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Abstract  

Sungkai (Peronema canescens Jack) is known to have various bioactive compounds as anticancer agents. 

This study aims to evaluate the anticancer potential of the active compound from the ethyl acetate fraction of 

sungkai leaves through an experimental and computational approach. The cytotoxic activity of the ethyl acetate 

fraction was carried out using the MTT assay method on A549 lung cancer cells. The computational study carried 

out using the molecular docking method and continued with pharmacokinetic analysis of the five main compounds 

in the ethyl acetate fraction of sungkai leaves. The MTT assay revealed that the ethyl acetate fraction exhibited 

moderate cytotoxic activity against A549 lung cancer cells, with an IC50 value of 33.41 µg/mL. The LC-MS/MS 

analysis identified five main compounds in this fraction: isorhamnetin, physcion, pilosin, (3R)-sophorol, and 

takakin. Molecular docking simulations of these compounds with the EGFR protein (PDB ID: 5UG9) showed 

bond energies ranging from -7.7 to -8.9 kcal/mol. Physcion has a more negative bond energy value compared to 

the positive control (quercetin) and four other compounds. The compounds interacted with the protein through 

hydrogen bonds and van der Waals interactions, predominantly involving amino acid residues ALA A:743, VAL 

A:726, LEU A:718, LEU A:844, and GLN A:791. Pharmacokinetic analysis revealed that all the compounds met 

Lipinski's rule of five, indicating good oral absorption and membrane permeation. However, toxicity predictions 

showed that isorhamnetin, takakin, and pilosin had a high risk of gene mutations, whereas physcion had a 

moderate risk. Despite potential toxicity concerns, the compounds had drug scores greater than 0, suggesting their 

potential as drug candidates. Therefore, experimental and computational approaches can be an efficient early 

screening method to identify potential bioactive compounds as drugs. However, further analysis must be carried 

out regarding the risk of toxicity and a good dose of the drug.  
Keywords: Cytotoxicity, Lung cancer, Molecular docking, Peronema canescens Jack, Pharmacokinetics. 
 

Introduction  
Lung cancer is the second most common 

cancer worldwide, with a diagnosis rate of 11.4%, 

and is the leading cause of death(1). In 2022, globally 

there were around 2.48 million new cases and 1.8 

million deaths due to lung cancer(2). Various factors 

can cause lung cancer related deaths. An important 

factor in the development of lung cancer, especially 

non-small cell lung cancer (NSCLC), is the 

Epidermal Growth Factor Receptor (EGFR) 

oncogene. EGFR is one of the genes that most often 

mutates in NSCLC. Approximately 10%-30% of 

NSCLC patients have active mutations in EGFR(3). 

Mutations in the EGFR gene cause constitutive 

activation of this receptor(4,5)which affect various 

upstream and downstream signaling molecules in 

various pathways, including the PI3K/Akt/mTOR 

pathway(6). Activation of this pathway can increase  

 

the growth, survival, migration, and invasion of 

tumor cells by affecting the tumor cell cycle, 

inhibiting tumor cell apoptosis and autophagy, and 

increasing tumor angiogenesis and chemotherapy 

resistance(7). 

In recent years, EGFR-targeted therapy has 

become one of the main approaches for treating 

NSCLC. However, a major challenge is drug 

resistance to existing EGFR inhibitors such as 

gefitinib and erlotinib(4). Therefore, it is necessary to 

identify new drugs that can inhibit cancer cells 

growth. Researchers continue to explore and 

develop effective drugs to improve therapeutic 

strategies, including the use of plant-derived natural 

compounds as therapeutic agents. Sungkai 

(Peronema canescens Jack) are typical Indonesian 

plants that grow and spread widely on the islands of 

Sumatera and Kalimantan(8). It is a traditional 
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plant that is widely used as a medicine for 

hypertension, hypercholesterolemia, toothache, 

malaria, and others(9). The bioactivities of sungkai 

leaves have been widely reported, including their 

anticancer properties(10). Sungkai leaves contain 

various secondary metabolites that can be used as 

medicines(11). The potential of a compound or 

molecule as a medicine can be determined by its 

toxicity, which is expressed by its IC50 value, 

pharmacokinetics, and molecular docking.  

 

  
(a) (b) 

Figure 1. Sungkai (Peronema canescens Jack) a) sungkai plants, b) sungkai leaves(9). 
 

Experimental studies on the cytotoxic 

activity of sungkai plants have been widely 

conducted using both BSLT and MTT assays against 

several cancer cell types(10-13). However, to date, no 

study has specifically explained the role of sungkai 

leaves as an anti-lung cancer drug. In addition, the 

toxicity and potential properties of the compounds 

contained in sungkai leaves as drug candidates have 

not been studied computationally. Computational 

methods for determining the toxicity of new drug 

compounds have several advantages, such as fast 

and efficient work and ease of reporting the 

interaction of drug compounds with cancer cells, 

which are difficult to identify experimentally(14). 

Therefore, this study aimed to determine the 

cytotoxic activity of sungkai leaves experimentally 

and computationally using cytotoxic, 

pharmacokinetic, and molecular docking tests. The 

combination of these two methods can facilitate the 

discovery of new drugs that are effective as lung 

cancer therapeutic agents, simply, easily, and 

efficiently. 
 

Materials and Methods 
Materials 

The sample utilized in this study comprised 

sungkai leaves (Peronema canescens Jack) collected 

from the Tanah Datar, West Sumatra, Indonesia. 

The solvents employed for extraction included 

hexane, ethyl acetate, and methanol (A distilled 

technical-grade solvent was obtained from PT. 

Novalindo Jaya Utama, Padang, Indonesia). 

Additionally, MTT reagents (3-(4,5-di-

methylthiazol- 2-yl)-2,5 2,5-diphenyltetrazolium 

bromide) and RPMI-1640 media were utilized for 

the MTT assays. For molecular docking analysis, the 

Autodock Vina free version program was used, the 

PyMol education version and Discovery Studio 

2024 free version, whereas the pharmacokinetic 

analysis was used the OSIRIS Property software free 

version.  

