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Abstract
Nowadays, cancer is one of the most fatal diseases in developed and developing countries. Therefore, it is an urgent need to find 
more effective anticancer drugs among the recent commercially available standard drugs. Xanthone derivatives have been 
researched as anticancer drugs due to their ease of synthesis and structure modification, as well as their excellent anticancer activity. 
In this work, the in vitro anticancer activity of hydroxyxanthones against the human liver carcinoma cell line (HepG2) was 
evaluated. Among the twenty-two hydroxyxanthones, 1,3,6,8-tetrahydroxyxanthone was found as the most active anticancer agent 
with an IC50 value of 9.18 μM, which was better than doxorubicin as the standard drug. From the molecular docking studies against 
topoisomeraseIIα and two c-KIT protein kinases, 1,3,6,8-tetrahydroxyxanthone yielded strong binding energy in a range of -25.48 
to -30.42 kJ/mol. The 1,3,6,8-tetrahydroxyxanthone could bind on the active site of these protein receptors through hydrogen bonds 
with key amino acid residues (Glu640, Cys673, Gln767, Met769, Asp810, and Asp831), as well as nitrogen bases (Adenine12 and 
Guanine13), thus leading to the death of HepG2 cancer cells through the apoptosis mechanism.      
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1. INTRODUCTION

According to the World Health Organization 

report, cancer is awarded as the deadliest disease. It 

was estimated that one in six deaths in the world is 

caused by cancer disease. In 2008, around 12.6 

million people were infected by cancer. This 

number kept the increase to 18.1 million in 2018 

and is estimated to reach 29.4 million in 2040 [1]. 

Among the cancer diseases, liver cancer ranked 

among the top three causes of cancer death in 46 

countries in 2020 due to its very high mortality rate. 

Rumgay et al. [2] reported that 905,700 people were 

diagnosed with liver cancer in 2020 and 830,200 

people died from liver cancer in the same year. It 

meant the mortality rate of liver cancer reached 

91.66%, which was a very serious issue. 

Additionally, they estimated that the number of 

liver cancer death cases could increase to more than 

1,286,810 if the recent death rate is not changed. 

Therefore, there is no reason to not giving a serious 

effort to decrease the number of liver cancer active 

cases and its mortality rate in the future. 

A number of standard anticancer drugs to cure 

and treat liver cancer have been commercially 

available nowadays. Among them, doxorubicin is 

one of the most used anticancer drugs [3]. However, 

doxorubicin resistance has been reported in this 

century, and doxorubicin has failed to give any 

clinical efficacy as a systemic treatment for human 

liver cancer cells [4]. Doxorubicin has an 

anthracycline structure that is able to interact with c

-KIT protein kinase (epidermal growth factor 

receptor (EGFR) and platelet-derived growth factor 

(PDGFR)) and topoisomeraseIIα (TopIIα) protein 

receptors. TopIIα catalyzes DNA replication and 

transcription of cancer cells [5]. When the 

doxorubicin interacts with the DNA strain of the 

TopIIα protein, the protein synthesis process in the 

cancer cells will be interrupted, thus, activating the 

p53 nuclear transcription factor and changing the 

ratio of pro- and anti-apoptotic Bcl-2 proteins. 

These phenomena lead to the apoptosis and death of 

cancer cells [6]. EGFR protein receptor plays an 

important role in cancer cell signaling pathways 

that control cancer cell survival, differentiation, and 

proliferation [7]-[9], while PDGFR protein 

regulates the cancer cell migration, survival, and 

proliferation [10]-[12]. When these protein 

receptors are inhibited, the cancer cells can not be 

spread out and multiplied, thus leading to the death 

of cancer cells. This mechanism is a useful insight 

for the design and development of new liver 
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anticancer drugs to replace the use of doxorubicin 

in the future. 

Hundreds of anticancer drugs have been 

designed and developed over the past several years 

[13][14]. Among them, xanthone derivatives show 

potential anticancer activity through in vitro, in 

vivo, and even clinical trials [15]. With a simple 

chemical structure, the xanthone derivative is able 

to bind with several protein receptors, thus 

exhibiting a wide spectrum of anticancer agents 

depending on the position, number, and type of 

attached functional groups. Natural xanthones, such 

as α-mangostin, schomburgone A, Garcinia 

xanthone, XD-1, morusignin I, cudraxanthone I, 8-

hydroxycudraxanthone G, and xanthone from 

Lisotrigona furva, have been isolated and examined 

against human liver carcinoma cell line (HepG2) 

with in vitro half-maximal inhibitory concentration 

(IC50) value of 242.58, 45.05, 3.25, 18.60, 70.38, 

9.63, 39.22, and 33.20 μM, respectively [16]-[19]. 

Their chemical structures are shown in Figure 1(a). 

However, the isolation of natural xanthones is 

laborious work as the isolation yield sometimes 

does not exceed 0.1% [20]. 

Hydroxyxanthone, a family of simple-

oxygenated xanthone, is the most investigated 

xanthone derivative as an anticancer agent due to its 

ease of synthesis, simple purification, moderate to 

high synthetic yield, and active to several cancer 

cell lines [15]. The presence of the hydroxyl group 

is also confirmed in the reported natural xanthones 

(Figure 1(a)). Furthermore, the structure of 

hydroxyxanthone has a similarity to the doxorubicin 

thus, the hydroxyxanthone may work in a similar 

mechanism to the doxorubicin (Figure 1(b)). 

Unfortunately, to the best of our knowledge, an 

evaluation of the number and position of hydroxyl 

groups of hydroxyxanthones with their anticancer 

activity against the HepG2 cancer cell line is rarely 

reported. Therefore, in this work, we summarized 

the anticancer activity of hydroxyxanthones from 

our previous work and other reported literatures and 

discussed the effect of the number and position of 

hydroxyl groups with their anticancer activity 

against HepG2 cancer cell line. Additionally, we 

conducted an in silico approach through molecular 

docking studies of the most active hydroxyxanthone 

against TopIIα and two c-KIT protein kinases, 

 

 

 
Figure 1. (a) The chemical structures of natural xanthones. (b) The structural similarity between doxorubi-

cin and hydroxyxanthone  
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named EGFR and PDGFR receptors, to elucidate its 

mechanism of action as the anticancer agent against 

HepG2 cancer cell line. 

 

2. MATERIALS AND METHODS 

 

2.1. Materials 

The chemical structure and anticancer activity 

of xanthone,  

1-hydroxyxanthone, 3-hydroxyxanthone, 1,3-

dihydroxyxanthone, 1,6-dihydroxyxanthone,  

3,6-dihydroxyxanthone, 1,3,6-trihydroxyxanthone, 

1,3,7-trihydroxyxanthone,  

1,3,8-trihydroxyxanthone, and 1,3,6,8-

tetrahydroxyxanthone have been reported in our 

previous work [15][21]-[27]. Meanwhile, the 

chemical structure and anticancer activity of the 

other hydroxyxanthones were obtained from the 

reported publications [28]-[31].  

