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Sauropus androgynus is generally known as a cultivated plant with diverse pharmacological
properties due to its various active chemical compounds. However, scientific reports on the
phytochemical content and bioactivity screening of S. androgynus extracts are still limited. This
study aims to determine the diversity of compounds in various S. androgynus leaf extracts, as well
as their antibacterial activity. The extraction process uses solvents with different polarities
(methanol, ethyl acetate, and n-hexane) through the maceration method. The metabolites profile
of the extracts was performed through comprehensive descriptive-quantitative liquid
chromatography-mass spectrometry (LC-MS). Evaluation of antibacterial activity using
microdilution test was carried out on Escherichia coli (ATCC 11229), Staphylococcus aureus
(ATCC 6538), and Salmonella typhimurium (ATCC 14028) to obtain the Minimum Inhibitory
Concentration (MIC), followed by in silico molecular docking of selected compounds with
bacterial proteins. The results of LC-MS analysis showed that there were 187 metabolites in
various of S. androgynus leaf extracts. These compounds included phenolics, flavonoids,
polyphenols, terpenoids, alkaloids, saccharides, and glycosides. The polarity of the extraction
solvent was found to influence the diversity and abundance of the extracted compounds. Although,
all extracts showed weak antibacterial activity in vitro, molecular docking analysis showed that
the compounds chlorogenic acid and hypophyllanthin had strong binding affinity to bacteria target
proteins in E. coli. These findings demonstrate the importance of selecting the solvent used in
extracting bioactive compounds and support the potential of S. androgynus as a source of natural
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antibacterial drug candidates.
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Introduction

The potential of biodiversity in Indonesia can be harnessed
in the development of herbal medicines based on indegenous tropical
plants. Various ethnomedicines have been discovered from the search
for sources of promising bioactive compounds. The urgency in
combating bacteria resistance, particularly in individuals with impaired
immune system, has intensified the search for diversity of bioactive
compounds from plant extracts. Therefore, many discoveries of
therapeutically effective natural drugs are considered as a valuable
source of antibacterial agents.! Compared to synthetic antibiotics,
natural products are seen as a viable alternative due to their chemical
diversity, availability, and fewer side effects.? Bioactive compounds
from plants, such as Sauropus androgynus have an important role in
inhibiting microbial growth and their mechanisms of action include
disruption of bacteria membranes, suppression of enzyme activity, and
interference with protein synthesis.
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S. androgynus is traditionally used across Southeast Asia to treat fever,
allergies, earache, urinary tract infections, diabetes, and cancer.’
Phytochemical analysis of S. androgynus extract has identified the
presence of alkaloids, flavonoids, phenols, and tannin compounds,
which are characterized by various pharmacological properties.’
However, studies investigating the comprehensive diversity of
metabolites and correlation with antibacterial activity remain limited.
To close this gap, advanced analytical methods such as liquid
chromatography—mass spectrometry (LC-MS) have been used for
profiling secondary metabolites to explore metabolites more
efficiently.* This method provides high sensitivity and resolution with
simple sample preparation that requires a short analysis time. LC-MS
enhances the identification of secondary metabolites, including non-
volatile compounds,>® serving as an initial step to provide information
in predicting active components with potential pharmacological
activity.”

In this study, metabolite profiling and selection of effective extraction
methods were employed as critical steps in identifying compounds with
potential pharmacological applications. The use of different solvent
polarities is expected to provide coverage of secondary metabolites in
S. androgynus to ensure a comprehensive metabolite profiling and
accurate evaluation of antibacterial potential.%° By combining
ethnobotanical knowledge with modern analytical instruments, in vitro
antibacterial assays, and in silico methods, it is expected that the
discovery of plant-based therapies can be accelerated. In silico
molecular docking also provides a deeper understanding of how
bioactive molecules interact with bacterial target proteins at the
molecular level. The comprehensive method can improve the screening
process, allowing the identification of key compounds for further
development as plant-based antibacterial agents. The strategy supports
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the use of Indonesia rich plant biodiversity and contributes to global
efforts in developing sustainable alternative medicines.