Sample Preparation  

Two kilograms of dried sungkai leaves 

were ground using a grinder. From this material, 500 

g of the finely ground sample underwent maceration 

with 1.5 L of methanol for 72 h. Following 

maceration, the mixture was filtered to obtain the 

filtrate, which was concentrated using a rotary 

evaporator to remove the solvent. The maceration 

process was repeated under identical condition until 

the filtrate appeared clear, indicating that the soluble 

compounds had been thoroughly extracted. All 

concentrated filtrates were weighed(15). 
Fractionation of Methanol Extract  

A total of 20 g of the concentrated 

methanol extract was resuspended in a sufficient 

volume of distilled water to obtain a homogeneous 

aqueous phase suitable for liquid-liquid 

fractionation. The resulting suspension was 

transferred into a separatory funnel and fractionated 

using hexane as the first organic solvent. The 

mixture was gently agitated to facilitate the 

distribution of non-polar constituents into the 

hexane phase, followed by a resting period to allow 

complete phase separation. The hexane layer was 

collected, and the fractionation process was repeated 

several times under identical conditions until the 

hexane fraction appeared clear, indicating 
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exhaustive extraction of non-polar compounds. The 

remaining aqueous phase was separated with ethyl 

acetate to isolate semi-polar constituents. The 

mixture was shaken and allowed to settle until two 

distinct layers were formed. The ethyl acetate phase 

was separated, and the fractionation was repeated 

multiple times until a clear ethyl acetate layer was 

obtained, indicating that the semi-polar metabolites 

had been efficiently extracted. All collected 

fractions: the hexane fraction, ethyl acetate fraction, 

and the residual aqueous fraction, were concentrated 

under reduced pressure using a rotary evaporator to 

remove the solvents. The dried fractions were then 

analyzed to cytotoxicity assays and secondary 

metabolite profiling using LC-MS/MS(16). 
 

Characterization of Ethyl Acetate Fraction of 

Sungkai Leaves Using Liquid Chromatography 

Tandem-Mass Spectrometry (LC-MS/MS)   

The ethyl acetate fraction of the sungkai 

leaves was analyzed by LC-MS/MS to identify the 

secondary metabolite content. Samples were 

separated using UPLC (ACQUITY UPLC® H-

Class System, Waters, USA) and analyzed using 

high-resolution mass spectrometry (Xevo G2-S 

QTof, Waters, USA). A C18 column was used with 

mobile phase A consisting of water containing 5 

mM ammonium formate (phase A) and acetonitrile 

with 0.05% formic acid (Phase B). Gradient elution 

was performed at a flow rate of 0.2 mL/min for 23 

min with a 5 μL injection. The standart used in 

analysis was methanol p.a. The mass spectrometer 

was operated in the positive ESI mode, scanning in 

the range of 50–1200 m/z with source and desolation 

temperatures set at 100°C and 350°C 

respectively.   In addition, the cone gas flow rate and 

desolation are 0 L/h and 793 L/h, respectively. The 

collision energy varies between 4 to 60 eV to 

produce ion fragmentation. The analysis was 

controlled and processed using Masslynx software 

version 4.1(17). The compounds were identified using 

the Massbank and Chemspider database.  
 

 

Cytotoxicity Test of Ethyl Acetate Fraction Against 

A549 Lung Cancer Cells  

Cytotoxicity analysis using MTT assay was 

performed as previously described by Fadholly et 

al.. A549 cells (ATCC CL185) were obtained from 

the Microbiology and Immunology Laboratory of 

the Center for Primate Animal Studies, LPPM IPB 

Bogor. The A549 cells were grown at a 

concentration of 5000 cells in 100 µL of growth 

medium (D-MEM or RPMI-1640) supplemented 

with 10% Fetal Bovine Serum (FBS) and 100U/mL 

penicillin, 100 ug/mg Streptomycin. The ethyl 

acetate fraction was added after cells reached 50% 

confluence within 24 h. The MTT assay was 

performed on day 3 by adding 10 µL of MTT (5 

mg/mL) to each well and incubating for 4 h at 37°C. 

Formazan crystals were then dissolved in ethanol. 

The absorbance was measured at 595 nm using an 

ELISA reader and the work was repeated three 

times(18,19). Persentase viabilitas sel dihitung sesuai 

dengan rumus berikut:  

Cell Viability (%) = 
Absorbance of treated cells -Absorbance of blank

Absorbance of controlles cells - Absorbance of blank
 ×100 

 (1) 

Absorbance of treated cells = cells + media + ethyl 

acetate fraction + Solvent (ethanol) 

Absorbance of controled cells = cells + media + 

DMSO 

Absorbance of blank = media(20) 

The half-maximal inhibitory concentration 

(IC50) of ethyl acetate fraction of sungkai leaves was 

determined using GraphPad Prism trial software 

version 9.0(19). 
 

Determining the Toxicity and Pharmacokinetic 

Properties of Molecules Computationally  

The toxic properties of the main compound 

structure of sungkai can be determined based on 

toxicity risk values, such as irritation, mutagenicity, 

tumorigenicity, and reproductive problems, as well 

as physicochemical properties such as log P 

(coefficient of partition octanol-water), solubility 

(log S), molecular weight, drug similarity, and drug 

score, which can be calculated using the OSIRIS 

Property software free version(21–23). 
 

Molecular Docking  

The interaction of compounds from the ethyl 

acetate fraction of sungkai leaves with proteins was 

determined using the AutoDock Vina program(24). 

The optimization results were in the form of optimal 

molecular structure, bond length, and activation 

energy, which were then analyzed to determine the 

stability of the interaction between the compound 

and the protein(25). The positive control used was 

quercetin and the protein used was EGFR (PDB ID: 

5UG9)(4), which can be downloaded in 

www.rcsb.org. This protein file was downloaded in 

the PDB format. After the protein was downloaded, 

it was saved in PDB format, the protein was 

prepared using the AutoDock Vina program free 

version, the water molecules were removed, and the 

test protein ligand was released(26).  
 

