigated 
using MRC-5 normal fibroblast cells. 
Furthermore, this study provided the details of 
the anticancer activity of ECa 233 and the 
mechanism of cell death elicited by ECa 233, 
which is an additional beneficial use of ECa 233 
as a new therapeutic strategy to destroy                     
oral cancer. 

MATERIALS AND METHODS 
 
Chemicals 

3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT; 
AMRESCO, USA), annexin V-fluorescein 
isothiocyanate (FITC) apoptosis detection kit 
(BD Biosciences, San Diego, CA, USA), 
PrestoBlue™ Cell Viability Reagent (Thermo 
Fisher Scientific, Rockford, IL, USA), 
Dulbecco’s modified eagle medium (DMEM), 
fetal bovine serum (FBS), L-glutamine, 
penicillin/streptomycin, 0.25% trypsin-
ethylenediaminetetraacetic acid (EDTA), 
phenol red-free improved minimum essential 
medium (IMEM), charcoal-stripped FBS, and 
non-essential amino acids were purchased from 
Gibco (Gaithersburg, MA, USA). Furthermore, 
0.4% trypan blue (Sigma, USA), dimethyl 
sulfoxide (DMSO; Sigma, USA), 96-well 
plates (Corning, USA), 12-well plates 
(Corning, USA), 24-well plates (Corning, 
USA), T-75 cell culture flasks (Corning, USA), 
Fungizone® (Gibco, USA), 4’,6’-Diamidine-2’-
phenylindole dihydrochloride (DAPI; Sigma, 
USA), fluorescein diacetate (SolarBio®, 
China), Hoechst 33258 (SolarBio®, China), 
acridine orange (AO; SolarBio®, China), BD 
matrigel matrix (Bioscience, USA), transwell 
chambers (8 μm pore size; Millipore, Billerica, 
MA, USA), and methanol (AMRESCO, USA) 
were obtained. 
  
Cell cultures and reagents 

The research was performed on KON oral 
cancer cells and MRC-5 fibroblast cells, which 
were obtained from Assistant Professor                   
Dr. Sukannika Tubtimsri, Division of 
Pharmaceutical Technology, Faculty of 
Pharmaceutical Sciences, Burapha University. 
All cell lines were cultured in DMEM 
supplemented with 10% heat-inactivated FBS, 
1% penicillin and streptomycin, and 
amphotericin B in an incubator (Shel Lab, 
USA) at 37 ℃ atmosphere with 5% CO2 in T-
25 cell culture flasks.  

ECa 233 standardized extract was kindly 
supplied by Siam Herbal Innovation Ltd. 
(Samut Prakan, Thailand). The total main 
compounds of the standardized extract were 
precisely quantified by liquid chromatography-
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mass spectrometry (LC-MS/MS) analysis: 
madecassoside (46.3%) and asiaticoside 
(41.6%). The stock solution of ECa 233 was 
solubilized using absolute DMSO. The working 
solution was prepared at 10 mg/mL, which was 
diluted by a serum-free medium. The stock 
solution was kept away from light and frozen      
in a -20 ℃ refrigeration. 
 
Cell viability analysis by MTT colorimetric 
assay 

Cell viability was estimated by MTT 
colorimetric assay. KON cells were seeded at a 
density of 10,000 cells into a 96-well plate for 
24 h. Then, the medium was replaced with ECa 
233 at 0.78125, 1.5625, 3.125, 6.25, 12.5, 25, 
50, 100 µg/mL for 24, 48, 72, and 96 h. Then, 
10 µL of 5 mg/mL yellow MTT in phosphate-
buffered saline (PBS) solution was added to 
each well and further incubated for 3 h. To 
solubilize the purple formazan crystals, 100 µL 
of absolute DMSO was added to each well. The 
plate was shaken and incubated in a dark room 
for 15 min. The optical density (OD) was read 
by a microplate reader (FLUOstar Omega, 
Germany) at 570 nm. The percentage of cell 
viability was calculated using the equation (1) 
provided below: Cell	viability	(%)= OD	of	sample	 − 	OD	of	blankOD	of	control	 − 	OD	of	blank× 	100																																																																																		(1) 

The percentage of cell viability was 
expressed as mean ± SEM. The controls were 
calculated to 100% cell viability for each assay. 
The data obtained were used to calculate the 
concentration of the ECa 233 required to kill 
50% of the KON cells (IC50). 
 
Morphological observation 

KON cells were seeded at a density of 
10,000 cells/well in a 6-well plate for 24 h. On 
the following day, the old medium was 
aspirated from the six wells. Cells were treated 
with ECa 233 at 25, 50, 100, and 200 µg/mL for 
24 h. Morphological change and cells 
undergoing apoptosis and death after exposure 
to ECa 233 were monitored by a                               
40× magnification objective light microscope 
(Olympus, Japan). Nuclear shrinkage, 
chromatin condensation, loss of plasma 

membrane integrity, and formation of apoptotic 
bodies were generally characteristic of 
programmed cell death.  
 
Nuclear and cytoplasm analysis  

KON cells were cultured at a density of 
10,000 cells/well on sterile glass coverslips in a 
6-well plate and treated with ECa 233 at 25, 50, 
100, and 200 µg/mL for 24 h. Media was 
aspirated from each well. Cells were washed 
twice with 1× PBS solution to remove floating 
cells. Cells were fixed with 4% 
paraformaldehyde for 15 min and 
permeabilized with 0.2% Triton®-X-100. Cells 
were stained with 2.5 µg/mL DAPI (molecular 
probes) and 0.5% fluorescein diacetate (FDA) 
for 30 min in a dark room. Cells were washed 
with PBS, and the coverslips were sealed onto 
the slides. The cytomorphology of the KON 
cells was examined using an inverted 
fluorescent microscope (ECLIPSR Ts2, Nikon, 
Japan) at 40× objective magnification. 
 
Morphological determination of apoptotic 
cells  

KON cells at a density of 10,000 cells/well 
were grown on sterile glass coverslips in a                   
6-well plate for 24 h in a humidified atmosphere 
of 5% CO2, 37 ℃ in an incubator. The KON 
cells were treated with ECa 233 at 25, 50, 100, 
and 200 µg/mL for 24 h. Treatment-free cells 
were used as the negative control of the 
experiment. The KON cells were washed twice 
with 1× PBS solution and fixed with 4% 
paraformaldehyde for 15 min and 
permeabilized with 0.2% Triton®-X-100. Cells 
were stained with 5 µL of Hoechst 33258 and 5 
µL of acridine orange (AO) for 30 min in dark 
conditions. Cells were washed with PBS and 
the coverslips were sealed onto slides. The 
apoptosis of the KON cells was observed using 
an inverted fluorescent microscope (ELIPSR 
Ts2, Nikon, Japan) at 40× objective 
magnification. 
 
