
 

 © 2026 Journal of Pharmacy & Pharmacognosy Research, 14 (1), 2440, 2026 

ISSN 0719-4250 
https://jppres.com 

 

DOI: https://doi.org/10.56499/jppres_14.1.2440 

 

Original Article 
 

 

Phytochemical profiling, antimicrobial and antioxidant activities of 
Coleus amboinicus Lour. leaves: In vitro, network pharmacology, 

and molecular docking analyses 

[Perfil fitoquímico, actividades antimicrobianas y antioxidantes de las hojas de Coleus amboinicus Lour.: análisis in vitro, 
farmacología de redes y acoplamiento molecular] 

Kasta Gurning1,2, Yehezkiel S. Kurniawan1, Friska S. Silitonga1,3, Muslih Anwar4, Charlie E. de Fretes5, 
Mario R. Sohilait6, Endang Astuti1, Sunarta7, Winarto Haryadi1* 

1Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Yogyakarta 55281, Indonesia. 
2Department of Pharmacy, Universitas Senior Medan, Medan 20141, Indonesia. 

3Department of Chemistry, Faculty of Engineering and Maritime Technology, Universitas Maritim Raja Ali Haji, Tanjungpinang 29100, Indonesia. 
4Research Center for Food Technology and Processing (PRTPP), National Research and Innovation Agency (BRIN), Yogyakarta 55861, Indonesia. 

5Research Center for Deep Sea, National Research and Innovation Agency (BRIN), Ambon 97233, Indonesia. 
6Department of Chemistry, Faculty of Mathematics and Natural Sciences, Pattimura University, Ambon 97233, Indonesia. 

7Department of Physics, Universitas Gadjah Mada, Yogyakarta 55281, Indonesia.  
*E-mail: wnrt_haryadi@ugm.ac.id 

 

Abstract 

Context: Coleus amboinicus is a plant rich in bioactive compounds and offers diverse pharmacological effects. Free radicals and microbes are common health 

problems that trigger numerous diseases. Therefore, studies on the pharmacological effects of the active compounds in this plant are necessary. 

Aims: To characterize the bioactive compounds of C. amboinicus and to evaluate its antimicrobial and antioxidant activities using in vitro, network 

pharmacology, and molecular docking approaches. 

Methods: Phytochemicals were quantified colorimetrically, and metabolites were profiled by LC-HRMS. Antimicrobial activity was tested against Staphylococcus 

aureus, Escherichia coli, Candida albicans, methicillin-resistant S. aureus (MRSA), and multidrug-resistant (MDR) via MIC/MBC assays, while antioxidant capacity 

was assessed using DPPH and ABTS assays. Network pharmacology and molecular docking predicted potential targets. 

Results: The extract showed significant antimicrobial effects against S. aureus and C. albicans as well as significant antioxidant activity. Molecular docking 

showed strong binding between key compounds with BCl2, MAPK1, and MMP2 in the microbial-induced endocrine resistance pathway and CAMK2B, MDM2, 

and MAP2K2 proteins in the proteoglycans in the cancer pathway, in the free radical-induced pathway.  

Conclusions: These findings indicate that C. amboinicus has promising antimicrobial and antioxidant properties. Therefore, this species could continue to be 

developed as an alternative product in the functional food and pharmaceutical industries.  

Keywords: antimicrobials; antioxidants; bioactive compounds; Coleus amboinicus leaves; LC-HRMS. 

 

Resumen 

Contexto: Coleus amboinicus es una planta rica en compuestos bioactivos y posee diversos efectos farmacológicos. Los radicales libres y los microbios son 
factores de riesgo para la salud comunes que desencadenan numerosas enfermedades. Por lo tanto, es necesario estudiar los efectos farmacológicos de los 

compuestos activos de esta planta.  

Objetivos: Caracterizar los compuestos bioactivos de C. amboinicus y evaluar su actividad antimicrobiana y antioxidante mediante métodos in vitro, 

farmacología de redes y acoplamiento molecular. 

Métodos: Los fitoquímicos se cuantificaron colorimétricamente y los metabolitos se perfilaron mediante LC-HRMS. La actividad antimicrobiana se evaluó contra 

Staphylococcus aureus, Escherichia coli, Candida albicans, S. aureus resistente a la meticilina (SARM) y multirresistente (MDR) mediante ensayos de CMI/CMB, 
mientras que la capacidad antioxidante se evaluó mediante ensayos de DPPH y ABTS. La farmacología de redes y el acoplamiento molecular predijeron posibles 

dianas. 

Resultados: El extracto mostró efectos antimicrobianos significativos contra S. aureus y C. albicans, así como una importante actividad antioxidante. El 

acoplamiento molecular mostró una fuerte unión entre compuestos clave y BCl2, MAPK1 y MMP2 en la vía de resistencia endocrina inducida por microbios, y 

entre las proteínas CAMK2B, MDM2 y MAP2K2 en los proteoglicanos de la vía del cáncer, inducida por radicales libres. 

Conclusiones: Estos hallazgos indican que C. amboinicus posee prometedoras propiedades antimicrobianas y antioxidantes. Por lo tanto, esta especie podría 

seguir desarrollándose como un producto alternativo en las industrias de alimentos funcionales y farmacéutica. 

Palabras Clave: antimicrobianos; antioxidantes; compuestos bioactivos; hojas de Coleus amboinicus; LC-HRMS. 
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Abbreviations: ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); BCl2: B-cell lymphoma 2; CAMK2B: Calcium/Calmodulin De-
pendent Protein Kinase II Beta; DPPH: 2,2-diphenyl-1-picrylhydrazyl; EECAL: Ethanolic extract of Coleus amboinicus leaves; LC-HRMS: 
Liquid chromatography-high resolution mass spectrometry; MAPK1: Mitogen-activated protein kinase 1; MAPK2: Mitogen-activated protein 
kinase 2; MBC: Minimum bactericidal concentration; MIC: Minimum inhibitory concentration; MDM2: Murine double minute 2; MMP2: 
Matrix metallopeptidase 2; QE: Quercetin equivalent. 
 

INTRODUCTION 

Deaths from microbial infections and their treat-
ment continue to increase every year. The ability of mi-
crobes to develop resistance is due to poor manage-
ment of diagnosis and antibiotic use (Bennett et al., 
2018; Morris & Cerceo, 2020). The prevalence of mor-
bidity and mortality associated with microbes that 
have developed resistance continues to increase, while 
the number of new antimicrobial compounds devel-
oped to treat infections remains insufficient to provide 
a solution (Palmer et al., 2022). Therefore, the re-
sistance that arises makes it difficult to cure various 
diseases caused by microbes, leading to death. This 
makes researchers and pharmacists continue to strive 
to find and develop antibiotic drugs that do not cause 
resistance  

In addition, another type of disease that is caused 
by many and threatens human life is free radicals. Dis-
eases caused by free radicals are also diverse and re-
quire serious treatment because they can threaten sur-
vival and lead to death (Gujjari et al., 2022). Free radi-
cals, such as reactive oxygen species (ROS) and reac-
tive nitrogen species (RNS), are normally involved in 
cellular metabolism. However, excessive accumula-
tion—often triggered by environmental stressors—can 
lead to degenerative diseases including cancer, diabe-
tes, hypertension, cardiovascular disorders, and prem-
ature aging. Infection is also closely linked to triggers 
that increase ROS and RNS levels, which cause organ 
damage and metabolic changes (Vasquez et al., 2021). 

Antimicrobial resistance and oxidative stress-re-
lated diseases pose significant global health challenges. 
Conventional therapies are often limited by microbial 
resistance and the generation of excessive reactive ox-
ygen and nitrogen species, leading to degenerative dis-
orders. Therefore, the increasing prevalence of micro-
bial resistance to antibiotics has become a problem, re-
sistance mechanisms hinder effective treatment, and 
excessive free radical production contributes to vari-
ous degenerative diseases such as cancer, diabetes, and 
cardiovascular disorders. Addressing health problems 
caused by these two causes of life-threatening diseases 
requires the discovery of new compounds with poten-
tial as antimicrobials and antioxidants, one of the main 
sources, and one that has been used since ancient 
times: herbal ingredients. Medicinal plants have been 
extensively explored as alternative sources of bioactive 
compounds with antimicrobial and antioxidant prop-
erties (Parham et al., 2020). One potential herbal plant 
is Coleus amboinicus Lour. (family Lamiaceae). 

