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Abstract: Staphylococcus aureus is a major Gram-positive microorganism implicated in a wide range of skin 

infections. The increasing prevalence of antimicrobial resistance among S. aureus emphasizes the need for the 

development of novel therapeutic interventions. This study evaluated the antibacterial efficacy and analysis 

the molecular mechanism of Marsdenia tinctoria R.Br. (Tarum Areuy) leaf aqueous extract against S. aureus 

through integrated in vitro and network pharmacology analyzed. The aqueous extract was prepared by 

infusion, and its metabolite profile was characterized using UPLC-HRMS. Antibacterial activity was 

quantitatively investigated using the agar well diffusion method against S. aureus ATCC 6538. Network 

pharmacology identified ten secondary metabolites with antibacterial potential, seven of which exhibited 

pharmacokinetic properties that met the established bioavailability criteria (BOILED-Egg method). Protein-

protein interaction (PPI) analysis indicated that fifteen key proteins interact with the seven compounds, with 

quercetin identified as the major bioactive compound activating specific bacterial pathways (SAV0081 and 

pkrC) in S. aureus. The highest antibacterial effect was observed at an 8% extract concentration with an 

inhibition zone of 17.03 ± 1.78 mm. Overall, these results confirm that the aqueous extract of M. tinctoria leaves 

contains potential metabolites as antibacterials that could be further developed as therapeutic agents for the 

treatment of S. aureus infections. 
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1. INTRODUCTION 

Infections caused by Staphylococcus aureus represent a significant worldwide health threat, 

especially due to the increasing prevalence of antibiotic resistance, notably Methicillin-Resistant S. 

aureus (MRSA) strains. These bacteria induce a range of diseases, from mild skin infections to severe 

conditions such as pneumonia, endocarditis, and sepsis. The emergence of multidrug-resistant 

organisms requires the development of novel antibacterial agents derived from natural origins [1]–

[3]. Reports of resistance of S. aureus to various antibiotics persistently arise in diverse locations and 

at varying intervals.  In 2014, a study was performed on the sensitivity patterns of S. aureus at Dr. 

Soeardji Tirtonegoro General Hospital in Klaten. It was determined that 64.8% of isolates exhibited 

resistance to tetracycline antibiotics, 53.7% to erythromycin, and 40.7% to cloxacillin antibiotics [4]. 

An example of a natural plant reported to have antibacterial effects is Tarum areuy (Marsdenia 

tinctoria). M. tinctoria is a plant with deep cultural significance in Sundanese society. This plant has 

been traditionally cultivated in West Java and has been used for centuries, not only as a natural 

coloring agent in ancient textile traditions but also in traditional medicine [5]. This plant is one of the 

Marsdeniae genus of the Apocynaceae family, recognized for its production of chemicals commonly 

utilized in herbal medicine.  The predominant natural substances described from the Marsdeniae 
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genus are steroids, alkaloids, and steroid glycosides [6]. Secondary metabolites derived from 

medicinal plants are recognized for their ability to restrict bacterial growth through several methods, 

including disruption of the cell membrane, inhibition of protein synthesis, and suppression of nucleic 

acid production [7]. However, the systemic mechanism of action of these compounds still needs 

further exploration, especially in the context of the multi-target interactions typical of natural 

compounds.  

Based on this, this study aims to determine the content of metabolite compounds found in M. 

tinctoria plants that have potential antibacterial activity and predict the interaction of secondary 

metabolite compounds with bacterial target proteins through network pharmacology against the 

gram-positive model bacterium S. aureus. Network pharmacology provides a systems biology 

approach to map compound-target-pathway interactions systematically. To assess antibacterial 

activity as a validation method, we employed the agar well diffusion method—a well-established 

standard assay in microbiology. This method measures the zone of inhibition. 

2. MATERIALS AND METHODS 

2.1. Plant Collection 

The leaves of M. tinctoria were cultivated from Pataruman-Indigo Experimental Station, 

Sukabumi, West Java, Indonesia and the determination number was conducted at the School of Life 

Sciences and Technology, Institut Teknologi Bandung (SITH-ITB) with certificate number 

1028/IT1.C11.2/TA.00/2025).  

