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Abstract
		
	 Continuous research and development to obtain novel anti-lung cancer agents is essential, 
considering the high prevalence and mortality of the disease. The biflavonoid compounds of 
Selaginella doederleinii showed significant anticancer activities. This study aims to determine 
the cytotoxic and cell migration inhibition properties of ethyl acetate extract of Selaginella 
doederleinii (EAESD) against HTB-183 cells through in silico and in vitro methods. This study 
started with extraction and then identified biflavonoids in EAESD by HPLC. In vitro analysis 
was conducted through MTT Assay to observe the cytotoxic properties of EAESD and Wound 
Scratch Healing Assay to observe its cell migration inhibitory properties. In silico studies to 
obtain the potential anti-lung cancer compounds and their protein targets were conducted 
through bioinformatics, combining PASS analysis, Swiss Target Prediction, and STITCH. The 
obtained compounds and protein targets were analyzed in Molecular Docking to evaluate the 
binding affinities. The result showed that EAESD contained biflavonoid compounds, exhibited 
cytotoxic activity with an IC50 value of 190 µg/ml, and inhibited the migration rate of HTB-183 
cells. Based on in silico analysis, the three biflavonoids with the highest potential of anti-
lung cancer activity along with their target protein are robustaflavone 7,4-dimethyl ether 
with EGFR, heveaflavone with ESR1, and 7,4',7'',4'''-tetra-O-methyl-amentoflavonewith TNF. 
All compounds can bind to each protein target with the docking score -9.2 kcal/mol, -9.5 
kcal/mol, and -6.5 kcal/mol, respectively. This study suggested preliminary data regarding 
the potential of Selaginella doederleinii to inhibit the proliferation and migration of the HTB-
183 cell line of lung cancer.

Keywords: Selaginella doederleinii, HTB-183, cytotoxicity, cell migration, in silico analysis.

INTRODUCTION

	 Data from the World Health                                                         
Organization (2022) states that lung cancer is the 
second highest prevalence cancer in the world, with 
2.21 million cases. Lung cancer is the cancer with 
the most increased mortality, with 1.80  million 
deaths. According to the International Agency for 

Research on Cancer (2020), lung cancer has the third 
highest prevalence in Indonesia, with 34,783 cases.
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	 Chemotherapy is the most                                          
widely used method in cancer treatment                                                                              
(Ramos, et al., 2021). However, it has many side                                                                                                                                       
effects, specifically drug resistance and                                        
toxicity. The failure of chemotherapy in 90% of 
cases occurs in the invasion and metastasis phase 
of cancer due to the drug  resistance of cancer cells                                                                                               
(Bukowski, et al., 2020). The development of                  
cancer therapy with natural ingredients needs to be                                                                                                                                 
considered     as  an  effort     to    avoid the systemic toxicity of                                                                                                                    
chemotherapy. In addition, the combination of           
natural  ingredients in chemotherapy is expected to 
broaden the therapeutic window and reduce drug 
resistance (Lin, et al., 2020).
	 Selaginella doederleinii is a beneficial 
plant in the Selaginellaceae family (Li, et al., 2020). 
Phytochemicals screening of the S.doederleinii 
plant showed high levels of bioflavonoids such 
as hinokiflavone, heveaflavone, amentoflavone,                                       
delicaflavone, 7,4′,7′’,4′’’-Tetra-O-methyl-amen-
toflavone, and others (Wang, et al., 2022).                                                      
Biflavonoids from Selaginella species are known 
for remarkable antineoplastic activities, such 
as preventing cancer growth, inhibiting the                                                                                  
metastasis process, and triggering apoptosis and 
autophagy properties of the cancer cells (Ren, et 
al., 2023). According to Xu, et al. (2022), the Ethyl 
acetate extract of S.doederleinii exhibited cytotoxic 
activity after 24 h of incubation towards A549 and 
PC9 lung cancer cell lines with IC50 92.88 μg/mL 
and 91.24 μg/mL, respectively. 
	 HTB-183 is a brand name from the 
NCI-H661 cell line, which included large cell             
carcinoma types in the epithelial tissue of the           
human lung. According to the American Cancer 
Society (2018), large cell carcinoma is a sub-type 
of Non-Small Cell Lung Carcinoma (NSCLC). This 
type of cancer can develop in any part of the lung 
with a rapid progression that leads to difficulties in 
treatment.
	 This study aims to determine the                                 
anticancer activity of ethyl acetate extract of                                                                     
Selaginella doederleinii (EAESD) against HTB-
183 lung cancer cells through in silico and in                    

vitro approaches. This study is expected to be a                                                    
reference source for further research and                                                                              
development of herbal plants in alternative and 
complementary medicine for anticancer therapy.