C. amboinicus grows in many countries, including 
India, Cuba, Spain, Brazil, and Mexico, with various 
names (synonyms: C. aromaticus, Benth.) (Gurning, 
2020; Kumar et al., 2020; Pinheiro et al., 2023) and is 
used for various treatments such as antimicrobial, an-
tioxidant, anti-inflammatory, anticancer, and antihy-
pertensive (Ślusarczyk et al., 2021). However, its de-
tailed phytochemical composition and molecular 
mechanisms underlying its biological activities remain 
poorly understood, and mechanistic interaction stud-
ies are still not sufficiently characterized. This study 
was designed to analyze the phytochemical profile of 
C. amboinicus leaves, evaluate their antimicrobial and 
antioxidant activities, and predict their molecular 
mechanisms using network pharmacology and molec-
ular docking.  

MATERIAL AND METHODS 

Materials, chemicals, bacterial strains, plasmodium 
strains, and general instrumentations 

Ethanol, dimethyl sulfoxide (DMSO), quercetin, 
tannic acid, gallic acid, caffeine, AlCl3, Folin-Ciocalteu, 
Na2CO3, bromocresol green, phosphate buffer, metha-
nol, and formic acid were obtained from Merck. Potas-
sium permanganate, 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), and 2,2'-azino-bis ethylbenzthiazoline-6-sul-
fonic acid (ABTS) were purchased from Sigma-Al-
drich. Mueller-Hinton agar (MHA), distilled water, 
Roswell Park Memorial Institute (RPMI), iodonitro-
tetrazolium chloride, Escherichia coli ATCC 25922, 
Staphylococcus aureus ATCC 6538, Candida albicans 
ATCC 10231, methicillin-resistant Staphylococcus au-
reus (MRSA), and multidrug-resistant (MRD) are pro-
vided by the Biology Laboratory of Universitas Gadjah 
Mada (Indonesia). The instrument used for the deter-
mination of total phytochemical content is an ultravio-
let-visible (UV-Vis) spectrophotometer (Shimadzu 
8201PC). Metabolomic analysis was performed using 
liquid chromatography-high-resolution mass spec-
trometry (LC-HRMS). Meanwhile, microbial activity 
was determined using an ELISA microplate reader. 

Preparation and extraction of C. amboinicus leaves 

The C. amboinicus leaves samples used were fresh, 
green, and in good condition, obtained from North Su-
matra, Indonesia, with coordinates 2°29′49.200″N 
99°10′12.000″E. The taxonomy of the samples was car-
ried out by a botanist at the Faculty of Biology, Univer-
sitas Gadjah Mada (No. 0220/S.Tb./I/2023). The 
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samples were cleaned under running water, drained, 
and dried in an oven at 50°C. The dried samples were 
ground in a mechanical grinder to increase surface area 
and maximize extraction. 1.14 kg of powder was ex-
tracted using 10 L of ethanol solvent for 72 h in a mac-
erator. The samples were filtered using Whatman filter 
paper, and the residue was re-macerated using a new 
volume of ethanol for 24 h. Re-maceration was re-
peated twice to maximize extraction. The extract was 
obtained and concentrated using a rotary vacuum 
evaporator at 50°C to obtain a viscous extract. The 
thick ethanol extract of C. amboinicus was placed in a 
closed glass container and is ready for use in the next 
stage. 

Determination of a total phytochemical 

Flavonoids 

The determination of total flavonoid levels was car-
ried out colorimetrically using a UV-Vis spectropho-
tometer, following previously reported methods with 
slight modifications (Ramos et al., 2017; Sinaga et al., 
2023). Determination of total flavonoid levels using 
quercetin solution as a standard solution. Quercetin 
was dissolved using ethanol solvent (p.a.) to obtain 
concentration variations of 25, 50, 75, 100, and 125 
µg/mL. The short procedure was to take 1 mL of quer-
cetin from each concentration, place it in a 10 mL meas-
uring flask, add 0.2 mL of 10% AlCl3, and add distilled 
water to the 10 mL mark. The mixture was homoge-
nized with a vortex mixer and then incubated for 30 
minutes. After the incubation time was reached, the 
sample was measured over 300–500 nm to determine 
the maximum absorbance. Determination of flavonoid 
levels in the ethanol extract of C. amboinicus leaves with 
the same steps using a concentration of 1000 µg/mL. 
Measurements were performed with three repetitions, 
and flavonoid content was expressed in mg quercetin 
equivalent per gram of ethanol extract (mg QE/g d.w. 
ethanol extract). Based on the standard curve of quer-
cetin measured at λmax of 431 nm, the following equa-
tion, y = 0.0068x – 0.0523 (R2 = 0.9995), was obtained. 

Phenolics 

The determination of total phenolic content was 
carried out using the previously reported method with 
slight modifications (Ivanova et al., 2010; Matić et al., 
2017; Situmorang et al., 2022). Briefly, the determina-
tion of total phenolic content was carried out using the 
Folin-Ciocalteu reagent, a 7% Na2CO3 solution, and 
gallic acid as the standard. Gallic acid was dissolved 
using ethanol solvent (p.a.) to obtain concentration 
variations of 25, 50, 75, 100, and 125 µg/mL. The short 
procedure was to pipette 200 µL of gallic acid from 
each concentration into a 10 mL measuring flask, add 

1 mL of Folin-Ciocalteu, let it stand for 5 min, then con-
tinue adding 4 mL of Na2CO3 and distilled water to the 
10 mL mark. The mixture was homogenized with a 
vortex mixer and incubated for 30 min. After the incu-
bation time had reached, the sample was measured at 
a fixed wavelength of 765 nm. The determination of 
phenolic content in the ethanol extract of C. amboinicus 
leaves followed the steps with a concentration of 1000 
µg/mL. Measurements were carried out with three 
repetitions, and the phenolic content in the sample was 
expressed in mg of gallic acid equivalents per gram of 
ethanol extract (mg GAE/g d.w. of ethanol extract). 
Based on the gallic acid standard curve, the following 
equation was obtained: y = 0.0014x + 0.0422 (R2 = 
0.9633). 

Tannins 

The determination of total tannin content in the eth-
anol extract of C. amboinicus leaves was carried out col-
orimetrically using a previously reported method with 
slight modifications (Gurning et al., 2022; Haile & 
Kang, 2019). The standard solution used was tannic 
acid (25, 50, 75, 100, and 125 µg/mL). Approximately 
200 µL of each concentration was placed into a 10 mL 
measuring flask, then 1 mL of Folin-Ciocalteu was 
added and left for 5 min; 200 µL of saturated Na2CO3 
solution and distilled water were then added to the 10 
mL mark. The mixture was homogenized with a vortex 
mixer and then incubated for 35 min. After the incuba-
tion time was reached, the sample was measured over 
350–800 nm to determine the maximum wavelength 
for analysis. The measurement of tannin levels in sam-
ples followed the same steps as for the 1000 µg/mL 
sample concentration. Measurements were carried out 
with three repetitions, and the tannin content in the 
sample was expressed in mg tannic acid equivalents 
per gram of ethanol extract (mg TAE/g d.w. ethanol 
extract). Based on the standard curve of gallic acid 
measured at the maximum wavelength (745 nm), y = 
0.0012x + 0.0132 (R2 = 0.981) was obtained. 

