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ABSTRACT. Syzygium samarangense or jambu Semarang is one of the typical Indonesian plants whose stem bark is rarely 
used. Research reports on stem bark provide the potential for development in the medical field, especially in cancer. The 
main objectives of this study were to identify its bioactive content and describe its potential bioactivity as an EGFR inhibitor 
for anticancer candidates in silico. The stages of the research was started with extraction (methanol), then fractionation (n-
hexane) to obtain n-hexane fraction. Then, identification of the chemical content of the fractions was carried out using LC-
MS. In order to know the content of anticancer potency of the identified compounds was analyzed by molecular docking. It 
can be reported that there are totally 35 compounds in the fraction. Based on molecular docking analysis, There were 4 of 
35 compounds in the fraction, which had anticancer potency namely: isoengeletin (i); epibetulinic acid (ii); myricitrin (iii), 
and stigmasterol-3-O-β-D-glucoside (iv). Through PASS prediction data, it is known that the four compounds have the 
potency to be antineoplastic and anticarcinogenic with moderate to high activity categories. Further studies, such as in vitro 
and in vivo, are needed to validate its bioactivity as an anticancer. 
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INTRODUCTION 

Syzygium samarangense is one of the typical plants 
in Indonesia. This plant is often used in the medical 
field as antioxidant (Metasari et al., 2020) and 
antifungal (Tukiran et al., 2021), but the use of the 
stem bark has not still optimized yet. Research related 
to the plant is still limited to be fruits and leaves, but 
its stem bark is rarely studied. However, according to 
some reports, this plant is rich in secondary 
metabolites including flavonoids, phenolics, steroids, 
and terpenoids. These secondary metabolites are 
beneficial, especially in medicine for example as an 
antioxidant, anticancer, and anti-inflammatory 
(Tarigan et al., 2022). 

Cancer  is  one  of  the most urgent problems in 
the world. Cancer is a condition in which cells grow 
abnormally in the body (WHO, 2022). All cancers 
occurred  due  to  abnormalities  in  the DNA 
sequence.  Mutations  affect  the cell's  DNA sequence 
to  change  from  the  normal  type  to  the  cancer 
type. This somatic mutation alters the function of a 
critical  gene,  conferring  a  growth  advantage  on 
the cell and resulting in the emergence of an 
expanded clone (Chae et al., 2018). Identification of 
mutated  genes  has  been  an important goal of 
cancer research since the emergence of 
recombination DNA technology (Hsiehchen et al., 

2020). The mechanism of cancer cell growth can result 
in the over expression of a receptor protein, one of 
which is the EGFR receptor (Inamura et al., 2010; 
Patel, 2014). 

EGFR receptor or epidermal growth factor receptor 
is a protein found on the surface of many cells in the 
body (Patel, 2014). The receptor plays a vital role in 
cell growth and division and is involved in developing 
and progressing many types of cancer. Over 
expression of it is commonly found in many solid 
tumors and has been associated with poor prognosis 
and resistance to conventional chemotherapy 
(Inamura et al., 2010). EGFR is a trans membrane 
receptor protein that regulates cellular processes such 
as proliferation, differentiation, and survival 
(Koveitypour et al., 2019). Dysregulation of the 
receptor signaling pathway has been implicated in the 
development and progression several types of cancer, 
including non-small cell lung cancer (NSCLC), 
colorectal cancer, head and neck cancers, and breast 
cancer (Thakur, 2019). Targeted therapy directed 
against EGFR has emerged as a promising treatment 
strategy for cancer patients (Wee & Wang, 2017). One 
of the treatments to overcome excessive EGFR 
expression is the administration of synthetic drugs such 
as icotinib. However, the use of this drug has side 
effects, with the fatal consequence being interstitial 
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lung disease (ILD) (Pan et al., 2014; Zhang et al., 
2014). 

There have been no reports regarding the potency 
of the plant stem bark especially as an EGFR inhibitor, 
so this research is essential to be conducted. This study 
aimed to identify the bioactive contents from the n-
hexane fraction of the methanol extract of  the plant 
stem bark and describe their potentials as an EGFR 
inhibitor in silico using molecular docking and their 
bioactivity approaches as an anti-neoplastic and anti-
carcinogenic through PASS-Online. 
 