The three-dimensional crystallography structure 

of TopIIα, EGFR, and PDGFR receptors together 

with their native ligands, i.e., mitoxantrone, 

erlotinib, and imatinib, was downloaded from 

Protein Data Bank (www.rcsb.org) with PDB ID of 

1M17, 1T46, and 4G0V, respectively. The used 

software for molecular docking studies, i.e., 

Chimera 1.13.1, Gaussian09W, AutoDockTools-

1.5.6, and Discovery Studio Visualizer 2019, were 

available in Austrian-Indonesia Center for 

Computational Chemistry, Department of 

Chemistry, Universitas Gadjah Mada, Indonesia. 

 

2.2. Methods 

 

2.2.1. Molecular docking of  hydroxyxanthones as 

anticancer agents 

The molecular docking of hydroxyxanthones as 

an anticancer agent was performed through four 

steps, i.e., preparation of protein receptor and native 

ligand, geometry optimization of hydroxyxanthone, 

re-docking of native ligand, and docking of 

hydroxyxanthone derivative. First, each protein 

receptor was separated from its native ligand using 

Chimera 1.13.1 software. The water molecules were 

 

 

 
Figure 2. (a) The retrosynthetic analysis and (b) the general synthesis of hydroxyxanthones  
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also removed, and then each protein receptor and 

native ligand was saved in pdb format. Second, the 

three-dimensional structure of hydroxyxanthone 

was built using Gaussian09W software. Then, the 

structure of hydroxyxanthone was optimized using 

a Density Functional Theory-B3LYP method with a 

basis set of 6,31G. The optimized structure was also 

saved in pdb format. Third, the re-docking process 

is conducted using AutoDockTools-1.5.6 software 

in a grid box with a dimension of 50×50×50 Å and 

spacing of 0.375 Å for 100 runs of Lamarckian 

Genetic Algorithm. The native ligand and protein 

receptor were fixed as flexible and rigid forms, 

respectively, during the re-docking process. The 

used parameters were valid when the root-mean-

square deviation (RMSD) was less than 2.00 Å 

[32]. When this condition was achieved, the re-

docking parameters were saved and used for the 

docking of hydroxyxanthone. Finally, the 

hydroxyxanthone was docked on the same position 

of the native ligand for each protein receptor with 

exactly the same parameters as the re-docking 

 

 

No R1 R2 R3 R4 R5 R6 R7 R8 IC50 (μM) 

1 H H H H H H H H 85.3 

2 OH H H H H H H H 43.2 

3 H H OH H H H H H 85.3 

4 OH H OH H H H H H 71.4 

5 OH H H H H OH H H 40.4 

6 OH H H H H H OH H 13.2 

7 H OH H H OH H H H 23.8 

8 H OH H H H OH H H 52.2 

9 H OH H H H H OH H >200 

10 H H OH OH H H H H 89.7 

11 H H OH H OH H H H 23.7 

12 H H OH H H OH H H 61.7 

13 OH H OH H OH H H H 15.8 

14 OH H OH H H OH H H 45.9 

15 OH H OH H H H OH H 33.8 

16 OH H OH H H H H OH 63.1 

17 H OH OH H H H OH H 63.3 

18 H H OH OH H OH H H 87.3 

19 H H OH OH H H OH H >200 

20 OH H OH H H OH OH H 23.7 

21 OH H OH H H OH H OH 9.18 

22 OH H OH OH OH OH H H 12.6 

23 Doxorubicin 46.9 

 

Table 1. Anticancer activity of hydroxyxanthones against HepG2 cancer cell line     
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process. The results of molecular docking studies, 

i.e., binding energy, binding constant, and RMSD 

values of hydroxyxanthone derivative for each 

protein receptor. The formed interactions between 

 

 

 
Figure 3. The chemical structure of potential hydroxyxanthones as the anticancer agent against HepG2 can-

cer cell line  

 
 



J. Multidiscip. Appl. Nat. Sci. 

6 

hydroxyxanthone derivative with amino acid and/or 

nitrogen base residue(s) on each active site of the 

protein receptor were visualized using Discovery 

Studio Visualizer 2019 software. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Summary of the anticancer activity of 

hydroxyxanthones 

Hydroxyxanthone is a subfamily of xanthone 

having a hydroxyl group(s) on its structure. It was 

reported that the hydroxyl group is critical for 

anticancer activity due to its ability to form 

hydrogen bonds with the active site of protein 

receptors inside the cancer cells [33]. In general, 

hydroxyxanthone could be obtained by a one-pot 

reaction between hydroxysalysilic acid and 

phenolic derivative, as suggested by the 

disconnection analysis on the C-C acylation and 

dehydration of ring-closure (Figure 2(a)). In the 

previous works, twenty-two hydroxyxanthones 

have been synthesized and obtained in 11.15–

87.50% yield [21]-[31]. The in vitro MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

brome) assay was used to measure the HepG2 

cancer cells’ viability and the data were calculated 

using probit analysis to obtain the IC50 value. A 

higher IC50 value means it requires a higher 

concentration of drug compound to cause the death 

of 50% of the cancer cells’ population. On the other 

way, a higher IC50 value means weaker anticancer 

activity [34]. The general structure and anticancer 

activity of hydroxyxanthones are shown in Table 1. 

From Table 1, hydroxyxanthones gave 

anticancer activity against the HepG2 cancer cell 

line depending on the number and position of the 

hydroxyl group. Xanthone with no hydroxyl 

substituent gave the IC50 value of 85.3 μM (Table 1 

list no. 1) and was further used as the control to 

discuss the effect of the hydroxyl group. The 

addition of a hydroxyl group on the xanthone 

structure on the 3-position did not influence its 

anticancer activity (IC50 = 85.3 μM, Table 1 list no. 

3). However, a hydroxyl group on the 1-position 

increased the anticancer activity of xanthone to 

have an IC50 value of 43.2 μM (Table 1 list no. 2). It 

 

 

 
Figure 4. Superimposed three-dimensional structure of native ligand: (a) mitoxantrone, (b) erlotinib, and 

(c) imatinib. Light-brown color represents the original position of the native ligand, while the light-blue 

color represents the position of the native ligand after the re-docking process  
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means that the hydroxyl group on 1-position is 

important on the anticancer activity of xanthone. 

Further addition of a hydroxyl group on the 1-

hydroxyxanthone yield 1,X-dihydroxyxanthone 

compounds (Table 1 list no. 4–6). Overall, the 1,X-

dihydroxyxanthones, i.e., 1,3-dihydroxyxanthone 

(IC50 = 71.4 μM), 1,6-dihydroxyxanthone (IC50 = 

40.4 μM) and 1,7-dihydroxyxanthone (IC50 = 13.2 

μM) gave stronger anticancer activity than xanthone 

with no hydroxyl substituent (IC50 = 85.3 μM). 