Analysis of bioactive compounds using LC-HRMS 

An ethanol extract of dried C. amboinicus leaves (up 
to 50 mg) was dissolved in 2 mL of methanol (LC-MS 
grade) in a centrifuge tube and vortexed for 1 min. The 
solution mixture was centrifuged for 10 min at 5000 
rpm. The clear solution from the centrifuge was sepa-
rated as a stock solution for LC-ESI-HRMS measure-
ments. The chromatography column used had a size of 
100 mm × 2.1 mm ID × 2.6 µm and used a mobile phase 
of water: formic acid (100:0.1; v/v) (solvent A) and a 
mixture of ethanol: formic acid (100:0.1; v/v) (solvent 
B) and a flow rate of 0.3 mL/minute. The analysis pro-
cess followed the previous research method (Suratno 
et al., 2023; Windarsih et al., 2022). The targeted 
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compounds must meet the criteria stated in the source-
predicted compositions and mzCloud Search results, 
and must have a dominant area. 

Evaluation of the antimicrobial activity 

The antimicrobial activity of the ethanol extract of 
C. amboinicus leaves was expressed in the minimum in-
hibitory concentration (MIC), minimum bactericidal 
concentration (MBC), and minimum fungicidal con-
centration (MFC). The variation in sample and chlo-
ramphenicol concentrations (positive control/drug 
control) used was 25, 50, 100, 200, and 250 µg/mL, with 
DMSO as the solvent. Each extract concentration was 
mixed with 9 mL of Mueller-Hinton Agar containing 
1.5 × 108 CFU/mL and placed in a 96-well microplate 
with three replicates per concentration. The plates 
were then incubated at 37°C for 24 h for bacteria and 
48 h for fungi. After incubation, 40 µL of iodonitro-
tetrazolium chloride solution was added to each plate 
as a growth indicator, and the plate was incubated for 
an additional 30 min at 37°C. The visible growth was 
then observed. MIC was stated as the lowest extract 
concentration that results in no visible microbial 
growth on the surface of the agar medium (Hemeg et 
al., 2020; Mogana et al., 2020). The determination of 
MBC is continued by inoculating agar plates that do 
not show growth after the MIC test is carried out, fol-
lowing the previous research method (Mogana et al., 
2020). Agar plates from the MIC test results are inocu-
lated into fresh nutrient broth (recovery media) and 
then incubated for 24 h at 37°C. Agar plates incubated 
with various concentrations in fresh broth that are not 
cloudy or produce <10 colonies show evidence of bac-
tericidal activity (MBC value) and fungicidal activity 
(MFC value). Each experiment is repeated at least three 
times (Jam et al., 2021; Tambunan et al., 2022). The bio-
assay experiment was approved by the Medical and 
Health Research Ethics Committee, Universitas Gadjah 
Mada, under reference number KE/FK/0919/EC/ 
2023. 

Evaluation of the antioxidant activity 

DPPH method radical scavenging assay 

Ethanol extract of C. amboinicus leaves was made 
with various concentrations of 25, 50, 75, 100, and 125 
µg/mL and various concentrations of ascorbic acid of 
2.5, 5, 7.5, 10, and 12.5 µg/mL using ethanol solvent. 
Each concentration was diluted to 250 µL, and 1 mL of 
0.4 mM DPPH was added; then, ethanol was added to 
exactly 5 mL, and the same treatment was applied to 
the blank without a sample. The solution mixture was 
vortexed for 2 min at 1000 rpm, then incubated for 30 
min in a dark, closed room. After the incubation time 
was reached, the absorbance was measured at the 

maximum DPPH wavelength (517 nm) using a UV-Vis 
spectrophotometer. All stages were repeated three 
times. Antioxidant activity (IC50) was determined from 
the linear regression of inhibition versus concentration 
(Lubis et al., 2023; Tambunan et al., 2024). Based on an-
tioxidant activity measurements, the linear regression 
equation at λmax 517 nm for the sample was                       
y = 0.1452x + 36.756 (R2 = 0.9992), and for ascorbic acid, 
y = 3.8x + 49.3 (R2 = 0.9823). 

ABTS method radical scavenging assay 

The determination of antioxidant activity using the 
ABTS method uses the same concentration variation as 
the previous method. The radical ABTS solution is 
used by reacting the ABTS solution (5 mM) with the 
same amount of potassium persulfate solution (2.45 
mM) and incubating for 12–16 h in a closed and dark 
container at room temperature. The test was carried 
out with 1 mL of ABTS radical (ABTS•) solution mixed 
with 0.5 mL, diluted to the 5 mL mark with distilled 
water, and incubated for 1 min in a dark room. The 
same steps were carried out on the control without a 
sample. After the incubation time was reached, the ab-
sorbance of the mixture was measured at 734 nm 
(Gaber et al., 2023; Tambunan et al., 2024). All stages 
were carried out with three repetitions. Antioxidant ac-
tivity (IC50) was determined from the linear regression 
of inhibition versus concentration. Based on the meas-
urement of antioxidant activity, the linear regression 
equation measured at λmax 734 nm obtained                      
y = 0.7227x + 12.336 (R2 = 0.9366) for the sample and     
y = 1.44x + 69.6 (R² = 0.9878). 

Network pharmacology analysis 

Prediction of potential target proteins 

Potential bioactive compounds screened from LC-
HRMS analysis of the ethanol extract of C. amboinicus 
leaves against each disease were predicted using the 
SwissTargetPrediction database and Super-PRED. Pre-
diction using this database involves depicting the mo-
lecular structures or SMILES of bioactive compounds, 
and then selecting candidate targets with probability 
scores. 

Prediction of disease target proteins 

Exploration and collection of targets for each dis-
ease with the relevant keywords of “diarrhea” caused 
by E. coli bacteria, “pneumonia” caused by S. aureus 
bacteria, “mucosal infections” caused by C. albicans, 
and “neurodegenerative” caused by free radicals. The 
potential bioactive compounds from the ethanol ex-
tract of C. amboinicus leaves were integrated with the 
target disease using a Venn diagram with Venny 2.1. 
Visually, the integrated (intersecting) compounds 
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between bioactive compounds and disease targets be-
come target proteins. 

Construction of a PPI network between bioactive 
compounds and diseases 

Protein-Protein Interaction (PPI) was used to detect 
interactions between two or more proteins, based on 
their biochemical, electrostatic, and hydrophobic prop-
erties. This step was an important part of the research 
with a network pharmacology approach. Then, inte-
grated proteins between bioactive compounds and dis-
ease targets were uploaded to the STRING website 
with homo sapiens settings with a confidence level of 
0.4 and other parameters as default. The tsv file was 
exported, imported into Cytoscape 3.10.1, and then 
identified and analyzed using CytoHubba. 

GO and KEEG pathway enrichment analysis 

Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) analyses were carried out 
comprehensively, covering biological processes, cellu-
lar components, molecular functions, and gene func-
tionality. GO and KEGG analyses used ShinyGO 0.82, 
which was accessed on the site 
(http://bioinformatics.sdstate.edu/go/) with a statis-
tical significance level of 0.05. Analysis with this ap-
proach provides valuable information on the func-
tional role of key genes identified related to bioactive 
compounds, disease genes, and important pathways 
that may be affected by the bioactive compounds being 
investigated. 

Molecular docking study 

Molecular docking is a rational method for explor-
ing the interaction between bioactive compounds (lig-
ands) and main proteins (receptors). This step is im-
portant for obtaining information on the prediction of 
the type of bond between bioactive compounds and 
proteins, the prediction of intermolecular patterns that 
confer biological activity, and the prediction of their af-
finity energy (Li et al., 2022; Vidal-Limon et al., 2022). 
The main target protein was downloaded in FASTA 
format with Homo sapiens settings from the National 
Library of Medicine and then copied and modeled 
with SWISS-MODEL. The protein model with the 
highest Seq Identity score was downloaded in PDB for-
mat. Then, molecular docking between the bioactive 
compound and the protein was performed using Au-
toDockTools-1.5.6 with a grid box of 50 × 50 × 50 Å and 
a spacing of 0.375 Å, and docking was run 50 times us-
ing the Lamarckian Genetic Algorithm (LGA). 