Results and Discussion 
Secondary Metabolic Analysis of Ethyl Acetate 

Fraction by LC-MS/MS  

Fractionation of approximately 20 g of 

methanol extract from Sungkai leaves yielded about 

5.93 g of the hexane fraction, 5.08 g of the ethyl 

acetate fraction, and 1 g of the residual aqueous 

fraction. Secondary metabolite profiling was 

conducted on the ethyl acetate fraction using LC-

MS/MS analysis. The LC-MS/MS results are 

presented as chromatograms depicting peak height 

and retention time (figure 2.), enabling the 

identification of compound molecular weights 

http://www.rcsb.org/
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within the extract and accurate quantification in each 

sample(27). Based on retention time data, m/z values, 

and MS/MS fragmentation patterns, a total of thirty-

seven chemical constituents were identified in the 

ethyl acetate fraction of Sungkai leaves after the 

comparison with reference databases. These 

compounds belong to several classes of secondary 

metabolites, including flavonoids and 

anthraquinones. Among the thirty-seven identified 

compounds, five with the highest peak area 

percentages were selected, as shown in Table 1. 

These include four flavonoids (isorhamnetin, 

pilosin, (3R)-sophorol, and takakin) with 

isorhamnetin exhibiting the highest area percentage 

at 12.71%. The anthraquinone compound, physcion 

was also detected, contributing an area percentage of 

8.03%. Previous studies have similarly reported the 

presence of flavonoids and anthraquinones in 

sungkai leaves extracts, supporting the consistency 

of the metabolite profile identified in this study. 

 

 
 

Figure 2. LC-MS/MS chromatogram result of ethyl acetate fraction 

Table 1. Retention time, area percentage, and molecular weight of the main compounds in the ethyl acetate 

fraction of sungkai leaves.  
 

+ 

No 
Retention 

time (min) 
Area Percentage (%) Molecular weight Structural Formula Compound 

1 6.58 12.71 316.265 

 

Isorhamnetin 

2 6.24 8.03 284.267 

 

Physicon 

3 8.35 7.7 330.292 

 
  

Pilosin 
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Continued table 1. 

4 5.52 5.56 300.266 

 

(3R)-Sophorol 

5 7.1 3.86 300.266 

 

Takakin 

 

Cytotoxic Activity of Ethyl Acetate Fraction of 

Sungkai Leaves Using the MTT Assay Method  
The cytotoxic potential of the ethyl acetate 

fraction was assessed through determination of the 

IC₅₀ value using the MTT assay. This colorimetric 

method relies on the enzymatic reduction of 

tetrazolium salt [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide] (MTT) into insoluble 

formazan crystals by mitochondrial succinate 

dehydrogenase in metabolically active cells(28,29). 

Viable cells convert MTT into a purple formazan 

product exhibiting maximum absorbance at 

approximately 550-595 nm(30). whereas non-viable 

cells lose this capability(31). Cell viability was 

quantified based on the amount of formazan formed, 

measured spectrophotometrically after treatment 

with varying sample concentrations against A549 

lung cancer cells. The absorbance data, presented in 

Figure 3, demonstrated an inverse relationship 

between sample concentration and absorbance, 

indicating reduced formazan formation at higher 

concentrations due to increased cell death. 

Consequently, diminished succinate dehydrogenase 

activity at elevated concentrations limits tetrazolium 

reduction(28). The negative control (0 µg/mL) 

exhibited the highest absorbance, confirming the 

absence of cytotoxic effects under untreated 

conditions.  

 
Figure 3. Graph of relationship between concentration of ethyl acetate fraction and absorbance 

The morphologies of the cells before and 

after the treatment are shown in Figure 4. The figure 

shows that the higher the concentration of the test 

sample, the lower is the number of viable cells. In 

the control (Figure 4a) with a test sample 

concentration of 0 µg/mL, it can be seen that the 

cells have an oval shape, are clear, and are evenly 

distributed. The treatment resulted in a significant 

change in the viability of A549 cells. Cell viability 

decreased with increasing test sample 

concentrations. At a test sample concentration of 

500 µg/mL (Figure 4e), almost all cells shriveled 

and clumped together, which was black, indicating 

cell death as evidenced by absorbance values and 

cell viability in each treatment in Figure 3 and 

Figure 5(32). 
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Figure 4. Morphology of A549 lung cancer cells a) control (0 μg/mL), b) 31.5 μg/mL, c) 62.5 μg/mL, d) 250 

μg/mL, e) 500 μg/mL 

Figure 5 shows the percentage viability of the A549 

lung cancer cells at various concentrations. At 0 

µg/mL, 100% cell viability indicated no cell death. 

At 500 µg/mL, 100 percentage of cell death was 

observed. This indicated that the cell growth was 

completely inhibited at this concentration. 

 
Figure 5. Graph of relationship between % viability of A549 lung cancer cells with concentration of ethyl 

acetate fraction 
 

The cytotoxic activity of the ethyl acetate 

fraction of the sungkai leaves was calculated based 

on the IC50 value. The IC50 value is the concentration 

required to inhibit the growth of 50% cells. The 

results showed that the ethyl acetate fraction of 

sungkai leaves had an IC50 value of 33.41 µg/mL 

(Figure 6). Based on the National Cancer Institute 

(NCI) classification, this value was categorized as 

moderately cytotoxic. A compound can be 

considered highly cytotoxic if it has an IC50 value ≤ 

20 µg/mL, moderately cytotoxic if it has an  

IC50 value of 21-200 µg/mL, weakly cytotoxic if it 

has an IC50 value of 201-500 µg/mL, and non-

cytotoxic if it has an IC50 value > 501µg/mL(20). A 

compound has the potential to be an anticancer drug 

if its IC50 value is < 100 µg/mL(28). Thus, the ethyl 

acetate fraction of sungkai leaves has the potential 

to be used as an anticancer agent. Previous research 

conducted a cytotoxic test of crude extracts of 

sungkai leaves using different solvents, such as nano 

emulsion using ethanol extract of sungkai leaves on 

preputial cells showing an IC50 value of 82.2 

µg/mL(33). Research by Ibrahim et al. (2022) showed 

that the cytotoxic activity of ethyl acetate extract of 

sungkai leaves on HT-29 and HeLa cells had IC50 

values of 48.635 µg/mL and 28.186 µg/mL, 

respectively(34).  
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Figure 6. Relationship between log concentration of ethyl acetate fraction and % viability of A549 lung 