2.2. Methods 

2.2.1. Sample Preparation 

The leaves are washed, cut, dried, and then powdered. The extract is obtained through infusion 

using an aqueous solvent. The method uses a drug to solvent (water) ratio of 1:10 on a weight per 

volume basis (w/v). The extract is dried using freeze-drying. The water extract of M. tinctoria leaves 

gave a yield of 27.4 % w/w. 

2.2.2. UHPLC–HRMS Analysis    

The secondary metabolite profile of Aqueous Extract of Marsdenia tinctoria R.Br. Leaves (AEML) 

was determined using UHPLC–HRMS. This analysis   was   carried   out   in a   Thermo Scientific™ 

Vanquish™ UHPLC Binary Pump system (Germany) coupled to a Thermo Scientific™ Q Exactive™ 

hybrid quadrupole Orbitrap™ high resolution mass spectrometer (Germany).  The columns used are 

Thermo Scientific™ Accucore™ Phenyl Hexyl column (100 mm × 2.1 mm i.d., 2.6 µm) maintained at 

40 °C with an injection volume of 3 µL. The mobile phase comprised solvent A (0.1% formic acid in 

water, MS grade) and solvent B (0.1% formic acid in acetonitrile, MS grade), with a flow rate of 0.3 

mL/min applied in gradient elution. The gradient profile started at 5% B at 0 min, ramped linearly to 

90% B by 16 min, maintained 90% B for 4 min, then decreased back to 5% B and re-equilibrated to 25 

min.  

High‑resolution mass spectrometry was performed in full MS/dd‑MS² mode with positive 

electrospray ionization (ESI+) using XCalibur 4.4 software. Nitrogen served as sheath gas (32 AU), 

auxiliary gas (8 AU), and sweep gas (4 AU). The spray voltage was 3.30 kV, the capillary temperature 

was 320 °C, and the auxiliary gas heater temperature was 30 °C. Data were collected over an m/z 

range of 66.7–1000, with a resolving power of 70,000 for full MS and 17,500 for dd‑MS². 

2.2.3. Phytochemical Components of Aqueous Extract of Marsdenia tinctoria R.Br. Leaves Screening 

Phytochemical components of AEML were collected from UHPLC–HRMS Analysis, especially 
the secondary metabolite. The data was then organized by entering an Excel spreadsheet containing 

information associated with compound identity, which included the compound name, PubChem 

CID, Canonical SMILES, and other essential data. 

ADME analysis of phytochemical components was conducted using SwissADME 

(http://www.swissadme.ch/index.php), with SMILES notations sourced from PubChem 

http://www.swissadme.ch/index.php
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(https://pubchem.ncbi.nlm.nih.gov/). Screening was performed based on three key criteria: high 

gastrointestinal absorption, no Lipinski rule violations, and a bioavailability score ≥ 0.55 [8]. 

2.2.4 Protein Target Prediction 

Data collection for target proteins in S. aureus was performed by accessing the GeneCards 

database (https://www.genecards.org/) with the keyword “Antibacterial for Staphylococcus aureus” 

[9]. Prediction of proteins with the potential to interact with secondary metabolite compounds found 

in the AEML, performed by SwissTargetPrediction (http://www.swisstargetprediction.ch/), the 

criteria of probability ≥ 0 [8]. We merged protein binding from the two databases using Venny 2.1 

(https://bioinfogp.cnb.csic.es/tools/venny/). Protein intersections were analyzed for interactions 

between target genes by uploading relevant target genes for antibacterial activity to the STRING 

(https://cn.string-db.org/). Interactions were configured with parameters restricted to "Homo 

sapiens" and a confidence score threshold set to the highest level (>0.900). Protein-protein interaction 

data were generated and clustered using the CytoCluster tool in Cytoscape v.3.8.2 

(https://cytoscape.org/) based on the top 15 targets determined by Maximal Clique Centrality (MCC) 

[10].  The STITCH database (http://stitch.embl.de) predicted metabolite-target interactions on S. 

aureus. 

