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Abstract
		
Citrus maxima or pomelo is a plant that has potential as an anticancer because it contains 
flavonoids. One of the targets of breast anticancer receptors is the HER-2 protein. This 
research aims to determine the anticancer activity, the toxicity of the compound, and 
the prediction of physicochemical properties of flavonoids contained in Citrus maxima 
through in silico approach. Flavonoid compounds were screened using SwissADME with 
Lipinski's rule of five, Torsion, TPSA, and P-Gp Non-Substrate. Compounds that passed the 
screening were carried out molecular docking to the HER-2 receptor (PDB ID: 3PP0) using 
the Molegro Virtual Docker (MVD). The HER-2 receptor (GDP ID: 3PP0) was declared valid 
because it had RMSD<2Å. The results showed that there were 11 flavonoid compounds 
that passed the screening and had a lower rerank score than the comparison compound 
Trastuzumab. Toxicity was predicted using the Protox II online tool and the results showed 
that the flavonoid compounds were in the safe limits, namely classes 5 and 3. Based on 
this research, it can be concluded that acacetin, diosmetin, honyucitrin, isosinensetin, 
nobiletin, sinensetin, and tangeretin can be candidates for breast cancer drugs based on 
natural ingredients.
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INTRODUCTION

	 Cancer is a disease caused by the growth 
of abnormal cells and can not be controlled. This 
causes tissue damage that is dangerous for cancer 
sufferers (WHO, 2018). Breast cancer is a malig-
nant tumor found in breast tissue, such as connec-
tive tissue, fat tissue, mammary glands, and milk 
ducts (Mansjoer, 2002). Based on data from The 
Global Cancer Statistics 2020, the number of new 
cases of breast cancer is the highest in the world, 
with a percentage of 11.7% or 55.9 per 100,000 
women (Sung, et al., 2021). The percentage of cases 
of death caused by breast cancer is 6.9%. More than 

500,000 patients have died from breast cancer, with 
the highest incidence and mortality rates among 
other cancers in women (Kemenkes RI, 2015).
	 The Human Epidermal Growth Factor    
Receptor–2 (HER-2) protein is one of the receptors 
on breast cells (Sulastri and Murti, 2017). Breast 
cancer cases with HER-2 positive can cause faster 
and aggressive tumor growth, triggering an increase 
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in the degree of malignancy of cancer cells, distant 
metastases to the brain and lungs. This causes the 
second-worst prognosis among other breast can-
cer subtypes, high recurrence rate, and lower life         
expectancy (Liao, 2016; Vu and Claret, 2012; Yer-
sal and Barutca, 2014).
	 One of the breast cancer drugs that work 
as anti-HER-2 is Trastuzumab (HerceptinTM). 
Trastuzumab is a first-generation drug in the form 
of a monoclonal antibody that targets ovarian 
cells that have increased HER-2 protein or HER-
2 overexpression (Jiang, et al., 2018). Trastuzumab 
or HerceptinTM has been recommended by The 
Food and Drug Administration (FDA) as a direct                  
therapy for HER2. The results of the meta-analysis 
revealed that the effectiveness of using trastuzumab 
as an adjuvant therapy that targets HER-2 can        
reduce the risk of recurrence, reduce the incidence 
of local and distant metastases, and reduce overall 
mortality (Holla, et al., 2016). Long-term use of 
trastuzumab will cause harm to the body, which can 
cause cardiotoxicity such as heart failure followed 
by a decrease in the Left Ventricular Ejection Frac-
tion (LVEF) (Huszno, et al., 2013). There are about 
4-7% cases of decreased myocardial function due 
to the use of trastuzumab (Yeh, et al., 2004). Based 
on this, there is a need for treatment for cancer that 
is not only effective but also can reduce side effects 
due to the use of anticancer drugs. One source of 
medicine that needs to be developed is materials  
derived from nature.
	 Citrus maxima or pomelo is a group of 
fruits that are commonly consumed by the public. 
A previous study reported that the ethanol fraction 
of leaves Citrus maxima caused 69.1% of HeLa cell 
death (Shivananda, 2013). Another study stated that 
pomelo fruit extract has potential as an anticancer 
breast with an IC50 of 234 g/µL  (Maritha, 2020). 
Previous research reports have never screened the 
affinity of flavonoid compounds on the HER-2 
receptor. This is important to do to find any com-
pounds from the flavonoid group that has potential 
as anticancer. Therefore, in this study, the affinity 

of flavonoid compounds in Citrus maxima was 
screened for HER-2 receptors through in silico     
approach.