MATERIALS AND METHODS

Extraction
	 The S. doederleinii plants obtained were 
washed, dried, and then blended to form a powder. 
A total of 500 grams of powder dissolved using  
ethyl acetate solvent in a ratio of 1:10 was put into 
the macerator. The powder was soaked for five days 
and stirred to maximise the maceration process.    
Afterwards, re-maceration was done for two days. 
The result of the macerate was filtered, and the                                                                                           
procedure was repeated three times with the same 
solvent. The macerate was concentrated with a          
rotary evaporator set at 100 rpm and a temperature 
of 50⁰C followed by heating with a water bath at 
the same temperature to obtain dried ethyl acetate 
extract of S. doederleinii plant (Li, et al., 2020). 

HPLC Analysis
	 HPLC analysis was conducted by                                
following the method from Li, et al. (2020), in 
which an amount of 20 mg of extract was dissolved 
in 1 ml of ethyl acetate, then filtered through a 0.45 
µm membrane, and as much as 10 µL was injected 
into the HPLC. HPLC analysis was carried out with 
a UV detector system at 288 nm. The stationary 
phase used was the C18 column. The mobile phase 
was aqueous acetic acid (0.5% v/v) / eluent A and 
acetonitrile/eluent B. The elution gradient was as 
follows: 10% - 45% in 0-25 min, 45% -58% in 25-
45 min, 58%-95% eluent B in 45-46 min, and 100% 
in 45-51 min. Re-equilibration was performed for 
10 minutes, with a total running time of 51 minutes. 

In Vitro Analysis 
Cytotoxic Assay
	 Cell preparation was done by                                        
thawing inactive HTB-183 cells at 37⁰C. Cells were 
then centrifuged at 2500 rpm for 5 minutes; the                                                                                              
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supernatant was discarded and then                                                                                                  
re-suspended with the addition of 1 mL of media. 
The medium used for culturing HTB-183 cells is 
Dulbecco’s Modified Eagle’s Medium (DMEM), 
which is added with 10% Fetal Bovine Serum, 2%                                                               
penicillin-streptomycin, 0.5% amphotericin. 
The cells were incubated at 37⁰C with 5% CO2 
flow until the appropriate number of cells was                                           
obtained or confluent (Chen, 2022). Cells are then                                      
harvested and transferred into fresh media for                
sub-culturing. The sub-culture procedure was 
done by spreading the cells in 96-well plates at a                                                                                     
concentration of 10,000 cells/100 μL media for 
each well and incubating (Adam, et al., 2021).
	 After incubation, cells were treated 
with EAESD at 500, 250, 125, 65, and 32.5 ppm                                                                                   
concentrations and incubated for 24 h.                                                      
After treatment, MTT solution as a reagent 
was added to each well as much as 10 μl with a                 
concentration of 0.5 mg/mL (Adam, et al., 2021). 
Incubation was carried out at 37°C for 4 h. After 4 
h, the media with MTT was discarded and washed, 
and then 10% SDS stopper solution was added so 
that the formazan crystals dissolved. The plate was 
observed on an ELISA reader with a wavelength of 
595 nm (Kristiani, et al., 2021). The viability of the 
cells is then calculated with the formula below:

% Cell viability=(cell with treatment                    
absorbance -medium control absorbance)/
(cell control absorbance-medium control 

absorbance) x100%

Migration Cell Assay
	 The extracellular matrix is made by              
culturing a certain number of cells, which in this 
study was 7.5x104 cells. According to Martinotti 
(2020), 60-mm wide or multiwell plates such as 
6-, 12-, and 24-well plates are used. In this study, 
cells were grown in 24-well plates. Incubation 
was carried out for 24 h at 37°C and circulated 
with 5% CO2 (Pijuan, et al., 2019). Furthermore, 
scratches were made on the cell layer using a 200 

μl-pipette tip (Han, et al., 2023). Cells were then 
treated at concentrations of IC50, ½ IC50, and ¼ IC50.                
Migration speed was calculated using the formula 
according to Arnedo, et al. (2020):

Migration Rate (RM) =(Scratch width 
at initial time (Wi)-Scratch widht at                                                               
observation time (Wf))/(Duration of                                     
observation (t))  