Molecular docking was considered valid if the RMSD 
was < 2 Å; then, among the 50 poses, the smallest 
RMSD was selected. The molecular docking results 
were visualized again to observe the interactions and 
bond types that occurred using Biovia Discovery Stu-
dio (Fatmasari et al., 2025; Gurning et al., 2025). 

Data analysis 

All experiments for the determination of total phe-
nolics, total flavonoids, total tannins, antimicrobial, 
and antioxidant activity were performed in triplicate. 
The values were expressed as mean ± standard devia-
tion (SD). The determination of total phytochemical 
components was expressed in units of mg standard 
equivalent per gram dry weight of ethanolic extract 
(mg SE/g d.w. of ethanolic extract). The coefficient of 
determination (R2) was calculated using Microsoft Ex-
cel 365. 

RESULTS AND DISCUSSION  

Total phytochemical content 

The ethanolic extract of C. amboinicus leaves was ob-
tained in 9.48% yield. Phytochemical screening of C. 
amboinicus leaves ethanol extract positively contains 
various groups of bioactive compounds, including fla-
vonoids, phenolics, polyphenols, and tannins. The de-
termination of the total phytochemical content in the 
sample was carried out colorimetrically, expressed as 
mg of standard solution equivalents per gram of dry C. 
amboninicus leaves ethanol extract (mg standard/d.w. 
ethanolic). The results of determining the total phyto-
chemical content in the C. amboinicus leaves ethanol ex-
tract sample from highest to lowest were the flavo-
noids group (0.0942 ± 0.001 mg QE/g), tannins (0.079 ± 
0.002 mg TAE/g), and phenolics (0.048 ± 0.001 
GAE/g). The phytochemical groups are reported to ex-
hibit various biological activities, including antihyper-
tensive, anticancer, antitumor, anti-inflammatory, an-
tidiabetic, antimicrobial, and antimalarial (Ashok et al., 
2013; Batista et al., 2009; Ullah et al., 2020; Uzor, 2020). 

Analysis of bioactive compounds 

The content of bioactive compounds in the ethanol 
extract of C. amboinicus leaves was analyzed using the 
LC-HRMS instrument, as shown in Fig. 1 and Table 1. 
The results of the analysis obtained 366 compound 
peaks, and the data were filtered based on the domi-
nant area content, composition prediction analysis, 
and complete Cloud Search m/z source analysis, so 
that eleven compounds were obtained. 
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Figure 1. Bioactive compounds chromatogram of an ethanol extract of C. amboinicus leaves using LC-HRMS instruments. 

 
 

Table 1. Analysis of bioactive compounds in C. amboinicus leaves ethanol extract.  

Code  Compound Formula FTMS 
MW 

(g/mol) 

RT 

(min) 
Area Metabolites group 

1 Ethyl linolenate C20H34O2 + 306.26 14.70 1761308764 Unsaturated 

2 Kahweol C20H26O3 + 314.19 15.12 1198731458 Diterpenoids 

3 Stearic acid C18H36O2 + 284.28 17.43 1078590462 Saturated 

4 Arachidonic acid C20H32O2 + 304.24 14.30 789622367 Unsaturated 

5 15-OxoEDE C20H34O3 + 322.25 15.11 323660475 Unsaturated 

6 α-Linolenic acid C18H30O2 + 278.22 14.41 298818383 Unsaturated 

7 Zingerol C11H16O3 + 196.11 6.00 289965280 Phenolic 

8 17β-Methylestra-1,3,5(10)-trien-3-ol C19H26O + 270.20 11.99 23971094.2 Phenolic 

9 Scrophulein C17H14O6 + 314.08 12.46 16542154.6 Flavonoid  

10 6-Methoxymellein C11H12O4 + 208.08 9.04 12352449.7 Phenolic  

11 Butyl palmitate C20H40O2 + 312.30 18.24 247485656 Saturated ester 

 
The results of the analysis of bioactive compounds 

using the LC-HRMS instrument included (1) ethyl lin-
olenate; (2) kahweol; (3) stearic acid; (4) arachidonic 
acid; (5) 15-OxoEDE; (6) α-linolenic acid; (7) zingerol; 
(8) 17β-methylestra-1,3,5(10)-trien-3-ol; (9) scrophu-
lein; (10) 6-methoxymellein; and (11) butyl palmitate 
(Fig. 1S). The selection of the LC-HRMS instrument 
was based on the current bioanalysis tool considered 
reliable for detecting bioactive compounds in samples, 
as it combines liquid chromatography (LC) with high-
resolution mass spectrometry (HRMS). This instru-
ment used a separation method that can quickly ana-
lyze bioactive compounds across an unlimited m/z 
range and provided very high sensitivity and accuracy 
(Fraga-Corral et al., 2021; Hulleman et al., 2023; Lucci 
et al., 2017; Mishra et al., 2022).  

Each bioactive compound is shown in Fig. 2, and 
the prediction of the similarity of drug physicochemi-
cal properties and toxicity using the pkCSM and Pro-
tox-3.0 servers are shown in Table 2. The analysis of 

drug similarity properties aims to identify the thera-
peutic or activity effects of bioactive compounds in the 
body (Stettin et al., 2020). Lipinski's Rule of Five serves 
as a guideline for evaluating the similarity and bioa-
vailability of oral drug compounds, including absorp-
tion, distribution, metabolism, excretion, and toxicity. 
Lipinski's five rules include (i) molecular mass less 
than 500 Daltons, (ii) hydrogen bond donor <5, (iii) 
high lipophilicity (LogP <5), (iv) hydrogen bond accep-
tor <10, and (v) molar refractivity <140 Å (Aljawobaei 
et al., 2025). ADMET prediction data indicate that bio-
active compounds meet Lipinski's rules, exhibit high 
gastrointestinal absorption, do not cross the blood-
brain barrier, are not P-gp substrates, and do not affect 
inhibitors (CYP2C19, CYP2C9, CYP2D6, and CYP3A4), 
thus demonstrating molecular similarity to oral drugs 
and good bioavailability. The predicted excretion rate 
and half-life indicate a rapid, short elimination, and the 
predicted toxicity is in the class 4-6 range, indicating 
weak toxicity. 
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Figure 2. Bioactive compounds from 

analysis using LC-HRMS of ethanol extract 

of C. amboinicus leaves. 

 
 

Table 2. Physicochemical properties, drug-likeness, and predicted toxicity of the ethanol extract of C. amboinicus leaves. 

Parameters 
Compound 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Physicochemical property 

MW (g/mol) 306.26 314.19 284.27 304.24 322.25 278.22 196.11 270.2 314.08 208.07 321.3 

HBA 2 3 2 2 3 2 3 1 6 4 2 

HBD 0 2 1 1 1 1 2 1 2 1 0 

TPSA (Å2) 26.3 53.6 37.3 37.3 54.37 37.3 49.69 20.23 89.13 55.76 26.3 

LogP 6.68 3.313 7.59 7.395 5.433 6.597 1.676 4.858 2.604 2.34 7,452 

Medicinal chemistry 

Lipinski’s rule Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept Accept 

Absorption 

Caco-2 permeability (logP in 

10-6 cm/s) 

1.615 1.357 1.556 1.582 1.583 1.577 1.19 1.607 1.022 1.22 1.371 

HIA (%) 92.747 94.364 91.317 92.655 93.447 92.836 92.998 95.68 93.987 93.872 91.244 

Distribution 

VDss (log L/kg) 0.28 0.513 -0.528 -0.644 -0.867 -0.617 0.384 0.555 0.001 -0.088 0.328 

BBB (log BB) 0.766 0.095 -0.195 -0.172 -0.396 -0.115 -0.17 0.562 -0.59 -0.241 0.792 

Metabolism 

CYP1A2 inhibitor Yes No Yes Yes Yes  Yes Yes Yes Yes No Yes 

CYP2C19 inhibitor No Yes No No No No No No Yes No No 

CYP2C9 inhibitor No No No No No No No No Yes No No 

CYP2D6 inhibitor No No No No No No No No No  No  No 

CYP3A4 inhibitor No No No No No No No No No   No  No 

Excretion 

Total clearance (log 

mL/min/kg) 

2.134 0.511 1.832 2.102 2.014 1.991 0.23 0.754 0.587 0.585 1.964 

Renal OCT2  No No No No No No  No  No  No  No  No 

Toxicity 

Hepatotoxicity No No No Yes No Yes  No No No  No  No  

LD50 prediction (mg/kg) 20000 590 900 10000 10000 3200 2000 5000 4000 500 5000 

Class 6 4 4 6 6 5 4 5 5 4 5 
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Table 3. Antimicrobial activity of an ethanol extract of C. amboinicus leaves. 