Apoptosis determination  

Loss of cell membrane structure is one of the 
earliest characteristic features during apoptosis. 
In apoptotic cells, the phospholipid 
phosphatidylserine is translocated from the 
inner to the outer leaflet of the cell membrane, 
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while annexin V-FITC has a high affinity                          
to the binding sites of phospholipid 
phosphatidylserine and serves as a probe during 
apoptosis investigation. KON cells were seeded 
at a density of 10,000 cells/well on sterile glass 
coverslips in a 6-well plate. Cells were treated 
with ECa 233 at 25, 50, 100, and 200 µg/mL for 
20 h. Fixed cells and non-fixed cells on the 
sterile coverslips were stained with annexin               
V-FITC (BD Biosciences, San Diego, CA, 
USA). The probe-labeled cells were further 
incubated for 15 min in a dark room at room 
temperature. The cells were washed with PBS, 
then the excess was probed and analyzed using 
an inverted fluorescent microscope (ECLIPSE 
Ts2, Nikon, Tokyo, Japan). The number of 
apoptotic cells was counted from three 
independent experiments. 
 
Determination of intracellular ROS 

To determine the amount of ROS in the 
KON cells treated with ECa 233, the DCFDA 
cellular reactive oxygen species detection assay 
kit (Abcam, UK) was utilized. In this 
experiment, 2’, 7’-dichlorofluorescin diacetate 
(DCFDA) was employed to assess the 
hydroxyl, peroxyl, and other ROS activity 
within the KON cells. DCFDA can penetrate 
the cellular level and is deacetylated by 
esterases, a type of enzyme, to a nonfluorescent, 
which can later be oxidized by ROS and altered 
into a fluorescent dye DCF. The generation of 
green fluorescence inside KON cells is directly 
proportional to the amount of ROS generation, 
which possibly implies ROS-mediated cell 
death. To experiment, the KON cells were 
seeded at a density of 10,000 cells/well in a                 
6-well plate for 24 h, then treated with ECa 233 
at 25, 50, 100, and 200 µg/mL for 24 h. The 
cells were washed with PBS buffer and stained 
with 25 μM DCFDA in PBS buffer for 45 min 
at 37 °C. The KON cells were washed twice 
with PBS buffer. The amount of green 
fluorescence inside the KON cells was captured 
with an inverted fluorescent microscope 
(ECLIPSR Ts2, Nikon, Tokyo, Japan). 
 
Determination of cell death by propidium 
iodide 

KON cells were grown at a density of                      
10,000 cells/well in a 6-well plate for 24 h and 

then exposed to ECa 233 at 25, 50, 100, and    
200 µg/mL for 24 h. Cells were harvested by 
trypsin/EDTA and washed with 1× PBS twice. 
The cell pellets were collected by centrifugation 
and resuspended in 1× cold PBS solution. Cells 
were stained with propidium iodide (PI) for              
15 min in the dark at room temperature, 
following the manufacturer’s instructions.   
Cells were analyzed by a flow cytometer 
(CytoFLEX; Beckman Coulter, Inc.).                   
The red fluorescence of PI was detected                   
by the PI channel (excitation = 535 nm, 
emission = 615 nm). 
 
Cell cycle analysis using flow cytometry  

The cell cycle was analyzed using the 
CytoFLEX (Beckman Coulter, Inc.) flow 
cytometer. The principle of this method is 
analysis that is based on the amount of DNA 
content within cells. KON cells were seeded at 
a density of 10,000 cells/well in a 6-well plate 
overnight. KON cells were incubated with ECa 
233 at 25, 50, 100, and 200 µg/mL for 24 h. The 
cells were trypsinized by trypsin/EDTA and 
fixed with absolute ethanol for 24 h and kept at 
4 ℃. The cell pellets were collected by 
centrifugation (1000 rpm, 5 min) and 
resuspended in 1 mL of PBS. Subsequently, the 
KON cells were stained with PI for 30 min. The 
red fluorescence was detected by CytoFLEX 
(Beckman Coulter, Inc.) at the excitation 
wavelength of 488 nm. 
 
Wound healing assay 

To determine the anti-migration effect of 
ECa 233 on KON oral cancer cells using 
monolayer cells, the KON cells were cultured 
in a 6-well plate in the appropriate DMEM 
culture medium containing 10% FBS until cell 
growth to the monolayer was complete. A 
sterile 200 µL yellow pipette tip was utilized to 
generate the wound by making three scratches 
in the cell monolayer. After washing with PBS 
to remove floating cells and cell debris, cells 
were exposed to 25, 50, 100, and 200 µg/mL of 
ECa 233 for 18, 24, and 48 h. Cells were 
photographed and observed under an inverted 
microscope (Olympus, Tokyo, Japan) at 
different time points (0, 18, 24, and 48 h). The 
width of the wound scratch was measured using 
ImageJ software (version 1.47, NIH, USA). 
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Colony-forming activity assay 
To determine the anti-growth activity related 

to the formation of large colonies of KON cells, 
the cells were seeded at a density of 2,500 
cells/well in a 12-well plate for 24 h and then 
cultured in DMEM in the presence or absence 
of ECa 233 at 25, 50, 100, and 200 µg/mL for 
24 h. The old culture medium was removed, and 
a fresh medium was added to the culture for a 
further seven days. Culture media was 
discarded from each well. Cells were washed 
with 1× PBS to remove the floating cells. Cell 
colony formation was fixed with acetic acid (3): 
methanol (7) for 15 min. Cells were stained 
with 0.5% crystal violet for 30 min and then 
captured with five random fields/wells using                
a 4× objective magnification inverted 
microscope (Olympus, Japan). The data were 
presented as the percentage of the colony 
formation. 
 
Transwell migration assay 

To determine the anti-migration ability of 
ECa 233 in KON cells using transwell cell 
culture chambers, the KON cells were                           
re-suspended in 500 µL of serum-free medium 
and seeded into the upper chamber                         
(1,000 cells/well) with the presence or absence 
of ECa 233 at 25, 50, 100, and 200 µg/mL for 
48 h. The lower compartments of the system 
were filled with DMEM supplemented with 
10% FBS as a chemo-attractant. Subsequently, 
non-migrated cells remaining on the upper 
surface of the upper chamber were carefully 
discarded using a cotton swab. The migrated 
cells were washed twice with PBS and                        
fixed with ice-cold methanol for 15 min at          
room temperature. Migrated cells that adhered 
to the lower compartment of the upper chamber 
were stained with 500 µL of 0.5% crystal                     
violet and randomly photographed using an 
inverted microscope with 10× objective 
magnification (Olympus, Japan) in five random 
fields. Each insert was counted and analyzed 
using NIH image software. Data were 
calculated according to the equation (2) 
provided below: 

 Proportion	of	migrated	cells	(%)= Number	of	cells	migrated	in	treated	cellsNumber	of	cells	migrated	in	untreated	cells× 100																																																																																		(2) 

