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Abstract. Rosyidah K, Sanjaya RE, Irawati U, Hikmah N, Fitriani RA, Rosadi JT, Kusuma IW, Yadi, Simamora AV, Ola ARB, Budiana 

IGMN. 2025. Phytochemical screening, antimicrobial and antidiabetic activity of n-hexane extract of Macaranga depressa leaves. 

Biodiversitas 26: 5156-5168. The Macaranga genus has been used in folk medicine to treat pathological disorders like diabetes. 

However, the chemical constituents and bioactivity of Macaranga depressa have never been studied. Thus, this study combined 

phytochemical profiling, antimicrobial evaluation, and in silico molecular docking of M. depressa. It aims to determine the 

phytochemical profile, antimicrobial, and antidiabetic activities of n-hexane extract of M. depressa leaves. Sample extraction was 

carried out by maceration method. The phytochemical profile of the plant was determined by phytochemical screening method and 

analyzed using Gas Chromatography-Mass Spectrometry (GC-MS) method. Antimicrobial activity was tested in vitro using disc 

diffusion method. Antidiabetic activity was tested in vitro and in silico including drug similarity analysis, ADME (Absorption, 

Distribution, Metabolism, and Excretion) pharmacokinetic profile, toxicity potential, and molecular docking interaction. Phytochemical 

screening revealed the presence of alkaloids, flavonoids, terpenoids, and tannins. GC-MS analysis identified stigmast-4-en-3-one 

(32.76%) and 4',6'-dimethoxy-2'-hydroxy-3-nitrochalcone (14.82%) as the major components. The extract exhibited significant 

antimicrobial activity against Candida albicans (18.0±0.44 mm), Escherichia coli (19.4±0.57 mm), Pseudomonas aeruginosa 

(23.5±1.32 mm), and Staphylococcus aureus (21.2±0.47 mm). The in vitro antidiabetic test using the α-glucosidase enzyme showed that 

the n-hexane extract of M. depressa had an IC50 value of 17.561±0.471 ppm. ADMET analysis indicated that the major components 

followed Lipinski’s rule, exhibited drug-like properties, and were non-mutagenic. Molecular docking results showed strong interactions 

between the major compounds and maltase-glucoamylase (2QMJ) and PPAR-γ (2Q5S). These findings suggest that the n-hexane extract 

of M. depressa leaves has promising antimicrobial and antidiabetic potential. 

Keywords: Antidiabetic, antimicrobial, Macaranga depressa, molecular-docking, phytochemical 

INTRODUCTION 

Infectious diseases caused by pathogenic bacteria and 

fungi continue to pose a significant global health challenge. 

In Indonesia alone, a 2017 public health survey reported 

approximately 2.5 million deaths annually attributable to 

infectious digestive diseases, with infections and parasitic 

conditions accounting for 35.1% of total mortality (Wijaya 

and Masfufatun 2022). Several pathogens commonly 

associated with severe infections include Escherichia coli 

as the leading cause of gastrointestinal and urinary tract 

infections (Zhou et al. 2023), Staphylococcus aureus, 

which causes skin infections (Sangboonruang et al. 2021), 

Pseudomonas aeruginosa, which causes wound infections 

and pneumonia (Wood et al. 2023), and Candida albicans 

as the cause of opportunistic fungal infections (Talapko et 

al. 2021). The challenge is further compounded by the rise 

of antimicrobial resistance, which diminishes the 

effectiveness of conventional antibiotics (Aldughaylibi et 

al. 2022). 

Beyond the rising threat of infections, diabetes mellitus 

is emerging as a significant global health issue. Its 

prevalence is anticipated to rise from 2.8% in the year 2000 

to approximately 4.4% by 2030. According to projections 

by the World Health Organization (WHO), diabetes may 

rank as the seventh leading cause of death worldwide by 

2030 (Aldughaylibi et al. 2022). This metabolic disorder is 

marked by elevated blood glucose levels resulting from 

either insufficient insulin production or reduced insulin 

effectiveness. Diabetes is categorized into several types, 

including type 1, type 2, gestational diabetes, and other less 

common forms linked to genetic mutations or underlying 

conditions (Dilworth et al. 2021). When inadequately 

managed, the disease can lead to numerous complications, 

such as a heightened vulnerability to both bacterial and 

fungal infections (Rasoulpoor et al. 2021). 
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The rising incidence of infectious diseases and diabetes 

mellitus has encouraged the exploration of alternative 

therapeutic agents, particularly from medicinal plants 

known for their antimicrobial and antidiabetic potential. 