cancer cells 
 

Molecular Docking of EGFR Protein  

Five main components of the secondary 

metabolites from the flavonoid and anthraquinone 

groups were identified, and the cytotoxic activity of 

the ethyl acetate fraction against A549 lung cancer 

cells was moderate. Docking simulations were 

performed on five compounds against protein-ligand 

complexes with PDB ID: 5UG9, that is the crystal 

structure of the EGFR kinase domain 

using AutoDock Vina's software. Molecular 

docking was performed using a 3D crystal structure 

of the target protein, and the interaction between 

ligands and proteins was visualized using the 

Discovery Studio Visualizer software. 

The first step in validating the docking results 

is the protein re-docking with native ligand. The 

protein is tethered with the native ligand: N-

[(3R,4R)-4-fluoro-1-{6-[(3-methoxy-1-methyl-1H-

pyrazol-4-yl) amino]-9-(propan-2-yl)-9H-purine-2-

yl} pyrrolidin-3-yl]propanamide. Based on the 

results of redocking with grid box center x = -

13.127, y = 14.012, and z = -25.57 and size x = 10.0, 

y = 12.0, and z = 12.0, the bond energy is -8.2 

kcal/mol.    

Root Mean Square Deviation (RMSD) is 

used to visualize docking results. The RMSD value 

obtained from the validation results is 1.935 Å, 

which indicates that the validation results are 

acceptable because the RMSD ≤ 2.0 Å. An RMSD 

value of less than 2 Å indicates that the position of 

the docked ligand is still quite close to its original 

position on the reference structure. Thus, the 

docking results can be considered feasible and quite 

accurate(35,36). Molecular docking simulations are 

used to identify amino acid residues, bond energy, 

and RMSD values between protein and ligands. The 

bond energy values and amino acid residues 

involved as shown in Table 2 and Figure 7. Based 

on the data in Table 2, the bond energy of the five 

compounds ranges from -7.7 to -8.9 kcal/mol. The 

more negative the bond energy, the greater the 

potential of ligands in inhibiting EGFR proteins that 

act as receptors that promote cancer cell growth. The 

most negative bond energy value is shown by the 

physcion compounds, which is -8.9 kcal/mol. Based 

on the results of the docking simulation on a positive 

control (quercetin) with the protein, a smaller bond 

energy was obtained compared to the bond energy 

of physcion, isorhamnetin, and pilosin, which was -

7.9 kcal/mol. Based on these data, physcion 

compounds have greater potential than quercetin 

compounds and native ligand (-8.2 kcal/mol) as drug 

candidates in inhibiting EGFR protein. 

Based on the data in Figure 7, the interactions 

that occur between ligands and proteins involve van 

der Waals interactions and hydrogen bonds, which 

are mediated by various amino acid residues. 

Quercetin, as a positive control, showed six van der 

Waals interactions with residues such as LEU 

A:718, ALA A:743, and VAL A:726, and one strong 

hydrogen bond with GLN A:791, which had a bond 

length of 2.69 Å. Isorhamnetin showed more 

hydrogen bonds, especially with residues MET 

A:793, CYS A:797, ARG A:841, and THR 

A:854. Physcion formed two hydrogen bonds with 

MET A:793 and ALA A:743, at bond lengths of 1.54 

and 2.61 Å, respectively.  

In addition, physcion also exhibited van der 

Waals interactions with hydrophobic groups such as 

LEU A:844, VAL A:726, and PHE 

A:856. Pilosin exhibited similar interactions to 

quercetin but had more hydrogen bonds. (3R)-

Sophorol exhibited strong van der Waals 

interactions with residues CYS A:797, MET A:790, 

ALA A:743, VAL A:726, and LEU A:844. 

Meanwhile, takakin formed two hydrogen bonds 

with residues GLN A:791 and CYS A:797. In 

addition, takakin also formed many van der Waals 

interactions with residues MET A:790, CYS A:775, 

ALA A:743, VAL A:726, LEU A:844, and LEU 

A:718. Overall, ligand binding to protein active sites 

involved a combination of van der Waals 

interactions with residues ALA A:743, VAL A:726, 

LEU A:718, and LEU A:844, as well as hydrogen 

bonding at MET A:793 and GLN A:791. The van 

der Waals interaction of the hydrophobic groups 

plays an important role in the formation of a stable 

complex between the ligand and protein but is also 

driven by the presence of additional interactions, 

such as hydrogen bonds, ionic interactions, 

electrostatic interactions, and van der Waals 

interactions(37). In addition, the interaction strength 
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between the ligand and protein is influenced by the 

bond length, with a shorter bond length (with a 

distance cutoff of 3.5 Å)(38) resulting in a stronger 

interaction. When a compound binds to the EGFR 

protein, it inhibits the auto polymerization process 

thereby inhibiting the activation of the downstream 

signal cascade that plays an important role in cell 

polymerization, survival, and regulation of 

angiogenesis(39). 