Matrigel-coated invasion assay 
The Matrigel-coated invasion assay was 

performed to assess the intravasation and 
extravasation abilities of KON cells. The BD 
Matrigel matrix was diluted with serum-free 
DMEM medium, and 30 µL of Matrigel 
solution was added to the upper surface of the 
invasion chamber, which was placed in a 24-
well plate. The KON cells were trypsinized by 
trypsin/EDTA and resuspended with a serum-
free DMEM medium. Cells (at the density of 
1,500 cells/well) were pipetted into the upper 
chamber of the invasion chamber (pore size: 8 
μM; Corning, Cambridge, MA, USA) in the 
presence or absence of ECa 233 (25, 50, 100, 
and 200 µg/mL) for 48 h. The lower chamber 
was filled with 500 µL DMEM supplemented 
with 10% FBS as a chemo-attractant. Cells that 
invaded the lower compartment of the invasion 
membrane were fixed with ice-cold methanol 
(AMRESCO, USA) for 15 min. Non-invading 
cells were wiped off the upper surface of the 
invasion chamber with a cotton swab. Fixed 
cells were stained with 0.5% crystal violet for 
30 min. Upper chambers were washed with 1× 
PBS three times. The number of invading cells 
was captured with five random fields/wells 
using an inverted microscope at 10× objective 
magnification (Olympus, Japan). The data were 
calculated using the equation (3) provided 
below: 	Cell	invasion	(%)= Number	of	cells	invaded		in	treated	cellsNumber	of	cells	invaded	in	untreated	cells× 100																																																																																						(3) 
Deprivation of the estrogenic effect from 
phenol red DMEM media 

Before the experiments, KON cells were 
cultured in DMEM supplemented with 10% 
FBS for 3 days. Then, the growth factor of the 
cells cultured in DMEM supplemented with 5% 
FBS for 2 days was decreased. The KON cells 
were further weaned off the estrogenic effect 
from phenol red, in which one composition in 
DMEM media was cultured in phenol red-free 
DMEM media and added into a 5% charcoal-
stripped FBS serum for 2 days. The KON cells 
that were deprived of the estrogenic effect were 
used in the transwell migration assay and 
Matrigel-coated invasion assay in the E2-
induced cell migration and invasion conditions. 
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Transwell migration assay in E2-induced cell 
migration condition 

The KON cells were re-suspended in 500 µL 
of phenol red-free DMEM and seeded into the 
upper chamber (1,000 cells/well) with the 
presence or absence of ECa 233 at 25, 50, 100, 
and 200 µg/mL for 48 h. The lower 
compartments of the system were filled with 
500 µL phenol red-free DMEM media + 5 
µg/mL of E2 as a chemo-attractant. 
Subsequently, non-migrated cells remaining on 
the upper surface of the upper chamber were 
carefully discarded using a cotton swab. The 
migrated cells were washed twice with PBS and 
fixed with ice-cold methanol for 15 min at room 
temperature. Migrated cells that adhered to the 
lower compartment of the upper chamber were 
stained with 500 µL of 0.5% crystal violet and 
randomly photographed using an inverted 
microscope with 10× objective magnification 
(Olympus, Japan) in five random fields. Each 
insert was counted and analyzed using NIH 
image software. Data were presented as % 
proportion of migrated cells in E2-induced cell 
migration condition calculated using the 
following equation (4) Cell	migration	(%)= Number	of	cells	migrated	in	treated	cellsNumber	of	cells	migrated	in	untreated	cells× 100																																																																																							(4) 
Matrigel-coated invasion assay in E2-induced 
cell invasion condition  

The BD Matrigel matrix was diluted with 
phenol red-free DMEM media to prepare the 
stock solution. Thirty µL of the Matrigel 
working solution was added to the upper 
surface of the invasion chamber, which was 
inserted in a 24-well plate. The KON cells were 
trypsinized by trypsin/EDTA and resuspended 
with the phenol red-free DMEM medium. Cells 
(at the density of 1,500 cells/well) were pipetted 
into the upper chamber of the invasion chamber 
(pore size: 8 μM; Corning, Cambridge, MA, 
USA) in the presence or absence of ECa 233 
(25, 50, 100, and 200 µg/mL) for 48 h. The 
lower chamber was filled with 500 µL phenol 
red-free DMEM medium + 5 µg/mL of E2 as a 
chemo-attractant. Invading cells that invaded 
the lower compartment of the invasion 
membrane were fixed with ice-cold methanol 
(AMRESCO, USA) for 15 min. The non-
invading cells were wiped off the upper surface 

of the invasion chamber with a cotton swab. 
Fixed cells were stained with 0.5% crystal 
violet for 30 min. The upper chambers were 
washed with 1× PBS for 3 times. The number 
of invading cells was captured with five random 
fields/wells using an inverted microscope at 
10× objective magnification (Olympus, Japan). 
The data were expressed as the percentage of 
cell invasion in the E2-induced cell invasion 
condition using the equation (5) Cell	invasion	(%)= Number	of	cells	invaded	in	treated	cellsNumber	of	cells	invaded	in	untreated	cells× 100																																																																																					(5) 
Transepithelial electrical resistance 
measurements 

transepithelial electrical resistance (TEER) 
values are a quantitative determinant of the 
barrier integrity, which is responsible for the 
cellular uptake of ECa 233 of a monolayer cell. 
KON cells (10,000 cells/well) were cultured in 
a 6-well plate for 24 h. Cells were treated with 
ECa 233 which was present in DMEM medium 
at 25, 50, 100, and 200 µg/mL for 24 h. A 
Millicell® ERS-2 Voltohmmeter (Merck 
KGaA, Darmstadt, Germany) was used to 
determine the TEER values, which were 
presented as the average of ohm from three 
independent experiments.  
 
Multi-cellular spheroid formation assay 

KON cells at a density of 10,000 cells/well 
were seeded in a 96-well round bottom plate 
supplemented with DMEM containing 10% 
FBS, 1% L-glutamine, and 1% 
penicillin/streptomycin for 4 days. The KON 
oral cancer spheroids were tested to evaluate 
their sensitivity to 25, 50, 100, and 200 µg/mL 
of ECa 233 for 24 h. To determine the cell 
viability of KON cells, the spheroid formations 
were incubated with 10 µL of PrestoBlue™ 
reagent for 15 min. After the incubation period, 
the fluorescence intensity of resorufin was 
monitored with a fluorescence microplate 
reader (FLUOstar Omega, Germany) at                   
570 nm. The percentage of cell viability was 
obtained from the comparative fluorescence 
intensity of treated cells to non-treated cells. 
Spheroid formations were photographed with 
an inverted fluorescent microscope (ECLIPSR 
Ts2, Nikon, Tokyo, Japan) at 40× objective 
magnification. 
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Toxicity assessment 
To assess the acute toxicity and sub-chronic 

toxicity of ECa 233 on the cell viability of 
normal cells, MRC-5 normal fibroblast cells 
were cultured in a 96-well plate at a density of 
10,000 cells/well in DMEM media. The cells 
were exposed to ECa 233 at 0.78125, 1.5625, 
3.125, 6.25, 12.5, 25, 50, and 100 µg/mL for 8, 
22, and 30 h. Cell viability was determined 
using the MTT cell viability assay. The 
absorbance values were determined by a 
microplate reader (FLUOstar Omega, 
Germany) at 570 nm. The percentage of cell 
viability was evaluated and a graph was plotted 
for cell viability using GraphPad Prism 
software Ver. 8.0 (San Diego, California). 
 
In silico pharmacokinetic properties of 
madecassoside and asiaticoside prediction 

The pharmacokinetic properties (absorption, 
distribution, metabolism, excretion) of 
madecassoside and asiaticoside were estimated 
by using the pkCSM web server to illustrate the 
% of human intestinal absorption and the 
steady-state volume of distribution of 
madecassoside and asiaticoside was predicted. 
The cytochrome P-450 (CYP) enzyme 
inhibition (CYP2D6, CYP3A4, CYP1A2, 
CYP2C19, CYP2C9, CYP2D6, and CYP3A4) 
was used to predict the metabolism of 
madecassoside and asiaticoside. Excretion after 
administration was predicted based on total 
clearance and renal organic cationic transporter 
2 (OCT2) substrate. 
 