MATERIALS AND METHODS

Materials
	 The material used is the HER-2 (GDP 
ID: 3PP0) which was downloaded from https://
www.rcsb.org/ and flavonoid compounds in                         
Citrus maxima, including 4’-5-7-8-tetramethoxy-
flavone,  acacetin, apigenin trimethyl ether, cos-
mosiin, diosmetin, diosmin, eriocitrin, hesperidin,                                             
honyucitrin, isosinensetin, luteolin, naringenin, 
naringin, naringin glucoside, narirutin, neodiosmin, 
neoriocitrin, nobiletin, neoponcirin, neohesperidin, 
poncirin, quercetin, rhoifolin, rutin, sinensetin, and 
tangeretin whose molecular structures were drawn 
using Chem Bio Draw Ultra version 12 (Cam-
bridgeSoft).
	 The tools used include hardware in the 
form of a set of ASUS laptops with specifications 
for Processor type Intel® CoreTM i7 and 8 GB RAM 
and operating system software Windows 10 Home 
Single Language, Chem Bio Draw Ultra version 12 
(CambridgeSoft), Chem Bio 3D Ultra version 12 
(CambridgeSoft), Molegro Virtual Docker version 
6.0 (Molegro ApS), SwissADME, pkCSM, and Pro-
tox Online Tool.

Compound Screening 
	 The 2D molecular structures of 26 fla-
vonoid compounds were drawn using the appli-
cation Chem Bio Draw Ultra version 12. Then, 
copy the SMILES code in the online application         
SwissADME. After that, the compounds that com-
plied with Lipinski’s Rule of Five were screened for      
Topological Polar Surface Area (TPSA), Torsion, 
and were P-Gp Non-substrate.

Sample Preparation by In Silico
	 Sample preparation is done by making the 
compound 3-D structure of the compound with pro-
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gram Bio Chem 3D Ultra version 12. Do energy  
minimization by pressing MMFF94 →  Calculations 
→ Perform → MMFF94 → Minimization. This is 
to determine the most stable stereochemical form 
of the compound. Then saved in mol2 {SYBYL2(*.
mol2)} format. Receptor sample preparation was 
carried out by eliminating water molecules and the 
reference ligand and adding hydrogen atoms using 
the application Molegro Virtual Docker version 6.0. 

Validation Method of Docking 
	 The validation method of docking is done 
by docking a native ligand in the cavity recep-
tor using the application Molegro Virtual Docker              
version 6.0. The results of the receptor validation 
were interpreted with the value of Root Mean 
Square Deviation (RMSD). Receptors can be said 
to be valid if they meet the criteria for the RMSD 
value 2Å (Jain and Nicholls, 2008).

Docking Ligand-Protein
	 Ligand-protein docking is done by                    
detecting cavities where the drug will bind or in-
teract with receptors. Place the 3-Dimensional 
structure of the compound into cavities selected. 
The docking of compounds on the receptor is done 
automatically by Molegro Virtual Docker. The pa-
rameter measured is the energy value in the form of 
rerank score.

Prediction of Compound Toxicity
	 Prediction of compound toxicity is done by 
copying the SMILES code in the application Pro-
tox online tool (http://tox.charite.de/protox_II/) to 
predict the LD50. Then, predictions of Ames toxicity 
and Hepatotoxicity were carried out using the web-
site pkCSM (http://biosig.unimelb.edu.au/pkcsm/
prediction).

RESULTS

Compound Screening Results
	 Compound screening parameters in this 
study  were  P-Gp   non-substrate,  physicochemical 
properties, torsion, and Topological Polar Surface 
Area (TPSA). Screening  results  on  P-Gp  non-
substrate parameters are shown in Figure 1.
	 Another parameter that was carried out was 
a prediction of physicochemical properties. The 
results obtained on  the screening of compounds 
based  on  the  parameters  of   physicochemical  
properties and P-Gp non-substrate are shown in 
Table 1. There were 11 compounds that passed 
the screening based on the fulfillment of Lipin-
ski’s rule of five and were P-Gp non-substrate. The 
eleven compounds were 4’-5-7-8-tetramethoxyfla-
vone, acacetin, apigenin trimethyl ether, diosmetin,                                                                                 
honyucitrin, isosinensetin, luteolin, nobiletin, 
quercetin, sinensetin, and tangeretin.