In Silico Analysis 
Bioinformatics Analysis 
	 Prediction of Activity Spectra for                       
Substances (PASS) analysis was conducted on the 
website http://www.way2drug.com/PASSOnline/. 
The possible pharmacological activity of each                       
compound was obtained in the form of Probable                                                                                         
Activity (Pa) and Probable Inactivity (Pi) with 
a range of values between 0.000 and 1.000                   
(Chowdhury & Bhattacharjee, 2021). The                                      
compound selection was conducted with PASS to 
determine the compounds with the most potential 
among 11 biflavonoids obtained in HPLC analysis.
	 The Protein-Protein Interaction (PPI)           
Network was established for three compounds with 
the highest Pa value. The proteins with correlation 
to the phytochemicals in EAESD were obtained 
through the Swiss Target Prediction Method through 
the website http://www.swisstargetprediction.ch/, 
and “homo sapiens” was chosen as the species                                          
(Sivasakthi, et al., 2021). Proteins obtained 
were collected in one file. Following that, genes                                                                                 
regulating lung cancer were selected from PubMed 
with the keyword “Non-Small Cell Lung Cancer.” 
The examination continued by creating a Venn          
diagram between proteins correlating to each            
compound and proteins regulating NSCLC using 
the website http://www.interactivenn.net. Proteins 
that intersect on the diagram were arranged into 
the PPI networks through https://string-db.org, and 
the degree scores were obtained through Cytoscape 
version 3.8.2.
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Molecular Docking
	 The proteins with the highest degree score 
from PPI networks established in the previous 
method were used as molecular docking targets. 
The protein structures were searched on the site 
www.rcsb.org and downloaded in .pdb format. The                                                                                                        
proteins and ligand natives were prepared 
through the DS visualizer and Autodock Tools.                                                                    
Autodock Tools is also used to set the Gridbox 
from the  native ligand and protein linkage process,                                     
resulting in x,y, and z values, which are recorded for 
the docking process using Autodock Vina (Susanti, 
et al., 2018). Determination of the RMSD value was 
done by  filling in the Windows Command Prompt 
or CMD according to the code so that several                                                                                                  

conformations would appear. Each                                                            
conformation shows the value of RMSD. In this 
study, the conformations with RMSD value less 
than 2 Å were chosen for visualisation, which was 
done by using the Discovery Studio Visualizer               
application (Susanti, et al., 2018).

RESULTS

Extraction
	 From the extraction process, dark green 
ethyl acetate extract of S. doederleinii (EAESD) 
was obtained as much as 17.401 grams, or a                           
rendemen of 3.48%, from 500 grams of dried                                
powder before extraction.

Figure 1. EAESD chromatogram.

Figure 2. Chromatogram of S. Doederleinii according to Li, et al. (2020).
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High Performance Liquid Chromatography 
(HPLC)
	 The EAESD chromatogram results were 
obtained to be qualitatively analysed with the      
comparison of Rt compounds in the previous study 
by Li, et al. (2020), which was also a reference for 
the chromatographic system. 

	 The EAESD compound content was  
analysed using the same HPLC system as 
the previous study by Li, et al. (2020). The                                                                                                                  
chromatogram results obtained were then com-
pared with chromatograms from the same 
literature. In this study, 12 peaks were ob-
tained with retention times similar tothose    
in  previous research, as seen in   Table 1.

Compounds 

Retention Time 
of Literature (Li, 

et al., 2020) 
(Minutes) 

Retention 
Time of 
EAESD 

(Minutes) 
Amentoflavone 11-12 11.45 
Robustaflavone  13 - 
2,3-Dihydro-3,3-biapigenin  16-17 17.59 
3,3-Binaringenin  18-19  18.17 
Delicaflavone 22-23 22.50 
Unknown 23-24 23.94 
Hinokiflavone 24-25 24.35 
2,3- Dihydrohinokiflavone 26-27 26.70 
Chrysocauloflavone  27-28  27.47 
2,3- Dihydroisocryptomerin  31-32  31.32 
Robustaflavone 7,4-dimethyl ether 34  34.33 
Heveaflavone  40-41  40.62 
7,4’,7’’,4’’’-Tetra-O-methyl-amentoflavone 47  46.844 

Table 1. Retention time comparison of EAESD to the previous literature.

