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 Abstract: Quercetin and daidzin are flavonoid and flavonoid glycoside type compounds 
that have been found in many plants and nutraceuticals. This study aims to examine the 
in vitro cytotoxic and selectivity properties of quercetin and daidzin on breast and cervical 
cancers and to study their molecular interaction and stability on epidermal growth factor 
receptor tyrosine kinase (EGFR-TK) by applying molecular docking and molecular 
dynamics (MD) simulations. In vitro anticancer activity was performed by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method on breast cancer 
cell (T47D), cervical cancer cells (HeLa), and Vero normal cells, while molecular docking 
and MD simulation were done by using AutoDock Vina and Amber18 package software, 
respectively. Quercetin and daidzin showed potent cytotoxic and high selectivity on both 
cell lines. Daidzin was found to has a higher IC50 and selectivity index than quercetin. 
Docking and MD results showed that both compounds prefer to interact with epidermal 
growth factor receptor tyrosine kinase (EGFR-TK). Daidzin showed better interaction 
than quercetin with a docking score of -9.6 kcal/mol. Also, daidzin was found more stable 
than quercetin with low RMSD and RMSF values. 
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■ INTRODUCTION 

In recent times, computational applications for 
predicting the molecular interactions on the biological 
system are broadly used to study molecular recognition or 
design more potent bioactive compounds. Molecular 
docking and molecular dynamics are two kinds of recent 
computational methods that can provide molecular 
interactions between receptor proteins and drugs and 
how they stabilize the interaction. These methods focused 
on protein–drugs (ligands) complexes to study how the 
drugs bind to the protein receptor, which is very 
important for discovering or developing new bioactive 
compounds in fighting against diseases. Besides, the 
methods for identification of protein-ligand interaction 
fingerprints that featuring how strong the interaction has 
developed as well [1-2]. 

In terms of cancer diseases, many molecular 
mechanisms of cell proliferation inhibition have been 
reported so far. The advanced technique of molecular 

assay on cancer research has led to the increasing 
knowledge of the molecular basis of carcinogenesis that 
opens the possibility of discovering a more selective 
chemopreventive agent, mostly from the natural 
product. Attention has been focused on natural 
substances capable of inhibiting carcinogenesis via the 
apoptosis mechanism [3]. 

Quercetin and daidzin (Fig. 1) are two natural 
anticancer compounds that have been given much 
attention at this time. Quercetin is a flavonoid found 
mainly in various vegetables and fruits, such as capers, 
lovage, dill, cilantro, and onions. It was reported to 
suppress the HeLa cells by blocking the 
phosphatidylinositol 3-kinase (PI3K)-Akt/PKB (protein 
kinase B) pathway. Quercetin also induces apoptosis by 
activation of intrinsic apoptotic pathway associated with 
upregulation of Bax, Bad, Bid, caspase-9, -3, 
downregulation of Bcl-2; Bcl-xL, and cytochrome c 
release and inhibit NF-κB, PKC-δ, ERK1/2 along with  
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Fig 1. Quercetin (1) and daidzin (2) 
 
AMPK activation and downregulation of uPA/uPAR, 
MMP-9, and -2 for cell inhibition of migration and 
invasion [4-7]. Meanwhile, daidzin, an ingredient of soy 
isoflavones, is a glycoside form of daidzin flavonoid. It has 
also been reported to possess anticancer activity in early 
prostate cancer development stages and reduce 
postmenopausal breast cancer risk. It can inhibit 
telomerase activity by hydrogen bonding with the base of 
G-quadruplex as well [8-10]. 

To obtain more insight into the selectivity and 
stability properties of the anticancer mechanism of 
quercetin and daidzin, in this present study, they were in 
vitro tested on breast and cervical cancers along with the 
normal cells and in silico molecular docking, and 
molecular dynamics on epidermal growth factor receptor 
tyrosine kinase (EGFR-TK) were also performed. EGFR-
TK has been known as a target for flavonoids and 
flavonoid glycoside on their activity in inhibiting cancer 
cell proliferation and transformation [11]. This study is 
the first report regarding the molecular docking and MD 
simulations of quercetin and daidzin on EGFR-TK. 

■ EXPERIMENTAL SECTION 

Materials 

Quercetin and daidzin were purchased from Sigma 
Aldrich. RPMI-1640, Streptomycin, Penicillin, Fetal 
Bovine Serum (FBS), Dimethylsulphoxide (DMSO), and 
MTT were purchased from Merck. 