Figure 1. Results of P-Gp non-substrate flavonoid compounds and comparator compounds.
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Table 1. Results of screening for flavonoid compounds in Citrus maxima and comparison compounds.

Description :
* : Compounds that comply with Lipinski's rule of five and are P-Gp non-substrates.
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4’-5-7-8-tetramethoxyflavone  Acacetin Apigenin trimethyl ether 

 
 

 
Diosmetin Honyucitrin Isosinensetin 

  
Luteolin  Nobiletin Quersetin 

  
Sinensetin  Tangeretin 

 
Figure 2. Structure of flavonoid compounds in Citrus maxima that passed screening.

	 The structure of 11 compounds that fulfill 
the Lipinski’s rule of five and a P-Gp non-substrate  
presented in Figure 2.

Results of Compound Preparation and          
Receptors by In Silico
	 In this study, the creation of a three-dimen-
sional (3 D) structure and the minimization of the                         
energy of the compound ligand using the applica-
tion of Chem Bio 3D Ultra version 12. The results 
of the 3D structure and energy minimization of the 
sample compounds are shown in Table 2.
	 The downloaded protein is HER-2 
with protein code 3PP0 and contains the ligand 
2-{2-[4-({5-chloro-6-[3-(trifluoromethyl)phenoxy]
pyridine-3-yl}amino)-5H-pyrrolo [3,2-d]pyrimi-
dine -5-yl]ethoxy}ethanol. Receptor preparation 
was carried out by eliminating water molecules and 
reference ligands and adding hydrogen atoms using 

the application Molegro Virtual Docker 6.0. The 
following is a 3PP0 protein display on the applica-
tion Molegro Virtual Docker 6.0.

Method Validation 
	 The docking method can be said to be valid 
if the receptor meets the criteria for the RMSD 
value ≤2Å (Jain and Nicholls 2008). Based on the 
results obtained, cavity 3 has an average RMSD 
value of 0.6243Å which is lower than cavity 2 with 
an RMSD value of 0.8698Å. Therefore, cavity 3 
with native ligand A was used for the process of 
docking next.

Ligand Bonding with Receptors
	 The docking of  ligands with receptors can 
be seen through the results of the binding energy or 
Rerank score (CLCbio, 2013). In this study, it was 
found that the test compound that had the rerank 
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Name of Compound 
Average Minimum 

Energy (Kcal/mol)±SD 

4’-5-7-8-tetramethoxyflavone 9 5.8205±0.0002 

Acacetin 4 8.6829±0.0003 

Apigenin trimetil eter 6 8.3151±0.0002 

Diosmetin 44.582±0.02 

Honyucitrin 69.9004±0.4 

Isosinensetin 112.936±0.04 

Luteolin 3 1.1005±0.0007 

Nobiletin 138.083±0.07 

Kuersetin 63.8500±0.10 

Sinensetin 117.243±0.02 

Tangeretin 120.449±0 

Trastuzumab 14.1956±0.001 

 

Table 2. The minimum energy of flavonoid compounds in Citrus maxima that passed the screening.

score lowest was sinensetin, while the one with the 
rerank score highest was quercetin. The results of 
the docking are shown in Table 4.
	 In this study, there was an interaction of the 
ligand with the active amino acid present at the 3PP0 
receptor. Active amino acids with hydrogen bonds 
in native ligands are Asp 863(A), Thr 862(A), Met 
801(A), Asn 850(A). Compounds that bind amino 
acids are the same as native ligands with hydrogen 
interactions, including acacetin, apigenin trimethyl 
ether, diosmetin, honyucitrin, isosinensetin, luteo-
lin, nobiletin, quercetin, sinensetin, tangeretin, and 

Figure 3. 3PP0 protein via MVD version 6.0.

trastuzumab. In addition, there are also amino acids 
with steric bonds in native ligands, including 
Met 774(A), Thr 862(A), Ala 751(A), Met 801(A), 
Val 734(A), Asn 850(A), and Asp 863(A). All test 
compounds that have passed the screening bind 
to the same amino acids as native ligands. Then, 
there are also amino acids in the electrostatic bond.   
However, in the results of this study, none of the 
amino acids in the electrostatic interaction were 
bound by native ligands, the test compound, or the 
comparison compound trastuzumab. Bonds with 
amino acids are shown in Figure 5.