Therefore, this study aimed to determine the metabolite profile and
antibacterial activity of S. androgynus leaf extract obtained using
solvents of different polarities, supported by LC-MS, in vitro assays,
and in silico analysis. This is the first comprehensive study to combine
LC-MS profiling, antibacterial assays, and molecular docking studies to
elucidate the antibacterial potential of S. androgynus, demonstrating its
novelty and relevance for the future development of natural
antibacterial agents.

Materials and Methods

Plant collection and identification

S. androgynus leaf samples (2 kg) from Merapi Farma Herbal located
in Hargobinangun, Sleman, Yogyakarta, Indonesia (7°40'11"S
110°24'30"E) were collected in March 2024. The Identification and
authentication of the plant were carried out by Dr. apt. Marisca G.
Evalina of the Department of Pharmacy, Surabaya University, Indonesia
where a voucher: 1636/D.T/VIII/2025 was assigned.

Extraction of plant material

The fresh leaf samples were washed and dried, and then ground into a
fine powder. The powdered plant (350 g each) was macerated
separately with methanol, ethyl acetate, and n-hexane (3 L each) for 72
hours at room temperature. The extracts was then concentrated using a
rotary vacuum evaporator (BUCHI Rotavapor R-215) at temperature of
40-50°C, 80 mbar, 60 rpm, until the solvents were completely
evaporated.

Metabolite profiling

Metabolite profiling of the plant extracts was performed qualitatively
using Shimadzu LC-MS - 8040. Sample (1 pL) was injected into a Shim
Pack FC-ODS column (2 mm x 150 mm particle size, 3 um) using
isocratic elution at 35°C with mobile phase (flow rate 0.5 mL/min). The
analysis was performed in positive ion mode with a source maintained
of 100°C, desolvation temperature of 350°C, and desolvation gas flow
rate of 60 mL/h. The mass spectra were detected in ESI positive
ionization mode between 10 — 1000 m/z with a scan duration of 80
minutes (0.6 seconds/scan). Quantitative analysis was calculated based
on the peak area of the identified compounds.'’

Antibacterial assay

The microdilution assay was employed to determine the antibacterial
effects of the plant extracts on Escherichia coli (ATCC 11229),
Staphylococcus aureus (ATCC 6538), and Salmonella typhimurium
(ATCC 14028). The concentration of extracts ranged from 500 to 0.24
mg/mL, with bacteria suspensions prepared at 5 x 10° CFU/mL.
Chloramphenicol (50 — 0.024 ppm for E. coli, and 5 — 0.003 ppm for S.
aureus and S. typhimurium) was employed as the positive control, while
2% DMSO served as the negative control. The minimum Inhibitory
Concentration (MIC) was measured using a 96-well microplate reader
through gradual dilution to obtain concentration variations. Liquid
media (100 pL) was put into the microplate, followed by the addition
of bacterial suspension (10 pL) to the sample, then incubated for 16 —
20 hours at 37°C. This method was performed in duplicate and MIC
values were obtained as the lowest concentration that did not show
visible bacteria growth (clear solution).

Druglikeness and ADMET prediction

Druglikeness prediction was performed using the web-based ADME
(Absorption, Distribution, Metabolism, and Excretion) method,
following Lipinski’s Rule of Five. The SMILES codes of compounds
obtained from PubChem (National Center for Biotechnology
Information, Bethesda, USA, release 2023) were used for druglikeness
screening through SwissADME web server (Swiss Institute of
Bioinformatics, Switzerland, release 2017), as previously described by
Riyadi et al. (2021)." ADMET (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) prediction were performed to analyze the
physicochemical and pharmacokinetic properties of candidate drug
compounds. The pkCSM web tool (University of Cambridge, UK,
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release 2015) was used by inputting the SMILES codes of
compounds