Statistical analysis 

Data were collected from at least three 
separate experiments and presented as mean ± 
SEM values. Graphs were generated using 
GraphPad Prism software Ver. 8.0 (San Diego, 
California). Statistical analysis was conducted 
using one-way ANOVA followed by Tukey’s 
Honestly Significant Difference (HSD) post-
hoc test from three independent experiments. 

Statistical significance was found at a P-value 
less than 0.05.  
 

RESULTS 
 
Effects of ECa 233 on the inhibition of KON 
oral cancer cell proliferation  

As seen in Fig. 1A-D and Table 1, after KON 
cells were incubated with ECa 233 for 24, 48, 
72, and 96 h, the percentages of cell viability of 
KON cells decreased in a concentration- and 
time-dependent manner. The high 
concentration of ECa 233 at 50 and 100 µg/mL 
significantly reduced the percentage of cell 
viability in 48, 72, and 96 h. Remarkably, the 
standardized extract of ECa 233 possesses 
specific cytotoxicity towards oral cancer cells. 
Based on the results, ECa 233 further 
demonstrated the characterization and pattern 
of cell death in the KON cells. Corresponding 
with the MTT colorimetric results, the optimal 
concentrations of ECa 233 obtained for further 
use based on the IC50 value concentration of the 
KON cells in the study are 25, 50, 100, and 200 
µg/mL. 
 
Effects of ECa 233 on morphological changes 
and apoptotic cell death in KON oral cancer 
cells 

As seen in Fig. 2A, the effects of ECa 233 on 
the morphological alteration and pattern of cell 
death were identified by bright-field 
microscope and DAPI and FDA double 
staining. To characterize the programmed cell 
death in the ECa 233-induced nuclear 
condensation, disorganized intracellular 
compositions, loss of adhesion and integrity, 
and formation of apoptotic bodies at 25, 50, 
100, and 200 μg/mL were associated with 
apoptosis. Treatment with ECa 233 at 25 and 50 
μg/mL for 24 h did not markedly produce 
observed KON cell death. However, the high 
concentrations of ECa 233 at 100 and 200 
µg/mL triggered cell death (Fig. 2B)  

 
Table 1. Inhibitory concentrations (IC) values of ECa 233 at 25, 50, and 75% on KON cells after treatment for 24, 48, 
72, and 96 h. The data are expressed as mean ± SEM, (n = 3). 

Time (h) IC25 (µg/mL) IC50 (µg/mL) IC75 (µg/mL) 

24 < 1.000 45.08 ± 18.85 82.11 ± 20.85 
48 < 1.000 23.73 ± 7.647 51.67 ± 5.897 
72 < 1.000 18.82 ± 9.427 48.19 ± 7.142 
96 < 1.000 14.72 ± 7.784 38.13 ± 14.99 
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Fig. 1. Effects of ECa 233 on cell viability of KON cells. Cells were treated with ECa at 233 0.78125 - 100 µg/mL for 
(A) 24, (B) 48, (C) 72, and (D) 96 h. The percentage of cell viability was determined by the MTT colorimetric assay. 
Graphs were plotted to present the (E) % of the cell viability and (F) % of inhibition. Data are expressed as mean ± SEM 
from three independent experiments. *P < 0.05, **P < 0.01, and ***P < 0.001 represent significant differences compared 
with the control group. ECa 233, Extract of Centella asiatica. 
 
Determination of cell death and cells 
undergoing apoptosis after treating KON cells 
with ECa 233 

As shown in Fig. 3, to confirm the anticancer 
activity of the ECa 233-induced apoptosis 
phenomenon in the KON cells, Hoechst 33258 
and AO were selected as double-staining 
fluorescent dyes to explore the apoptotic 
events. The stained cells were observed using 
an inverted fluorescent microscope. The KON 
cells treated with 25 and 50 µg/mL increased in 

terms of the number of cell deaths as compared 
to the respective control cells. The nuclei of 
untreated cells were found to be normal in both 
size and cell structure and shape, while the 
KON cells treated with 100 and 200 µg/mL 
presented the dead cells, apoptotic cells, and 
alteration of the normal cell structure of KON 
cells, such as fragmentation of nuclei and 
nucleus condensation. These results suggest 
that ECa 233 has the potential to trigger KON 
cell death and apoptosis.	  
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Fig. 2. (A and B) The effects of ECa 233 on the morphological changes and apoptotic cell death of KON cells. Cells were 
treated with 25, 50, 100, and 200 µg/mL of ECa 233 for 24 h. The KON cells were observed for the pattern of cell death 
by an inverted microscope (40×). Cytomorphological changes were investigated using an inverted fluorescent microscope 
(40×). The data are expressed as mean ± SEM, n = 3. *P < 0.05, **P < 0.01, and ***P < 0.001 represent significant 
differences compared with the control group. White arrows and red arrows denote normal and apoptotic nuclei, 
respectively. ECa 233, Extract of Centella asiatica. 
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Fig. 3. The effects of ECa 233 in triggering apoptotic events in KON cells. The cells were treated with ECa 233 at 25, 50, 
100, and 200 µg/mL for 24 h. The KON cells were characterized as apoptotic cells using an inverted microscope (40×). 
Cells were fixed with 4% paraformaldehyde for 15 min and permeabilized with 0.2% Triton®-X-100, then stained with 
Hoechst 33258 and 5 µL of AO for 30 min in a dark room. Apoptosis of the KON cells was investigated using an inverted 
fluorescent microscope (40x). White arrows and red arrows denote normal and apoptotic nuclei, respectively. AO, 
Acridine orange; ECa 233, extract of Centella asiatica. 

 
Induction of cell apoptosis after treatment 
with ECa 233 in KON oral cancer cells by 
annexin V-FITC staining 

To detect KON cells during the initiation of 
apoptosis after induction with 25, 50, 100, and 
200 µg/mL of ECa 233, as illustrated in Fig. 4A 
and B, in non-fixed cells, the KON cells were 
detected as having the number of cell apoptosis 
that was greater in 100, 50, and 25 µg/mL, 
respectively, compared with the control. In the 
fixed cells, annexin V-FITC could penetrate 
whole cells, presenting at 200 µg/mL of ECa 
233, actual induction of the loss of cell 
membrane, cell integrity, and disruption of the 
normal cell structure. These findings indicate 

that ECa 233 induced the KON oral cancer cells 
to undergo apoptosis. 
 