Microbials 
Sample (µg/mL) Chloramphenicol (µg/mL) 

MIC MBC MIC MBC 

Bacteria 

S. aureus 25 250 25 25 

E. coli >250 >250 25 25 

MRSA >250 >250 50 50 

MDR >250 >250 50 50 

Fungi C. albicans 25 >250* 25 25* 

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; *MFC: Minimum fungicidal concentration.  

 
 

Table 4. Antioxidant activity of an ethanol extract of C. amboinicus leaves. 

No. Method 
IC50 (µg/mL) 

Sample Ascorbic acid (+) 

1. DPPH 91.199 ± 1.277 0.181 ± 0.006  

2. ABTS 52.119 ± 0.143 13.602 ± 0.065 

Data are means of three replicates ± SD. 

 
Analysis of antimicrobial activity 

Antimicrobial activity testing of the ethanol extract 
of C. amboinicus leaves was carried out against Gram-
positive S. aureus and Gram-negative E. coli bacteria, C. 
albicans fungi, and the resistant bacteria, i.e., MRSA 
and MDR. As a drug control (positive control), chlo-
ramphenicol was used with the same variation. Anti-
microbial activity is expressed in MIC and MBC values 
by the dilution method. Absorbance was measured 
with an ELISA reader at 615 nm. The results of the eval-
uation of the antimicrobial activity of the ethanol ex-
tract of C. amboinicus leaves are shown in Table 3. 

Ethanol extract of C. amboinicus leaves showed po-
tential antimicrobial activity against negative bacterial 
strains, positive bacterial strains, and fungi. The results 
of the activity test showed that the activity (MIC) of the 
ethanol extract of C. amboinicus leaves provided the 
same activity at a concentration of 25 µg/mL on S. au-
reus bacteria and C. albicans fungi, but lower activity on 
E. coli bacteria,  where the extract was >250 µg/mL, 
and the drug as a control was 25 µg/mL. In MBC units, 
the sample extract showed lower activity (>250 
µg/mL) across all microbial series, while the drug, as a 
control, showed activity of 25 µg/mL. The sample ex-
tract showed weak activity, as evidenced by MIC and 
MBC values >250 µg/mL in MRSA and MRD-resistant 
bacterial strains, while the drug control was 50 µg/mL. 
The content of bioactive compounds from the analysis 
using the LC-HRMS instrument showed the com-
pounds ethyl linolenate and α-linolenic acid (Jalalvand 
et al., 2019), stearic acid (Chandana & Morlock, 2021), 
arachidonic acid (Haj-Yahya et al., 2024; Zhao et al., 

2019), 15-OxoEDE (Edwards et al., 2024; Liu et al., 
2024), 17β-methylestra-1,3,5(10)-trien-3-ol (López-Hi-
dalgo et al., 2021), scrophulein (Shehata et al., 2021), 6-
methoxymellein (Hagag et al., 2024; Reveglia et al., 
2020), and butyl palmitate (Khan & Rathod, 2020; 
Vassilev et al., 2020). 

Analysis of antioxidant activity 

Evaluation of antioxidant activity of ethanol extract 
of C. amboinicus leaves and ascorbic acid as a drug con-
trol (positive control) was measured using UV-vis 
spectrophotometry with DPPH and ABTS methods. 
The results of antioxidant activity determination are 
shown in Table 4. 

The antioxidant activity value (IC50) was 91.199 ± 
1.277 µg/mL with the DPPH method and 52.119 ± 
0.143 µg/mL with the ABTS method. The antioxidant 
activity of the sample is still weaker than that of ascor-
bic acid, the drug control. This is possible due to the 
presence of heterogeneous bioactive compounds and 
their non-synergistic pharmacological effects. The an-
tioxidant activity testing method with the DPPH 
method is a simple antioxidant test based on the reduc-
tion of DPPH radicals by the ethanol extract of C. am-
boinicus leaves, which acts as an antioxidant with a pro-
ton transfer mechanism (hydrogen atoms) and causes 
a decrease in the intensity of the purple color of the 
DPPH radical (DPPH• to DPPH-H). If the sample ex-
hibits high antioxidant activity, it will decrease the in-
tensity of the purple color of the DPPH radical solu-
tion, leading to a pale-yellow color (Gulcin & Alwasel, 
2023; Sirivibulkovit et al., 2018). Testing with the ABTS 
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method measures the antioxidant capacity to neutral-
ize the radical cation 2,2'-azinobis(3-ethylbenzthiazo-
line-6-sulfonic acid) (ABTS+), which is indicated by a 
change in the blue-green chromophore (Munteanu & 
Apetrei, 2021). Both methods are widely used to deter-
mine antioxidant activity biologically. The strength of 
antioxidant activity based on the IC50 is divided into 
IC50 < 50 µg/mL, including the very strong category as 
an antioxidant; 50 < IC50 < 100 µg/mL, strong category; 
100 < IC50 < 250 µg/mL, medium category; 250 < IC50 
< 500 µg/mL, weak category; and IC50 > 500 µg/mL, 
inactive category as an antioxidant (Sinaga et al., 2022; 
2023). Based on the two methods used to evaluate the 
antioxidant activity (IC50) of the ethanol extract of C. 
amboinicus leaves, it was assigned a strong antioxidant 
category. The cytotoxicity of the ethanol extract from 
C. amboinicus against normal cells has been reported in 
previous studies, with an IC50 value of 501.19 µg/mL, 
and it is included in the non-toxic category (Gurning et 
al., 2024). The results of compound analysis using LC-
HRMS compounds that showed potential as antioxi-
dants were ethyl linolenate and α-linolenic acid (Jalal-
vand et al., 2019), kahweol (Ren et al., 2019), stearic 
acid (Chandana & Morlock, 2021), arachidonic acid 
(Złotek et al., 2019), 15-OxoEDE (Edwards et al., 2024; 
Liu et al., 2024), zingerol (Kiyama, 2020), scrophulein 
(Shehata et al., 2021), 6-methoxymellein (Reveglia et 
al., 2020), and butyl palmitate (Khan et al., 2018). 

Network pharmacology analysis of bioactive 
compounds against target diseases 

Identification and network pharmacology analysis 
of bioactive compounds are based on screening genes 
that correlate with their activity. Gene predictions of 
bioactive compounds include (1) 107 genes; (2) 9 genes; 
(3) 68 genes; (4) 110 genes; (5) 111 genes; (6) 94 genes; 
(7) 0 gene; (8) 57 genes; (9) 103 genes; (10) 26 genes; and 
(11) 36 genes. Of the eleven selected bioactive com-
pounds, compound (7) lacked a potential gene target 
in the Swiss-Prediction target database. 