Figure 4. Bonding of the test compound, comparison 
compound, and native ligand with the receptor.
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Figure 5. Amino acid native ligand binding of (A), 4'-5-7-8-tetramethoxyflavone (B), acacetin (C), apigenin 
trimethyl ether (D), diosmetin (E), honyucitrin (F), isosinensetin (G), quercetin (H), luteolin (I), nobiletin 
(J), sinensetin (K), tangeretin (L), trastuzumab (M) where blue lines represent hydrogen bonds, red line 
as steric bond, and green line as electrostatic bond.

Compound Toxicity
	 The toxicity parameters used were LD50, 
Ames toxicity, and Hepatotoxicity. Based on the 
Globally Harmonized System (GHS) the level 
of toxicity is divided into classes I to VI. The                 
toxicity class uses threshold values LD50 of 5, 50, 
300, 2000, and 5000 mg/kg body weight (El-Din, 
et al., 2016). Compounds classified as toxicity class 

5 (2000< LD50≤5000) are compounds that have 
low toxicity with the category of possibly being       
harmful if swallowed, not mutagenic, and not toxic 
to the liver. Compounds at that level are Acacetin, 
Diosmetin, Honyucitrin, Isosinensetin, Nobiletin, 
Sinensetin, and Tangeretin. Prediction results of the 
toxicity of the test compounds are shown in Table 4.

    
(A)                                       (B)                                      (C) 

    
    (D)                                       (E)                                      (F) 

    
     (G)                                       (H)                                       (I) 

    
       (J)                                       (K)                                      (L) 

 
(M) 
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DISCUSSION

	 The purpose of this study was to find candi-
date flavonoid compounds in agents Citrus maxima 
which have the potential as breast anticancer that 
act on the HER-2 target receptor. HER-2 is receptor 
tyrosine kinases which are located on the cell mem-
brane and responds to a wide variety of ligands. 
Phosphorylation of the tyrosine kinase domain 
in the cytoplasm initiates downstream oncogenic     
signaling pathways such as PI3K/AKT pathway 
and Ras/MAPK pathway (Feng, et al., 2018).       
Flavonoid has showed beneficial results regarding 
the inhibition of HER-2 signaling. The mechanisms 
implicated are the inhibition of the AKT pathway 
(Saxena, et al., 2020). The parameters used in this 
study were to predict physicochemical properties, 
P-Gp non-substrate, an affinity for HER2. In addi-
tion, toxicity prediction was carried out to deter-
mine the safety of flavonoid compounds.
	 Screening is a preliminary test before  
docking the compound. The purpose of screening 
is to  predict  the  physicochemical properties of a 
compound so that the best compound will be ob-

tained that can bind to the receptor. Based on the 
results in Table 1, of the 26 flavonoid compounds 
in Citrus maxima, 12 compounds were P-Gp non-
substrate. P-Gp is a member of the transporter su-
perfamily ATP Binding Cassette (ABC), which is 
a determinant of various processes of penetration 
and absorption of drug compounds. P-Gp activity 
is highly  dependent on ATP by forming a P-G-
p-ATP complex. Inhibition of P-Gp activation and            
expression plays an important role in the success of 
cancer therapy (Finch and Pillans, 2014).
	 The next screening is based on Lipinski’s 
rule of   five,  where  the  rules can  predict  the 
biological activity of a compound designed for oral   
administration. According to the Lipinski rules, a 
drug intended for oral use must not violate more 
than one of the criteria contained in the Lipinski 
rules (Kartasasmita, et al., 2015). Based on these 
rules, drug compounds are required to have a mo-
lecular weight of <500g/mol, a log P value<5, a 
Hydrogen Bond Donors (HBD) value of ≤5, and 
a Hydrogen Bond Acceptors (HBA) value of ≤10. 
In a subsequent study, two additional rules were 
found, which aim to improve the bioavailability of 

Figure 6. Graph of results rerank score.
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Table 3. Results of docking and amino acid bonds of compounds passed screening and trastuzumab to 3PP0 
receptors.

drugs intended  for oral use. The  rules  are  Topo-
logical  Polar  Surface Area (TPSA) ≤140 and Tor-
sion ≤10 (Chagas, et al., 2018). Based on the results 
in Table 1, there were 11 compounds that passed the 
screening marked by the fulfillment of all physico-
chemical parameters and were P-Gp non-substrate. 
These compounds include 4’-5-7-8-tetramethoxy-
flavone, acacetin, apigenin trimethyl  ether, diosme-
tin, honyucitrin,   isosinensetin, luteolin, nobiletin, 
quercetin, sinensetin, and tangeretin. These com-
pounds can be predicted to have good absorption, 