Molecular docking study

In silico molecular docking analysis was conducted to evaluate five
selected compounds identified in the plant extracts, namely; caffeic acid
(4), 1-Acetoxychavicol acetate (8), chlorogenic acid (17), phyllanthin
(23), and hypophyllanthin (24). The selection of these compounds was
based on their relative abundance in LC-MS metabolite profile, reported
pharmacological relevance in the literature, and compliance with
druglikeness parameters predicted by SwissADME. Docking targets
included E. coli ATCC 11229 DNA Gyrase B (PDB: 5L3J), S.
typhimurium ATCC 14028 RamR protein (PDB: 6IES), and S. aureus
ATCC 6538 DNA Gyrase (PDB: 4URO), which were downloaded from
the Protein Data Bank (Research Collaboratory for Structural
Bioinformatics, New Brunswick, USA). Prepared receptors and ligands
were subjected to molecular docking using AutoDockTools-1.5.7 (The
Scripps Research Institute, USA, release 2019). The 2D structures were
drawn with MarvinSketch version 24.1.2 (ChemAxon, Budapest,
Hungary, release 2024).'>13

The structure was optimized using the MMFF94 method and docking
pose validation was assessed by Root Mean Square Deviation (RMSD).
The optimization was conducted to show reliable docking accuracy
with an acceptable value <2A. Redocking experiments were performed
by adding the native ligand back to the active site of the corresponding
receptor using AutoDockTools-1.5.7, with grid boxes and grid centers
defined for each receptor. Comparison of binding energy with control
(amoxicillin) was used to assess the strength of interaction. When the
binding energy was lower compared to the control it indicated a stronger
interaction. Subsequently, ligand-receptor interactions were presented
using BIOVIA Discovery Studio Visualizer 2024 Client.

Statistical analysis

Each antibacterial assay was conducted in duplicate (n = 2).
Quantitative results (MIC values) were expressed as the mean +
standard deviation (SD). To compare MICs between extracts and
positive control for each bacterial strain, data analysis was performed
using a descriptive method based on turbidity observations, in
accordance with CLSI/NCCLS standards. For in silico docking, results
were reported descriptively as binding energies and interaction profiles;
protocol validation was performed by redocking the native ligand with
acceptable poses defined as those having an RMSD < 2A.

Results and Discussion

Solvent extraction yields

Extraction was carried out for a comprehensive exploration of
compounds in of S. androgynus leaves, and to make a comparisons
across different solvent extracts. S. androgynus leaves were performed
via single-solvent maceration, employing solvents of increasing
polarity: methanol, ethyl acetate, and n-hexane. The highest crude
extract yield was obtained with methanol (19.93%), followed by ethyl
acetate (8.13%) and n-hexane (1.36%). The concentrated extract
obtained was dark in colour, odourless, and bitter. The results showed
that methanol extract produced the highest yield due to its high
polarity.'* Methanol solvent is very effective in extracting both polar

and nonpolar secondary metabolites compared to nonpolar solvents.'>
16

Metabolites profile of S. androgynus extracts

The identification of active compounds in plants provides concrete
scientific evidence of their potential as drug candidates and supports
their application as antibacterial agents, particularly in the case of S.
androgynus extract. A total of 187 metabolites with a similarity index
of 92% to the database were identified from the LC-MS analysis of S.
androgynus leaf extracts (Figure 1). LC-MS has been used to effectively
identify complex and diverse plant extract with the influence of solvents
of varying polarities.!” The compounds identified from S. androgynus
leaf extracts included flavonoids, polyphenols, phenolics, terpenoids,
alkaloids, aromatic benzenes, saccharides, carboxylic acid derivatives,
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Figure 1: LC-MS chromatogram of S. androgynus leaf extracts (a) methanol extract, (b) ethyl acetate extract, (c) n-hexane extract

and glycosides, indicating the rich chemical diversity of S. androgynus

influenced by solvent polarity.

Compound abundance was determined from the relative percentage of
each identified metabolite. LC-MS analysis of S. androgynus leaf
extracts indicated that metabolite solubility and yield were greatly

affected by the polarity of the solvent used. As shown in Figure 2,
increasing solvent polarity could decrease the percentage of terpenoid
content, which is consistent with previous reports that showed that n-
hexane extract was rich in terpenoids (53.42%).'%-2° This is because n-
hexane extracts fewer phenolics due to low polarity and predominantly
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Figure 2: Metabolites profile of S. androgynus leaf extracts

extract non-polar terpenoids.?! The major compounds identified in S. prevalent compounds. Additionally, coumarin and chromone groups
androgynus leaf extracts are shown in Table 1. In this study, ethyl were identified in the ethyl acetate, n-hexane and methanol extracts.
acetate demonstrated the highest efficiency as a solvent, extracting a This information supports the importance of the influence of the use of
broad spectrum of metabolites ranging from polar to non-polar solvent variations in identifying the metabolite content of S.
(73.79%), including phenolics, flavonoids, alkaloids and terpenoids. androgynus.%**%