Human ductal breast epithelial tumor cell line 
(T47D), human cervical cancer cell line (HeLa), and green 
African monkey renal epithelial cell (Vero) were obtained 
from Laboratory of Parasitology, Faculty of Medicine, 
Universitas Gadjah Mada. Cells were maintained in 
RPMI-1640 medium supplemented with 100 μg/mL 

streptomycin, 100 units/mL penicillin, and 10% fetal 
bovine serum (FBS) in 5% CO2 atmosphere at 37 °C. 

Procedure 

Cytotoxicity test 
Cytotoxic activity was applied to the Human ductal 

breast epithelial tumor cell line (T47D), human cervical 
cancer cell line (HeLa), and green African monkey renal 
epithelial cell (Vero) cell lines by the MTT method as 
described in our previous study [12]. The stock samples 
were briefly diluted with RPMI-1640 medium to desired 
concentrations of 25, 12.5, 6.25, 3.125, 1.5625, 0.7812, 
and 0.3906 μg/mL. The final concentration of 
dimethylsulphoxide (DMSO) in each sample was 1% 
v/v. The cancer cells were batch cultured for 10 days, 
then seeded in 96 well plates of 1 × 104 cells/well in fresh 
complete growth medium in 96-well microtiter plastic 
plates at 37 °C for 24 h under 5% CO2 using a water-
jacketed carbon dioxide incubator (CelCulture, Esco 
Medical ApS, Denmark). The medium (without serum) 
was added, and cells were incubated either alone 
(negative control) or with different sample 
concentrations. After 48 h of incubation, cells were 
added with 10 μL/well of MTT (5 mg/mL) and incubated 
for 4 h in an incubator at 37 °C in a 5% CO2 humidified 
atmosphere. The reaction was stopped by 100 μL 
dimethylsulfoxide (DMSO). The plate was then 
incubated for 15 min. Each well's absorbance was read at 
550 nm wavelength in Elisa Reader (Infinite M200 pro 
NanoQuant, Tecan, Switzerland), using wells without 
cells as blanks. All experiments were performed in 
triplicate. The effect of compounds on the proliferation 
of cancer cells was expressed as the % cytoviability, using 
the following formula: 
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Absorbance of  treated cells% Cytoviability 100%
Absorbance of  controll cells

= ×  

The IC50 calculation was done statistically by probit 
analysis using SPSS 17.0 (SPSS Inc., Chicago IL, USA), in 
which the series of dose-response data and the percentage 
of cytoviability were plotted together. 

Molecular docking 
Molecular docking was performed using AutoDock 

Vina [13]. EGFR-TK protein target was obtained from the 
Brookhaven Protein Data Bank (www.rscb.org) with the 
code 1M17. BIOVIA Discovery Studio 2017 was used to 
separate water, native ligand, and other non-standard 
residues and visualizes the docking result [14]. AutoDock 
Tools (ADT) was used to optimize and prepare the 
required files to be docked. The grid spacing of 0.375 Å 
and the grid points in X, Y, and Z-axis were set at 42 × 40 
× 40 points. The grid center coordinates were placed at X: 
21.697, Y: 0.303, and Z: 52.093. ChemDraw (ACDLabs, 
Netherland) was used to build quercetin and daidzin 
chemical structures and converted to the 3D structure 
after optimization using the MM2 method. Docking 
methods and parameters were validated by redocking the 
co-crystallized ligands erlotinib into the protein structure. 
The root-mean-square deviation (RMSD) value was 
calculated using the rms_cur module in PyMol [15]. The 
default settings of each software were used if no further 
explanation. Docking was performed on Linux operating 
system with Intel(R) Core™2 Duo CPU T5800 @ 2 GHz as 
a processor and 1.93 GB of RAM. 

Molecular dynamics 
Molecular dynamics (MD) simulation was carried 

out for quercetin and daidzin on EGFR-TK employing the 
AMBER18 package [16]. Leap module was used to 
prepare each complex using the ff99SB force field for 
protein and GAFF force field and AM1-BCC for ligands 
[17-19]. Counterions were added to the neutralized 
complex. Each complex was placed inside a truncated 
octahedron TIP3P water model with a 12 Å distance 
between the complex and the box's edge. Each complex 
underwent two-step minimization. In the first step, 
minimization was performed for water and ions while 
protein-ligand was restrained with a 500 kcal mol–1 Å–2 
and to heat the system ligand-protein in 300 K. Next, only 

backbone atoms of the protein were restrained with a 
force constant of 500 kcal mol–1 Å–2. 