For centuries, herbal remedies have been utilized in traditional 

medicine due to their diverse bioactive constituents and 

pharmacological effects. Natural products have made 

significant contributions to the treatment of diabetes, with 

several modern drugs tracing their origins to plants and 

microbes. For example, metformin, the current first-line 

therapy for type 2 diabetes, can be linked back to the 

traditional use of Galega officinalis (goat’s rue), where the 

plant alkaloid galegine inspired the development of the 

biguanides (Bailey 2017). Similarly, sodium-glucose 

cotransporter 2 (SGLT2) inhibitors, or gliflozins, were 

derived from phlorizin, a glycoside first isolated from apple 

tree bark in the 19th century (Fonseca-Correa and Correa-

Rotter 2021). Another important drug, acarbose, used to 

control post-prandial glucose spikes, is a microbial natural 

product originally obtained from Actinoplanes species 

(Tsunoda et al. 2022).  

The genus Macaranga has potential as a therapeutic 

agent. Traditionally, the leaves, bark, roots, flowers, and 

fruits of Macaranga plants are used for various folk 

remedies, including treating wounds, swelling, boils, fungal 

and bacterial infections, stomach aches, fever reducers, 

bruises, coughs, diabetes, anemia, laxatives, gastric ulcers, 

and hemorrhoids. Several Macaranga species have an 

important role in traditional medicine, including Macaranga 

gigantea, M. triloba, M. hypoleuca, M. denticulata, M. 

hurifolia, M. barteri, M. peltata, and M. indica. Several 

Macaranga members have demonstrated antioxidant, 

antimicrobial, anti-inflammatory, antidiabetic, and anticancer 

effects. Phytochemical studies of Macaranga species have 

reported the presence of various bioactive compounds, 

including prenylated, geranylated, and farnesylated 

flavonoids, stilbenes, terpenoids, tannins, coumarins, and 

steroids. Flavonoids and stilbenes are believed to be the 

main contributors to the pharmacological activity of this 

genus (Minarti et al. 2021; Kamso et al. 2022; Zeleke 2022; 

Rosamah et al. 2023; Preethi and Hedge 2025). However, 

specific studies on Macaranga depressa have not been 

reported either in terms of its phytochemical content or 

biological activities. This study aims to report the results of 

phytochemical screening of n-hexane extract of M. 

depressa leaves, compound content based on Gas 

Chromatography-Mass Spectrometry (GC-MS) analysis, 

antimicrobial tests against Candida albicans, Escherichia 

coli, Pseudomonas aeruginosa, and Staphylococcus aureus 

as well as antidiabetic tests in vitro through α-glucosidase 

inhibition and in silico using molecular docking. 

MATERIALS AND METHODS 

Preparation and isolation 

Leaf samples of Macaranga depressa were collected 

from Sidomulyo Village, Kelumpang Hulu, Kotabaru, South 

Kalimantan, Indonesia (3°06'16.1" S 115°58'28.9" E) in 

April 2024. The species were identified at the Herbarium 

Wanariset, Samboja, and a voucher specimen had been 

deposited at Herbarium Wanariset, Samboja with document 

number: S.322/BPSILHK.SBJ/SBTU/SET.3.1/B/07/2024. 

The leaves were thoroughly washed with water to remove 

surface contaminants, then air-dried. Once completely 

dried, the samples were ground into fine powder using a 

laboratory blender and stored in airtight containers under 

dry conditions until extraction. 