Effects of ECa 233 on ROS generation in 
KON cells  

To elucidate whether ROS generation is 
responsible for ECa 233-induced cell death and 
may function as a mechanism that mediates cells 
undergoing apoptosis, as shown in Fig. 5A and B, 
the results demonstrated that ECa 233 potently 
increased the ROS production in KON cells 
compared to the control group. Therefore, the 
ROS generation inside the KON cells treated with 
ECa 233 may be one possible underlying 
mechanism to explain the related cell death.	
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Fig. 4. (A and B) The effects of ECa 233 on the induction of apoptosis of KON cells after treatment with ECa 233. Cells 
were treated with ECa 233 at 25, 50, 100, and 200 µg/mL for 20 h. KON cells were observed for the pattern of cell death 
by a bright field microscope (40×) and annexin V-FITC fluorescent color staining. Fixed cells and non-fixed cells on 
sterile coverslips were stained with annexin V-FITC and cell apoptosis was determined by a fluorescent microscope at 
10× and 40× objective magnification. The results were presented as relative to cell apoptosis, n = 3. The data are expressed 
as mean ± SEM, n = 3. *P < 0.05 represents the significant difference in comparison with the control group. ECa 233, 
Extract of Centella asiatica. 
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Fig. 5. Determination of the ROS generation in ECa 233-treated KON cells The data are expressed as relative to ROS 
generation and presented as mean ± SEM, n = 3. **P < 0.01 and ***P < 0.001 represent the significant differences in 
comparison with the control group. ECa 233, Extract of Centella asiatica; ROS, reactive oxygen species.  
 
Determination of cell death in KON cells by 
flow cytometry analysis  

PI staining and flow cytometry were utilized 
to determine the cell death in the KON cells 
treated with ECa 233. PI staining was used to 
investigate the aberrant alteration of the nucleus 
by binding the DNA inside the KON cells. As 
depicted in Fig. 6A and B, the results 
demonstrated that ECa 233-induced cell death 
occurred in a concentration-dependent manner 
after being treated with 25, 50, 100, and                   
200 µg/mL of ECa 233 for 24 h. 
  
Cell cycle analysis by flow cytometry  

Cell cycle arrest is one of the important 
mechanisms of anticancer agents that facilitates 
their inhibitory proliferation rate. Therefore, the 
effect of ECa 233 on the cell cycle progression 
of KON cells was examined in the present 
study. As shown in Fig. 7A and B, the results 
demonstrate that the number of KON cells 
increased in the sub-G phase of the cell cycle at 
25 µg/mL of ECa 233, possibly inducing sub-G 
arrest, which prevents KON cells from entering 
the subsequent phases of the cell cycle. The 
proportions of KON cells in the sub-G phase 
significantly increased at the concentrations of 
50 and 100 µg/mL. However, the high 
concentration of ECa 233 at 200 µg/mL 

induced cell death and decreased the 
progression of KON cells to cell cycle division. 
  
Inhibitory effect of ECa 233 on the migratory 
capacity of KON oral cancer cells 

Assessment of the migratory ability of KON 
cells after treatment with ECa 233 at 25, 50, 100, 
and 200 µg/mL was done by the wound scratch 
assay, monitored at time 0, 18, 24, and 48 h. The 
% of open wound areas at time 0 h after 
generating the wound were 77.62 ± 0.8225, 80.32 
± 1.443, 75.91 ± 1.675, 73.55 ± 0.171, and 73.48 
± 1.392, respectively. As shown in Fig. 8A and B, 
in the control group, the cells sustained migratory 
capacity in migration to the center of the straight 
line of the open wound after 24 and 48 h 
treatment, in contrast, the KON cells treated with 
ECa 233 at 25, 50, 100, and 200 µg/mL showed 
significantly reduced cell migration after 
treatment for 18, 24, and 48 h. The % of open 
wound areas at time 18 h were 67.1 ± 0.477, 70.21 
± 0.4853, 71.68 ± 0.5467, 71.65 ± 0.1597, and 
71.79 ± 0.7606, respectively. The % of open 
wound areas at time 24 h were 66.03 ± 0.9951, 
72.13 ± 0.607, 71.78 ± 0.8222, 70.2 ± 0.1604, and 
70.89 ± 1.777, respectively. The % of open 
wound areas at time 48 h were 66.81 ± 2.552, 
69.47 ± 1.497, 71.22 ± 1.105, 73.05 ± 0.3555, and 
71.59 ± 0.4402, respectively. These results 
demonstrated that ECa 233 could modulate the 
migration ability of KON cells.	
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Fig. 6. (A and B) Estimation of KON cell death after treatment with ECa 233 at 25, 50, 100, and 200 µg/mL using 
propidium iodide staining and flow cytometry. Data are presented as mean ± SEM, n = 3. ***P < 0.001 represents the 
significant difference in comparison with the control group. ECa 233, Extract of Centella asiatica. 

 
Anti-habitual effects of ECa 233 on colony-
forming and metastatic behavior of KON oral 
cancer cells 

To further evaluate the anticancer potential 
of ECa 233 on KON cells, a colony formation 
assay was carried out. Typically, cancer cells 

have a propensity to grow and spread in 
colonies in contact with neighboring cells, 
thereby losing the interconnection with the 
adjacent cells, which results in the departure of 
the cancer cells. As demonstrated in                    
Fig. 9A and B, the results reveal that the 
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percentages of colony formation in ECa                    
233-treated cells remarkably decreased in 
comparison with the control group. Critical 
events in cancer progression comprise 
migration and invasion, especially the invasion, 
which is the principal step in the metastasis 
cascade, when cancer cells require the ability to 
move, degradation of surrounding tissue, and 
extracellular matrix penetration into the 
circulatory and lymphatic systems, thereby 
reaching other parts of the body. In this regard, 

the metastatic drivers of cancer cells are 
constitutively interesting targets for cancer 
therapy. Transwell migration and Matrigel 
invasion assays were carried out, and the 
percentages of cells decreased significantly in 
all treated groups compared with the control 
group (Fig. 9A and C). The percentages                   
of cell invasion were also reduced after 
treatment with the different concentrations                  
of ECa 233 compared with the control group 
(Fig. 9A and D).  

 

 

 
 
Fig. 7. (A and B) Flow cytometry analysis of cell cycle arrest in KON cells treated with ECa 233 for 24 h. The data from 
the representative flow cytometry histogram, for the cell cycle phase (% in Sub G, G1, S, and G2-M phases) were 
presented as mean ± SEM, n = 3. ECa 233, Extract of Centella asiatica. 
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Fig. 8. The 100% confluent monolayer of KON cells was used to generate a straight line by scratching with a 200 µL 
pipette tip. The KON cells were incubated with DMEM supplemented with 5% FBS containing ECa 233 at 25, 50, 100, 
and 200 µg/mL for 18, 24, and 48 h. Cells were captured with a bright field microscope at 4× objective magnification. 
The results were expressed as % of wound closure (n = 3). **P < 0.01 and *** P < 0.001 indicate significant differences 
from the control at time 18 h; #P < 0.05 and ##P < 0.01 versus the control at time 24 h, and +P < 0.05, significantly 
different from the control at time 48 h. ECa 233, Extract of Centella asiatica; DMEM, Dulbecco’s modified eagle’s 
medium; FBS, fetal bovine serum. 
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Fig. 9. (A-D) Effects of ECa 233 on colony formation, cell migration, and cell invasion in KON cells. The KON cells 
were treated with ECa 233 (25, 50, 100, and 200 µg/mL) for 24 h and then washed with 1× PBS and further cultured in a 
12-well plate for 7 days. For the migrative and invasive experiments, the KON cells were re-suspended within the serum-
free medium before being seeded in the upper chamber of the system with the fixed concentrations of ECa 233 (25, 50, 
100, and 200 µg/mL) for 48 h. The lower system was filled with DMEM media supplemented with 10% FBS acting as a 
chemo-attractant. Migrated and invaded cells were fixed with ice-cold methanol and stained with crystal violet. The KON 
cells were photographed using an inverted microscope at 10× magnification. The results were presented as a percentage 
of colony formation, cell migration, and cell invasion. Data are expressed as mean ± SEM, n = 3. **P < 0.01 and                       
***P < 0.001 indicate the significant differences in comparison with the control group. ECa 233, Extract of Centella 
asiatica; DMEM, Dulbecco’s modified eagle’s medium; FBS, fetal bovine serum. 
 