Target identification, GO, and KEGG enrichment 
analysis against antimicrobial 

Bioactive compounds genes that showed antimicro-
bial activity were 712 genes, filtered from 377 potential 
genes. Target disease genes caused by microbes in-
clude diarrhea (5477 genes) caused by E. coli bacteria, 
pneumonia (5529 genes) caused by S. aureus bacteria, 
and mucosal infections (4107 genes) caused by the C. 
albicans fungus (Fig. 3). Comparative analysis was car-
ried out to obtain the integration (overlap) of bioactive 
compound genes with disease genes using a Venn dia-
gram as a potential gene. Potential genes were identi-
fied from 173 genes (Fig. 3A), and protein-protein in-
teractions (PPI) were constructed using STRING (Fig. 
3B) and Cytoscape 3.10.2 (Fig. 3C). The analysis used 

an interaction score of 0.04 and network statistical val-
ues using an average node degree of 27, an average lo-
cal clustering coefficient of 0.522, number of edges (in-
teraction) 2333, an expected number of edges of 940, 
and a PPI enrichment p-value (p<1.0e-16). 

Investigating the implications of bioactive com-
pounds from the ethanol extract of C. amboinicus leaves 
from 173 target genes against diseases, the top 15 of 
each Gene Ontology (GO), including biological pro-
cesses, cellular components, molecular functions, and 
the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) (FDR < 0.05) were identified using ShinyGO 
0.82 (Fig. 4A–D). The main targets were based on 
KEGG bioactive compounds against microbial dis-
eases in the endocrine resistance pathway. This path-
way is very important for the body's defense system 
and health, for example, regulating the survival of mi-
crobes in the intestine because microbes produce and 
secrete hormones, respond to host hormones, and af-
fect the expression level of host hormones. This can af-
fect behavior, appetite, metabolism, sexual attraction, 
the immune system, and the emergence of various dis-
eases (Neuman et al., 2015; Pernigoni et al., 2021; Qi et 
al., 2021). Proteins that affect the endocrine resistance 
pathway include MAPK14, EGFR, ESR1, ESR2, IGF1R, 
MDM2, MMP2, MMP9, PIK3R1, MAPK1, MAPK3, 
MAPK8, MAP2K2, BCL2, SRC, and TP53. The three 
main target proteins that have the highest and most 
important interactions in this pathway are BCl2, 
MAPK1, and MMP2 (Fig. 4E). 

Target identification, GO, and KEGG enrichment 
analysis against antioxidant 

Bioactive compounds genes that show activity as 
antioxidants (721 genes) were filtered, and 380 poten-
tial genes were obtained. Neurodegenerative disease 
genes caused by free radicals (9926 genes) (Fig. 5). 
Analysis of bioactive compound genes against disease 
genes was performed, yielding 293 potential genes 
(Fig. 5A). Potential genes were built using the STRING 
database (Fig. 5B) and Cytoscape 3.10.2 (Fig. 5B). The 
analysis used an interaction score of 0.04 and network 
statistical values using an average node degree of 22.8, 
number of edges (interaction) 3341, an average local 
clustering coefficient of 0.461, an expected number of 
edges of 1504, and a PPI enrichment p-value (p<1.0e-

16). 

The implications of bioactive compounds from the 
ethanol extract of C. amboinicus leaves from 234 poten-
tial genes for neurodegenerative diseases were identi-
fied, and then the top 20 of each Gene Ontology (GO), 
including biological processes, cellular components, 
molecular functions, and the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) (FDR <0.05) were identi-
fied using ShinyGO 0.82 (Fig. 6A-D). The main target 
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was determined based on KEGG bioactive compounds 
for neurodegenerative diseases, specifically proteogly-
cans in the cancer pathway. Free radicals are reactive 
species that can interfere with various metabolic pro-
cesses in the body. A balanced amount in the body is 
indeed needed, but excessive amounts can cause ab-
normal metabolic processes. Thus, antioxidants play a 
crucial role in regulating and balancing free radicals. 
The proteoglycans in the cancer pathway are closely 
associated with protection, repair of injured cells, and 
free-radical-induced apoptosis at the molecular and 
cellular levels (Pan et al., 2022).  

Proteoglycans are important proteins in the body, 
expressed in almost all networks and involved in net-
work homeostasis and remodeling of the stromal envi-
ronment during physiological and pathological 

processes. These proteins also play a role in activating 
signals that influence various physical, chemical, and 
biological properties of network, including the diffu-
sivity of small electrolytes and nutrients and the bioa-
vailability of growth factors (Dituri et al., 2022; Tza-
nakakis et al., 2019), so their role in this pathway is very 
important to investigate to obtain pharmacological in-
formation from the bioactive compounds of the etha-
nol extract of C. amboinicus leaves. Proteins that affect 
the proteoglycans in the cancer pathway are MAPK14, 
EGFR, ESR1, HIF1A, IGF1R, ITGAV, ITGB3, MDM2, 
MET, MMP2, MMP9, PIK3R1, PPP1CA, PPP1CC, 
PRKCA, PRKCG, MAPK1, MAPK3, MAP2K2, PTK2, 
PTPN6, PTPN11, SLC9A1, SRC, TP53, VEGFA, and 
CAMK2B. The three main target proteins that have the 
highest and most important interactions in this path-
way are CAMK2B, MDM2, and MAP2K2 (Fig. 6E). 

 
 

A B 

 

 

C  

 

Figure 3. Identification and analysis of PPI between bioactive 

compounds, genes, and disease genes. 

(A) Screening of target genes using Venn diagrams, (B) PPI constructed 

using STRING, and (C) PPI constructed using Cytoscape 3.10.2. 
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Figure 4. GO and KEGG analysis of bioactive compounds 

from the ethanol extract of C. amboinicus leaves against 

diseases caused by microbes. 

(A) Biological processes; (B) Cellular components; (C) molecular 

functions; (D) Kyoto Encyclopedia of Genes and Genomes using 

ShinyGO 0.82; (E) Proteins that affect the endocrine resistance 

pathway. 
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Figure 5. Identification and analysis of PPI between 

bioactive compounds, genes, and neurodegenerative 

disease genes. 

(A) Target gene screening using a Venn diagram; (B) PPI 

constructed using STRING; and (C) PPI constructed using 

Cytoscape 3.10.2. 
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Figure 6. GO and KEGG analysis of bioactive compounds from the 

ethanol extract of C. amboinicus leaves against neurodegenerative 

diseases. 

(A) Biological process; (B) Cellular components; (C) molecular function; (D) 

Kyoto Encyclopedia of Genes and Genomes using ShinyGO 0.82; and (E) 

Proteins that affect the proteoglycans in the cancer pathway. 

 

The relationship between bioactive compound 
content and disease target protein pathways 

Validation of bioactive compound gene interactions 
was carried out by molecular docking analysis of each 
of the main target proteins of the KEGG disease path-
way. Before validating the molecular docking of bioac-
tive compounds against the main target proteins, the 
bioactive compounds were first subjected to structure 
optimization and energy calculation using Gaussi-
anView 5.0.8 with the following settings: optimization 
work type, ground-state DFT method, default spin, 
B3LYP, and basis set 3-21G. The results of the bioactive 
compound structure optimization are shown in Table 
5. Molecular structure optimization is intended to im-
prove thermal stability and formal charge, as well as 
the biochemical properties of the drug target com-
pound, using quantum calculations (Rana et al., 2021). 

The optimization results for all target bioactive 
compounds showed that all compounds were exother-
mic and tended to be stable, as indicated by negative 
bond-stability energy values. Three bioactive com-
pounds with greater energy stability were identified as 
scrophulein (-1101.470 kJ/mol), 15-OxoEDE (-1000.781 
kJ/mol), and kahweol (-997.928 kJ/mol). The results of 
the dipole moment analysis of bioactive compounds 
obtained three compounds with the highest dipole mo-
ments, namely scrophulein (8.416 D), 6-methoxymel-
lein (4.381 D), and kahweol (2.775 D). The dipole mo-
ment of a compound greatly determines its polarity, 
where the higher the dipole moment value produced, 
the more polar the compound will be (Mahato & Na-
rang, 2018). The dipole moment of organic compounds 
has an important role in understanding biological ac-
tivity in effective treatment for diseases (Das & Banik, 
2024). 
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Table 5. Optimization of drug target bioactive compounds from the ethanol extract of C. amboinicus leaves. 