Further, following the minimization step, each 
complex underwent a heating step for 120 ps with 1000 
steps minimization, and backbone atoms of protein were 
restrained with a force constant of 500 kcal/mol Å–2. The 
system was then equilibrated at 300 K, and the density 
was 1 g/mL for 60.000 steps each with a 2 fs time step 
giving simulation lengths of 120 ps. The production MD 
simulation was performed for 8 ns in the NPT ensemble 
without any restraint employing PMEMD (Particle 
Mesh Ewald Molecular Dynamics). The Cuda module 
under a periodic boundary condition with a non-
bonding cutoff distance of 12.0 Å. The SHAKE 
algorithm was used to constrain all bonds involving 
hydrogen atoms with a 2 fs integration time step [20]. 
The particle-mesh Ewald algorithm method was used to 
treat long-range electrostatic interactions of a periodic 
box with a non-bonding cutoff distance of 12.0 Å [21]. 
The Langevin thermostat was used to control the 
Langevin thermostat with a collision rate of 1.0 ps–1. The 
coordinate files were saved every 1 ps. The Root Mean 
Square Deviation (RMSD) and Root Mean Square 
Fluctuation (RMSF) were analyzed with the CPPTRAJ 
module of AMBER18 [22], while visualization and 
hydrogen bond occupancy in the protein-ligand system 
was conducted using the Visual Molecular Dynamics 
(VMD) software [23]. 

■ RESULTS AND DISCUSSION 

In Vitro Cytotoxicity 

Cytotoxic activity of quercetin and daidzin was 
tested on the breast (T47D) and cervical (HeLa) cancer 
cell lines. It was found that daidzin has more potent 
cytotoxic activity than quercetin on T47D and HeLa cell 
lines with the IC50 of 0.04 and 0.54 μg/mL, respectively. 
Moreover, daidzin did not toxic on Vero cell lines 
(normal cells) at the concentration of 100 μg/mL. 
Meanwhile, quercetin showed IC50 of 41.57 μg/mL on 
Vero cell lines. Therefore, the selectivity index can be 
calculated by the formula; IC50 of a compound on Vero 
cells/IC50 of a compound on cancer cells. Selectivity 
index > 3 can be categorized as having high selectivity [24].  
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Table 1. Cytotoxic activity of quercetin and daidzin against cancer cell lines 
Compounds IC50 (μg/mL) Selectivity Index (SI) 

T47D HeLa Vero T47D HeLa 
Quercetin 9.58 ± 2.34 3.66 ± 0.84 41.57 ± 26.33 4.34 11.36 
Daidzin 0.04 ± 0.04 0.54 ± 0.07 > 100 (NT) S S 

NT: No Toxicity at 100 μg/mL, S: Selective (High selectivity index, SI > 3.0) 
 
Based on this, daidzin can be considered to have high 
selectivity. Meanwhile, quercetin showed to be more 
selective on the HeLa cell than the T47D cell (Table 1). 

The different anticancer activity and selectivity 
properties of quercetin and daidzin might be caused by 
glucose unit presence, forming a glycosidic bond with the 
daidzin hydroxyl group [25]. Daidzin was reported as a 
potent tyrosinase inhibitor based on the glycoside 
moieties, and mostly the glycoside form of flavonoids was 
absorbed in the small intestine [26-27]. 

Molecular Docking and Molecular Dynamics 

Molecular docking and molecular dynamics of both 
compounds were performed on epidermal growth factor 
receptor tyrosine kinase (EGFR-TK) responsible for 
breast and cervical cancer cell proliferation. EGFR (also 
known as Erb-B1 or HER-1) is a tyrosine kinase receptor 
that able to activate different signaling cascades involved 
in the pathogenesis of carcinomas, such as 
phosphatidylinositol 3-kinase (PI3K)/Akt and mitogen-
activated protein kinase (MAPK) [28]. Docking protocol 
was validated by redocking native ligand erlotinib to 
EGFR-TK receptors (PDB Id: 1M17). It can be seen from 
Table 2, that native ligand erlotinib has an RMSD value < 
2 Å, which means the protocol used has prospectively 
validated [29-30]. It is interesting to note that daidzin 
showed good interaction on the EGFR-TK receptor target 
that might be responsible for the high cytotoxicity on 
cancer cells. Daidzin has lower docking energy on 
epidermal growth factor receptor – tyrosine kinase 
(EGFR-TK) proteins than quercetin, indicating a higher 
binding affinity of daidzin compared to quercetin. 