 

Table 2. Bond energy and RMSD of ligands with EGFR protein  

No Ligand Bond energy (kcal/mol) RMSD (Å) 

1 Quercetin (positive control) -7.9 1.810 

2 Isorhamnetin -8.2 1.935 

3 Physcion -8.9 1.200 

4 Pilosin -8.1 1.956 

5 (3R)-Sophorol -7.7 1.749 

6 Takakin -7.8 1.452 

 

 
 
 

Figure 7. 3D and 2D interactions between EGFR protein and ligands: a) quercetin, b) isorhamnetin, c) 

physcion, d) pilosin, e) (3R)-sophorol, and f) takakin 

a) 
b) 

c) 

d) 

e) 

f) 
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Analysis of pharmacokinetic properties, toxicity, 

and drug scores of compounds  

The relationship between the 

physicochemical properties and pharmacokinetics 

was determined using Lipinski's five rules: 

molecular weight < 500 Da, Hydrogen Bond Donor 

(HBD) < 5, Hydrogen Bond Acceptor (HBA) < 10, 

LogP < 5, and molar reactivity 40-130 Å(40–42). Poor 

absorption or permeation occurs when there are 

more than 5 H-bond donors, 10 H-bond acceptors, 

molecular weight (MWT) greater than 500 Da and 

calculated Log P (CLogP) greater than 5 (or MlogP 

˃4.15)(42). The pharmacokinetic properties were 

analyzed using OSIRIS software, as presented in 

Tables 3 and 4. The solubility (log S) of a drug is an 

important parameter for understanding its 

dissolution in the digestive tract and absorption into 

the bloodstream. The solubility of a drug is 

influenced by surface area of its solid compound(21). 

A drug is said to have potential if it has a solubility 

value of -6. Based on the data in Table 3, the 

solubility values of the five test compounds were -

2.8 to -4.5, which means that they were still within 

the permissible range. A compound has good 

solubility if Log S is greater than -4, quite good with 

a Log S value between -4 and -6, and poor if the Log 

S value is less than -6(43).  

Among the five test compounds, 

isohamnetin, takakin, and pilosin exhibited similar 

solubility values of -2.8, -2.87, and -2.89, 

respectively. Isorhamnetin had a greater solubility 

value, indicating that it is more soluble than takakin 

and pilosin in biological systems. The total surface 

area (TPSA) of the five compounds ranged from 

83.83 to 116.4 Å, which was closely related to the 

absorption parameters. These results indicate that all 

compounds meet the Lipinski rule of five, namely, 

TPSA less than 150 Å, indicating high polarity with 

good oral absorption and membrane permeation(21).  

 

Table 3. Pharmacokinetic values of the main compounds of the ethyl acetate fraction  

 

Compound 

Mark 

Solubility 

(log S) 
TPSA (Å) Log P HBA HBD Molecular Mass (g/mol ) 

(3R)-Sophorol -3.79 85.22 2.84 6 2 300 

Physicion -4.5 83.83 2.62 5 2 284 

isorhmanetin -2.8 116.4 1.77 7 4 316 

Takakin -2.87 90.22 2.27 6 3 300 

Pilosin -2.89 104.4 2.2 7 3 330 

    

Hydrogen bonds were formed between the 

lone pair of electrons on an electronegative atom in 

a compound interact with hydrogen atoms in other 

compounds. Compounds that provide 

electronegative atoms are called Hydrogen Bond 

Acceptors (HBA), whereas compounds that provide 

hydrogen atoms are called Hydrogen Bond Donors 

(HBD). Based on the analysis of the HBA and HBD 

properties of the five test compounds, all 

compounds met the Lipinski Rule of five criteria, 

namely, the number of HBA ≤ 10 and HBD ≤ 5(43). 

Compounds with HBA < 10 or HBD < 5 tend to have 

low membrane permeability and decreased oral 

bioavailability because they are more likely to be in 

an aqueous environment than to penetrate lipophilic 

membranes(44). This value is also closely related to 

the balance among solubility, permeability, and 

metabolic stability. The greater number of HBAs 

relative to HBDs can be attributed to the ability of 

HBAs to form hydrogen bonds with donor groups, 

including water molecules and protein receptors. 

This interaction tends to be weaker than that 

involving HBD. Increasing the number of HBA 

groups generally has a minimal impact on 

membrane permeability. In contrast, HBD involves 

a hydrogen atom bonded to an electronegative atom, 

resulting in stronger interactions. This interaction 

increases polarity and strengthens the interaction 

with water. However, this higher polarity may 

hinder the ability of a compound to pass through 

hydrophobic cell membranes, thereby affecting its 

permeability and biological activity(43). It can be 

concluded that compounds with high HBA or HBD 

counts may have reduced membrane permeability 

due to increased polarity, which limits passive 

diffusion. 

Lipophilicity, or Log P, describes the ability 

of a compound to dissolve in oil or nonpolar 

solvents. The ideal Log P value is in the range of 1-

3, which reflects the balance between the water 

solubility and membrane permeability. Compounds 

with a Log P value ≤ 1 tended to be more soluble but 

had low permeability. If the Log P value is greater 

than 3, the opposite is true; that is, high permeability 

but low solubility(21,43). Based on the data in Table 3, 

the Log P values of all test compounds were in the 

range of 1-3, indicating that the compound had good 

lipophilicity, with a good balance between solubility 

and permeability. In addition, molecular weight also 

plays an important role in pharmacokinetic analysis, 

as molecular weight increases and oral absorption 

decreases(44). Molecular weight also determines a 
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compound’s ability to penetrate physiological 

membranes, reach and interact with targets, and 

eliminate the compounds from the body. Therefore, 

based on the Lipinski rule of five, the maximum 

recommended molecular weight is less than 500 Da, 

because it is easier to absorb, distribute, and 

eliminate. A molecular weight of the range 250-350 

Da is considered optimal for better absorption, ease 

of interaction with the target, and uncomplicated 

elimination(43). All compounds had an optimal 

molecular weight of 284-330 Da. All these 

molecules are easily absorbed, interact with the 

target, and are eliminated. 