Extraction was performed using the maceration 

technique with n-hexane as the solvent. Powdered leaf 

material was soaked in n-hexane at a 1:5 (w/v) ratio in a 

glass container, stirred, and sealed with aluminum foil. The 

mixture was left to stand for 24 h before filtration to 

separate the liquid extract from the plant residue. This 

process was repeated twice (remaceration) using fresh 

solvent. The combined macerates were concentrated using 

a rotary evaporator at 50°C, followed by drying in a water 

bath at the same temperature to ensure complete solvent 

evaporation. The resulting residue constituted the dry n-

hexane extract of M. depressa leaves. 

Phytochemical screening 

Phytochemical screening of the n-hexane extract of M. 

depressa leaves was conducted using standard qualitative 

procedures to detect the presence of alkaloids, flavonoids, 

terpenoids, tannins, and saponins. 

Alkaloid detection 

Two milliliters of the extract were placed in a test tube, 

followed by the addition of 2-3 drops of Mayer’s reagent. 

A green precipitate indicated the presence of alkaloids. For 

further confirmation, the Wagner test was performed by 

adding a few drops of Wagner’s reagent to another 2 mL 

portion of the extract. The formation of a reddish-brown 

precipitate supported the presence of alkaloids (Khanal 

2021). 

Flavonoid detection 

Approximately 0.25 g of crude extract was combined 

with 10 mL of ethyl acetate and heated in a water bath for 3 

minutes. After cooling, the mixture was filtered, and 4 mL 

of the filtrate was treated with 1 mL of dilute ammonia 

solution. A yellow coloration indicated a positive result for 

flavonoids (Gizaw et al. 2022). 

Terpenoid detection 

A portion of the extract was dissolved in 2 mL of 

chloroform and evaporated to dryness. Then, 2 mL of 

concentrated sulfuric acid was added. The appearance of a 

reddish-brown coloration on the surface indicated the 

presence of terpenoids (Khanal 2021). 

Tannin detection 

A 0.5 g sample of the extract was boiled with 10 mL of 

distilled water and filtered. Three drops of 0.10% ferric 

chloride solution were added to the filtrate. A brown, 

greenish, or blue-black color was taken as evidence of 

tannins (Gizaw et al. 2022). 
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Saponin detection 

About 0.25 g of the extract was shaken with 5 mL of 

distilled water. The formation of persistent foam indicated 

the presence of saponins (Gizaw et al. 2022). 

Antimicrobial test 

The antimicrobial activity of the n-hexane extract from 

M. depressa leaves was assessed using the disk diffusion 

technique. A 0.3 mL suspension of bacteria (adjusted to 25% 

transmittance at 580 nm) and fungi (90% transmittance at 

530 nm) was introduced into separate petri dishes. Nutrient 

agar (15 mL) was used for bacterial cultures, and potato 

dextrose agar (15 mL) for fungal cultures; both were 

poured into the dishes, mixed with the inoculum, and 

allowed to solidify. Sterile paper disks impregnated with 

10 μL of the test extract were placed onto the surface of the 

solidified media. The plates were sealed and incubated at 

37°C for 24 h for bacterial strains and at 25°C for 72 h for 

fungal strains. Antimicrobial activity was determined by 

measuring the diameter of the inhibition zones using a 

caliper (Hendriyani et al. 2024). The microbes used in the 

test are Candida albicans, Escherichia coli, Pseudomonas 

aeruginosa, and Staphylococcus aureus. Chloramphenicol 

was used as a positive control, and distilled water was used 

as a negative control. The concentration of both the sample 

and positive control was prepared at 2.5%. 

GC-MS analysis 

GC-MS analysis was carried out to identify the 

chemical content of n-hexane extract of M. depressa 

leaves. The analysis was performed using a GC-MS system 

(Agilent Technologies 7890A, USA) equipped with an 

autosampler (5975A), a mass-selective detector, and a 

ChemStation data processing system. A 5 μL aliquot of the 

filtered extract was injected into the instrument, with 

helium (He) as the carrier gas, delivered through a capillary 

column under constant pressure. The total flow rate was 

maintained at 1.2 mL/min, with a split ratio of 8:1. The 

injector and detector temperatures were set at 250°C and 

230°C, respectively, while the oven temperature was 

programmed at 280°C and 140°C. The compounds were 

identified based on their mass spectral fragmentation patterns, 

which were compared against the National Institute of 

Standards and Technology (NIST-MS) database. The 

relative abundance of each compound was calculated based 

on the area percentage of its corresponding peak in the 

chromatogram (Masyudi et al. 2022). 