Compared to the anticancer activity of 1-

hydroxyxanthone (IC50 = 43.2 μM), the 1,X-

dihydroxyxanthones (IC50 = 13.2–71.4 μM) gave 

stronger anticancer activity except for 1,3-

dihydroxyxanthone.  

On the other hand, the 2,X-dihydroxyxanthones 

also gave stronger anticancer activity (IC50 = 23.8–

52.2 μM, Table 1 list no. 7–9) than xanthone with 

no hydroxyl substituent except for 2,7-

dihydroxyxanthone (IC50 > 200 μM) indicating that 

7-position is unfavorable for anticancer activity 

against HepG2 cancer cell line. Meanwhile, the 3,X

-dihydroxyxanthone also gave higher anticancer 

activity (IC50 = 23.7–61.7 μM, Table 1 list no. 10–

12) than xanthone with no hydroxyl substituent 

(IC50 = 85.3 μM) and 3-hydroxyxanthone (IC50 = 

85.3 μM) except for 3,4-dihydroxyxanthone (IC50 = 

89.7 μM) indicating that additional hydroxyl group 

at the 4-position was inactive as an anticancer drug.  

Trihydroxyxanthones, xanthone derivatives 

with three hydroxyl groups, also gave stronger 

anticancer activity (IC50 = 15.8–63.3 μM, Table 1 

list no. 13–19) against HepG2 cancer cell line 

compared with xanthone with no hydroxyl group 

except for 3,4,6-trihydroxyxanthone (IC50 = 87.3 

μM) and 3,4,7-trihydroxyxanthone (IC50 > 200 

μM). This result confirmed the other data that the 

hydroxyl group at the 4- and 7-position was not 

recommended for the liver cancer drug design 

based on the structure of xanthone derivatives.  

The 2,3,7-trihydroxyxanthone gave stronger 

anticancer activity (IC50 = 63.3 μM) than 2,7-

dihydroxyxanthone (IC50 > 200 μM) indicating that 

the hydroxyl group at 3-position is crucial for 

polyhydroxylated xanthone. Meanwhile, compared 

to 1,3-dihydroxyxanthone (IC50 = 71.4 μM), the 

1,3,5-trihydroxyxanthone, 1,3,6-

trihydroxyxanthone, 1,3,7-trihydroxyxanthone, and 

1,3,8-trihydroxyxanthone yielded higher anticancer 

activity with the IC50 value of 15.8, 45.9, 33.8 and 

63.1 μM, respectively. These results indicated that 

an additional hydroxyl group at the left aromatic 

ring of 1,3-dihydroxyxanthone structure enhanced 

its anticancer activity. 

To expand our knowledge on the anticancer 

activity assay of hydroxyxanthones, further 

 

 

 
Figure 5. (a) Three-dimensional and (b) two-dimensional structure of 1,3,6,8 tetrahydroxyxanthone on the 

active site of topoisomeraseIIα protein receptor 
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hydroxylated of trihydroxyxanthone, i.e., 

tetrahydroxyxanthone and pentahydroxyxanthone 

was also evaluated (Table 1 list 20–22). Either 

1,3,6,7-tetrahydroxyxanthone (IC50 = 23.7 μM) or 

1,3,6,8-tetrahydroxyxanthone (IC50 = 9.18 μM) or 

1,3,4,5,6-pentahydroxyxanthone (IC50 = 12.6 μM) 

exhibit stronger anticancer activity than xanthone 

with no hydroxyl group (IC50 = 85.3 μM), 1-

hydroxyxanthone (IC50 = 43.2 μM), 3-

hydroxyxanthone (IC50 = 85.3 μM), 1,3-

dihydroxyxanthone (IC50 = 71.4 μM), and 1,3,6-

trihydroxyxanthone (IC50 = 45.9 μM). The 1,3,6,7-

tetrahydroxyxanthone (IC50 = 23.7 μM) gave 

weaker anticancer activity against HepG2 cancer 

cell line than 1,3,6,8-tetrahydroxyxanthone (IC50 = 

9.18 μM) due to the presence of 7-hydroxyl which 

was inactive as aforementioned above. Meanwhile, 

the 1,3,4,5,6-pentahydroxyxanthone (IC50 = 12.6 

μM) yielded a lower anticancer activity than 1,3,6,8

-tetrahydroxyxanthone (IC50 = 9.18 μM) due to the 

presence of 4-hydroxyl which was inactive as 

aforementioned above. 

We also compared the anticancer activity of 

hydroxyxanthone with doxorubicin as the positive 

standard representing the commonly used 

anticancer drug for the HepG2 cancer cell line. 

Among twenty-two hydroxyxanthone derivatives, 

only eleven hydroxyxanthones, i.e., 1-

hydroxyxanthone, 1,6-dihydroxyxanthone, 1,7-

dihydroxyxanthone, 2,5-dihydroxyxanthone, 3,5-

dihydroxyxanthone, 1,3,5-trihydroxyxanthone, 

1,3,6-trihydroxyxanthone, 1,3,7-

trihydroxyxanthone, 1,3,6,7-tetrahydroxyxanthone, 

1,3,6,8-tetrahydroxyxanthone, and 1,3,4,5,6-

pentahydroxyxanthone, exhibited higher anticancer 

activity (IC50 = 9.18–45.9 μM) than doxorubicin 

 

 

Table 2. Molecular docking results of hydroxyxanthones against topoisomeraseIIα and c-KIT protein ki-

nase  

 

Protein 
Receptor 

Binding 
energy 

(kJ/mol) 

Binding 
constant 

(μM) 

RMSD 
(Å) 

Hydrogen 
bond 

van der 
Waals 

Other interactions 

TopIIα 

  
-25.48 34.3 1.85 

Adenine12, 
Guanine13, 
Cytosine14, 

Arg503, 
Lys505, 

Gly504, 
Ile506, 
Asn520 

Pi-anion: Glu522 

Pi-alkyl: Arg503, 
Ala521 

EGFR 

  
-28.74 9.24 0.10 

Lys721, 
Thr766, 
Gln767, 
Met769 

Leu694, 
Met742, 
Leu768, 
Pro770, 
Phe771, 
Gly772, 
Thr830, 

Pi-sigma: Leu820 

Pi-alkyl: Val702, 
Ala719 

PDGFR -30.42 4.71 1.85 

Thr670, 
Glu671, 
Cys673, 
Asp810 

Lys623, 
Glu640, 
Gly676 

Carbon hydrogen 
bond: Tyr672, 

Phe811 

Pi-sigma: Leu595, 
Leu799 

Pi-sulfur: Cys809 

Pi-pi stacked and Pi
-pi T-shaped: 

Tyr672, Phe811 

Pi-alkyl: Val603, 
Ala621, Val654 
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(IC50 = 46.9 μM). Their chemical structures are 

shown in Figure 3. 