In Vitro Analysis 
Cytotoxic Assay
	 In MTT analysis, absorbance values 
from the ELISA reader on EAESD samples and                   
Carboplatin control were used to calculate cell                                                                                               
proliferation. The proliferation or                                                                      
viability values were then analysed using linear                                                                                                 
regression for their correlation with different sample                       

concentrations. From the linear regression equation                 
obtained, the IC50 value can be determined. In this 
study, the linear regression equation of EAESD was 
y=-0.1609x+80.58 and the IC50 value of 190 µg/
mL was obtained. Meanwhile, the linear regression 
equation of Carboplatin control is y=-0.1303x+ 
109.46, with an IC50 value of 456 µg/mL. 

Figure 4. Linear regression of cell viability with  
different carboplatin concentration.

Figure 3. Linear regression of cell viability with  
different EAESD concentration.
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Migration Cell Assay
Table 2. Result of migration rate and changes in scratch width during the observation.
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	 The result of the migration assay can 
be shown in the picture; the gap of the cell layer 
can be observed and measured occasionally. The 
EAESD sample showed some black dots at the 
cell layer, considering the fractions of EAESD 
that were undissolved in the growth medium 
due to different polarities. DMEM is a soluble                                                             
water compound. Meanwhile, EAESD consists of                                                                                                                      
compounds with different polarity                                                        
ranges. However, the undissolved  fractions are                                                                           
attached   to the   cell  layer and follow the 
cell movement; thus, the scratched  gap                                                                                                              
changes can be easily observed and measured. The 
gap changes are measured to determine the cell              
migration rate. The average migration rate at all               
observation times in the control cells was 2.326 

μm/h. In the treatment with EAESD, with the doses 
of IC50 190 μg/ml, ½ IC50 95 μg/ml, and ¼ IC50 47 μg/
ml, the average migration rates were 0.768 μg/ml, 
0.982 μg/ml, and 1.273 μg/ml respectively. In the                         
treatment with  Carboplatin doses of IC50 456 μg/
ml, ½ IC50 228 μg/ml, and ¼ IC50 114 μg/ml, the                                                                                            
average migration rates for the entire observation 
time were 0.278 μm/h, 0.515 μm/h, and 0.568 
μm/h. The smaller the migration rate, the greater the    
ability to inhibit cell migration from the treatment. 

In Silico Analysis 
Bioinformatics 
	 In PASS analysis, five compounds 
with probable activity as anti-lung cancer were                   
obtained, namely robustaflavone 7,4-dimethyl 

Compounds 
Anti-Lung Cancer Activity 

Probable Activity 
(Pa) 

Probable Inactivity 
(Pi) 

Robustaflavon 7,4-dimethyl eter (R7D4ME)  0 .427  0 .020 
Heveaflavone 0.416 0.021 
7,4',7'',4'''-tetra-O-methyl-amentoflavone 
(7474TOMA)  0.416 0.021 

Amentoflavon  0.390  0.024 
Hinokiflavone  0.377  0.027 

Table 3. Result of PASS of five compounds with anti-lung cancer activity.

ether, 7,4’,7’’,4’’’-tetra-O-methyl-amentoflavone, 
heveaflavone, amentoflavone, and hinokiflavone.
	 The three compounds with the highest                                                                                            
probable activity, such as Robustaflavon 7,4-di-
methyl ether (R7D4ME), Heveaflavone, and 

7,4’,7’’,4’’’-tetra-O-methyl-amentoflavone 
(7474TOMA) were selected to be analysed to            
obtain a PPI network. The PPI network obtained for 
each compound is shown in the tables below:

Proteins Degree
Score Visualisation

EGFR 46

ESR1 37

PTGS23 7

SRC3 5

MMP9 34

PPARG3 2

GSK3B3 0

PARP12 8

MMP2 28

KDR1 9

Table 4. Protein targets and PPI network of R7D4ME.
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Proteins Degree
Score Visualisation

ESR1 33

PTGS23 1

SRC3 1

MMP93 0

PARP12 5

MMP22 4

KDR2 3

MET2 3

GSK3B2 3

MCL1 23

Table 5. Protein targets and PPI network of heveaflavone.

Protein Degree
Score Visualisation

TNF3 9

NFKB13 5

BCL2 35

HSP90AA1 34

ESR1 34

CTNNB1 33

SRC3 2

MTOR 31

HSP90AB1 31

SIRT12 8

Table 6. Protein targets and PPI network of 7474TOMA.