Antidiabetic test 

In vitro test 

The α-glucosidase inhibitory assay was carried out as 

described by Etsassala et al. (2020). Phosphate buffer 

solution 0.1 M (pH 6.9) 50 µL, 10 µL of 1 ppm glucosidase 

enzyme, and 20 µL of sample or standard were added to 

the plate. Each concentration series was carried out in 

triplicate and incubated for 15 minutes at 37°C. After 10 

minutes of incubation, 20 µL of 4-NPP (4-nitrophenyl β-d-

glucopyranoside) was added to each well and incubated for 

20 minutes at 37°C. The reaction was stopped by adding 50 

µL of 0.1 M Na2CO3. The release of p-nitrophenol from the 

reaction mixture related to enzyme activity was read at a 

wavelength of 405 nm using a multiple reader (Multiskan, 

Thermo Scientific). Inhibition (%) was calculated based on 

equation below: 

 

In silico assay 

In silico evaluations of compounds present in the n-

hexane extract of M. depressa were conducted, including 

analyses of drug-likeness, ADME (Absorption, Distribution, 

Metabolism, and Excretion) pharmacokinetic profiles 

(http://www.swissadme.ch/) (Daina et al. 2014, 2017; 

Daina and Zoete 2016; Al Azzam 2023), toxicity potential 

(https://biosig.lab.uq.edu.au/pkcsm/) (Pires et al. 2015; Al 

Azzam 2023), and molecular docking interactions. The 

tested compounds were selected based on GC-MS analysis, 

namely stigmast-4-en-3-one, 4',6'-dimethoxy-2'-hydroxy-3-

nitrochalcone, 2-(pyridin-2-ylformamido) acetic acid, DL-

alpha-tocopherol, and phytol. 

For molecular docking, all test ligands were downloaded 

in their two-dimensional structures from PubChem 

(https://pubchem.ncbi.nlm.nih.gov) and then converted into 

3D structures in PDB format using MarvinSketch© v6.0.0 

software (ChemAxon Ltd). The reference ligand, alpha-

acarbose and 5-chloro-1-(4-chlorobenzyl)-3-(phenylthio)-
1H-indole-2-carboxylic acid, was obtained by separating it 

from the 2QMJ and 2Q5S receptors, respectively. All 

ligands were optimized and saved in pdbqt format using 

Autodock Tools v1.5.7 (The Scripps Research Institute). 

The maltase-glucoamylase receptor (2QMJ) and PPAR-γ 

receptor (2Q5S) were obtained from the Protein Data Bank 

(https://www.rcsb.org). Preparation was performed by 

removing water molecules and ligands, and the receptors 

were saved in PDB format. Hydrogen atoms were added to 

the polar groups, and Gasteiger charge calculations were 

performed using Autodock Tools. The receptors were then 

saved in PDBQT format. 

Before performing molecular docking, several validations 

were conducted on the ligand binding site or binding region 

through grid box validation. This validation was carried out 

using AutoDock Vina (Trott and Olson 2010; Eberhardt et 

al. 2021) with coordinates of dimension X = 24, Y = 24, Z = 

24, and a center of X = 18.011, Y = 20.516, Z = 10.038 for 

2Q5S and RMSD = 0.825, and coordinates of dimension X 

= 10, Y = 8, Z = 18, and a center of X = -21.727, Y = -6.323, 

Z = -5.280 for 2QMJ and RMSD = 0.888. Docking analysis 

was performed using the Lamarckian Genetic Algorithm 

with 100 docking runs, and the best result was selected as 

the lowest binding energy. The protein-ligand complexes 

and their molecular interactions were visualized using 

PyMOL (PyMOL Molecular Graphics System, version 2.5.8; 