Among this group, it can be known that in 

general, the monohydroxyxanthone and 

trihydroxyxanthone gave weaker anticancer activity 

than dihydroxyxanthone. The dihydroxyxanthone 

gave weaker anticancer activity than 

tetrahydroxyxanthone and pentahydroxyxanthone. 

Therefore, the general order of the anticancer 

activity of hydroxyxanthones is monohydroxy- < 

trihydroxy- < dihydroxy- < pentahydroxy- < 

tetrahydroxy-. Trihydroxyxanthone is expected to 

give a higher anticancer activity than 

dihydroxyxanthone, as well as the 

pentahydroxyxanthone is expected to exhibit higher 

anticancer activity than tetrahydroxyxanthone. 

However, the arrangement of hydroxyl groups 

seems to be critical as they shall not form 

intramolecular hydrogen bonds, thus lowering their 

ability to interact with the protein receptors of the 

HepG2 cancer cell line. In all, the 1,3,6,8-

tetrahydroxyxanthone was found as the best 

anticancer agent against the HepG2 cancer cell line 

with an IC50 value of 9.18 μM, which was 5.11-fold 

more active than doxorubicin, which was 

remarkable. 

 

3.2. Molecular docking of hydroxyxanthone 

To elucidate the anticancer mechanism of 

hydroxyxanthone against HepG2 cancer cell line, 

the molecular docking studies of the most potent 

hydroxyxanthone, i.e., 1,3,6,8-

tetrahydroxyxanthone was conducted against 

TopIIα, EGFR, and PDGFR protein receptors. The 

molecular docking studies were performed through 

four consecutive processes, i.e., preparation of 

protein receptor and native ligand, geometry 

optimization of hydroxyxanthone, re-docking of 

native ligand, and docking of hydroxyxanthone 

derivative. The preparation of protein receptors is 

the first step to discard water molecules and native 

ligands from the crystallographical structure of each 

protein receptor. This step is necessary to obtain a 

free active site in the protein receptor to be docked 

with the 1,3,6,8-tetrahydroxyxanthone. The three-

dimensional structure of 1,3,6,8-

tetrahydroxyxanthone was drawn and optimized 

using the DFT-B3LYP method with a basis set of 

6,31G, as this parameter was commonly used for 

heterocyclic compounds [35].  

Afterward, the re-docking process was carried 

out in a 50×50×50 Å grid box with 100 runnings of 

the Lamarckian Genetic Algorithm to elucidate the 

most stable conformation of native ligand in the 

active site of each protein receptor. After the 

docking process, the Cartesian coordinate of the 

native ligand was saved and compared to the 

original position as reported in the crystallographic 

 

 

 
Figure 6. (a) Three-dimensional and (b) two-dimensional structure of 1,3,6,8-tetrahydroxyxanthone on the 

active site of EGFR protein receptor  
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data. The superimposed three-dimensional 

structures of native ligand, i.e., mitoxantrone, 

erlotinib, and imatinib, on the active site of TopIIα, 

EGFR, and PDGFR protein receptors are shown in 

Figure 4. The RMSD value for mitoxantrone, 

erlotinib, and imatinib was 1.22, 1.64, and 0.65 Å. 

These RMSD values were smaller than 2.00 Å 

demonstrating that the used docking parameters 

were valid. 

The 1,3,6,8-tetrahydroxyxanthone was docked 

in the same position as the native ligand for each 

protein receptor. The three-dimensional and two-

dimensional structures of 1,3,6,8-

tetrahydroxyxanthone on the active site of the 

TopIIα protein receptor are shown in Figure 5. 

From the three-dimensional structure, it was known 

that 1,3,6,8-tetrahydroxyxanthone was located near 

the DNA α-helix and amino acid residues of chain 

A. Two-dimensional structure revealed that 1,3,6,8-

tetrahydroxyxanthone interacted with Adenine12, 

Guanine13 and Cytosine14 nitrogen base residues, 

as well as Arginine503, Lysine505, and Alanine521 

amino acid residues, through hydrogen bonds on the 

active site of TopIIα. It was reported that the 

interactions with Adenine12 and Guanine13 were 

pivotal to stimulating the damage of cancer cells’ 

DNA thus raising the apoptosis response [36][37]. 

Moreover, the 1,3,6,8-tetrahydroxyxanthone 

interacted with Glutamic acid522 through pi-anion 

interaction, with Arginine503 and Alanine521 

through pi-alkyl interaction, as well as Glycine504, 

Isoleusine506, and Asparagine520 through van der 

Waals interactions. These interactions let the 1,3,6,8

-tetrahydroxyxanthone gave the binding energy and 

binding constant of -25.48 kJ/mol and 34.3 μM, 

respectively, with RMSD value of 1.85 Å on the 

active site of TopIIα protein receptor (Table 2). 

On the other hand, the three-dimensional and 

two-dimensional structures of 1,3,6,8-

tetrahydroxyxanthone on the active site of EGFR 

protein receptor are shown in Figure 6. Two-

dimensional visualization revealed that 1,3,6,8-

tetrahydroxyxanthone interacted with Lysine721, 

Threonine766, Glutamine767, and Methionine769 

on the active site of EGFR. The 1,3,6,8-

tetrahydroxyxanthone also interacted with 

Leusine820 through pi-sigma interaction and 

Valine702 and Alanine719 through pi-alkyl 

interaction. Furthermore, van der Waals interactions 

with Leusine694, Methionine742, Leusine768, 

Proline770, Phenylalanine771, Glycine772, 

Threonine830, and Aspartatic acid831 were also 

observed in the active site of EGFR protein 

receptor. It was reported that the interactions with 

key amino acid residues of EGFR, i.e., Glycine695, 

Glycine700, Glutamine767, Methionine769, 

Aspartic acid831, Glycine833, Arginine812, 

Asparagine818, and Tyrosine845 were pivotal to 

the suppression of cancer cell division [7][8]. The 

1,3,6,8-tetrahydroxyxanthone generated the binding 

 

 

Figure 7. (a) Three-dimensional and (b) two-dimensional structure of 1,3,6,8-tetrahydroxyxanthone on the 

active site of PDGFR protein receptor  
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energy and binding constant of -28.74 kJ/mol and 

9.24 μM, respectively, with RMSD value of 0.10 Å 

as listed in Table 2. This result indicated that 

1,3,6,8-tetrahydroxyxanthone had the ability to 

inactivate the function of the EGFR protein receptor 

and suppress the division of HepG2 cancer cell line. 