Proteins with the highest degree score from each 
PPI network of the compounds were prepared for 
further analysis in Molecular Docking.

Molecular Docking
	 The visualisation, docking score, and RMSD 
value of each compound and its control towards 
the  Hubb  proteins are listed in the table  below:

Proteins  Compounds  R MSD Docking 
Score 

Conformation 

EGFR  R 74DME 1.174 -9.2  9  
Mobocertinib 

(Control) 1.845 -7.2  7 

ESR1  Heveaflavone  1.830  -9.5 2 
Elacestrant 
(Control) 

1.307 -5.9  6  

TNF 7474TOMA  1.668  - 6.5 8 
 Thalidomide 

(Control) 
0.808 -6.5  2 

Table 7. Result of molecular docking.
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Proteins Compounds 2D Visualizatio

EGFR

R74DME

Mobocertinib

ESR1

Heveaflavone

Elacestrant

TNF

7474TOMA

Thalidomide

Table 5. Result visualization of molecular docking.
n 3D Visualization
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	 The result of the molecular docking                      
visualization showed the chemical interactions                                                     
between the compounds and the amino acids from 
the targeted protein. The dark green color in the 
2D visualization result indicated conventional                                       
hydrogen bonds, the light green indicated                                                                                     
pi-donor hydrogen bonds or carbon-hydrogen 
bonds, the orange color indicated pi-anion or                            
pi-cation interaction, the purple color indicated                                
pi-sigma bonds, the dark pink indicated                                                                                                
pi-pit-shaped bonds, and the pink color                                        
indicated alkyl or pi-alkyl bonds. The amino acid 
where the interaction predicted to occur written in                                      
abbreviation of three letters which can be observed 
in the pictures.

DISCUSSION

	 Selaginella doerderleinii is known for its 
high content of bioflavonoids, which have shown 
anticancer and antitumor effects on various cancer 
cells in previous studies (Li, et al., 2017; Kang, et 
al., 2021; Muemba, et al., 2022). High Performace 
Liquid Chromatography was used in this research 
to evaluate the biflavonoids content of EAESD. 
The gradient mobile phase optimised the separa-
tion and decreased the analysis duration among the                                                                                                      
compounds with various polarity contained in 
EAESD Rehman & Qamar (2022).  The chroma-
tography system followed Li, et al. previous study 
(2020), and the chromatogram obtained was then 
compared to the same literature. Twelve peaks with 
a retention time similar to the biflavonoids shown in 
the literature were obtained. Thus, it can be assumed 
that EAESD consists of compounds such as Amento-
flavone, Robustaflavone, 2,3-Dihydro-3,3-biaπgen-
in, 3,3-Binaringenin; Delicaflavone, Hinokiflavone; 
2,3- Dihydrohinokiflavone, Chrysocauloflavone, 
2,3- Dihydroisocryptomerin, Robustaflavone 
7,4-dimethyl ether; Heveaflavone; 7,4’,7’’,4’’’-Tet-
ra-O-methyl-amentoflavone, and one unidenti-
fied compound. The phytochemical contents of 
EAESD observed in the HPLC result showed slight                                                                                                     