2.2.5 Antibacterial Activity Test by Well Diffusion Method 

Staphylococcus aureus ATCC 6538 was inoculated by the spread plate method on MHA media 

and then incubated for 24 hours at 37 °C. Staphylococcus aureus was suspended in a tube containing 5 

mL of a Mueller Hinton Broth (MHB) to reach an absorbance of 0.08-0.13, measured by UV-Vis 

spectrophotometer at 625 nm (equivalent to 0.5 McFarland standard) [11]. 

The serial concentrations of 4%, 6%, 8%, and 10% of AEML were dissolved in WFI. 1 mL of 

bacterial suspension was inserted into a petri dish containing NA media. The petri dish media were 

perforated using a 9 mm diameter tool to create four wells.  As a  positive control, tetracycline HCl 

0.5% was used. 50 µL of the sample solution were put into the well. After that, the petri dish was 

incubated at 37 °C for 24 hours, and the clear zone formed was measured by their zone of inhibition 

diameter.  

3. RESULTS AND DISCUSSION 

 This study focused on the potential antibacterial activity of Aqueous Extract of Marsdenia 

tinctoria R.Br. Leaves (AEML) whose interactions were predicted against target proteins of the Gram-

positive bacterium S. aureus. These bacteria are widespread in the community and cause skin 

infections. 

3.1. Extract Compounds 

 According to UHPLC-HRMS data, AEML was identified 82 compounds.  These compounds were 

identified as major compounds based on the Similarity Index (range of 80-100%) using the MzCloud 

database, an annotation mass deviation of -5 to 5 g/ml. Then, a correlation analysis was performed 

between the phytochemical composition and the potential pharmacological activities of the aqueous 

extract of M. tinctoria. (Figure 1). 

 Figure 1 indicates that the aqueous extract of M. tinctoria leaves exhibits a broad pharmacological 

spectrum, with phenolic-related compounds (likely flavonoids), terpenoids, and alkaloids 

contributing predominantly to antioxidant, antimicrobial, and anti-inflammatory activities. 

Antimicrobial, anti-inflammatory, antioxidant, and antiviral effects appear as the major 

pharmacological potentials, while antidiabetic, anticonvulsant, and antitumor activities are present 

to a lesser extent. Most activities are associated with recurring contributions from flavonoids, 

alkaloids, and terpenoids, suggesting multitarget, synergistic interactions rather than single-

compound effects and supporting the use of this extract as a phytopharmaceutical candidate for mild 

infections, inflammation, and antioxidant therapy, with additional prospects in antidiabetic, 

antitumor, and neuroprotective applications. 

https://pubchem.ncbi.nlm.nih.gov/
https://www.genecards.org/
http://www.swisstargetprediction.ch/
https://bioinfogp.cnb.csic.es/tools/venny/
https://cn.string-db.org/
https://cytoscape.org/
http://stitch.embl.de/
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Figure 1. Pharmacology Potential in AEML 

Subsequently, antibacterial compound activity was determined using databases such as 

PubChem, Google Scholar, Elsevier, ScienceDirect, ResearchGate, and reputable national journals. 

Ten secondary metabolites with potential antibacterial activity were collected and are presented in 

Table 1. 
 Table 1. Antibacterial Compounds In AEML 

No Name Formula 
Molecular 

Weight 
RT (min) Group 

1 Glycoperine C19H21NO8 391.12667 5.712 

Alkaloids 

2 Methyl nigakinone C16H12N2O3 280.08525 7.307 

3 Navenone A C15H15NO 225.11522 10.441 

4 Terminaline C23H41NO2 363.31233 15.608 

5 
1-(14-

methylhexadecanoyl)pyrrolidine 
C21H41NO 323.3181 16.682 

6 Quercetin C15H10O7 302.04186 5.432 Flavonoid 

7 Rutin C27H30O16 610.15266 5.519 Flavonoid 

8 2-Decylfuran C14H24O 208.18256 10.808 Terpenoid 

9 Echinenone C40H54O 550.41753 17.296 Terpenoid 

10 Pheophorbide A C35H36N4O5 592.26805 14.802 Plant 

Pigment 

 