EXPERIMENTAL SECTION 
Materials and Equipments 

S. samarangense stem bark, methanol p.a. 
(MERCK), n-hexane solvent (MERCK), and filter paper 
(Whatmann 42 MERCK). Tools used in this study are 
LC-MS (Shimadzu LCMS-8040) instrugment, vacuum 
rotary evaporator (Buchi Rotavapor® R-300), 
analytical balance (OHAUS), vacuum pump, grinder, 
Beaker glass (PYREX), Laptop (AMD Ryzen 7 processor, 
16GB RAM, 512GB SSD). Software used in this study 
are PyMOL, PyRx 0.8, and Discovery Studio.  

Sample Preparation, Extraction, and Fractionation 
The stem bark of S. samarangense is dried and 

ground to obtain a dried powder sample. The sample 
was macerated using methanol (1:4 w/v) for 1x24 
hours with three repetitions. The extract was thickened 
with a vacuum rotary evaporator to obtain a viscous 
extract. The concentrated extract was dissolved with a 
small amount of methanol in a separating funnel and 
then added by an n-hexane solvent with a ratio of 
methanol and hexane which is approximately 1:3. This 
mixture produces two layers where the top layer is the 
n-hexane phase. The n-hexane phase was then 
concentrated using a vacuum rotary evaporator to 
obtain n-hexane fraction. 

LC-MS Analysis 
Determination of the compounds in n-hexane 

fraction of S. samarangense stem bark was conducted 
using the LC-MS instrument. A total of 1 μL of the 
sample was injected into the LC instrument using a 
Shim FC-ODS column (2 mm x 150 mm, particle size 
3 μm) at 35 ℃. Separation was performed at a 1 
mL/min flow rate with an isocratic model. The ion 
spray needle voltage is 3.5 kV, and the capillary 
temperature is 400 ℃. Ionization was carried out using 
ESI. Compounds were identified using the NIST and 
FSTP-NUS data libraries from LC-MS. 

Druglikeness Lipinski Assay 
The  identified compounds were then selected 

using  Lipinski's  five  rules.  The drug similarity test 
with  Lipinski's five rules was then carried out by the 
web server scfbio-iitd.res.in/software/drugdesign/ 
lipinski.jsp. Compounds that can achieve at least 3 
rules of the Lipinski are compounds with potential as 
drugs and will be simulated using molecular docking 
(Jayaram et al., 2012; Lipinski, 2004). 

Molecular Docking Assay 
Protein Preparation 

The EGFR protein (PDB ID: 6VH4) obtained 
through the rcsb.org web server was prepared using 
Discovery Studio to determine its default ligand's active 
site and clean the protein from water, ligands, and 
unnecessary molecules. Proteins are stored in .pdb 
format (protein databank) and inputted as 
macromolecules in PyRx. 
Ligand Preparation 
Compounds that comply with Lipinski's five rules were 
obtained from the web server 
pubchem.ncbi.nlm.nih.gov/, which was minimized 
using OpenBabel on PyRx software and inputted as a 
ligand on PyRx. 

Docking and Visualization 
Molecular docking simulation was carried out 

using the Vina Wizard on PyRx 0.8 to determine the 
value of binding affinity and conformation of the 
compounds (Trott & Olson, 2010). The control 
compound used in this study was icotinib. The docking 
results were then visualized to obtain the type of data 
and interaction positions formed using PyMOL and 
Discovery Studio.  

PASS-Online Prediction 
PASS-Online predictions can determine the 

probability of a compound having a certain bioactivity. 
The data obtained are data on active opportunities 
(Pa) and inactive opportunities (Pi) (Lagunin et al., 
2000; Parasuraman, 2011). 
 
RESULTS AND DISCUSSION 
Identification Bioactive Compounds of n-Hexane 
Fraction of S. samarangense Stem Bark 

S. samarangense is one of the plants which can 
grow well in Indonesia. This plant is often used 
especially in the medical field. However, reports 
regarding to especially the stem bark of the plant are 
still rare. Based on LC-MS analysis, it can be reported 
that there is 35 compounds in the n-hexane fration. 
The dominant compound with the highest 
concentration in the fraction was cycloartenyl stearate, 
with a retention time of 6.93 minutes with a 
composition proportion of 6.93%. The chromatogram 
of LC-MS results can be seen in Figure 1, and the 
compounds identified can be seen in Table 1.  