differences in retention times and peaks of 
compounds compared to the result of the                                                                                                                      
literature reference. The different habitats of S.
doederleinii samples are considered to be the                        
reason. The variation of phytochemicals from a plant                                                                                                        
species can be affected by environmental factors  
such as soil conditions, altitude, pH, light, etc                                                                                                           
(Bazargani, et al., 2020). Thus, the phytochemicals 
of the S. doederleinii plant can vary from one area 
to another.
	 Cytotoxicity activity of EAESD towards 
HTB-183 cell observed through MTT Assay. In 
this case, the IC50 value is used as a cytotoxicity                           
parameter, where this value is defined as the                       
concentration of the drug or sample that inhibits cell 
growth among 50% of the cultured population  (Ali, 
et al., 2021). This study obtained the IC50 value of 
190.055 µg/mL. In other words, at a 190.055 µg/mL                                                                                                                          
concentration, the EAESD can kill 50% 
of the HTB-183 cell population. Mean-
while, the IC50 value of Carboplatin as the                                                                                          
control was 456.331 µg/mL, showing that at that                                                                                             
concentration, Carboplatin can trigger the death of 
50% of the HTB-183 cell population. In this study, 
the cytotoxic activity of EAESD against HTB-183 
cells is significantly more potent than carboplatin 
based on the smaller IC50 value. Consequently, it 
is suggested that EAESD has the potential to be                
developed as a lung anticancer agent. 
	 The ability of the EAESD to                                                   
inhibit cell migration was further assessed                            
using the wound scratch healing assay method. The                                                             
observation of cell migration at the 3rd, 6th, and 
18th h showed that the concentration of the sample 
influenced the inhibition of cell migration. In the                                                                                                                                    
treatment with EAESD and Carboplatin, the  
ability to inhibit cell migration decreased as the                                                                                                                     
concentration decreased. The slower the                                                               
migration rate, the greater the ability of a                                                              
compound to inhibit cell migration. The cell                                                                                         
migration rate in both EAESD and  Carboplatin 
treatment is still lower compared to the control 
cells, as shown from the first observation at the 3rd h. 
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The average migration rate calculation showed that 
Carboplatin can inhibit cell migration better than 
EAESD. Nevertheless, EAESD still can inhibit cell 
migration compared to the control, although at a                                                                                               
minor concentration of ¼ of the IC50 value. 
Therefore, EAESD is considered to have still the                         
potential to inhibit migration in HTB-183 lung            
cancer cells.
	 The highest sample concentration is 
based on the IC50 value from the MTT Assay                                        
cytotoxic analysis, which represents the cell                   
proliferation value. High cell proliferation will                                                                                                       
increase the density of cultured cells so that cells will 
tend to move and migrate towards areas with lower 
density (Gallaher, et al., 2018). At concentrations 
of ½ and ¼ IC50, the ability of EAESD and Carbo-
platin to inhibit cell proliferation tends to decrease, 
so the rate of cell migration also drops. Cell migra-
tion patterns influenced by density also correlate 
with quorum sensing mechanisms. Quorum sensing 
is an intercellular communication mechanism that                                                                                             
coordinates gene expression, which then affects 
the collective behaviour of cells based on their                     
population density. This mechanism is caused by 
the ability of cells to perceive their population 
density along with other cells in an environment. 
Responses to changes in cell density are then                              
coordinated through changes in gene expression 
and signalling proteins (Antonioli, et al., 2019). 
The mechanism of cell migration inhibition and                                                                                         
cytotoxicity of EAESD and the proteins involved 
were predicted using in silico methods.
	 Previous in silico studies to analyse the 
activities of heveaflavone, R74DME, and 7474 
TOMA had been conducted. A study by Kumar, 
et al (2023), showed the ability of heveaflavone 
to bind with several proteins regulating NSCLC, 
such as AKT1, VEGFA, and GSK3B. Another 
study by Mohammed, et al (2022), showed the                                                                                                    
interaction of  R74DME to HSP90A, EGFR, and P53                                     
proteins. However, these studies did not compare the                                                                                                    
binding affinity value between                                                                                         
heveaflavone and control compounds, which 