Effects of ECa 233 on cell migration and 
invasion of KON oral cancer cells in E2-
induced condition 

To investigate the anticancer potential of 
ECa 233 on cell migration and invasion of KON 
cells in an E2-induced condition, E2 was used as 
a chemo-attractant agent as well as for 
mimicking an E2 surge in the body. In the 
control group, E2 was able to induce cell 
migration and invasion from the upper surface 
to the lower chamber of the system. As shown 

in Fig. 10A and B, in the presence of ECa 233 
at 25, 50, 100, and 200 µg/mL, the percentages 
of cell migration in the E2-induced condition 
quite decreased compared to the control group. 
Moreover, ECa 233 treatment significantly 
reduced the percentages of cell invasion in the 
E2-induced condition in comparison with the 
control group (Fig. 10A and C). These results 
demonstrated that ECa 233 can modulate 
migration and invasion capacity in E2-induced 
conditions. 	  
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Fig. 10. (A-C) Effects of ECa 233 on cell migration and cell invasion of KON cells in E2-induced condition. For the 
migrative and invasive experiments in the E2-induced condition, the KON cells were re-suspended with phenol red-free 
DMEM medium before being added into the upper chamber of the system in the fixed concentrations of ECa 233 (25, 50, 
100, and 200 µg/mL) for 48 h. The lower system was filled with 500 µL phenol red-free DMEM media + 5 µg/mL of E2 
acting as a chemo-attractant. Migrated and invaded cells were fixed with ice-cold methanol and stained with crystal violet. 
The KON cells were captured using an inverted microscope at 10× magnification. The results were presented                       
as a percentage of cell migration and cell invasion in the E2-induced condition. Data are expressed as mean ± SEM,                       
n = 3. *P < 0.05, **P < 0.01, and ***P < 0.001 indicate the significant differences in comparison with the control group. 
ECa 233, Extract of Centella asiatica; DMEM, Dulbecco’s modified eagle’s medium; FBS, fetal bovine serum; E2,                       
beta-estradiol. 

 
Determination of TEER values and 
multicellular cancer spheroids formation after 
induction of KON cells with ECa 233 

The effects of ECa 233 on the TEER values 
of the KON cells were also investigated                    
after induction with ECa 233 for 24 h. As seen 
in Fig. 11A and B, treatment with ECa 233 
significantly increased the TEER values 
compared with the control group. These results 
indicated that ECa 233 may change the cell 
permeability and alter the integrity of                     
cellular barriers, resulting in ECa 233 moving 
inside the KON cells. The in vitro multicellular 
cancer spheroids have long been considered a 

good model in experiments for determining                  
the anticancer activity and reflecting the                   
in vivo tumor behavior and growth.                   
The KON oral cancer spheroids were tested to 
determine the responses to 25, 50, 100, and                   
200 µg/mL of ECa 233 for 24 h. Treatment   
with different concentrations of ECa 
remarkably minimized the % KON oral                  
cancer spheroids cell viability after 
examination using the PrestoBlue™ method 
Fig. 11A and C. These results suggest that ECa 
233 can modulate aggressive cancer behavior               
in KON cells by minimizing the                   
proliferative capacity.	  
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Fig. 11. (A) Effects of ECa 233 on TEER values in KON cells. (B) To quantify the TEER value as an indicator of the 
integrity of the cell barrier and evaluate the transport of ECa 233 to KON cells, the KON cells were seeded in a 6-well 
plate for 24 h in a 5% CO2 incubator. After induction of the KON cells with ECa 233 for 24 h, the cell monolayers were 
measured for TEER values with a Millicell® ERS-2 voltohmmeter. The KON cells were cultured in a 96-well round 
bottom plate to allow replication to multi-cellular spheroids for 4 days. (C) The KON oral multi-cellular spheroids were 
tested for the response to 25, 50, 100 and 200 µg/mL of ECa 233 for 24 h. The PrestoBlue assay was used to determine 
the % cell viability. The plates were read for fluorescence intensity of resorufin with a fluorescence microplate reader at 
570 nm. Data are expressed as mean ± SEM, n = 3. ***P < 0.001 Indicates significant differences in comparison with the 
control group. ECa 233, Extract of Centella asiatica; TEER, transepithelial electrical resistance. 

 
The safety profile of ECa 233 on the cell 
viability of MRC-5 normal fibroblast cells 

To investigate the harmful effects of ECa 
233 on the cell viability of MRC-5 normal 
fibroblast cells after treatment with ECa 233 at 
0.78125, 1.5625, 3.125, 6.25, 12.5, 25, 50, and 
100 µg/mL for 8, 22, and 30 h, the viability of 
normal cells was monitored using the MTT 
colorimetric assay. As seen in Fig. 12A and B, 
after incubation with ECa 233 for 8 h, the 
percentage of cell viability in MRC-5 cells was 
approximately 90-100%, and there were 
minimal effects on the cell growth. However, 
after incubation with ECa 233 for 22 and 30 h 
(Fig. 12A, C, and D), the percentages of cell 
viability of the MRC-5 cells decreased after 
exposure to the high concentration of ECa 233. 
Notably, there were no observed morphological 
changes in the MRC-5 normal fibroblast. These 

results suggest that the specific toxicity of ECa 
233 to KON oral cancer cells, however non-
toxic to normal cells. These data indicate the 
safety profile of ECa 233 for normal cells and 
thus, it has the potential to be beneficial for use 
in drug development.  
 
Pharmacokinetics profiles of madecassoside 
and asiaticoside prediction 

The pharmacokinetic properties of the plant 
extracts were investigated to predict the toxicity 
and significant pharmacological effects after 
administration. The pharmacokinetic profiles 
(absorption, distribution, metabolism, excretion, 
and toxicity; ADMET) of madecassoside were 
carried out using in silico analysis (pkCSM 
program) as shown in Table 2. The in-silico 
estimation of ADMET properties demonstrated 
that human intestinal absorption of 
madecassoside is 23.756%. 	  
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Fig. 12. Effect of ECa 233 on cell viability of MRC-5 normal fibroblast cells. (A) MRC-5 cells were treated with ECa 
233 at 0.78125, 1.5625, 3.125, 6.25, 12.5, 25, 50, and 100 µg/mL for (B) 8 h, (C) 22 h, and (D) 30 h. The percentages of 
cell viability were determined by the MTT colorimetric assay. Data are expressed as mean ± SEM, n = 3. *P < 0.05 and 
***P < 0.001 indicate significant differences in comparison with the control group. ECa 233, Extract of Centella asiatica. 