Table 1 shows that AEML contains ten secondary metabolites belonging to four main groups: 

alkaloids, flavonoids, terpenoids, and chlorophyll derivatives. This is in line with the phytochemical 

profiles of Marsdenia species and the Apocynaceae family, which are known for their antibacterial 

properties. Flavonoids, including quercetin and rutin, match the flavone identified in Borneo M. 

tinctoria [12]. The alkaloid profiles (glycoperine, methyl nigakinone) are similar to retronecine-type 

alkaloids that were found through HPLC-MS/MS in Apocynaceae chemotaxonomy, including M. 

tinctoria [6]. Terpenoids and chlorophyll derivatives such as pheophorbide A, a common degradation 

product in green leaf extracts with photodynamic antibacterial potential, further validate the 

UHPLC-HRMS findings [13]. 
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3.2. Network Pharmacology 

The network pharmacology protocol consisted of six primary steps: (1) ADME analysis of 

phytochemical components of Aqueous Extract of Marsdenia tinctoria R.Br. Leaves; (2) Identification 

of probable biological targets of the phytoconstituents of AEML; (3) Identification of known targets 

related to S. aureus; (4) Determination of potential therapeutic targets of AEML by intersecting the 

protein targets of S. aureus; (5) Construction of protein–protein interaction networks; (6) Construction 

of a Compound–Target–Pathway Network. 

3.2.1. Prediction of Oral Bioavailability Using the BOILED-Egg Model (SwissADME) 

The analysis used the SwissADME platform and the BOILED-Egg method to assess the 

bioavailability of the compounds. Bioavailability is a critical parameter in pharmacokinetics, 

indicating the quantity and rate that a drug compound is absorbed by the body. Additionally, the 

SwissADME platform allows for the examination of other parameters such as compliance with 

Lipinski's rules, GI absorption, BBB permeability, and others. 

 

Figure 2. Visualization of predicted bioavailability and blood-brain barrier penetration of Marsdenia tinctoria 

secondary metabolite compounds using the BOILED-Egg method. BBB: Blood-Brain Barrier; HIA: Human 

Intestinal Absorption; PGP: P-glycoprotein Substrate. 

Table 2. Prediction of bioavailability parameters using the BOILED-Egg method 

Compound 
GI 

Absorption 
BBB 

Lipinski of 

Rules 

Glycoperine High No Yes 

1-(14-methylhexadecanoyl)pyrrolidine High No Yes 

Methyl nigakinone High Yes Yes 

Navenone A High Yes Yes 

Terminaline High Yes Yes 

Quercetin High No Yes 

Rutin Low No No 

2-Decylfuran High Yes Yes 

Echinenone Low No Yes 

Pheophorbide A Low No Yes 

Description:  

BBB: Blood-Brain Barrier 

GI Absorption: Gastrointestinal Absorption  
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The white area is most likely for passive absorption by the digestive tract, and the yellow area 

(yolk) is most likely for brain penetration. The yellow and white areas are not mutually exclusive. 

Additionally, The points will be colored blue if identified as P-gp substrates (PGP+) and red if 

identified as P-gp non-substrates (PGP−). Based on the analysis using the BOILED-Egg method, as 

illustrated in Table 2 and Figure 2, it was revealed that 3 out of 10 compounds fell outside the diagram 

and did not meet the specified parameters because they have poor pharmacokinetic profiles. These 

compounds are Rutin, Echinenone and Pheophorbide A. Rutin showed low GI absorption and fails 

Lipinski’s rules due to its hydrophilic glycoside structure compared to quercetin, requiring 

enzymatic hydrolysis to quercetin aglycone for absorption but exhibiting poor passive diffusion 

through cell membranes [14]. Echinenone displayed low GI absorption due to its large lipophilic 

carotenoid scaffold limiting aqueous solubility and passive diffusion [15]. Pheophorbide A has low 

gastrointestinal absorption, has problems passing P-glycoprotein, and cannot penetrate the blood-

brain barrier from its polar porphyrin structure, restricting oral bioavailability despite photodynamic 

potential [15], [16].  