 

Table 4. Toxicity risk parameter values and drug scores of the main compounds of the ethyl acetate fraction  

Compound 
Risk of Toxicity 

Drug Score 
Gene Mutation Tumorigenic Irritation Production 

(3R)-Sophorol 1.0 1.0 1.0 0.6 0.25 

Physcion 0.8 1.0 0.6 1.0 0.2 

isorhamnetin 0.6 1.0 1.0 1.0 0.47 

Takakin 0.6 1.0 1.0 1.0 0.31 

pilosin 0.6 0.6 1.0 1.0 0.18 
 

A molecule can be used as a drug if it has a 

positive bioactivity score, moderately active if the 

score is between 0 and -5, and inactive if the score 

is less than -5(45). Based on the data in Table 4, it can 

be said that all compounds tested were potential 

drug candidates, because the drug score value was 

greater than 0. However, several compounds have a 

toxic risks in the toxicity test results. The toxicity 

risk parameters include genetic mutations, 

tumorigenic irritation, and reproduction(45). There 

are three types of risks based on toxicity analysis: no 

risk (1), moderate risk (0.8), and high risk (0.6)(21). 

Of all the compounds, three of them, namely, 

isorhamnetin, takakin, and pilosin, had a high risk of 

gene mutation, whereas physcion had a moderate 

risk.  The risk of toxicity of a compound depends on 

the amount of medication administered. Therefore, 

smaller amounts will always act as a drug. To 

overcome the risk of toxicity from these compounds, 

further analysis is needed regarding the dosage and 

target of therapy(21).  
 

Conclusion  
Based on the experiments conducted on the 

cytotoxic activity of the ethyl acetate fraction of 

sungkai leaves and molecular docking, it was found 

that the ethyl acetate fraction of sungkai leaves had 

moderate cytotoxic activity against A549 lung 

cancer with an IC50 value of 33.41 µg/mL. Molecular 

docking analysis of the EGFR protein with 

isorhamnetin, physcion, pilosin, (3R)-Sophorol, and 

Takakin showed that all compounds had strong 

potential as an EGFR protein inhibitor, as indicated 

by negative bond energy, the resulting interaction 

between the ligand and protein and also value of 

RMSD < 2 Å. Furthermore, the pharmacokinetic 

analysis of all compounds met the Lipinski rule of 

five, and the toxicity properties of three compounds, 

namely, isorhamnetin, takakin, and pilosin, had a 

high risk of gene mutation, whereas physcion had a 

moderate risk. Therefore, it is recommended for 

further research to conduct further analysis for a 

more accurate risk assessment and analysis related 

to the dosage and target of therapy so that it can 

become an orally active drug for humans. 
 

Acknowledgment  
We thank the Faculty of Mathematics and 

Natural Science, Universitas Andalas (No. 

06/UN.16.03.D/PP/FMIPA/2024) for their support 

and financial assistance, which enabled the 

successful implementation of this research. 
 

Conflicts of Interest 
The authors declare that the authors have 

financial interests/personal relationships that could 

be considered as potential conflicts of interest as 

follows: The author reports the financial support 

provided by the Faculty of Mathematics and Natural 

Sciences, Universitas Andalas (No.  

06/UN.16.03.D/PP/FMIPA/2024). For the support 

and financial assistance that has been provided, so 

that this research can be carried out properly. 
Funding  

This research received funding support 

from the Faculty of Mathematics and Natural 

Sciences, Universitas Andalas (No. 

06/UN.16.03.D/PP/FMIPA/2024) 

Ethics Statements 
This research does not require an ethics 

committee as it does not include studies on human 

subjects, human data or tissues, or animals. 

 

 

Author Contribution 
The authors confirm their contribution to this 

paper as follows: study conception and design: 

Suryati and Imelda; data collection: Elvira Deswita; 

analysis and interpretation of results: Suryati, 

Imelda, and Elvira Deswita; manuscript preparation: 



Iraqi J Pharm Sci,                                                                             Evaluation of Ethyl Acetate Fraction of Sungkai Leaves   

 
 

198 
 

Suryati. All authors reviewed the results and 

approved the final version of the manuscript.  
 

References 
1. Sung H, Ferlay J, Siegel RL, et al. Global Cancer 

Statistics 2020: GLOBOCAN Estimates of 

Incidence and Mortality Worldwide for 36 

Cancers in 185 Countries. CA Cancer J Clin. 

2021;71(3):209-249. doi:10.3322/caac.21660 

2. Zhou J, Xu Y, Liu J, Feng L, Yu J, Chen D. 

Global burden of lung cancer in 2022 and 

projections to 2050: Incidence and mortality 

estimates from GLOBOCAN. Cancer 

Epidemiol. 2024 ;93 (September) :102693. doi: 

10. 1016/j.canep.2024.102693 

3. Sousa AC, Silveira C, Janeiro A, et al. Detection 

of rare and novel EGFR mutations in NSCLC 

patients: Implications for treatment-decision. 

Lung Cancer. 2020;139(October 2019):35-40. 

doi:10.1016 /j.lungcan. 2019. 10. 030 

4. Prasetiawati R, Suherman M, Permana B, 

Rahmawati R. Molecular Docking Study of 

Anthocyanidin Compounds Against Epidermal 

Growth Factor Receptor (EGFR) as Anti-Lung 

Cancer. Indones J Pharm Sci Technol. 

2021;8(1):8. doi:10.24198/ijpst.v8i1.29872 

5. ArulJothi KN, Kumaran K, Senthil S, et al. 

Implications of reactive oxygen species in lung 

cancer and exploiting it for therapeutic 

interventions. Med Oncol. 2023;40(1):1-19. 

doi:10.1007/s12032-022-01900-y 

6. Choudhary N, Bawari S, Burcher JT, Sinha D, 

Tewari D, Bishayee A. Targeting Cell Signaling 

Pathways in Lung Cancer by Bioactive 

Phytocompounds. Cancers (Basel). 

2023;15(15):1-60. 

doi:10.3390/cancers15153980 

7. Zhang J, Liu X, Zhang G, et al. To explore the 

effect of kaempferol on non-small cell lung 

cancer based on network pharmacology and 

molecular docking. Front Pharmacol. 2023; 

14(July):1-11. doi:10.3389/fphar.2023.1148171 

8. Nurjannah S, Arum D, Lasmana I, Latief M. 

Anti-inflammatory Prediction of Peronemin 

Compounds from Sungkai ( Peronema canescens 

Jack ) and Their Derivatives. 2023;9(2). 