Schrödinger, LLC), and two-dimensional visualization was 

performed using LigPlot+© v2.2.8 (Laskowski and Swindells 

2011). 
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RESULTS AND DISCUSSION 

Phytochemical test 

A sample of the plant specimen has been identified in 

the Herbarium Wanariset (WAN) as Macaranga depressa 

Müll.Arg. forma strigosa Whitmore. Leaf samples were air-

dried and macerated with n-hexane solvent. The obtained 

n-hexane extract was then used for further testing. 

Preliminary tests or phytochemical tests showed that the n-

hexane extract of M. depressa leaves contained alkaloid, 

flavonoid, terpenoid/steroid, and tannin compounds, but the 

saponin test was negative (Table 1). These findings suggest 

the occurrence of non-polar bioactive compounds that are 

predominantly soluble in non-polar solvents, such as n-

hexane. 

Antimicrobial activity 

The antimicrobial potential of the n-hexane extract of 

M. depressa leaves was tested against Candida albicans, 

Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa (Table 2). All tested microorganisms exhibited 

sensitivity to the extract, indicating the presence of active 

compounds with antibacterial and antifungal properties. 

The highest inhibitory effect was observed against P. 

aeruginosa, followed by S. aureus, E. coli, and C. albicans. 

The inhibition zones in all replicates showed consistent 

values with relatively low variation. For P. aeruginosa, the 

inhibition zones ranged from 22.5 mm to 25.0 mm across 

replicates, suggesting that the extract is notably effective 

against Gram-negative bacteria, which are typically more 

resistant. Although C. albicans showed the smallest mean 

inhibition zone (18.0 mm), the result still demonstrates the 

antifungal activity of the n-hexane extract of M. depressa 

leaves. These findings support further investigation into the 

bioactive compounds responsible for this activity and their 

potential development as antimicrobial agents. 

Phytochemical profiling by GC-MS analysis 

To determine the chemical composition of the n-hexane 

extract of M. depressa leaves, GC-MS analysis was 

performed. The analysis revealed the presence of 31 

compounds in the extract. Among these, five were the most 

abundant based on their peak area (Tables 3 and 4). The 

presence of various chemical constituents—particularly 

those known for their antimicrobial, antioxidant, or anti-

inflammatory properties—may account for the biological 

activities observed in this study. Compounds such as 

terpenoids, hydrocarbons, esters, and fatty acid derivatives 

were among the major constituents identified. 

Stigmast-4-en-3-one is the compound with the largest 

chromatogram area, 32.76%, with a retention time of 

31.667 minutes. This sterol compound has the molecular 

formula C₂₉H₄₈O and a molecular weight of 412.7 g/mol. 

The second most abundant compound is 4′,6′-dimethoxy-

2′-hydroxy-3-nitrochalcone, a nitro-substituted flavonoid 

derivative. Other major compounds include 2-(pyridin-2-

ylformamido) acetic acid, a nitrogen-containing heterocyclic 

acid; DL-alpha-tocopherol, known for its antioxidant 

properties; and phytol, a diterpene alcohol commonly found 

in the chlorophyll degradation pathway. 
 

 

Table 1. Secondary metabolite profile of the n-hexane extract of 

Macaranga depressa leaves 

 

Secondary metabolite  Test result 

Alkaloid + 

Flavonoid + 

Saponin - 

Terpeneoid + 

Tannin + 

Note: +: Indicates presence, -: Indicates absence 

 

 

Table 2. Inhibition zone diameter of the n-hexane extract of 

Macaranga depressa leaves 

 