Quercetin was found to interact with the catalytic 
residue of MET769 by hydrogen bonding and showed 
hydrophobic interaction with several amino acids of LEU 
820, LEU694, ALA719, VAL702, and LYS721 in the 
hydrophobic   pocket  of   EGFR-TK  protein.   Meanwhile,  

Table 2. Docking score of quercetin and daidzin on 
EGFR-TK receptor target 

Compounds 
Docking Energy 

(Kcal/mol) 
RMSD 

(Å) 
Quercetin -9.0 - 
Daidzin -9.6 - 
Native Ligand Erlotinib -7.1 1.912 

daidzin did not show that kind of interactions where the 
hydrogen bonding was found only between the glycoside 
group and amino acid residues of ALA719, LYS721, 
LEU764, THR830, and ASP831 located on the EGFR 
phosphate-binding region along with the sugar pocket. 
Besides, the aglycone part of daidzin also showed 
hydrophobic interaction with amino acids of LEU820, 
VAL702, and LEU694 (Fig. 2). 

Further study was carried out by employing 
molecular dynamics (MD) simulation to investigate the 
stability of the interaction between quercetin and 
daidzin on the EGFR-TK binding pocket. Based on 
quercetin and daidzin are well-known natural 
compounds with anticancer activity, the MD simulation 
was done for 8 ns [31-33]. Root mean square deviation 
(RMSD) value was used to monitor interaction stability 
(Fig. 3). It can be seen that quercetin, daidzin, and native 
ligand erlotinib maintained stable interaction on the 
EGFR-TK binding pocket with an overall RMSD value 
lower than 3 Å. However, quercetin (blue) was found to 
have a high RMSD value (> 3 Å) at the end of the 
simulation, indicating less stability of quercetin than 
daidzin and native ligand erlotinib during 8 ns of 
simulation time. 

Further evaluation of the fluctuation of amino acid 
residues of EGFR-TK during the dynamics run can be 
seen on the root mean square fluctuation (RMSF) graph 
(Fig. 4). A similar pattern of amino acid fluctuation was 
seen  in  the  whole   region  of  EGFR-TK,   indicating  a  
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Fig 2. Molecular interaction between quercetin (a), and daidzin (b) on active site of EGFR-TK (pdb code 1M17) 

 
Fig 3. RMSD value of ligands on EGFR-TK during 8 ns MD calculated for quercetin (blue), Daidzin (green), and native 
ligand erlotinib (red) 
 
similar pattern of binding interaction of native ligand 
erlotinib, quercetin, and daidzin. However, quercetin was 
found to have a higher RMSF value than daidzin and 
native ligand erlotinib, indicating that quercetin more 
fluctuated during 8 ns MD simulation, affording the less 
stable interaction. Hydrogen bond interactions of docked 
conformations of quercetin and daidzin were not 
observed after 8 ns MD simulation, indicating that the 

most stable interaction was caused by van der Waals and 
hydrophobic type interactions. 

From this study, molecular docking and molecular 
dynamics of quercetin and daidzin showed that 
epidermal growth factor receptors tyrosine kinase 
(EGFR-TK) was the potential target of the compounds, 
and this target was well-marked to have a contribution 
to the development and malignancy of breast cancer and  
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Fig 4. RMSF plotting during 8 ns MD simulation for quercetin (blue), daidzin (green), and native ligand erlotinib (red) 
 
cervical cancers [34-35]. Daidzin is suggested to be a 
chemical scaffold for the development of epidermal 
growth factor receptors tyrosine kinase (EGFR-TK) 
protein inhibitor based on the high cytotoxicity, 
selectivity, and stability properties. 

■ CONCLUSION 

In conclusion, daidzin is more cytotoxic and 
selective on T47D and HeLa cell lines than quercetin by 
in vitro assay. The presence of glucose units in daidzin 
might be responsible for this activity. The docking result 
showed that daidzin has lower energy than quercetin, 
attributed by glucose unit in daidzin that possessing the 
interaction by hydrogen bonding with the amino acid 
residues of ALA719, LYS721, LEU764, THR830, and 
ASP831. Molecular dynamics simulation exhibited that 
daidzin also has lower RMSD and RMSF values than 
quercetin, indicating more stability during interaction on 
EGFR-TK protein in 8 ns MD simulation. 
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