9. Deswita E, Imelda, Suryati. Comparative 

Analysis of Antioxidant Potential in Hexane and 

Methanol Fractions of Sungkai Leaves. Hydrog 

J Kependidikan Kim. 2025;13(June). 

10. Suryati, Irfan Afrinal, Afrizal, Rahmi Vika Ulia. 

Cytotoxic Potential of Compounds Isolated from 

Non-Polar Fractions of Sungkai Plant Leaves 

(Peronema canescens Jack) Against Artemia 

salina Leach Larvae. J Ris Kim. 2024;15(1):48-

60. doi: 10.25077/ jrk.v1 5i1.655 

11. Aulena DN, Yani DF, Mariyamah M, et al. 

Determination of Flavonoid Content and Anti-

Inflammatory Activity Extract and Fraction of 

Sungkai Leaf (Peronema canescens Jack). J Ilmu 

Kefarmasian Indones. 2023;21(2):223. 

doi:10.35814/jifi.v21i2.1437 

12. Ibrahim A, Siswandono, Bambang Prajogo EW. 

Cytotoxic activity of peronema canescens Jack 

leaves on human cells: HT-29 and primary 

adenocarcinoma colon cancer. Pharmacogn J. 

2021;13(6):1389-1396. 

doi:10.5530/PJ.2021.13.176 

13. Vidi GC, Darsono PV, Rahmadani. Toksisitas 

Ekstrak Daun Sungkai ( Peronema canescens 

Jack ) Terhadap Larva Artemia salina Leach 

dengan Metode Brine Shrimp Lethality Test ( 

BSLT ). J Surya Med. 2024;10(2):129-136. 

14. Amorim AMB, Piochi LF, Gaspar AT, Preto AJ, 

Rosário-Ferreira N, Moreira IS. Advancing Drug 

Safety in Drug Development: Bridging 

Computational Predictions for Enhanced 

Toxicity Prediction. Chem Res Toxicol. 

2024;37(6):827-849. doi:10. 1021 /acs. 

chemrestox.3c00352 

15. Ahmad I, Ibrahim A. Bioaktivitas Ekstrak 

Metanol dan Fraksi n-Heksana Daun Sungkai 

(Peronema canescens JACK) terhadap Larva 

Udang (Artemia salina Leach). J Sains dan 

Kesehat. 2015;1(3):114-119. doi:10. 25026 /jsk. 

v1i3.27 

16. Pertiwi D, Khotimah S, Wardoyo ERP. Uji 

Aktivitas Antibakteri Fraksi Metanol, Etil 

Asetat, dan N-Heksana Rimpang Lengkuas 

Merah (Alpinia purpurata, K. Schum) terhadap 

Bakteri Propionibacterium acnes. J Protobiont. 

2023;12(1):1-8. 

17. Ismed F, Desti WN, Arifa N, Rustini R, Putra 

DP.  TLC-Bioautographic and LC-MS/MS 

Detection of Antimicrobial Compounds from 

Four Semipolar Extracts of Cladonia Species . 

Proc 2nd Int Conf Contemp Sci Clin Pharm 2021 

(ICCSCP 2021). 2022;40(Iccscp):49-59. 

doi:10.2991/ahsr.k.211105.008 

18. Hartanti, Sariyanto I. Hartanti : Perbandingan 

Aktivitas Penghambatan Sel Kanker Payudara 

Fraksi Aseton dan Etil Asetat Kulit Buah Coklat 

(Theobroma cacao) Perbandingan Aktivitas 

Penghambatan Sel Kanker Payudara Fraksi 

Aseton dan Etil Asetat Kulit Buah Coklat 

(Theobroma cacao). J Anal Kesehat. 

2024;13(1):28-33. 

19. Fadholly A, Sudjarwo SA, Rantam FA, et al. Uji 

sitotoksik ekstrak cabai merah keriting 

(Capsicum annuum) pada sel WiDr secara in 

vitro. Curr Biomed. 2023;1(2):70-75. 

doi:10.29244/currbiomed.1.2.70-75 

20. Zulkipli NN, Rahman SA, Taib WRW, et al. The 

cytotoxicity effect and identification of bioactive 

compounds of Prismatomeris glabra crude leaf 

extracts against breast cancer cells. Beni-Suef 

Univ J Basic Appl Sci. 2024;13(1). 

doi:10.1186/s43088-024-00490-0 



Iraqi J Pharm Sci,                                                                             Evaluation of Ethyl Acetate Fraction of Sungkai Leaves   

 
 

199 
 

21. Rajalakshmi R, Lalitha P, Sharma SC, Rajiv A, 

Chithambharan A, Ponnusamy A. In silico 

studies: Physicochemical properties, drug score, 

toxicity predictions and molecular docking of 

organosulphur compounds against Diabetes 

mellitus. J Mol Recognit. 2021;34(11). 

doi:10.1002/jmr.2925 

22. Rajan VK, Ragi C, Muraleedharan K. A 

Computational Exploration into the Structure, 

Antioxidant Capacity, Toxicity and Druglike 

Activity of the Anthocyanidin “Petunidin.” 

Heliyon. 2019;5(7):e02115. 

23. Ramadhan RG, imelda, Kusuma RT, 

Phameswari DS. Senyawa Pelargonidin Sebagai 

Kandidat Obat Menggunakan Metode Dft ( 

Density Functional Theory ). J Kim Saintek dan 

Pendidik. 2021;5(2):110-120. 

24. Trott O, Olson AJ. AutoDock Vina: improving 

the speed and accuracy of docking with a new 

scoring function, efficient optimization and 

multithreading. J Comput Chem. 

2010;31(2):455-461. doi:10. 1002/ jcc. 21334. 

AutoDock 

25. Becke AD. Density-Functional 

Thermochemistry. III. The Role of Exact 

Exchange. J Chem Phys. 1993;98(7):5648-5652. 