Among all extracts, flavonoids and phenolic acids were the most

Table 1: Major compounds identified from the LC-MS analysis of S. androgynus leaf extracts

No. RT m/z Compounds Relative Amount (%)
(min) MeOH* EA* HX*
1 1.64 154.14 Linalool - 0.38 2.47
2 1.65 154.14 a-Terpineol - 0.26 1.67
3 3.04 170.02 Gallic acid 0.94 1.40 -
4 4.64 180.04 Caffeic acid 0.69 0.60 -
5 5.31 217.11 Virosecurinine 0.59 0.88 3.34
6 6.88 220.18 Spathulenol 0.45 1.45 3.56
7 7.66 233.11 Phyllantidine 0.60 0.90 1.45
8 7.97 234.09 1-Acetoxychavicol acetate 0.35 0.32 221
9 9.37 270.05 Apigenin 0.53 0.79 -
10 9.73 272.07 Naringenin 0.86 0.86 -
11 10.27 286.05 Luteolin 0.49 0.73 -
12 10.32 286.05 Kaempferol 1.29 1.07 -
13 10.36 288.06 Dihydrokaempferol 0.58 0.87 -
14 11.04 302.22 8(17),12-labdadiene-15,16-dial 0.87 0.44 3.00
15 11.43 302.04 Quercetin 1.00 0.63 -
16 11.50 306.07 Epigallocatechin 0.54 0.80 -
17 12.42 354.10 Chlorogenic acid - 0.70 -
18 1223 40019  5-[(1S,2R,3R)-6,7-Dimethoxy-2,3-bis (methoxymethyl)- 0.45 0.67 2.54
1,2,3,4-tetra hydro naphthalen-1-yl]-1,3-benzodioxole
19 1234 34416  5-Hydroxy-7-(4-hydroxyphenyl)-1-(4-hydroxy-3- 0.11 0.17 0.64

methoxy phenyl)-3-heptanone
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20 12.43 354.11 Hinokinin 0.41 0.62 -
21 12.62 356.16 [1,7-Bis(4-hydroxy-3-methoxyphenyl) hepten-3-one] 0.12 0.19 0.71
22 14.49 418.24 4-[(2R,3R)-3-[(3,4-Dimethoxyphenyl) methyl]-4- 1.23 1.83 6.97
methoxy-2-(methoxy methyl) butyl]-1,2-
dimethoxybenzene
23 17.46 418.24 Phyllanthin 0.76 1.14 -
24 19.74 430.20 Hypophyllanthin - 1.19 -
25 20.06 432.11 Kaempferol-4'-rhamnoside - 2.05 -
26 20.09 432.11 Apigenin-7-O-glucoside - 1.51 -
27 21.39 432.11 Vitexin 0.77 1.15 -
28 21.43 432.11 Kaempferol-3-O-rhamnoside - 1.48 -
29 23.58 458.19 [3-(Acetyloxymethyl)-2-(1,3-benzo dioxol-5-yl methyl)- 0.84 1.26 2.82
4-(3,4-dimethoxyphenyl) butyl] acetate
30 24.00 463.09 Quercetin-3-glucoside - 1.70 -
31 24.02 464.10 Isoquercitrin - 1.45 -
32 25.93 490.22 3,5-Diacetoxy-1-(4-hydroxy-3,5-dimethoxy phenyl)-7- 0.32 0.48 1.81
(4-hydroxy-3-methoxyphenyl) heptane
33 30.87 534.10 Kaempferol-3-O-(6"-malonylglucoside) 1.24 1.43 -
34 30.87 534.10 Luteolin-7-O-(6"-malonylglucoside) 1.14 1.71 -
35 35.52 610.15 Rutin 1.24 - -

*: MeOH = Methanol; EA = Ethyl Acetate; HX = n-Hexane.