Therefore, only 7 compounds were passed on to the next stage because they had high GI 

absorption and followed Lipinski's Rule (MW <500 Da, optimal logP, H-bond ≤5/10), which meant 

that they could be absorbed well orally (>90%). Glycoperine and 1-(14-methylhexadecanoyl) 

pyrrolidine do not cross the BBB, which can be an advantage by reducing the risk of neurotoxicity 

while maintaining therapeutic plasma concentrations. Methyl nigakinone, Navenone A, Terminaline, 

and 2-Decylfuran can cross the BBB, potentially leading to systemic/CNS infections. High 

bioavailability ensures plasma concentrations exceed the MIC and reduces resistance thru multiple 

targets (membranes, biofilms) [15], [17]. 

3.2.2. Identification of S. aureus targets of AEML 

A total of 555 protein S. aureus targets were obtained from the GeneCards database, 266 

secondary metabolites of AEML were obtained from SwissTargetPrediction, and 51 intersecting 

targets between AEML and S. aureus were identified by merging the targets of phytochemical 

components with the targets of S. aureus. The convergence of targets was considered as the potential 

targets of AEML against S. aureus. (Figure 3). 

 

Figure 3. Venn diagram of the relationship between target compounds in Marsdenia tinctoria and target proteins 

in Staphylococcus aureus bacteria 

3.2.3. Prediction of Protein-Protein Interaction  
As can be seen in Figure 4a, 51 target proteins in Staphylococcus aureus that are predicted to 

interact with secondary metabolites compounds AEML were analyzed using String-DB. String-DB is 

a database with more than nine million proteins from various sources that can be used to predict 

interactions between proteins. This analysis was conducted to obtain selected target proteins with 

biological pathways related to these proteins. There are 52 nodes, 298 edges, and an expected number 

of edges of 120 for S. aureus. The number of nodes and edges obtained in the network illustrates the 

level of interaction activity. The resulting STRING network shows that the 52 proteins form a closely 

related functional group, not a random collection of proteins, because the number of observed 
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interactions (298 edges) is much greater than the number of interactions expected by chance (120 

edges). This indicates that these proteins tend to be involved in the same biological 

pathways/processes [18], [19]. 

MCC analysis is assessed based on its centrality, which measures the extent to which a protein 

influences relationships within the MCC network. The aim of MCC is to identify components and 

target proteins that have better potential than previously collected proteins and are most likely to 

influence the antibacterial activity of AEML [20]. Next, the top 15 target proteins were determined 

based on MCC, which can be seen in Figure 4b. The 15 target proteins describe the targets of the 

antibacterial mechanism of action. They can be linked to antibacterial mechanisms of action through 

their roles in cellular immune pathways, inflammatory responses, and the inhibition of bacterial 

pathogens. These proteins are involved in processes such as bacterial glycolysis, phagocytosis, the 

production of antimicrobial radicals, and the regulation of immune signals that support bacterial 

clearance [21]–[26]. 

 
(a) 

 
(b) 

 
(c) 

Figure 4. Results figure of prediction of protein-protein interaction. (a) 51 protein-protein interaction networks 

are identified as potential targets of AEML in relation to S. aureus.; (b) Selection of 15 major protein targets using 

CytoHubba related to S. aureus based on the MCC approach; (c) Network of interactions between 15 major target 

proteins in Staphylococcus aureus and 7 (seven) compounds from Marsdenia tinctoria using the STITCH Platform 

Significant cluster of S.aureus-related targets 

The results from CytoHubba are forwarded to STITCH. STITCH is used to determine how active 

compounds interact with target proteins. The following is an overview of the interaction network 

developed by STITCH between 7 active compounds in AEML and 15 target proteins in S. aureus 

(Figure 4c). Strong interactions are indicated by thick lines. The thicker the interaction line, the 
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stronger the relationship between the active compound and its target protein [27]. Green lines 

represent interactions between compounds and proteins. Meanwhile, gray lines represent 

interactions between proteins. 

The STITCH analysis found that the interaction between 15 main target proteins in S. aureus and 

7 active compounds in AEML results in the identification of quercetin as an active compound 

component. Quercetin interacts with several target proteins in S. aureus identified to have a line 

thickness or nodes exceeding 0.400, classified as high interactions, thereby playing an important role 

in antibacterial activity. Meanwhile, no interactions with target proteins were found for the other 

compounds.  