 
 

Table 2. Pharmacokinetic profile of madecassoside predicted using in silico analysis (pkCSM program). 

Pharmacokinetic properties Model name Predicted value 

Absorption Intestinal absorption (human) 23.756 (% absorbed) 

Distribution 
VDss (human) 
BBB permeability 

-0.546 (log L/kg) 
-1.975 (log BB) 

Metabolism 

CYP2D6 substrate 
CYP3A4 substrate 
CYP1A2 inhibitor 
CYP2C19 inhibitor 
CYP2C9 inhibitor 
CYP2D6 inhibitor 
CYP3A4 inhibitor 

No 
No 
No 
No 
No 
No 
No 

Excretion 
Total clearance 
Renal OCT2 substrate 

0.233 (log mL/min/kg) 
No 

VDss, Volume of distribution at steady state; BBB, blood-brain barrier; CYP, cytochrome P-450; OCT2, organic cationic transporter 2. 

 
The steady-state volume of distribution                   

of madecassoside was -0.546 (log L/kg).                       
The blood-brain barrier permeability                            
was -1.975 (log BB). Madecassoside                  
revealed no effect on most CYP enzymes in 
hepatocytes, which suggests that it will not 
affect the metabolism of other drugs. The 
excretion (total clearance) of madecassoside 
was 0.233 (log mL/min/kg).  

The pharmacokinetic profiles (ADME) of 
asiaticoside were determined using in silico 
analysis (pkCSM program), as shown in               
Table 3. The in-silico evaluation of ADMET 
properties demonstrated that human  intestinal 
absorption of asiaticoside is 29.201%. The 
steady-state volume of distribution of 
asiaticoside was -0.578 (log L/kg).  The blood 
brain barrier permeability was -1.884 (log BB). 	
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Table 3. Pharmacokinetic profile of asiaticoside predicted using in silico analysis (pkCSM program) 

Pharmacokinetic properties Model name Predicted value 

Absorption Intestinal absorption (human) 29.201 (% Absorbed) 

Distribution 
VDss (human) 
BBB permeability 

-0.578 (log L/kg) 
-1.884 (log BB) 

Metabolism 

CYP2D6 substrate 
CYP3A4 substrate 
CYP1A2 inhibitor 
CYP2C19 inhibitor 
CYP2C9 inhibitor 
CYP2D6 inhibitor 
CYP3A4 inhibitor 

No 
No 
No 
No 
No 
No 
No 

Excretion 
Total clearance 
Renal OCT2 substrate 

0.227 (log mL/min/kg) 
No 

VDss, Volume of distribution at steady state; BBB, blood-brain barrier; CYP, cytochrome P-450; OCT2, organic cationic transporter 2. 

 
Asiaticoside revealed no effect on most of 

the CYP enzymes in the hepatocytes. The 
excretion (total clearance) of asiaticoside was 
0.227 (log mL/min/kg). OCT2 is predominantly 
a transporter located in the proximal tubule 
epithelial cells and plays a role in the 
disposition and clearance of cationic                  
substrates that are positively charged at the 
physiological pH level, which may affect the 
uptake of several pharmaceutical products. 
Madecassoside and asiaticoside are not to be 
used as an OCT2 substrate, as they do not 
exhibit drug-drug interactions that reduce the 
renal clearance of OCT2 substrates. 
  

DISCUSSION 
 

Oral cancer is the most common general type 
of cancer that occurs as a significant clinical 
burden worldwide. Delayed diagnosis is a 
problem affecting the 5-year survival rates of 
patients; however, the survival rate is 80-90% if 
the disease is detected early (30,31). Strikingly, 
about 50% of OSCCs are ongoingly being 
identified at an advanced cancer stage, with 
enlarged tumor size (i.e. T3/T4), and 47% also 
harbor an N+ status. About one-half of oral 
cancers are diagnosed at the advanced stage 
(32,33). The search for a promising new active 
compound that can be found in traditional 
plants has thus been of interest. Natural 
compounds seem to be an appropriate option 
for the prevention and treatment of cancer,              
due to their exhibited cytotoxic and 
chemoprevention effect on tumor cells, which 
mainly act through induction of apoptosis 

(34,35). Centella asiatica is a local plant in 
Thailand that exhibits a wide range of 
beneficial biological properties, including 
wound healing, anti-inflammation, and 
neuroprotective effects (36,37). ECa 233 is a 
standardized extract of Centella asiatica and is 
of interest for clinical trial studies because its 
pharmacokinetic profile has the potential for 
investment in the clinical research and 
manufacturing levels (38). However, the 
potential of ECa 233 toward inhibition of KON 
cells has not been elucidated. In this study, the 
anticancer effects of ECa 233 on KON cells, a 
well-known type of oral cancer cells, were 
investigated. Our results demonstrated that ECa 
233 has selectiveness in inhibiting the growth 
of KON cells in the microgram doses. The 
sensitivity of KON cells to ECa 233 is 
concentration- and time-dependent after being 
treated with ECa 233 for 24, 48, 72, and 96 h, 
whereas ECa 233 did not significantly affect the 
cell viability of MRC-5 cells (Fig. 12). The 
different sensitivity to ECa 233 between KON 
cells and MRC-5 cells suggests the specificity 
of ECa 233 on abnormal cells. This is in 
agreement with our previous reports that 
demonstrated the cytotoxicity of ECa 233 in 
SW-620 colorectal cancer cells (39). These 
results prove its potential value for anticancer 
drug development.  

Apoptosis is the sequential process of cell 
death, which provides maintenance of the 
homeostatic balance and plays a pivotal role in 
the elimination of non-essential cells by the 
phagocytosis mechanism. The aberrancy in the 
apoptosis-controlling mechanism can lead to 
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the progression of cancer and autoimmune 
diseases (40,41). Novel alternative medicinal 
plants and chemical constituents derived from 
natural products are required to overcome 
dysfunction and dysregulated apoptosis 
cascades, increase therapeutic efficacy, and 
decrease cancer recurrence. The induction of 
apoptosis in cancer is one way to resolve the 
uncontrolled proliferative cells. In this study, 
treatment of KON cells with ECa 233 induced 
apoptosis with characteristics featuring nuclear 
blebbing and condensation, as well as loss of 
cell organization. The morphology of KON 
cells treated with high concentrations of ECa 
233 was aberrantly altered from spindle-like to 
spherical shapes and was also made to lose their 
attachment to the culture plate. The rates of 
apoptotic cells increased in the KON cells 
treated with the high concentrations of ECa 
233, suggesting apoptotic cell death. These 
results indicate that ECa 233 inhibits the growth 
of KON cells by inducing cell apoptosis. The 
possible mechanism involved in cell death and 
apoptosis was thus elucidated. The results 
demonstrated that ECa 233 acts as an inducer in 
generating ROS production in KON cells when 
compared with the control cells. ROS 
generation after induction of KON cells with 
ECa 233 is responsible as a mechanism 
associated with cell apoptosis and cell death. 
Cell division is controlled by regulatory 
proteins in the cell cycle process. Uncontrolled 
cell division and proliferation is a major feature 
of cancer. The mechanism of events is 
associated with the mutation of cell cycle 
regulatory genes and proteins, which are 
responsible for the checkpoint control of cell 
cycles (42,43). Natural compounds acting as 
cell cycle arrest agents can disrupt cell cycle 
progression (44). Hence, the effect of ECa 233 
on cell cycle progression was also explored. In 
the present study, we found that treatment of 
KON cells with ECa 233 resulted in cell cycle 
arrest in the G0/G1 phase, suggesting that the 
chemical constituents of ECa 233 mediated this 
activity. The KON cells in the G1, S, and G2-
M phases after exposure to the high 
concentrations of ECa 233 were dramatically 
decreased. It is possible that ECa 233 could 
modulate cell cycle regulators’ expression, 
which had a predominant role in controlling the 

cell cycle and induced cells to undergo 
apoptosis as well as exit from the cell cycle. 
Moreover, the molecular mechanism to 
modulate cell cycle progression was thoroughly 
investigated to describe its action. 