The three-dimensional and two-dimensional 

structures of 1,3,6,8-tetrahydroxyxanthone on the 

active site of the PDGFR protein receptor are 

shown in Figure 7. The results revealed that 1,3,6,8-

tetrahydroxyxanthone interacted with 

Threonine670, Glutamic acid671, Cysteine673, and 

Aspartic acid810 on the active site of PDGFR. The 

1,3,6,8-tetrahydroxyxanthone bonded to Tyrosine 

672 and Phenylalanine811 through carbon-

hydrogen bond, to Leusine595 and Leusine799 

through pi-sigma interaction, to Cysteine809 

through pi-sulfur interaction, to Valine603, 

Alanine621, and Valine654 through pi-alkyl 

interaction, and to Tyrosine672 and 

Phenylalanine811 amino acid residues through pi-pi 

stacked and pi-pi T-shaped interactions. It also 

interacted with Lysine623, Glutamic acid640, and 

Glycine676 through van der Waals interactions 

yielding the binding energy and binding constant of 

-30.42 kJ/mol and 4.71 μM, respectively, with 

RMSD values of 1.85 Å (Table 2). It was reported 

that the interactions with Glutamic acid640, 

Cysteine673, and Aspartic acid810 residues were 

critical to deactivating the PDGFR function leading 

to the suppression of cancer cell proliferation [12]. 

From the molecular docking data, the 1,3,6,8-

tetrahydroxyxanthone interacted with all these key 

amino acid residues at the hinge region αC-helix 

DFG motif of the activation loop of PDGFR. It 

meant that 1,3,6,8-tetrahydroxyxanthone had the 

ability to deactivate the function of the PDGFR 

protein receptor and suppress the division of the 

HepG2 cancer cell line. Furthermore, it could be the 

reason that 1,3,6,8-tetrahydroxyxanthone exhibited 

the highest binding energy to PDGFR (-30.42 kJ/

mol) over the other protein receptors (-25.48 to -

28.74 kJ/mol) as it could bind to all key amino acid 

residues. 

In summary, the 1,3,6,8-tetrahydroxyxanthone 

could bind to the active site of TopIIα, EGFR and 

PDGFR protein receptors through in silico 

molecular docking studies. The results could be 

used to understand the mechanism of action of 

1,3,6,8-tetrahydroxyxanthone as the anticancer drug 

against the HepG2 cancer cell line. The 

experimental in vitro MTT assay showed that 

1,3,6,8-tetrahydroxyxanthone exhibited the IC50 

value of 9.18 μM, which was much more active 

than doxorubicin (IC50 = 46.9 μM). This anticancer 

activity may be caused by the simultaneous effect 

of 1,3,6,8-tetrahydroxyxanthone to interact with the 

active site of TopIIα, EGFR and PDGFR protein 

receptors. Interaction of 1,3,6,8-

tetrahydroxyxanthone with Adenine12 and 

Guanine13 nitrogen bases on the active site of 

TopIIα led to suppression of the DNA replication 

and transcription of cancer cells [36][37]. 

Meanwhile, the interactions of 1,3,6,8-

tetrahydroxyxanthone with Glutamine767 and 

Methionine769 through hydrogen bonds, as well as 

Aspartic acid831 through van der Waals interaction, 

on the active site of EGFR caused the less signal for 

the cancer cells to proliferate, differentiate and 

survive [7][8]. On the other hand, the ability of 

1,3,6,8-tetrahydroxyxanthone to interact with 

Cysteine673 and Aspartic acid810 through 

hydrogen bonds on the active site of PDGFR 

protein receptor, as well as with Glutamine640 

through van der Waals, suppress the regulation of 

cancer cell to migrate, survive and proliferate [12].  

All these mechanisms led to the death of cancer 

cells through the apoptosis mechanism; thus, it was 

reasonable if 1,3,6,8-tetrahydroxyxanthone was the 

most potent anticancer drug candidate to treat the 

human liver adenocarcinoma cell line. Even though 

the proposed mechanism of action for 1,3,6,8-

tetrahydroxyxanthone was similar to the 

doxorubicin one. The 1,3,6,8-tetrahydroxyxanthone 

has different molecular size, conformation, 

physicochemical properties, and pharmacokinetic 

profiles [38][39]. These differences may overcome 

the doxorubicin resistance in some cancer cells, as 

reported by other research groups [40][41]. 

 

4. CONCLUSIONS 

 

In conclusion, the anticancer activity of 

hydroxyxanthones against the human liver 

carcinoma (HepG2) cell line depends on the 

number and position of the hydroxyl group. 

Xanthone with no hydroxyl substituent gave low 

anticancer activity (IC50 = 85.3 μM). However, the 
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presence of 1-hydroxyl substituent enhanced its 

anticancer activity (IC50 = 43.2 μM). In contrast, the 

presence of either 4-hydroxyl or 7-hydroxyl 

demarcated the anticancer activity; thus, it was not 

recommended for the liver cancer drug design 

based on the structure of xanthone derivatives. 

Further investigation reveals that the additional 

hydroxyl groups at the left aromatic ring of 1,3-

dihydroxyxanthone structure enhanced its 

anticancer activity. The 1,3,6,8-

tetrahydroxyxanthone was found as the best 

anticancer drug among the evaluated 

hydroxyxanthones with the IC50 value of 9.18 μM 

and it exhibited 5.11 times stronger anticancer 

activity than doxorubicin as the commercially used 

anticancer drug, which was remarkable. Molecular 

docking studies revealed that the 1,3,6,8-

tetrahydroxyxanthone could bind to the active site 

of TopIIα, EGFR and PDGFR protein receptors 

with a binding energy of -25.48, -28.74, and -30.42 

kJ/mol, respectively. The RMSD values (0.10–1.85 

Å) were less than 2.00 Å demonstrating the validity 

of the molecular docking approach. Interaction of 

1,3,6,8-tetrahydroxyxanthone with nitrogen bases 

on the active site of TopIIα, as well as with amino 

acid residues on the active site of both c-KIT 

protein kinase receptors, led to simultaneous 

mechanisms to the death of cancer cells through 

apoptosis mechanism. These findings are important 

to guide the researchers to design and develop more 

potent anticancer drugs in the future.      

 

AUTHOR INFORMATION 

 

Corresponding Author 

Jumina Jumina — Department of Chemistry, 

Universitas Gadjah Mada, Yogyakarta-55281 

(Indonesia); 

orcid.org/0000-0003-2604-7838 

Email: jumina@ugm.ac.id 

 

Authors 

Yehezkiel Steven Kurniawan — Department of 

Chemistry, Universitas Gadjah Mada, 

Yogyakarta-55281 (Indonesia); 

orcid.org/0000-0002-4547-239X 

Nela Fatmasari — Department of Chemistry, 

Universitas Gadjah Mada, Yogyakarta-55281 

(Indonesia); 

orcid.org/0000-0003-0376-8923 

PranowoDwiHarno  — ofDepartment

Mada,GadjahUniversitasChemistry,

Yogyakarta-55281 (Indonesia); 

orcid.org/0000-0002-0223-5036 

Eti Nurwening Sholikhah — Department of 

Pharmacology and Therapy, Universitas Gadjah 

Mada, Yogyakarta-55281 (Indonesia); 

orcid.org/0000-0002-6545-8691 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

A. Jemal. (2022). "Cancer statistics". CA: A 

Cancer Journal for Clinicians. 72 (1): 7-33. 