Code Compound name Formula Dipole moment (D) 
Energy  

(kJ/mol) 

1 Ethyl linolenate C20H34O2 2.238 -927.946 

2 Kahweol C20H26O3 2.775 -997.928 

3 Stearic acid C18H36O2 2.550 -853.417 

4 Arachidonic acid C20H32O2 2.500 -923.722 

5 15-OxoEDE C20H34O3 2.654 -1000.781 

6 α-Linolenic acid C18H30O2 1.129 -849.742 

7 Zingerol C11H16O3 1.608 -650.862 

8 17β-Methylestra-1,3,5(10)-trien-3-ol C19H26O 1.296 -810.491 

9 Scrophulein C17H14O6 8.416 -1101.470 

10 6-Methoxymellein C11H12O4 4.381 -723.325 

11 Butyl palmitate C20H40O2 1.697 -925.986 

Control Chloramphenicol (+ microbials) C11H12Cl2N2O5 6.027 -1822.861 

Control Ascorbic acid (+ antioxidant) C6H8O6   9.153 -680.809 

 
 

Table 6. Binding energy (in kJ/mol) of bioactive compounds with the three protein targets of the endocrine resistance pathway of diseases 

caused by microbes. 

Code Compound name 

Protein target 

BCL2 RMSD 

(Å) 

MAPK1 RMSD 

(Å) 

MMP2 RMSD (Å) 

1 Ethyl linolenate -4.0 1.08 -5.9 1.31 -6.0 1.26 

3 Stearic acid -4.5 1.99 -5.7 1.46 -5.3 1.52 

4 Arachidonic acid -5.4 1.29 -5.7 1.97 -5.6 1.97 

5 15-OxoEDE -5.3 1.82 -5.6 1.73 -6.6 1.75 

6 α-Linolenic acid -4.9 1.13 -5.8 1.10 -5.8 1.49 

8 17β-Methylestra-1,3,5(10)-trien-3-ol -7.2 0.87 -9.3 1.98 -7.7 1.99 

9 Scrophulein -6.9 0.79 -8.5 1.91 -7.0 1.17 

10 6-Methoxymellein -6.1 1.47 -7.2 0.74 -6.6 1.65 

11 Butyl palmitate -4.3 1.32 -5.0 1.41 -5.2 1.20 

Positive control Chloramphenicol  -6.4 1.14 -7.4 1.32 -6.6 0.86 

 
Molecular docking study of bioactive compounds as 
antimicrobials 

The potential bioactive compounds of C. amboinicus 
leaves ethanol extract as antimicrobials are ethyl lino-
lenate (1), stearic acid (3), arachidonic acid (4), 15-Ox-
oEDE (5), α-linolenic acid (6), 17β-methylestra-
1,3,5(10)-trien-3-ol (8), scrophulein (9), 6-methoxymel-
lein (10), and butyl palmitate (11) and three target pro-
teins in the endocrine resistance pathway, namely 
BCl2, MAPK1, and matrix metalloproteinase 2 
(MMP2). The B-cell lymphoma 2 (Bcl-2) protein plays 
a major role in regulating cell death and contributes to 
resistance to endocrine therapy (Kawiak & Kostecka, 

2022). Mitogen-activated protein kinase (MAPK1) is an 
activator of transcription programs that regulate vari-
ous cellular activities, including pro-inflammatory re-
sponses to microbial pathogens and triggers cytokine 
production (Nandi & Aroeti, 2023), while MMP2 is a 
protein of the matrix metalloproteinase (MMP) group 
that plays an important role as a regulator of key pro-
cesses underlying metastasis, including cell adhesion, 
spread, angiogenesis, migration, invasion, and inflam-
mation of various diseases (Santos et al., 2021). The mo-
lecular docking results of the bioactive compounds are 
shown in Table 6. 

https://jppres.com/


Gurning et al. Coleus amboinicus phytochemistry, antimicrobial and antioxidant activities 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(x): 14 

 

 

A 

 

B 

 

C 

 

Figure 7. Interactions of drug compounds and key proteins involved in the endocrine resistance pathway of microbial-induced diseases. 

(A) BCl2; (B) MAPK1; and (C) MMP2. 

https://jppres.com/


Gurning et al. Coleus amboinicus phytochemistry, antimicrobial and antioxidant activities 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(x): 15 

 

 

Table 7. Interaction of drug compounds with the main protein of the endocrine resistance pathway of diseases caused by microbes. 

Protein Code Compound name 
Interaction 

H-bond van der Waals Another bond 

BCl2 8 17β-Methylestra-1,3,5(10)-trien-3-ol Leu28, His30 - Leu38, Cys20, Ala19, Lys37, Glu26 

9 Scrophulein Trp134, Gly132 Arg129, Gly132 Arg135, Val5, Glu9, Arg129 

 (+) Chloramphenicol  Lys37 Ser34 Ala19, Leu38, Lys37, His30 

MAPK1 8 17β-Methylestra-1,3,5(10)-trien-3-ol - Cys164 Ile29, Val37, Leu154, Cys164, Tyr34 

9 Scrophulein Met106, Asn152, 

Ser151 

Asp109, Ser151 Ala50, Val37, Ile29, Leu154, Cys164, 

Tyr111, Tyr34 

(+) Chloramphenicol  Asp109, Glu69, Lys52 - Cys164, Val37, Tyr34 

MMP2 8 17β-Methylestra-1,3,5(10)-trien-3-ol Glu121 - Leu83 

9 Scrophulein - Gly81, Thr143, 

His120 

Leu137, Pro140, His130, His120 

 5 15-OxoEDE Leu83, Asp101 Phe76 His120, Tyr142, Leu83, Leu82, His85 

 10 6-Methoxymellein Tyr142, Ala84, Leu83 - His120, Ala84, Leu83 

 (+) Chloramphenicol  Ala84, Leu83 - His124 

 
The results of the molecular docking analysis 

showed that the binding affinity energy of the bioac-
tive compounds 17β-methylestra-1,3,5(10)-trien-3-ol (-
7.2 kJ/mol) and scrophulein (-6.9 kJ/mol) to the BCL2 
protein was better than the drug compound chloram-
phenicol (-6.4 kJ/mol), the bioactive compounds 17β-
methylestra-1,3,5(10)-trien-3-ol (-9.3 kJ/mol) and 
scrophulein (-8.5 kJ/mol) also showed better binding 
affinity energy to the MAPK1 protein compared to 
chloramphenicol (-7.4 kJ/mol), while the bioactive 
compounds 17β-methylestra-1,3,5(10)-trien-3-ol (-7.7 
kJ/mol) and scrophulein (-7.0 kJ/mol) is better and the 
bioactive compounds 15-OxoEDE and 6-methoxymel-
lein have the same affinity energy of -6.6 kJ/mol. Mo-
lecular docking based on the data obtained indicates 
that these compounds may have better substituents 
than chloramphenicol as antimicrobial (antibiotic) 
agents. The use of chloramphenicol as positive control 
is based on its broad-spectrum antimicrobial activity. 
The interaction between potential bioactive com-
pounds and chloramphenicol against each main target 
protein is shown in Fig. 7 and Table 7. 