Antibacterial activity of'S. androgynus leaf extracts

As presented in Table 2, the antibacterial activity of S. androgynus leaf
extracts was determined by their MIC values against E. coli, S.
typimurium, and S. aureus. MIC indicates the lowest concentration of
each extract that have antibacterial activity. Methanol extract was the
most effective against S. aureus and ethyl acetate extract showed similar
efficacy against E. coli. Methanol and ethyl acetate extract showed
broad-spectrum bacteriostatic activity, effectively inhibiting the growth
of three bacterial strains, while n-hexane extract had no inhibitory
effect. However, the antibacterial activity of all extracts remained
relatively weak when compared with chloramphenicol, which served as
the positive control. Chloramphenicol act as a bacteriostatic agent
against both Gram-positive and Gram-negative bacteria, providing
broad-spectrum activity. In this study, 2% DMSO was used as negative
control since it does not inhibit bacterial growth.

Antibacterial activity can be influenced by bacteria type, diffusion
ability, extract concentration, and bioactive compound such as
alkaloids, flavonoids, phenolics, and terpenoids contents. Flavonoids
such as apigenin (9), naringenin (10), luteolin (11), kaempferol (12),

and quercetin (15) have shown inhibitory effects against both Gram-
positive and Gram-negative bacteria, as well as anti-inflammatory
properties.?? Compound 12 (Kaempferol) exhibited activity against S.
aureus, which was likely due to the hydroxyl group on its ring structure
and the double bond adjacent to the carbonyl and hydroxyl groups. This
indicate that the balance of hydrophilic/lipophilic groups is crucial for
antibacterial activity.? Gallic acid (3) showed its activity against against
P. aeruginosa and E. coli,*® while caffeic acid (4) and chlorogenic acid
(17) are also known for their potential as antibacterials.’!-3? 1-
Acetoxychavicol acetate (ACA) (8) found in all three extracts have been
shown to inhibit bacterial enzymes, penetrate bacterial membranes and
disrupt cellular functions against methicillin-resistant Staphylococcus
aureus (MRSA) with an MIC of 0.313 mg/mL.3*3* Hinokinin (20) has
also showed strong activity against S. aureus.>® Lignan compounds such
as phyllanthin (23) and hypophyllanthin (24) can inhibit the growth of
Salmonella, while the alkaloid virosecurinine (5) and its isomer
viroallosecurinine  show bactericidal effects against several
pathogens.’¢3” They also exhibit pharmacological activities, such as
antioxidant, anticancer, and anti-inflammatory effects.?

Table 2: Antibacterial Activity of S. androgynus leaf extracts

Sample

MIC (mg/mL)

E. coli ATCC 11229

S. typimurium ATCC 14028 S. aureus ATCC 6538

Methanol Extract 500.00 = 2.50
Ethyl Acetate Extract 31.25+0.30
n-Hexane Extract -

Chloramphenicol 1.56 + 0.06*

125.00 +£1.20 31.25 +£0.90
62.50 + 0.40 62.50 + 0.50
1.25 +0.04* 1.25 +£0.03*

*: MIC in parts per million (ppm).
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Molecular docking results

Molecular docking analysis is essential for screening drug compounds
by measuring druglikeness properties to assess whether compounds
have the right characteristics to be considered a potential drug
candidate. In this study, based on Lipinski's Rule of Five, drug similarity
prediction using SwissADME was performed for compounds 4 (caffeic
acid), 8 (I-Acetoxychavicol acetate), 17 (chlorogenic acid), 23
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(phyllanthin), and 24 (hypophyllanthin), and amoxicillin as the control
(Figure 3). These five compounds were specifically selected,
representing major and pharmacologically relevant metabolites
detected in S. androgynus leaves, and showed potential for oral
bioavailability. All the compounds met the criteria, except compound
17 which exceeded the acceptable H-bond donor limit based on
Lipinski’s rule.®
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Figure 3: The 2D structures of caffeic acid (4), 1-Acetoxychavicol acetate (ACA) (8), chlorogenic acid (17), phyllanthin (23),
hypophyllanthin (24) and amoxicillin (control), retrieved from Pubchem database