In the n-hexane fraction/extract, glucoside 
derivatives that are also found can occur due to 
various factors such as amphiphilic properties and 
solubility shifts caused by the steric effects of glucoside 
derivative structures. The identified glucoside 
compounds included steroid glucosides and terpenoid 
glucosides, where the steroid moiety separates into the 
n-hexane solvent while the glucoside moiety is more 
attracted to methanol as the initial solvent. However, 
due to the steric effects of the more non-polar groups, 
solubility shifts occur, causing the glucoside 
compounds to be attracted to the n-hexane fraction.  
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It has been widely reported that stigmasterol-3-O-
β-D-glucoside or β-sitosterol-3-O-β-D-glucoside 
which is one of the steroid saponins are found in the 
n-hexane extract of a plant such as Chorisia crispiflora 
leaves (Samar et al. 2013). Several plants containing 
saponins in the n-hexane extract are Cassia fistula 
leaves (Sujatha & Asokan, 2018), Spondias tuberosa 
leaves (Anacardiaceae) (da Costa Cordeiro et al., 
2018), and stem Red Dragon fruit extract (Hylocereus 
polyrhizus) (Sari et al., 2021). Also, glucoside 
compounds had been identified from n-hexane extract 
of S. setigera leaf extracts (Ushie et al., 2022). Then, 
sesquiterpene glucosides, specifically eudesmane 
glycosides  is  also   presented  in   the  n-hexane 
extract of Carthamus lanatus (San Feliciano et al., 
1990), sitosteryl (60’-hentriacontanoyl)-β-D-
galactopyranoside in n-hexane fraction from the 
methanol extract of Cyperus rotundus, glycoside 
derivatives from the n-hexane extract of Carica 
papaya leaves (Simarmata et al., 2023), etc. 
Certainly, these reports had ensured the data that n-
hexane fraction of polar extracts e.g. methanol can 
attract glucoside derivatives such as steroids and 
terpenoids due to the steric effects of their structures. 

Druglikeness Lipinski's Analysis 
Druglikeness analysis is used to predict the potency 

of a compound as a drug candidate. Druglikeness 
analysis in this study used Lipinski's five rules including 
the following parameters: molar mass < 500 Da; log 
P (lipophilicity) < 5; hydrogen bond donors <5; 
hydrogen bond acceptors < 10; and molar refractivity 
40-130 (Lipinski, 2004). Compounds can be said to 
have potency as drug agents if they achieve 3 
parameters of the Lipinski rules. As a result, there are 
22 of 35 compounds achieving at least 3 rules of the 
Lipinski rules and have the potency as drug agents as 
shown in Table 1.  

Molecular Docking Analysis 
Molecular docking analysis is one approach that 

can be used to determine the potency of a compound 

as a drug candidate by inhibiting specific target 
proteins  (Wang et al., 2019). Docking will tether the 
ligand  to  the receptor's active site to obtain a 
receptor-ligand complex with a binding affinity value 
(Abdul-Hammed et al., 2022). As a result, there are 
22 compounds that comply with the Lipinski rule 
docked with EGFR protein have binding affinity values 
ranging from -5.2 kcal/mol to -9.3 kcal/mol 
(presented in Table 2). From this, there are 4 
compounds found having lower binding affinity values 
than  the control drug (icotinib), namely isoengeletin 
(i); epibetulinic acid (ii); myricitrin (iii), and 
stigmasterol-3-O-β-D-glucoside (iv). The fourth 
compound  has the lowest binding affinity compared 
to the other compounds.  Binding  affinity is the value 
of the stability of the complex formed between the 
receptor and the ligand. A stable complex has a low 
binding affinity value and will also has optimal activity 
inhibition  (Awaluddin et al., 2023; Muhamed-Ahmed 
et al., 2022). 

The results of visualizing the interaction of protein 
receptors and ligands (seen in Figure 3) showed that 
the ligands and receptors can form various 
interactions. The interactions formed are vulnerable to 
the stability of the complexes formed. In this study, the 
interactions formed are hydrogen bonds, electrostatic 
bonds, hydrophobic bonds, unfavorable bonds, and 
Van der Waals forces. A stable complex is also a 
complex having few unfavorable bonds (Freire, 2008). 
In addition, there are amino acid residues or 
interaction positions that are the same as the control 
drug compounds, as seen in Table 3. The similarity of 
the inhibition positions indicated that these 
compounds have similar activity to the control drug 
compounds (Kharisma et al., 2021; Sururi et al., 
2024). As a result, isoengeletin has a binding position 
with 4 binding positions; myricitrin and stigmasterol-
3-O-β-D-glucoside have similarities at 5 amino acid 
positions, whereas epibetulinic acid had no 
resemblance to the icotinib control.  