The two target proteins with the highest interactions measured based on the thickness of the 

interaction line with quercetin were SAV0081 and pkrC in S. aureus. The antibacterial mechanism of 

pkrC or protein kinase is through the regulation of cell wall and virulence, where inhibition of 

phosphorylation can make bacteria more sensitive to β-lactam antibiotics [28]. Furthermore, SAV0081 

shows similarity to serine/threonine kinases, which have autokinase activity on serine and threonine 

residues and are localized to the bacterial membrane. Its role is related to serine/threonine signal 

transduction, which influences cell wall metabolism and virulence [29]. 

Quercetin, a flavonoid compound, is known to have a broad spectrum of antibacterial activity, 

primarily by disrupting cell membrane integrity, damaging the cell wall, and inhibiting nucleic acid 

synthesis and enzymatic functions. This mechanism corresponds with the study's findings, wherein 

quercetin exhibited significant interactions with protein targets related to cell wall regulation, 

virulence, and antibiotic resistance [30]. 

3.3. In Vitro Antibacterial Activity 

For the purpose of validation, in vitro antibacterial testing was performed on the AEML against 

S. aureus at four different concentrations using the agar well diffusion method. It is the most 

commonly used method for qualitative initial screening of antibacterial activity, and this study used 

it to confirm the presence or absence of M. tinctoria extract antibacterial activity. The agar diffusion 

method is a simple, fast and efficient method and thus is very suitable for studies that use 

antibacterial tests only as supporting data to validate the biological potential of a plant [31], [32]. The 

antimicrobial activity of AEML against Staphylococcus aureus can be seen from the presence of 

inhibition zones of various sizes around the agar well. The presence of AEML inhibition zones against 

Staphylococcus aureus bacteria can be seen in Table 3. 

Table 3. Inhibition zones (mm ± S.E.M) of AEML against S.aureus 

Plants Concentration (%) Inhibition zone (mm) 

aqueous extract of M. tinctoria leaves 

4 14.24 ±2.78 

6 16.01 ±0.95 

8 17.03 ±1.78 

10 14.90 ±0.62 

Tetracycline HCl 0,5% 29.51 ±1.50 

The result is our optimal concentration, showing its highest activity at 8%. In comparison, we 

evaluated tetracycline HCl 0.5%, a conventional antibiotic against S. aureus, which yielded an 

inhibitory zone of 29.51 ± 1.50 millimeters—1.7 times greater than our most effective plant extract 

result. The decrease of inhibition zone at concentration 10% compared to 8% can be caused by the 

limitation of agar diffusion method, where many factors other than concentration also affect the 

inhibition zone, therefore the relation between concentration and the area of inhibition zone is not 

always linear. If the concentration is too high, the extract solution viscosity will increase, which may 

inhibit the rate of the active compound diffusion into the agar matrix, so the diffusion range becomes 

more limited, and the measured inhibition zone becomes smaller [33], [34]. 
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The experimental in vitro results confirm this prediction, as the extract reduced the growth of S. 

aureus with optimal efficacy, confirming that the active chemicals suggested by network 

pharmacology do elicit antibacterial activities against S. aureus. 

3.4. Research limitations 

The possible mechanism of bioactive compounds in AEML—Quercetin against S. aureus has 

been known in this study, that two pathways are targeted to control infection of S. aureus. However, 

this study still has limitations, the effectiveness, and the mechanism of Quercetin which have resulted 

from network pharmacology analysis, are still a predictions. Therefore, further studies are needed on 

other in vitro analyses such as SEM and TEM to help explain its mechanism of action at the cellular 

and cell wall level. The pharmacological effect of inhibiting the pathological process from S. aureus 

infection by the AEML compound also could be validated through in vivo analysis. 

 

4. CONCLUSION 

Protein-protein interaction (PPI) analysis indicated that fifteen key proteins interact with the 

seven compounds, with quercetin identified as the major bioactive compound activating specific 

bacterial pathways (SAV0081 and pkrC) in S. aureus with the prediction that the antibacterial 

mechanism occurs by the inhibition of cell wall synthesis. The highest antibacterial effect was 

observed at an 8% extract concentration with an inhibition zone of 17.03 ± 1.78 mm.  
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