The colony formation assay is a gold 
standard in vitro experiment tool based on the 
ability of a single cell to proliferate and grow 
into a large colony that determines cell 
reproductivity after treatment with                   
ECa 233 (45-47). The results demonstrated that 
ECa 233 significantly repressed the ability of 
KON cells to proliferate into large colonies and 
suggest that ECa 233 effectively inhibited KON 
cells from producing a viable colony after 
treatment for 24 h, regardless of one 
mechanism, as long as the ECa 233 affects the 
cells’ reproductive ability to form progenies. 
Cancer migration and invasion are constitutive 
components of metastatic disease, which is the 
crucial cause of mortality/lethality in cancer 
patients. The primary step of the metastatic 
cascade is invasion, which allows cancer cells 
to penetrate the surrounding tissue and 
basement membrane and to migrate through the 
extracellular matrix into the surrounding tissue, 
a process that is promoted by tumor 
microenvironments (48,49). The present data 
demonstrated that ECa 233 significantly 
reduced the migratory ability of KON cells and 
promoted wound healing in a concentration-
dependent manner. The present study did not 
identify the mechanisms underlying the anti-
migratory effects of ECa 233, which need to be 
further investigated to describe their action.                   
The ability of cell migration and invasion                   
was checked in the KON cells after                   
ECa 233 exposure through the transwell 
migration/Matrigel invasion assay. The results 
of the present study indicate that migrative                  
and invasive capacity was limited by                   
ECa 233 in a concentration-reliant manner, 
suggesting that ECa 233 has the potential to 
abrogate the movement and invasion behavior 
of KON cells. These results support the                   
use of ECa 233 as an anti-migratory and anti-
invasive agent as well as for the development          
of a suitable formulation to target inside                 
cancer cells and provide an appropriate 
pharmaceutical product applicable for oral 
cancer patients. 
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Previous studies also revealed that 
asiaticoside, one component of ECa 233, 
inhibited the cell growth of the drug-resistant 
myeloma cell line KM3/BTZ and inhibited 
migratory and invasive properties by 
modulation of the STAT-3 signaling pathway, 
indicating its potential (50). In another study, it 
was shown that asiaticoside inhibited the 
ionizing radiation-induced migration and 
invasion of A549 human lung cancer cells at 
noncytotoxic concentrations, leading to 
reduced local recurrence or distant metastasis 
beneficial radiotherapy in patients with non-
small-cell lung cancer (51). Other previous 
research demonstrated that ERα expression is a 
prognostic marker and therapeutic target and 
indicated that a rare expression of ERα in a 
large patient cohort study was associated with a 
dramatic decrease in overall survival in male 
patients (52). Another study revealed the              
ER-mediated signaling pivotal role in oral 
cancer progression by supporting the 
proliferation, invasion, and chemoresistance of 
OSCC cells, preferring its dominance for 
designing drug treatment to eliminate the 
signaling (53). Regarding the results in the               
E2-induced cell migration and invasion 
condition, ECa 233 could modulate the effects 
of E2-induced migratory and invasion drivers in 
KON cells in a dose-dependent fashion. It may 
be possible that the expression of ERs inside 
KON cells acts as a new receptor for dissecting 
the E2 signaling pathways. Therefore, E2 may 
act as a growth factor or crucial factor in the 
induced cell migration and invasion capacity of 
KON cells. It may represent the ERs inside the 
KON cells, which is a supportive hallmark of 
cancer cells, and may be applied as a new 
therapeutic targeting to dissect the residue of E2 
signaling pathways that induce cell 
proliferation. However, the representative of 
the ERs inside KON cells should be further 
studied to describe the detailed mechanism 
underlying E2-induced cell growth. In addition, 
ECa 233 can penetrate inside the KON cells by 
affecting the cell structure and cell stability. 
Multicellular tumor spheroids are three-
dimensional structures composed of the 
aggregation of KON cells in a round bottom         
96-well plate, mimicking the in vivo 
architecture of natural organs and tissues 

(54,55). Any natural active constituent that 
provides the inhibition of spheroid formation 
would be a prospect for an anti-tumor drug. 
This is the reason for investigating anti-
spheroid formation. The results demonstrated 
that ECa 233 effectively repressed the size of 
the multicellular spheroids of KON cells after 
being treated with ECa 233 for 24 h and that 
ECa 233 may modulate the large formation of 
KON cells, which leads to decreasing 
colonization. It is possible that ECa 233 blocks 
the cell-cell/cell-matrix interactions and 
function of spheroids. ECa 233 also showed 
good ADMET properties. However, the 
absorption value of madecassoside and 
asiaticoside is less than 30%. Therefore, a new 
formulation to modify the absorption value or 
engineered drug delivery system to improve the 
poor solubility issue is a particularly urgent 
need as well as successfully controlled drug 
release and higher oral bioavailability delivery. 
Furthermore, advanced technology needs to be 
developed for the successful delivery of drugs 
to the target sites in oral cancer cells. Previous 
studies provided pharmacokinetic and 
metabolomic data of an orally modified 
formulation of standardized Centella asiatica 
extract in healthy volunteers, which showed 
that the major component compounds, 
madecassoside and asiaticoside, are poorly 
absorbed, and instead underwent the 
biotransformation into active metabolites with 
minimal renal excretion. The active metabolites 
of madecassoside and asiaticoside are highly 
lipophilic molecules and are possibly 
eliminated through the hepatobiliary                   
system and then mostly excreted through                   
the fecal route (56). ECa 233 is a plant-                
derived compound that has tremendous 
pharmacological applications. Further studies 
are required to evaluate and confirm the 
pharmacological effects and application of ECa 
233 both in vitro and in vivo experiments.  

 
CONCLUSIONS 

 
In summary, ECa 233 provided 

antiproliferative effects against KON cells by 
inducing the apoptosis associated with ROS 
generation and acting as a G0/G1 cell cycle 
arrest agent. ECa 233 modulated the habitual 
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hallmarks of KON cells by affecting the 
migratory/invasive ability as well as the 
stability and cell structure of the KON cells. 
Thus, the pharmacokinetics of ECa 233 are of 
interest and offer solid groundwork for further 
investigation in the future. Moreover, ECa 233 
may be considered an excellent source of highly 
effective phytochemicals for oral cancer 
therapy. 
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