 

 

Figure 1. Chromatogram of LCMS analysis of n-hexane fraction of S. samarangense stem berk  
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Table 1. Compounds of n-hexane fraction and druglikeness lipinski’s profile  

Peak Comp. 
(%) 

Compound Lipinski's Rule of Five Parameters Note 

MWa HAb HDc LPd MRe 

1 4.70 Eugenol 164.20 2 1 2.01 49.06 Yes 
2 3.63 β-Caryophyllene 204.35 0 0 4.63 68.78 Yes 

3 2.36 Eugenin 206.19 4 1 0.24 55.97 Yes 
4 3.81 Eugenol acetate 206.24 3 0 2.43 58.54 Yes 

5 2.26 Benzyl benzoate 212.24 2 0 3.41 62.21 Yes 
6 1.58 Pinocembrin 256.25 4 2 1.27 69.55 Yes 
7 2.14 (−)-Strobopinin 270.28 4 2 1.52 74.51 Yes 
8 1.80 8-Methylpinocembrin 270.28 4 2 1.52 74.51 Yes 
9 1.26 Uvangoletin 272.30 4 2 1.91 76.47 Yes 
10 1.56 Stercurensin 284.31 4 2 2.08 81.75 Yes 
11 2.31 2',4'-Dihydroxy-6'-

methoxy-3'-
methyldihydrochalcone 286.32 4 2 2.15 81.43 Yes 

12 2.74 4',6'-Dihydroxy-3',5'-
dimethyl-2'-
methoxychalcone 298.33 4 2 2.31 86.72 Yes 

13 1.96 7-Hydroxy-5-methoxy-
6,8- dimethylflavanone 298.33 4 1 2.00 83.95 Yes 

14 0.90 Aurentiacin 298.33 4 1 2.31 86.22 Yes 
15 1.72 2',4'-Dihydroxy-6'-

methoxy3',5'-
dimethylchalcone 298.33 4 2 2.31 86.72 Yes 

16 0.99 (+)-6,8-Di-C-
methylpinocembrin-5-
methylether 298.33 4 1 2.00 83.95 Yes 

17 2.12 Myricetin 318.24 8 6* -1.08 80.06 Yes 
18 1.00 Biflorin 354.31 9 6* -2.45 84.12 Yes 
19 4.39 β-Sitosterol 414.71 1 1 6.73* 133.23 Yes 
20 8.39 Lupeol 426.72 1 1 6.92* 135.14 Yes 
21 1.33 Isoengeletin 434.39 10 6* -1.42 103.95 Yes 
22 2.24 Betulin 414.71 1 1 6.73* 133.23 Yes 
23 2.64 Epibetulinic acid 456.70 3 2 5.82* 136.91 Yes 
24 2.79 Myricitrin 464.38 12* 8* -2.32 111.02 Yes 
25 2.91 Mearnsitrin 478.40 12* 7* -2.11 115.49 Yes 
26 2.62 Myricetin-3-O-(4''-O-

malonyl)-α-L-
rhamnopyranoside 610.52* 16* 10* -3.62 141.98* No 

27 3.77 Stigmasterol-3-O-β-D-
glucoside 574.83* 6 4 3.85 165.14* Yes 

28 4.60 β-Sitosterol-D-glucoside 576.85* 6 4 3.96 165.61* Yes 
29 3.04 Campesterol glucoside 562.82* 6 4 3.78 160.81* Yes 
30 2.96 Desmanthin 1 616.48* 16* 10* -2.50 146.73* No 
31 1.96 Myricetin-3-(3''- 

galloylrhamnoside) 616.48* 16* 10* -2.50 146.73* No 
32 1.6 Strictinin 634.45* 18* 11* -2.42 141.85* No 
33 4.64 Sitosteryl stearate 681.17* 2 0 9.66* 219.88* No 
34 6.93 Cycloartenyl stearate 693.18* 2 0 9.82* 221.79* No 
35 4.35 Lupenyl stearate 693.18* 2 0 9.82* 221.79* No 

Note: amolecular weight; bhydrogen bond acceptor; chydrogen bond donor; dlipophilicity; emolar refractivity; 
* = does not comply with lipinski's rule
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Table 2. Binding affinity of compounds based on molecular docking analysis 

No Compound  Binding Affinity 
(kcal/mol) 