Isolate 

Zone of inhibition (mm) 
Average 

(mm) 
Replication 

1 

Replication 

2 

Replication 

3 

Candida 

albicans 
18.3 17.5 18.2 18.0±0.44 

Control (+) 25.8 26.1 26.2 26.0±0.21 

Escherichia coli 18.9 20.0 19.2 19.4±0.57 

Control (+) 24.8 25.1 25.0 25.0±0.15 

Pseudomonas 

aeruginosa 
25.0 23.0 22.5 23.5±1.32 

Control (+) 25.0 24.6 25.0 24.9±0.23 

Staphylococcus 

aureus  
20.8 21.7 21.0 21.2±0.47 

Control (+) 22.8 23.5 23.1 23.1±0.35 

Control (-) 0 0 0 0 

 

 

 

Table 3. GC-MS analysis of the n-hexane extract of Macaranga depressa leaves 

 

Peak RT Compound 
Molecular 

formula 

Molecular weight 

(g/mol) 

Chromatogram 

peak area (%) 

26 31.667 Stigmast-4-en-3-one C29H48O 412.70 32.76 

20 28.521 4',6'-Dimethoxy-2'-hydroxy-3-nitro chalcone C17H15NO6 329.30 14.82 

30 36.666 2-(Pyridin-2-ylformamido) acetic acid C8H8N2O3 180.16 7.58 

19 28.367 DL-Alpha-Tocopherol C29H50O2 430.70 6.37 

7 19.085 Phytol C20H40O 296.50 4.58 

Note: RT: Retention Time 
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Table 4. Compounds extracted from the n-hexane extract of Macaranga depressa leaves 

 

Compounds 
PubChem 

CID 
Compound structure 2D structure 

Compound 1: 

Stigmast-4-en-3-one 

5484202 CC[C@H](CC[C@@H](C)[C@H]1 

CC[C@@H]2[C@@]1(CC[C@H]3 

[C@H]2CCC4=CC(=O)CC[C@]34C)C)C(C)C 

igure  

Compound 2: 

4',6'-dimethoxy-2'-

hydroxy-3-

nitrochalcone 

6063903 COC1=CC(=C(C(=C1)OC)C(=O)/C=C/C2=CC 

(=CC=C2)[N+](=O)[O-])O 

 
Compound 3: 

2-(pyridin-2-

ylformamido) acetic 

acid 

11788622 C1=CC=NC(=C1)C(=O)NCC(=O)O 

 
Compound 4: 

DL-alpha-tocopherol 

2116 CC1=C(C2=C(CCC(O2)(C)CCCC(C)CCCC(C)CC 

CC(C)C)C(=C1O)C)C 

 
Compound 5: 

Phytol 

5280435 C[C@@H](CCC[C@@H](C)CCC/C(=C/CO)/C)CC 

CC(C)C 
 

 

 

 

 

 
 
Figure 1. Inhibition activity α-glucosidase enzyme of the n-

hexane extract of Macaranga depressa leaves 

 
 

Antidiabetic activity 

In addition to its potential as an antimicrobial agent, the 

extract of M. depressa leaves also exhibited antidiabetic 

activity. At a concentration of 17.561 ppm, the extract 

showed an α-glucosidase inhibitory effect of 50% (Table 

5). The graph in Figure 1 shows that increasing concentration 

is proportional to the increase in the percentage of α-

glucosidase enzyme inhibition activity. These results indicate 

the extract’s potential within the moderate to strong activity 

category. This value is almost the same as the antidiabetic 

activity of the n-hexane fraction of M. tanarius leaves, 

which has an IC50 value of 12.46 ppm (Megawati et al. 

2021). Cahyana et al. (2023) reported on the methanol 

extract of stem bark M. mappa that IC50 value was 7.204 

ppm, the water fraction was 6.654 ppm, ethyl acetate was 

26.897 ppm, butanol was 15.817 ppm and n-hexane 

provided the weakest inhibitory power with an IC50 value 

of 335.357 ppm. This indicates that the compounds 

contained in the polar fraction have better antidiabetic 

activity than the non-polar fraction. Based on the data 

above, it can be stated that the n-hexane extract of M. 

depressa has more potential as an antidiabetic than the n-

hexane fraction of M. mappa. The presence of bioactive 

lipophilic compounds, as identified by GC-MS, may 

contribute not only to the antimicrobial effect but also to the 

observed enzyme inhibition. Overall, these findings suggest 

that the n-hexane extract of M. depressa leaves possesses 

multiple bioactivities, supporting its potential application in 

the development of multifunctional herbal therapies. 