26. Yusuff OK, Abdul Raheem MAO, Mukadam 

AA, Sulaimon RO. Kinetics and Mechanism of 

the Antioxidant Activities of C. olitorius and V. 

amygdalina by Spectrophotometric and DFT 

Methods. ACS Omega. 2019;4(9):13671-13680. 

doi:10.1021/acsomega.9b00851 

27. Tarigan IL, Puspitasari RD, Latief M. 

Formulation and Characterization of a 

Microencapsulant of Sungkai Leaves Ethanol 

Extract (Peronema canescens Jack). Preprints. 

2023;1(1):1-17. doi:10.20944 /preprints 202311. 

1821.v1 

28. Ulia RV, Suryati, Santoni A. Cytotoxic Potential 

of Essential Oil Isolated from Semambu 

(Clibadium surinamese L) Leaves Against T47D 

Breast and HeLa Cervical Cancer Cells. 

Molekul. 2023;18(2):289-299. 

doi:10.20884/1.jm.2023.18.2.7816 

29. Mulia K, Hasan AEZ, Suryani. Total Phenolic, 

Anticancer and Antioxidant Activity of Ethanol 

Extract of Piper retrofractum Vahl from 

Pamekasan and Karang Asem. Curr Biochem. 

2016;3(2):80-90. http://biokimia.ipb.ac.id 

30. Stindlova M, Peroutka V, Jencova V, 

Havlickova K, Lencova S. Application of MTT 

assay for probing metabolic activity in bacterial 

biofilm-forming cells on nanofibrous materials. 

J Microbiol Methods. 2024;224(June):107010. 

doi:10.1016/j.mimet.2024.107010 

31. Riss TL, Moravec RA, Niles AL, et al. The 

Assay Guidance manual: Cell Viability Assays. 

2016;(Md):1-25. 

32. Suryati S, Santoni A, Ulia R V, Imelda I. 

Cytotoxic and Molecular Docking Potential of β 

-Sitosterol Isolated from Lantana camara Leaves 

against Breast (T47D) and Cervical Cancer 

(HeLa) Cell Lines. Trop J Nat Prod Res. 

2024;8(April):6911-6917. 

33. Budiartina W, Sari WP, Nasution AN, Girsang 

E. Nanoemulsion of Ethanolic Extract of 

Sungkai Leaves (Peronema Canescens Jack) for 

Anti-Acne Therapy. Int J Drug Deliv Technol. 

2024;14(3):1604-1610. 

doi:10.25258/ijddt.14.3.50 

34. Ibrahim A, Siswandono S, Bambang PEW. 

Anticancer activity of Peronema canescens Jack 

leaves extracts against human cells: HT-29 and 

HeLa in vitro. Res J Pharm Technol. 

2022;15(10):4739-4745. doi:10. 52711 /0974 -

360X.2022.00796 

35. Forli S, Huey R, Pique ME, Sanner MF, & DSG, 

Olson AJ. Computational Protein–Ligand 

Docking and Virtual Drug Screening with the 

AutoDock Suite. Polym J. 2016;48(7):829-834. 

36. Sivaiah G, Raghu MS, Prasad SBB, et al. 

Synthesis, biological evaluation and molecular 

docking studies of new pyrimidine derivatives as 

potent dual EGFR/HDAC inhibitors. J Mol 

Struct. 2024;1309(January):138223. doi:10. 

1016 /j.molstruc.2024.138223 

37. Afriza D, Suriyah W, Ichwan S, Knights  joe. 

Molecular docking analysis between anti-

apoptosis EGFR and four coumarins , and four 

carbazole alkaloids : in silico study. Padjadjaran 

J Dent. 2024;36(1):117-125. doi :10 . 

24198/pjd.vol36no1.52467 

38. Khan Z, Javaid W, Xing L xi. Anthocyanin-

Binding Affinity and Non-Covalent Interactions 

with IIS-Pathway-Related Protein Through 

Molecular Docking. Published online 2025. 

39. Liu HN, Zhu Y, Chi Y, et al. Synthetic routes and 

clinical application of Small-Molecule HER2 

inhibitors for cancer therapy. Bioorg Chem. 

2024;151. doi:10.1016/ j. bioorg .2024.107653 

40. Macabeo APG, Pilapil LAE, Garcia KYM, et al. 

Phenalenones from a new species of 

Pseudolophiostoma originating from Thailand. 

Molecules. 2020;25(4):965-973. 

41. EN-NAHLI F, HAJJI H, OUABANE M, et al. 

ADMET profiling and molecular docking of 

pyrazole and pyrazolines derivatives as 

antimicrobial agents. Arab J Chem. 

2023;16(11):105262. doi:10. 1016/j.a rabjc 

.2023 .105262 

42. Lipinski CA, Lombardo F, Dominy BW, Feeney 

PJ. Experimental and computational approaches 

to estimate solubility and permeability in drug 

discovery and development settings. Adv Drug 

Deliv Rev. 2001;46(SUPPL.):3-26. doi:10 .1016/ 

j.addr .2012.09.019 

43. Zeki NM, Mustafa YF. Digital alchemy: 

Exploring the pharmacokinetic and toxicity 



Iraqi J Pharm Sci,                                                                             Evaluation of Ethyl Acetate Fraction of Sungkai Leaves   

 
 

200 
 

profiles of selected coumarin-heterocycle 

hybrids. Results Chem. 2024 ;10 (August) 

:101754 . doi:10. 1016/ j. rechem. 2024.101754 

44. Mouli HMC, Harini D, Shaikh N, et al. In silico 

characterization of indole-substituted densely 

functionalized pyrrole against breast cancer: 

Integrating DFT, molecular docking, MD 

simulations, and ADME analysis. J Mol Struct. 

2025;1328(January):141375. doi:10. 1016/ 

j.molstruc .2025.141375 

45. Elharafi H, Elhamdani N, Hachim ME, et al. In 

silico exploration of bioavailability, 

druggability, toxicity alerts and biological 

activity of a large series of fatty acids. Comput 

Toxicol. 2021;17(November 2020):100153. doi: 

10. 1016/j.comtox.2021.100153 

 