ADMET analysis using pkCSM was conducted to investigate
absorption, distribution, metabolism, excretion, and toxicity profiles.
This prediction helps in analyzing the physicochemical and
pharmacokinetic properties of candidate drug compounds while
ensuring low levels of toxicity. Molecules with higher molecular
weights tend to have more complex structures, which can affect their
pharmacokinetic properties. Most of the compounds investigated in this
study showed good water solubility at 25°C, intestinal absorption, and
moderate Caco-2 permeability (>0.90). Furthermore, distribution
properties prediction was performed to categorize the compounds in
various tissues and organs after entering systemic circulation. The
results showed that compound 17 had high tissue distribution (VDss),
while compounds 4 and 8 showed moderate permeability across the
central nervous system (CNS) and blood-brain barrier (BBB).
Metabolism properties describe the biochemical transformation of
compounds in the body. The parameters used are CYP2D6 and
CYP3A4 inhibitors/substrates. CYP2D6 (Cytochrome P450 2D6) is a
key enzyme in the metabolism of compounds, particularly in oxidizing
lipophilic compounds. Furthermore, CYP2D6 substrates are
metabolized by this enzyme, suggesting that the activity can change
when combined with inhibitors. CYP2D6 inhibitors have the potential
to slow substrate metabolism, increasing compound levels in the blood
and increasing the risk of side effects or toxicity. CYP3A4 is the main
enzyme in the Cytochrome P450 system, which is responsible for
metabolizing more than 50% of compounds in the liver and intestines.
CYP3A4 substrates are drugs broken down or activated by this enzyme.
CYP3A4 inhibitors can increase the levels of CYP3A4 substrates in the
blood, potentially leading to overdose or toxic side effects. In this study,
none of the compounds were CYP2D6 substrates/inhibitors. However,
compounds 23 and 24 acted as CYP3A4 substrates/inhibitors, which
could slow drug metabolism, increase plasma concentration, and
increase the risk of side effects.

Excretion analysis can evaluate how quickly compounds are eliminated
from the body, which affects the duration of action and toxicity risk. In
this study, compounds 4, 8, and 23 showed high clearance rates, leading
to rapid elimination. On the other hand, compounds 17 and 24 could
persist longer in the body and showed potential for increased toxicity.
However, none of the compounds could be substrates for OCT2

transporter, suggesting their renal excretion was independent of OCT2.
Toxicity analysis showed that all compounds were safe for AMES, non-
hepatotoxic, and not inhibitors of hERG I, indicating low mutagenic,
liver, and cardiac arrhythmia risks. However, compound 23 acted as an
inhibitor of hERG II, which could require further cardiac safety
evaluation. Compounds 17 and 24 had low maximum tolerated doses,
indicating higher toxicity potential at lower concentrations.

In silico molecular docking was conducted to predict the binding
affinity and molecular interaction between the selected compounds and
bacterial target proteins. The docking protocol was validated by
redocking the native ligands into the prepared receptors, while
determining the grid box and center for each receptor. This method was
considered valid when RMSD value did not exceed 2A, as shown in
Table 3. Subsequently, all compounds were docked with the three
receptors; E. coli (DNA Gyrase B), S. typhimurium (RamR), and S.
aureus (DNA Gyrase) to analyze the lowest binding affinity and
determine in silico activity. Based on binding affinity values in Table 4,
compounds 17 (-7.07 kcal/mol) and 24 (-7.55 kcal/mol) showed
stronger affinity than amoxicillin (-7.05 kcal/mol) against E. coli,
indicating antibacterial potential. However, no significant binding was
observed for other bacteria. Visualization was performed to identify the
binding sites and interaction types between the receptor and the test
compounds, comparing with the control compound. Furthermore,
visualization through BIOVIA Discovery Studio Visualizer showed that
compound 17 formed multiple interactions with active residues (HIS55,
ILE94, THR165, and VAL167), while compound 24 showed Van der
Waals interactions at residue GLUS0, similar to amoxicillin, as shown
in Figure 4 and Table 5. In summary, ADMET analysis indicated good
pharmacokinetic profile for compounds 4, 8, 17, 23, and 24, although
excretion results indicated high clearance for 4, 8, and 23, while 17 and
24 persisted longer in the body. All compounds were non-OCT2
substrates. Toxicity screening showed no AMES toxicity or
hepatotoxicity, although 23 was a hERG II inhibitor, suggesting
potential cardiac risk. Molecular docking against E. coli (DNA Gyrase
B), S. typhimurium (RamR), and S. aureus (DNA Gyrase) validated the
method (RMSD < 2A). These results indicate that compounds 17 and
24 in S. androgynus, have promising in silico antibacterial activity,
especially against £. coli.
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Table 3: Molecular docking validation results