10.3322/caac.21708. 

[2] H. Rumgay, M. Arnold, J. Ferlay, O. Lesi, 

C. J. Cabasag, J. Vignat, M. Laversanne, K. 

A. McGlynn, and I. Soerjomataram. (2022). 

"Global burden of primary liver cancer in 

2020 and predictions to 2040". Journal of 

Hepatology. 77 (6): 1598-1606. 10.1016/

j.jhep.2022.08.021. 

 

 

Author Contributions

  Conceptualization  and  Methodology,  J.J.,

H.D.P.  and  Y.S.K.;  Software,  H.D.P.;

Formal Analysis, Y.S.K.; Investigation, Y.S.K. and

N.F.;  Resources,  J.J.  and  H.D.P.;

Writing  –  Original  Draft  Preparation,  Review  &
Editing,  Y.S.K.;  Supervision,  J.J.,  H.D.P.,  and

E.N.S.; Funding Acquisition, J.J. and Y.S.K.

Conflicts of Interest

The author(s) declare no conflict of interest.

ACKNOWLEDGEMENT

  Yehezkiel  Steven  Kurniawan  thanks  The

Indonesia Endowment Fund for Education (LPDP),

Ministry of Finance, The Republic of Indonesia for

the provided scholarship to pursue doctoral study at

Universitas Gadjah Mada (2022-2026). The authors

thank  Austrian-Indonesian  Center  for

Computational  Chemistry  (AIC),  Department  of

Chemistry,  Faculty  of  Mathematics  and  Natural

Sciences,  Universitas  Gadjah  Mada  for  providing

Gaussian 09 licenses in this work.

REFERENCES

[1]  R. L. Siegel, K. D. Miller, H. E. Fuchs, and

http://orcid.org/0000-0003-2604-7838
mailto:jumina@ugm.ac.id
http://orcid.org/0000-0002-4547-239X
http://orcid.org/0000-0003-0376-8923
http://orcid.org/0000-0002-0223-5036
http://orcid.org/0000-0002-6545-8691
https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.jhep.2022.08.021
https://doi.org/10.1016/j.jhep.2022.08.021


J. Multidiscip. Appl. Nat. Sci. 

13 

[3] C. Christowitz, T. Davis, A. Isaacs, G. van 

Niekerk, S. Hattingh, and A. M. 

Engelbrecht. (2019). "Mechanisms of 

doxorubicin-induced drug resistance and 

drug resistant tumour growth in a murine 

breast tumour model". BMC Cancer. 19 (1): 

757. 10.1186/s12885-019-5939-z. 

[4] B. Guiu and E. Assenat. (2020). 

"Doxorubicin for the treatment of 

hepatocellular carcinoma: GAME OVER!". 

Annals of Translational Medicine. 8 (24): 

1693. 10.21037/atm-2020-131. 

[5] J. Cox and S. Weinman. (2016). 

"Mechanisms of doxorubicin resistance in 

hepatocellular carcinoma". Hepatic 

Oncology. 3 (1): 57-59. 10.2217/hep.15.41. 

[6] E. Y. Chen, V. Raghunathan, and V. Prasad. 

(2019). "An Overview of Cancer Drugs 

Approved by the US Food and Drug 

Administration Based on the Surrogate End 

Point of Response Rate". JAMA Internal 

Medicine. 179 (7): 915-921. 10.1001/

jamainternmed.2019.0583. 

[7] C. Moreau Bachelard, E. Coquan, P. du 

Rusquec, X. Paoletti, and C. Le Tourneau. 

(2021). "Risks and benefits of anticancer 

drugs in advanced cancer patients: A 

systematic review and meta-analysis". 

eClinicalMedicine. 40 101130. 10.1016/

j.eclinm.2021.101130. 

[8] Y. S. Kurniawan, K. T. A. Priyangga, 

Jumina, H. D. Pranowo, E. N. Sholikhah, A. 

K. Zulkarnain, H. A. Fatimi, and J. Julianus. 

(2021). "An Update on the Anticancer 

Activity of Xanthone Derivatives: A 

Review". Pharmaceuticals. 14 (11): 1144. 

10.3390/ph14111144.  

[9] X. Zhang, X. Li, H. Sun, X. Wang, L. 

Zhao, Y. Gao, X. Liu, S. Zhang, Y. Wang, 

Y. Yang, S. Zeng, Q. Guo, and Q. You. 

(2013). "Garcinia xanthones as orally active 

antitumor agents". Journal of Medicinal 

Chemistry. 56 (1): 276-92. 10.1021/

jm301593r. 

[10] V. Kuete, L. P. Sandjo, J. L. Ouete, H. 

Fouotsa, B. Wiench, and T. Efferth. (2014). 

"Cytotoxicity and modes of action of three 

naturally occurring xanthones (8-

hydroxycudraxanthone G, morusignin I and 

cudraxanthone I) against sensitive and 

multidrug-resistant cancer cell lines". 

Phytomedicine. 21 (3): 315-22. 10.1016/

j.phymed.2013.08.018. 

[11] P. Wang, J. Xu, Z. Hou, F. Wang, Y. Song, 

J. Wang, H. Zhu, and H. Jin. (2016). 

"miRNA-34a promotes proliferation of 

human pulmonary artery smooth muscle 

cells by targeting PDGFRA". Cell 

Proliferation 49 (4): 484-93. 10.1111/

cpr.12265. 

[12] H. Harliansyah, N. A. Rahmah, and K. 

Kuslestari. (2021). "α-Mangosteen as An 

Oxidative Inhibitor in Hepatocellular 

Carcinoma". Indonesian Journal of Cancer 

Chemoprevention. 12 (2): 106-113. 

10.14499/

indonesianjcanchemoprev12iss2pp106-113. 

[13] M. M. M. Pinto, A. Palmeira, C. Fernandes, 

D. Resende, E. Sousa, H. Cidade, M. E. 

Tiritan, M. Correia-da-Silva, and S. Cravo. 

(2021). "From Natural Products to New 

Synthetic Small Molecules: A Journey 

through the World of Xanthones". 

Molecules. 26 (2): 431. 10.3390/

molecules26020431. 

[14] I. Miladiyah, I. Tahir, J. Jumina, S. 

Mubarika, and M. Mustofa. (2016). 

"Quantitative Structure-Activity 

Relationship Analysis of Xanthone 

Derivates as Cytotoxic Agents in Liver 

Cancer Cell Line HepG2". Molekul. 11 (1): 

143-157. 10.20884/1.jm.2016.11.1.203. 