had been scientifically proven to inhibit the                             
protein targets. Meanwhile, there is limited data                                   
regarding the ability of 7474TOMA to bind with                                                    
disease-regulating proteins. A study by Rajaei, et al 
(2023), did not show the the ability of 7474TOMA 
to bind to P-gp protein. This study evaluated the 
affinity of the compounds towards proteins that                                        
regulate NSCLC involving control compounds as 
the comparison. The bioinformatics as the initial 
study was conducted through PASS, Swiss Target 
Prediction, and STRING to obtain PPI networks. 
Hence, the hub proteins or proteins with the highest 
score in each PPI network can be determined as the 
molecular docking targets for each compound.
	 The in silico method began with the 
PASS (Prediction of Activity Spectra for                                               
Substances) method. Of the 11 compounds that                                                                               
detected in EAESD according to HPLC                                                           
analysis, five compounds with lung anticancer                                                                                                       
activity were amentoflavone (Pa: 0.390 and 
Pi: 0.024), hinokiflavone (Pa: 0.377, Pi: 
0.027), heveaflavone (Pa: 0.416, Pi: 0.021)                                                    
robustaflavone 7,4-dimethyl ether (Pa: 0.390, Pi: 
0.020), and 7,4’,7’,4’’-tetra-O-methyl-amentofla-
vone (Pa: 0.416, Pi: 0.021).). Pa stands for probable                           
activity, and Pi stands for Probable inactivity. All 
the  compounds obtained probable activity less than 
0.5; in that case, the probability of discovering new 
chemical compounds is high, yet the likelihood of 
getting pharmacological activities through in vitro 
assays is presumed low (Fakih, et al., 2021). Three 
compounds with the highest probable activity value, 
such as heveaflavone, R74DME, and 7474TOMA, 
were prepared for further in silico analysis. 
	 Protein-protein interaction networks were 
established among the proteins that regulate NSLC 
and can bind to the analysed compound. In this 
step, the degree score is also observed. The degree 
score of a protein is a number that describes the 
number of interactions associated with the protein.                             
Proteins with high degree score values are called 
hub proteins with the most significant connections 
and are assumed to play a crucial role in the network 
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between proteins in the PPI Network (Prava & Pan, 
2022). Hub proteins from each PPI network of the 
compounds were prepared for molecular docking. 
Those proteins are EGFR for R74DME, ESR1 for 
Heveaflavone, and TNF for 7474TOMA.
	 The obtained proteins are crucial in 
the progression of lung cancer.  EGFR, or                                                                                                                   
Epidermal Growth Factor, is a tyrosine kinase                                                                                                
inhibitor made of an extracellular domain, a                                                                                                 
transmembrane domain, and an intercellular                                                                                       
domain connected to activator and                                                                   
receiver kinase domains with C-terminal and                                                                                   
phosphorylated tyrosin tails (Tamirat, et al., 2019). 
The mutation in EGFR will affect the correlated                                           
signalling pathways such as RAS, KAK, PI3-K, 
MEK, mTOR, and STAT, further interrupting 
gene transcription that regulates the proliferation 
and  migration process (Hsu, et al., 2019). The                                                                                                   
mutation in this receptor mainly occurred in NSCLC 
patients with adenocarcinoma type and patients with 
Asian ethnicity (O’Leary, et al., 2020). The other                   
analysed protein is ESR1 or Estrogen Receptors 
Alfa, a nuclear hormone receptor known to regulate 
breast cancer (Grinshpun, et al., 2023). According 
to a  bioinformatics study by Gao, et al. (2019), this                                                                                                   
receptor significantly impacted NSCLC progression 
by affecting several NSCLC-related pathways, such 
as Wnt/β-Catenin, EGFR, and Notch. This study 
also analysed TNF, or Tumor Necrosis Factor, as a 
protein target. TNF is included in cytokine groups 
and ruled in many biological conditions, such as cell 
proliferation, inflammation, and immune  reactions. 
Inhibition of TNF receptors will affect other cellu-
lar pathways related to lung cancer prognosis, such 
as EGFR and NF-KB, which alter the transcription 
of survival genes (Gong, et al., 2021). 
	 Compounds and drugs approved                                    
according to previous studies to target the                                                                              
mentioned proteins, such as Mobocertinib,                                                 
Elacestrant, and Thalidomide, were used as the   
controls. Mobocertinib is a novel compound that 
exhibited inhibitory activity towards 14 of 15 
EGFR models that have been analysed (Gonzalves, 