Grid Box Grid Center
Receptors RMSD (A)
X Y z X Y z
E. coli DNA Gyrase B 24 32 40 -12.459 19.173 22.483 1.261
(E. coli ATCC 11229)
RamR in complex with cholic acid 20 38 22 -11.124 -35.927 10.769 1.190
(S. typhimurium ATCC 14028)
DNA gyrase enzyme complexed with novobiocin (S. 32 38 34 -1.581 -0.035 -12.115 1.892
aureus ATCC 6538)
Table 4: Binding affinities of test compounds against receptors
Binding Affinity (kcal/mol)
Receptors
Control 4 8 17 23 24
E. coli DNA Gyrase B -7.05 -6.09 -6.46 -1.07 -6.31 -7.55
(E. coli ATCC 11229)
RamR in complex with cholic acid -6.53 -5.05 -4.92 -5.67 -5.07 -6.25
(S. typhimurium ATCC 14028)
DNA gyrase enzyme complexed with novobiocin (S. -7.13 -6.68 -6.33 -6.81 -5.30 -6.53

aureus ATCC 6538)

Table 5: Visualization Results of Molecular Docking Interactions

Compound

Type of interaction

Amino acid residue

Van Der Waals

. Conventional Hydrogen Bond
Amoxicillin (control) pisi
i-Sigma
Pi-Sulfur
Alkyl

Van Der Waals

Chlorogenic acid (17) Conventional Hydrogen Bond
Unfavorable Acceptor-Acceptor
Pi-Alkyl

Van Der Waals

Carbon Hydrogen Bond
Hypophyllanthin (24) Amide-Pi Stacked
Alkyl

Pi-Alkyl

ARG76; GLUS50; GLY77; HIS55; ILE94; THR165; VAL167,
VAL43

ARG136; ASN46

ILE78; VAL120

MET95

PRO79

ALA53; ARG136; ASN46; GLY75; HIS55; ILE78; ILE94;
PRO79; THR165; VAL120; VAL167; VAL71

ARGT76; ASP73; GLU50; GLY77; VAL43
GLY77
ALAA4T

ARG136; ASN46; ASP49; ASP73; GLUS50; GLY75; MET95;
PRO79
GLY77; THR165; VALT71

GLY77
ALAAT; ARG76; ILE78; ILE94; VAL, 43; VAL120; VAL167

HIS55; ILE78; ALA47
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Figure 4: Molecular Docking Visualization of E. coli DNA Gyrase B Receptor with Ligands Amoxicillin (Control), chlorogenic acid
(17), and hypophyllanthin (24).

Conclusion

In conclusion, this study shows that S. androgynus leaf extract contains
various bioactive compounds, with a total of 187 metabolites identified
through LC-MS analysis. The polarities of extraction solvent
significantly affected the yield and type of metabolites. Methanol
extract had the highest yield, but ethyl acetate extracted the highest
diversity of compounds. Although the antibacterial activity of the
extract in vitro was generally weak, the methanol and ethyl acetate
extracts showed good inhibition against S. aureus and E. coli. Molecular
docking analysis showed that chlorogenic acid and hypophyllanthin
have stronger binding affinity to £. coli target proteins compared to
amoxicillin (control). Therefore, these results show the importance of
solvent selection in metabolite profile identification and suggest that S.
androgynus is a promising natural source antibacterial agent candidate
for further development through experimental and computational
methods.
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