[15] E. Yuanita, H. D. Pranowo, J. Jumina, and 

M. Mustofa. (2016). "Design of 

Hydroxyxanthone Derivatives as 

Anticancer Using Quantitative Structure-

Activity Relationship”". Asian Journal of 

Pharmaceutical and Clinical Research. 9 : 

180-185.  

[16] E. Yuanita, H. D. Pranowo, D. Siswanta, R. 

T. Swasono, M. Mustofa, A. K. Zulkarnain, 

J. Syahri, and J. Jumina. (2016). "One-pot 

Synthesis, Antioxidant Activity and 

Toxicity Evaluation of Som e 

Hydroxyxanthones”". Chemistry & 

Chemical Technology. 12 : 290-295. 

10.23939/chct12.03.290. 

 

 

https://doi.org/10.1186/s12885-019-5939-z
https://doi.org/10.21037/atm-2020-131
https://doi.org/10.2217/hep.15.41
https://doi.org/10.1001/jamainternmed.2019.0583
https://doi.org/10.1001/jamainternmed.2019.0583
https://doi.org/10.1016/j.eclinm.2021.101130
https://doi.org/10.1016/j.eclinm.2021.101130
https://doi.org/10.3390/ph14111144
https://doi.org/10.1021/jm301593r
https://doi.org/10.1021/jm301593r
https://doi.org/10.1016/j.phymed.2013.08.018
https://doi.org/10.1016/j.phymed.2013.08.018
https://doi.org/10.1111/cpr.12265
https://doi.org/10.1111/cpr.12265
https://doi.org/10.14499/indonesianjcanchemoprev12iss2pp106-113
https://doi.org/10.14499/indonesianjcanchemoprev12iss2pp106-113
https://doi.org/10.3390/molecules26020431
https://doi.org/10.3390/molecules26020431
https://doi.org/10.20884/1.jm.2016.11.1.203
https://doi.org/10.23939/chct12.03.290


J. Multidiscip. Appl. Nat. Sci. 

14 

[17] I. Miladiyah, J. Jumina, S. M. Haryana, and 

M. Mustofa. (2018). "Biological activity, 

quantitative structure-activity relationship 

analysis, and molecular docking of 

xanthone derivatives as anticancer drugs". 

Drug Design, Development and Therapy. 

12 : 149-158. 10.2147/DDDT.S149973. 

[18] E. Yuanita, H. D. Pranowo, M. Mustofa, R. 

T. Swasono, J. Syahri, and J. Jumina. 

(2019). "Synthesis, Characterization and 

Molecular Docking of Chloro-substituted 

Hydroxyxanthone Derivatives". Chemistry 

Journal of Moldova. 14 (1): 68-76. 

10.19261/cjm.2018.520. 

[19] N. Fatmasari, Y. S. Kurniawan, J. Jumina, 

C. Anwar, Y. Priastomo, H. D. Pranowo, A. 

K. Zulkarnain, and E. N. Sholikhah. (2022). 

"Synthesis and in vitro assay of 

hydroxyxanthones as antioxidant and 

anticancer agents". Scientific Reports. 12 

(1): 1535. 10.1038/s41598-022-05573-5. 

[20] M. R. Iresha, J. Jumina, H. D. Pranowo, E. 

N. Sholikhah, and F. Hermawan. (2022). 

"Synthesis, Cytotoxicity Evaluation and 

Molecular Docking Studies of Xanthyl-

Cinnamate Derivatives as Potential 

Anticancer Agents". Indonesian Journal of 

Chemistry. 22 (5): 1407-1417. 10.22146/

ijc.76164. 

[21] Q. G. Su, Y. Liu, Y. C. Cai, Y. L. Sun, B. 

Wang, and L. J. Xian. (2011). "Anti-tumour 

effects of xanthone derivatives and the 

possible mechanisms of action". 

Investigational New Drugs. 29 (6): 1230-

40. 10.1007/s10637-010-9468-5. 

[22] J. Liu, J. Zhang, H. Wang, Z. Liu, C. 

Zhang, Z. Jiang, and H. Chen. (2017). 

"Synthesis of xanthone derivatives and 

studies on the inhibition against cancer cells 

growth and synergistic combinations of 

them". European Journal of Medicinal 

Chemistry. 133 50-61. 10.1016/

j.ejmech.2017.03.068. 

[23] B. D. Zhou, Z. M. Weng, Y. G. Tong, Z. T. 

Ma, R. R. Wei, J. L. Li, Z. H. Yu, G. F. Xu, 

Y. Y. Fang, and Z. P. Ruan. (2021). 

"Syntheses of xanthone derivatives and 

their bioactivity investigation". Journal of 

Asian Natural Products Research. 23 (3): 

271-283. 10.1080/10286020.2020.1739024. 

[24] P. Chaniad, A. Chukaew, A. Payaka, A. 

Phuwajaroanpong, T. Techarang, W. Plirat, 

and C. Punsawad. (2022). "Antimalarial 

potential of compounds isolated from 

Mammea siamensis T. Anders. flowers: in 

vitro and molecular docking studies". BMC 

Complementary Medicine and Therapies. 

22 (1): 266. 10.1186/s12906-022-03742-7. 

[25] O. Trott and A. J. Olson. (2010). 

"AutoDock Vina: improving the speed and 

accuracy of docking with a new scoring 

function, efficient optimization, and 

multithreading". Journal of Computational 

Chemistry. 31 (2): 455-61. 10.1002/

jcc.21334. 

[26] T. D. Wahyuningsih, A. A. T. Suma, and E. 

Astuti. (2019). "Synthesis, Anticancer 

Activity, and Docking Study of N-acetyl 

Pyrazoli nes from Veratraldehyde”". 

Journal of Applied Pharmaceutical 

Science. 9 (3): 14-20. 10.7324/

JAPS.2019/90303. 

[27] M. Ghasemi, T. Turnbull, S. Sebastian, and 

I. Kempson. (2021). "The MTT Assay: 

Utility, Limitations, Pitfalls, and 

Interpretation in Bulk and Single-Cell 

Analysis". International Journal of 

Molecular Sciences. 22 (23): 12827. 

10.3390/ijms222312827. 

[28] J. L. Nitiss. (2009). "Targeting DNA 

topoisomerase II in cancer chemotherapy". 

Nature Reviews Cancer. 9 (5): 338-50. 

10.1038/nrc2607. 

[29] J. Stamos, M. X. Sliwkowski, and C. 

Eigenbrot. (2002). "Structure of the 

epidermal growth factor receptor kinase 

domain alone and in complex with a 4-

anilinoquinazoline inhibitor". Journal of 

Biological Chemistry. 277 (48): 46265-72. 

10.1074/jbc.M207135200. 