1 Icotinib (Control Drug) -8.9 
2 eugenol -5.2 
3 β-Caryophyllene -6.5 
4 Eugenin -6.2 
5 Eugenol acetate -5.7 
6 Benzyl benzoate -6.3 
7 Pinocembrin -7.7 
8 (−)-Strobopinin -8.4 
9 8-Methylpinocembrin -8.3 
10 Uvangoletin -6.9 
11 Stercurensin -7.2 
12 2',4'-Dihydroxy-6'-methoxy-3'-methyldihydrochalcone -7.2 
13 4',6'-Dihydroxy-3',5'-dimethyl-2'-methoxychalcone -6.8 
14 7-Hydroxy-5-methoxy-6,8- dimethylflavanone -8.4 
15 Aurentiacin -6.8 
16 2',4'-Dihydroxy-6'-methoxy3',5'-dimethylchalcone -6.8 
17 (+)-6,8-Di-C-methylpinocembrin-5-methyl ether -8.4 
18 Myricetin -8.3 
19 Biflorin -8.2 
20 β-Sitosterol -8.6 
21 Lupeol -8.7 
22 Isoengeletin -9.1 
23 Betulin -8.2 
24 Epibetulinic acid -9.1 
25 Myricitrin -8.9 
26 Mearnsitrin -8.8 
27 Stigmasterol-3-O-β-D-glucoside -9.3 
29 β-Sitosterol-D-glucoside -8.1 
30 Campesterol glucoside -8.8 

 

 

Figure 2. Structure of potential compounds 
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Figure 3. Visualization of potential and control compound with EGFR receptor: (a) Icotinib (control 
drug); (b) isoengeletin; (c) epibetulinic acid; (d) myricitrin; and (e) stigmasterol-3-O-β-D-glucoside 

 
Table 3. Amino acid residues with similar to icotinib  

Compounds Similar Amino Acid Residue 

Isoengeletin (i) Val 726, Ala 743, Leu 718, Asp 855 
Epibetulinic acid (ii) - 
Myricitrin (iii) Leu 718, Leu 844, Val 726, Ala 743, Asp 855 
Stigmasterol-3-O-β-D-glucoside (iv) Leu 718, Ala 743, Leu 844, Val 726, Asp 855. 

 

 
Figure 4. Surface area interaction of potential and control compounds in active site 

 
Table 4. PASS Prediction result of potential compound as anti-neoplastic and anti-carcinogenic 
substances 

Compounds Anti-neoplastic Anti-carciogenic 

Isoengeletin (i) Pa= 0,819 
Pi= 0,010 

Pa = 0,909 
Pi= 0,002 

Epibetulinic acid (ii) Pa= 0,925  
Pi= 0,005 

Pa= 0,493 
Pi=0,020 

Myricitrin (iii) Pa= 0,878 
Pi= 0,005  

Pa= 0,955 
Pi= 0,001 

Stigmasterol-3-O-β-D-glucoside Pa= 0,630 
Pi= 0,039 

Pa= 0,847 
Pi= 0,004  
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PASS Prediction 
PASS Prediction is a web server to provide a web 

server that predicts more than 300 pharmacological 
effects and biochemical mechanisms based on the 
structural formula of a substance. It can be used 
efficiently to find new targets (mechanisms) for some 
ligands and vice versa to reveal new ligands for some 
biological targets (Abdul-Hammed et al., 2022; Sururi 
et al., 2022). As presented in Table 4, it can be shown 
that the four potential compounds have potency as 
anti-neoplastic and anti-carcinogenic, with values of 
Pa (active potential) and Pi (inactive potential). As 
reported that a Pa value > 0.7 is categoried as high, 
while a Pa value > 0.3 is categorized as medium 
(Rahmaningsih & Pujiastutik, 2019; Sururi et al., 
2022). Compounds (i), (ii), and (iii) have high potency 
as anti-neoplastic agents, while compound iv has 
moderate potency as anti-neoplastic agents. Anti-
neoplastic agents are used for treating cancer 
(commonly called anticancer drugs) (Guichard et al., 
2017). In addition, compounds i, iii, and iv have high 
potency, while compound (iii) has moderate potency 
as anti-carcinogenic. Anti-carcinogenic substances 
can counteract carcinogenic effects or inhibit the 
development of cancer cells (WHO, 2003). The 
difference between anti-neoplastic and anti-
carcinogenic is that anti-neoplastic used for cancer 
treatment is commonly called anticancer, while anti-
carcinogenic is a drug used to counteract carcinogenic 
(preventive) effects. 

 
CONCLUSIONS 

Based on exposure above, it can be concluded that 
there are 35 compounds found in the n-hexane 
fraction of the methanol extract of S. samarangense 
stem bark. However, there are 4 compounds having 
potency as anticancer, namely: isoengeletin; 
epibetulinic acid; myricitrin; and stigmasterol-3-O-β-
D-glucoside. Based on PASS prediction, it can be 
stated that the four compounds have medium-high 
active potential as anti-neoplastic and anti-
carcinogenic substances. 
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