Description :
*     : Amino acid same as the native ligand at the 3PP0 receptor.
**    : Amino acid same as the comparison drug.
***   : Amino acids same as the native ligand and comparison drug.

distribution, and oral bioavailability (Silverman 
and Holladay, 2014).
	 Before docking the compound, first, deter-
mine the cavity to detect where the ligand interacts 
with the receptor. Next, validation of the method is 
carried out by docking native ligands in the cavity 
receptor. The method can be said to be valid if it 
meets the criteria for the RMSD value ≤2Å (Jain 
and Nicholls, 2008). There are two cavities that 
have native ligands, namely cavity 2 and 3. Based 
on the results obtained, cavity 3 with native ligand 
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Table 4. Predicted results of the toxicity of flavonoid compounds in Citrus maxima.

A has an average RMSD value lower than cavity 2, 
therefore cavity 3 is used for the process docking. 
The lower RMSD value indicates that the ligand 
poses the predicted will be closer to the conforma-
tion native ligand (Saputra, 2018).
	 The binding energy of the compound with 
the receptor can be known through the rerank score 
(CLCbio, 2013). The rerank score was obtained 
from the calculation of the total energy of all bonds. 
Based on the results in Table 4, the rerank score 
of 11 test compounds is lower than the compari-
son compound trastuzumab, it can be concluded 
that all test compounds that passed the screening 
had greater affinity than the comparison drug tras-
tuzumab. The test compound that had the rerank 
score lowest was sinensetin, while the one with the 
rerank score highest was quercetin. The more -OH 
groups in a flavonoid, the higher the bond energy 
produced. The -OH group binds uncharged and 
negatively charged amino acids so that bond energy 
is formed (Ha, et al., 2015).
	 In this study, there was an interaction of the 
ligand with several active amino acids at the 3PP0 
receptor. Based on the results in Table 4, the ac-
tive amino acids with hydrogen bonds in the native                    
ligand are Asp 863(A), Thr 862(A), Met 801(A), 
Asn 850(A). There are 10 flavonoid compounds 
that bind to the same amino acids as native ligands 
with hydrogen interactions. Meanwhile, active 
amino acids with steric bonds in native ligands are 

Met 774(A), Thr 862(A), Ala 751(A), Met 801(A), 
Val 734(A), Asn 850(A), and Asp 863(A). All test 
compounds that have passed the screening have 
the same amino acid binding as native ligands and 
comparison compounds. The similarity of amino 
acids bound by the test compound with  the com-
parison compound and native ligand indicates that 
the compound is predicted to have the same activity 
as the comparison compound and native ligand, this 
is because amino acids are the active site on the re-
ceptor (Puspita, 2020).
	 Toxicity is a condition that indicates that 
there is a poison or  toxic  effect  on  the ingre-
dients contained in drug preparation. The LD50 is 
the concentration of a compound that can cause 
50% death in experimental animals (Kesuma, et 
al., 2018). The Ames Toxicity test is a test used 
to determine the presence of mutagenic potential 
in compounds. If a positive test result is obtained, 
it indicates that the compound is mutagenic and 
can act as a carcinogen (Kesuma, et al., 2018).                                                         
Test  Hepatotoxicity aims to determine the ability 
of a compound to damage the liver. Based on the 
results in Table 5, the compounds Acacetin, Dios-
metin, Honyucitrin, Isosinensetin, Nobiletin, Sinen-
setin, and Tangeretin are classified as toxicity class 
5, are not mutagenic, and do not cause liver toxicity. 
Compounds 4’-5-7-8-tetramethoxyflavone, Api-
genin trimethyl ether, and Luteolin are classified 
as toxicity class 5, they do not cause liver toxicity 
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Figure 7. HER-2 signaling pathway (Feng, et al., 2018).

but are mutagenic. Meanwhile, quercetin is classi-
fied as a toxicity class 3 with a toxic category when      
ingested, is not mutagenic, and does not cause liver 
toxicity.

CONCLUSION

	 Acacetin, Diosmetin, Honyucitrin,            
Isosinensetin,  Nobiletin,  Sinensetin, and  Tangere-
tin have met all physicochemical parameters, have a 
lower rerank score than the comparison compound 
trastuzumab, and are classified in class 5 toxicity, 
are not mutagenic, and do not cause liver toxicity. 
Therefore, these compounds can be candidates for 
breast cancer drugs based on natural ingredients.
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