Molecular docking study of bioactive compounds as 
antioxidants 

The potential bioactive compounds of C. amboinicus 
leaves ethanol extract as antioxidants for neurodegen-
erative diseases are ethyl linolenate (1), kahweol (2), 
stearic acid (3), arachidonic acid (4), 15-OxoEDE (5), α-
linolenic acid (6), zingerol (7), scrophulein (9), 6-meth-
oxymellein (10), and butyl palmitate (11) and three tar-
get proteins, the proteoglycans in cancer pathway, 
namely CAMK2B, MDM2, and MAP2K2. Cal-
cium/calmodulin-dependent protein kinase II beta 

(CAMK2B) is a subunit of Ca2+/Calmodulin-depend-
ent kinase II (CAMK2), which plays a role in the acti-
vation of EGFR signaling induced by Anoctamin1 
(ANO1). Inhibition of CAMK2 expression reduces me-
tastasis and inflammation (Koh et al., 2024; Xia et al., 
2024). Mouse double minute 2 homolog (MDM2) has a 
role in regulating the p53 gene, which can inhibit the 
cell cycle, induce apoptosis, inhibit new blood vessels, 
and also maintain genetic stability so that worse condi-
tions that will be caused by the disease can be pre-
vented or inhibited (Janani et al., 2021), while mitogen-
activated protein kinase 2 (MAP2K2) is an important 
component of the MAPK pathway. The MAPK path-
way plays an important role in regulating myofiber 
death and various biological activities by phosphory-
lating various substrates in the cytoplasm and nucleus 
and plays a central role in organ regeneration (Xu & 
Zheng, 2022). Molecular docking studies of bioactive 
compounds with key proteins involved in neuro-
degenerative diseases are shown in Table 8. These neu-
rodegenerative diseases are caused by excessive expo-
sure to free radicals, which can affect nerve develop-
ment and modulate neuroinflammatory responses, as 
well as multiple sclerosis, Alzheimer's disease, amyo-
trophic lateral sclerosis, and Parkinson's disease (Gage 
& Thippeswamy, 2021; Guglietti et al., 2021). 

The results of molecular docking analysis showed 
that the binding affinity energies of all bioactive com-
pounds were higher than those of ascorbic acid, the 
drug control. Three compounds that had better bind-
ing affinity to the CAMK2B protein were scrophulein 
(-8.1 kJ/mol), kahweol (-8.0 kJ/mol), and zingerol (-6.8 
kJ/mol), while ascorbic acid was -5.1 kJ/mol.  
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Figure 7. Interactions of drug compounds and key proteins involved in the endocrine resistance pathway of microbial-induced diseases. 

(A) BCl2; (B) MAPK1; and (C) MMP2. 
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Table 8. Binding energy (in kJ/mol) of bioactive compounds with the three protein targets of the proteoglycans in cancer pathways of 

neurodegenerative diseases. 

Code Compound name 

Protein target 

CAMK2B RMSD 

(Å) 

MDM2 RMSD 

(Å) 

MAP2K2 RMSD (Å) 

1 Ethyl linolenate -6.0 1.40 -4.7 1.41 -4.9 1.11 

2 Kahweol -8.0 0.54 -7.1 1.24 -7.5 0.67 

3 Stearic acid -5.8 1.09 -4.6 1.43 -4.5 1.48 

4 Arachidonic acid -6.4 1.41 -5.2 1.19 -6.2 1.64 

5 15-OxoEDE -6.0 1.62 -5.3 1.78 -5.5 1.87 

6 α-Linolenic acid -6.1 1.80 -4.9 1.84 -5.6 1.99 

7 Zingerol -6.8 0.70 -5.2 0.80 -5.9 0.86 

9 Scrophulein -8.1 0.78 -6.5 0.65 -7.7 1.18 

10 6-Methoxymellein -6.7 1.88 -5.2 1.54 -5.9 0.52 

11 Butyl palmitate -5.6 1.58 -4.4 1.62 -4.6 1.81 

Positive control (+) Ascorbic acid -5.1 1.00 -4.7 1.96 -5.9 0.96 

 

Interactions with the MDM2 protein included 
seven bioactive compounds that provided better bind-
ing affinity energy compared to ascorbic acid, and 
three compounds with the best affinity energy were 
kahweol (-7.1 kJ/mol), scrophulein (-6.5 kj/mol), and 
15-OxoEDE (-5.3 kJ/mol), while ascorbic acid was -4.7 
kJ/mol. Interactions with the MAP2K2 protein include 
three bioactive compounds that provide better affinity 
energy, including scrophulein (-7.7 kJ/mol), kahweol 
(-7.5 kJ/mol), and arachidonic acid (-6.2 kJ/mol), while 
ascorbic acid, as a positive control, was -5.9 kJ/mol. 
Based on molecular docking data, bioactive com-
pounds have greater potential as antioxidants for pre-
venting neurodegenerative diseases, which are medi-
ated by proteoglycans in the cancer pathway. The use 
of ascorbic acid as a positive control was based on its 
successful isolation from natural sources, its synthesis 
in a pure state, and its strong antioxidant activity. The 
interaction of each of the three most potent bioactive 
compounds and ascorbic acid with each main target 
protein is shown in Fig. 8 and Table 9. 

CONCLUSION 

Ethanol extraction of C. amboinicus leaves contains 
various groups of bioactive compounds such as flavo-
noids, phenolics, and tannins. The ethanol extract of C. 
amboinicus leaves demonstrated significant antimicro-
bial activity against S. aureus, C. albicans, and notable 
antioxidant properties. Molecular docking identified 
potential interactions of major compounds with key 
proteins involved in microbial resistance and oxidative 

stress pathways. These findings support further devel-
opment of C. amboinicus-derived compounds for func-
tional food and pharmaceutical applications. 
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Figure 8. Interactions of drug compounds and key proteins involved in proteoglycans in the cancer pathway of neurodegenerative diseases. 

(A) CAMK2B; (B) MDM2; and (C) MAP2K2. 

 
 

Table 9. Interaction of drug compounds with the main proteins involved in proteoglycans in the cancer pathways of neurodegenerative diseases. 

Protein Code 
Compound 

name 

Interaction 

H-bond van der Waals Another bond 

CAMK2B 9 Scrophulein Glu61, Gly21 - Lys43, Ala156, Val74, Leu92, Ile20, Ala41, Phe90, 

Leu143, Asp91, Val93 

2 Kahweol Val93 Asp157 Leu143, Ile20, Ala41, Val74, Ala156, Phe90 

7 Zingerol Asp91 Val74 Leu92, Ala41, val93, Leu143, Ala156, Val74, Phe158 

(+) Ascorbic acid Asp232, Tyr205, Pro212, 

Phe214, Trp215, Gln225 

- - 

MDM2 2 Kahweol - - Val93, His96, Tyr100, Leu54, Ile99 

9 Scrophulein - Gly58, Gln72 Ile99, Leu54, Met62, Val93 

5 15-OxoEDE - - Ile61, Leu57, Leu54 

(+) Ascorbic acid Val88, Cys77, Asp80 Pro89 Gly83 

MAP2K2 9 Scrophulein Lys320 Ile345, Ser348 Leu349, Lys320, Leu356, Arg346, Glu317 

2 Kahweol - - Lys380, Gln652, Phe329, His654 

 4 Arachidonic acid Ser255 - Lys169, Ile163, Leu160 

 (+) Ascorbic acid Ile485, Glu439, Arg590 Ser480 - 
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Supplementary data 

 

 

Figure 1S. Bioactive compounds chromatogram of an ethanolic extract of C. amboinicus leaves using LC-HRMS instruments. 

 

Chromatogram analysis of each peak of the selected compounds is as follows: 

 

 

Figure 1AS. The chromatogram shows a peak of the ethyl linolenate compound. 

 

 

Figure 1BS. The chromatogram shows a peak of the kahweol compound. 
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Figure 1CS. The chromatogram shows a peak of the stearic acid compound. 

 

 

Figure 1DS. The chromatogram shows a peak of the arachidonic acid compound. 

 

 

Figure 1ES. The chromatogram shows a peak of the 15-OxoEDE compound. 

 

 

Figure 1FS. The chromatogram shows a peak of the α-linolenic acid compound. 
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Figure 1GS. The chromatogram shows a peak of the zingerol compound. 

 

 

Figure 1HS. The chromatogram shows a peak of the 17β-methylestra-1,3,5(10)-trien-3-ol compound. 

 

 

Figure 1IS. The chromatogram shows a peak of the scrophulein compound. 

 

 

Figure 1JS. The chromatogram shows a peak of the 6-methoxymellein compound. 
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Figure 1KS. The chromatogram shows a peak of the butyl palmitate compound. 
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