et al., 2021). This study used Mobocertinib as 
the control compound of R74DME in Molecular                                                                                                           
Docking. Thus, the binding affinity of each                                                                                                                                          
compound towards EGFR can be                                                                   
compared. Meanwhile, Elacestrant, an 
FDA-approved drug that can inhibit ESR1                                                                                                         
(Varella & Cristofanilli, 2023), was used 
as the control compound for Heveaflavone.                                                    
Another  control compound is Thalidomide, famous 
for its teratogenicity effect but re-approved as an              
antiflamation agent with a significant ability to bind 
to TNF-α (Shivaleela, et al., 2021).
	 Molecular docking is performed to                           
examine the conformation and orientation (also 
known as the pose) of the ligand molecules                                                                                
towards the binding site of a targetted protein              
(Torres, et al., 2019). From the scoring function, 
the RMSD or Root Mean Square Deviation value is 
obtained to compare the accuracy of each docking                              
conformation. A good RMSD value describes 
the condition where the atoms of the ligands 
match each other, and the symmetric atoms are                                                                                                  
considered equivalent. An acceptable RMSD                    
value ranges from 2.0 to 3.0 Å (Ramirez and               
Caballero, 2018). From the overall docking                      
results of each compound against its hub protein,                                                                                                                          
conformations were obtained in the 
range of values below 2 Å so that these                                                                                
conformations can be used to determine the                            
docking score and visualisation of docking results.
	 The interaction between the                                               
compound and the protein can affect the docking 
score. The bond between a ligand and a receptor                                                      
governs the energy of the bond formed, especially                                                         
non-covalent interactions, which consist of                                                      
hydrogen bondings, hydrophobic, π-π,                                                                          
ionic, and van der Waals  interactions (Zhuang, 
et al., 2019).  In some studies, the number of                                                                                                         
hydrogen bonds positively correlates to the                
interaction stability among the compounds and the                                                                                                                 
protein target (Arthur, (2019); Arthur and                                                                             
Uzairu (2019); Lagares, et al., (2020)).                                                                                  
Hydrophobic and electrostatic interac-
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tions also showed a stronger bond between                                                                                                         
ligands and the receptor (Chaubah, et al., 2019).                                                                                                                     
Another crucial interaction is phi bonding                                        
interactions (Pi-alkyl, pi-stacked, and pi-                                                                             
sigma), which appear to support a compound’s 
high affinity  towards the  target (Arthur &                                                              
Uzairu,2019; Shen, 2021). The 3D and 2D  visualisa-
tion showed that all analysed compounds exhibited                                                                                                      
hydrogen, hydrophobic, electrostatic, and phi    
bonding interactions towards the proteins, which 
altered their binding affinity.
	 The docking score or binding                                                  
affinity is the binding energy value of a ligand to a                                           
receptor and is expressed in units of kcal/mol. This                                                                                 
binding energy value is the total                                                                                                   
intermolecular interactions between the ligand and 
the receptor after being linked, which can also be  
expressed in Gibs free energy bond (ΔGL).  Docking                                               
conformation with the lowest value represents the 
best result (Ortegon, et al., 2022). In this study, the                                                 
docking score of R74DME was -9.2 kcal/mol,                                                                                                          
lower than the control Mobocertinib with -7.2 
kcal/mol affinity towards the EGFR protein. A                               
similar result was obtained in the docking process of                                                                                                        
Heveaflavone towards ESR1, which was 
-9.5 kcal/mol and significantly higher than                                                              
the control Elacestrant -5.9 kcal/mol.                                                                              
Meanwhile, 7474TOMA showed the same score as                                                        
Thalidomide as the control toward TNF.                                                                          
According to this result, it can be presumed that all 
of the analysed compounds have the potential to 
bind to each protein target that regulates NSCLC.

CONCLUSION

	 According to the research which has been 
done, EAESD contains bioflavonoids according to 
HPLC analysis. In vitro analysis towards EAESD 
showed cytotoxic activity towards lung cancer 
HTB-183 cells with IC50 190.055 μg/mL. Cell                                                                                                          
migration inhibitory properties were also                                  
observed at concentrations of IC50 (190.055 μg/mL), 
½ IC50 (95.05 μg/mL), and ¼ IC50 (47.51 μg/mL). 

The data obtained  from  in silico   analysis   using                                                                                                                              
Bioinformatics suggested three compounds 
with the highest probable activity as anti-lung                                 
cancer compounds according to PASS such as  
robustaflavone 7,4-dimethyl ether (R74DME) 
Pa 0.427: Pi 0.20, Heveaflavone Pa 0.416: Pi 
0.021, and 7,4’,7’’,4’’’-tetra-O-methyl-amentofla-
vone (7474TOMA) Pa 0.416: Pi 0.021. The hub                                                                                      
proteins for each compound were also obtained, 
such as EGFR, ESR1, and TNF, respectively.                                                                                              
Interactions of the compounds towards each 
hub protein were evaluated using molecular                              
docking methods involving inhibitors of the                                                             
proteins as the controls. Mobocertinib was used 
as the control compound of EGFR, Elacestrant as 
the control compound of ESR1, and Thalidomide 
as the control compound of TNF. The docking 
score obtained for EGFR was -9.2 kcal/mol with                                                                                                        
R7D4ME and -7.2 kcal/mol with the control                    
Mobocertinib. The docking score of ESR1 was 
-9.5 kcal/mol with heveaflavone and -5.9 kcal/mol 
with the control Elacestrant. As for TNF, the score 
was -6.5 for both 7474TOMA and Thalidomide 
as the control compound. This study suggested a                                                                 
remarkable potential of EAESD as a                                                                                                         
proliferation and migration inhibitor agent towards 
HTB-183 lung cancer cells according to in silico 
and in vitro approaches. Further advanced in silico 
and in vitro research regarding this topic is needed 
to evaluate the toxicity of EAESD towards normal 
cells and the specific pharmacological mechanism 
of the anticancer properties.
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