[30] K. Komposch and M. Sibilia. (2015). 

"EGFR Signaling in Liver Diseases". 

International Journal of Molecular 

Sciences. 17 (1): 30. 10.3390/

ijms17010030. 

[31] M. L. Uribe, I. Marrocco, and Y. Yarden. 

(2021). "EGFR in Cancer: Signaling 

 

 

https://doi.org/10.2147/DDDT.S149973
https://doi.org/10.19261/cjm.2018.520
https://doi.org/10.1038/s41598-022-05573-5
https://doi.org/10.22146/ijc.76164
https://doi.org/10.22146/ijc.76164
https://doi.org/10.1007/s10637-010-9468-5
https://doi.org/10.1016/j.ejmech.2017.03.068
https://doi.org/10.1016/j.ejmech.2017.03.068
https://doi.org/10.1080/10286020.2020.1739024
https://doi.org/10.1186/s12906-022-03742-7
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1002/jcc.21334
https://doi.org/10.7324/JAPS.2019/90303
https://doi.org/10.7324/JAPS.2019/90303
https://doi.org/10.3390/ijms222312827
https://doi.org/10.1038/nrc2607
https://doi.org/10.1074/jbc.M207135200
https://doi.org/10.3390/ijms17010030
https://doi.org/10.3390/ijms17010030


J. Multidiscip. Appl. Nat. Sci. 

15 

Mechanisms, Drugs, and Acquired 

Resistance". Cancers. 13 (11): 2748. 

10.3390/cancers13112748. 

[32] A. Kikuchi and S. P. Monga. (2015). 

"PDGFRalpha in liver pathophysiology: 

emerging roles in development, 

regeneration, fibrosis, and cancer". Gene 

Expression The Journal of Liver Research. 

16 (3): 109-27. 

10.3727/105221615X14181438356210. 

[33] P. H. Chen, X. Chen, and X. He. (2013). 

"Platelet-Derived Growth Factors and Their 

Receptors: Structural and Fu nctional 

Perspectives”. Biochimica et Biophysica 

Acta – Proteins and P roteomics. 10.1016/

j.bbapap.2012.10.015. 

[34] X. Zou, X. Y. Tang, Z. Y. Qu, Z. W. Sun, 

C. F. Ji, Y. J. Li, and S. D. Guo. (2022). 

"Targeting the PDGF/PDGFR signaling 

pathway for cancer therapy: A review". 

International Journal of Biological 

Macromolecules. 202 539-557. 10.1016/

j.ijbiomac.2022.01.113. 

[35] S. Akkoc, S. C. Yavuz, M. Akkurt, and C. 

C. Ersanli. (2018). "Density Functional 

Theory Study of A Silver N-heterocyclic 

Carbene Com plex”". Journal of the 

Chinese Advanced Materials Society. 6 (2): 

112-122. 10.1080/22243682.2018.142906. 

[36] K. Lemke, M. Wojciechowski, W. Laine, 

C. Bailly, P. Colson, M. Baginski, A. K. 

Larsen, and A. Skladanowski. (2005). 

"Induction of unique structural changes in 

guanine-rich DNA regions by the 

triazoloacridone C-1305, a topoisomerase II 

inhibitor with antitumor activities". Nucleic 

Acids Research. 33 (18): 6034-47. 10.1093/

nar/gki904. 

[37] B. Tylinska, A. Dobosz, J. Spychala, L. 

Cwynar-Zajac, Z. Czyznikowska, A. 

Kuzniarski, and T. Gebarowski. (2021). 

"Evaluation of Interactions of Selected 

Olivacine Derivatives with DNA and 

Topoisomerase II". International Journal of 

Molecular Sciences. 22 (16): 8492. 

10.3390/ijms22168492. 

[38] K. Bukowski, M. Kciuk, and R. Kontek. 

(2020). "Mechanisms of Multidrug 

Resistance in Cancer Chemotherapy". 

International Journal of Molecular 

Sciences. 21 (9): 3233. 10.3390/

ijms21093233. 

[39] S. Dallavalle, V. Dobricic, L. Lazzarato, E. 

Gazzano, M. Machuqueiro, I. Pajeva, I. 

Tsakovska, N. Zidar, and R. Fruttero. 

(2020). "Improvement of conventional anti-

cancer drugs as new tools against multidrug 

resistant tumors". Drug Resistance 

Updates. 50 100682. 10.1016/

j.drup.2020.100682. 

[40] C. P. Wu, S. H. Hsiao, M. Murakami, Y. J. 

Lu, Y. Q. Li, Y. H. Huang, T. H. Hung, S. 

V. Ambudkar, and Y. S. Wu. (2017). 

"Alpha-Mangostin Reverses Multidrug 

Resistance by Attenuating the Function of 

the Multidrug Resistance-Linked ABCG2 

Transporter". Molecular Pharmaceutics. 14 

(8): 2805-2814. 10.1021/

acs.molpharmaceut.7b00334. 

[41] A. D. F. Adli, R. Jahanban-Esfahlan, K. 

Seidi, S. Samandari-Rad, and N. Zarghami. 

(2018). "An overview on Vadimezan 

(DMXAA): The vascular disrupting agent". 

Chemical Biology & Drug Design. 91 (5): 

996-1006. 10.1111/cbdd.13166.  

 

 

https://doi.org/10.3390/cancers13112748
https://doi.org/10.3727/105221615X14181438356210
https://doi.org/10.1016/j.bbapap.2012.10.015
https://doi.org/10.1016/j.bbapap.2012.10.015
https://doi.org/10.1016/j.ijbiomac.2022.01.113
https://doi.org/10.1016/j.ijbiomac.2022.01.113
https://doi.org/10.1080/22243682.2018.142906
https://doi.org/10.1093/nar/gki904
https://doi.org/10.1093/nar/gki904
https://doi.org/10.3390/ijms22168492
https://doi.org/10.3390/ijms21093233
https://doi.org/10.3390/ijms21093233
https://doi.org/10.1016/j.drup.2020.100682
https://doi.org/10.1016/j.drup.2020.100682
https://doi.org/10.1021/acs.molpharmaceut.7b00334
https://doi.org/10.1021/acs.molpharmaceut.7b00334
https://doi.org/10.1111/cbdd.13166

	Evaluation of The Anticancer Activity of Hydroxyxanthones Against Human Liver Carcinoma Cell Line
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Materials
	2.2. Methods
	2.2.1. Molecular docking of hydroxyxanthones as anticancer agents

	3. RESULTS AND DISCUSSIONS
	3.1. Summary of the anticancer activity of hydroxyxanthones
	3.2. Molecular docking of hydroxyxanthone

	4. CONCLUSIONS
	AUTHOR INFORMATION
	Corresponding Author
	Authors
	Author Contributions
	Conflicts of Interest

	ACKNOWLEDGEMENT
	REFERENCES