To support the information on selected bioactive 

compounds and their role in antidiabetic activity, an in 
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silico study was conducted on five compounds chosen from 

the GC-MS analysis. These five compounds represent the 

most abundant bioactive candidates in the extract. The 

computational evaluation included analysis of drug-likeness 

(Table 6), ADME pharmacokinetic profiles (Table 7), 

toxicity potential (Table 8), and molecular interactions with 

selected protein targets to assess their therapeutic potential. 
 

Table 5. Inhibition activity of α-glucosidase enzyme with p<0.01 

 

Sample 

IC50 (ppm) 
Average 

(ppm) 
Replication 

1 

Replication 

2 

Replication 

3 

Extract 17.318 18.104 17.261 17.561±0.471 

Acarbose 0.006 0.006 0.006 0.006±0.000 

 

 

Table 6. Drug-likeness prediction of the compounds from n-hexane extract of Macaranga depressa leaves 

 

Compounds Lipinski Ghose Veber Egan Muegge Bioavailability score 

Stigmast-4-en-3-one Pass Fail Pass Fail Fail 0.55 

4',6'-Dimethoxy-2'-hydroxy-3-nitrochalcone Pass Pass Pass Pass Pass 0.55 

2-(Pyridin-2-ylformamido) acetic acid Pass Pass Pass Pass Fail 0.56 

DL-Alpha-Tocopherol Pass Fail Fail Fail Fail 0.55 

Phytol Pass Fail Fail Fail Fail 0.55 

 

 

Table 7. ADME pharmacokinetic properties of the compounds from n-hexane extract of Macaranga depressa leaves 

 

Parameters Compound 1 Compound 2 Compound 3 Compound 4 Compound 5 

Absorption 

Water solubility (log mol/L) -6.212 -5.025 -1.510 -6.901 -7.535 

Caco2 permeability (log Papp in 10-6 cm/s) 1.213 1.183 0.676 1.345 1.399 

Intestinal absorption (human) 98.556 89.317 87.806 89.782 90.643 

Skin permeability (log Kp) -2.708 -2.719 -2.735 -2.683 -2.631 

P-glycoprotein substrate  No No No No No 

P-glycoprotein I inhibitor  No Yes No No No 

P-glycoprotein II inhibitor  Yes Yes No Yes No 

Distribution 

VDss (human) (log L/kg) -0.141 -0.455 -0.97 0.709 0.385 

Fraction unbound (human) 0 0 0.74 0 0 

BBB permeability (log BB) 0.847 -0.757 -0.253 0.876 0.793 

CNS permeability (log PS) -1.358 -2.442 -3.044 -1.669 -1.527 

Metabolism 

CYP2D6 substrate No No No No No 

CYP3A4 substrate Yes Yes No Yes Yes 

CYP1A2 inhibitor No Yes No No Yes 

CYP2C19 inhibitor No Yes No Yes No 

CYP2C9 inhibitor No Yes No No No 

CYP2D6 inhibitor No No No No No 

CYP3A4 inhibitor No No No No No 

Excretion 

Total Clearance (log mL/min/Kg) 0.560 0.313 0.247 0.794 1.686 

Renal OCT2 substrate No No No No No 

Note: OCT2: Organic Cation Transporter 2, BBB: Blood-Brain Barrier, CNS: Central Nervous System, VDss: Steady-state Volume of 

Distribution 

 

 

Table 8. Toxicity properties of the compounds from n-hexane extract of Macaranga depressa leaves 

 

Parameters Compound 1 Compound 2 Compound 3 Compound 4 Compound 5 

AMES toxicity No Yes No No No 

Max. tolerated dose (human) (log mg/kg/day) -0.458 0.065 1.808 0.775 -0.301 

hERG I inhibitor No No No No No 

hERG II inhibitor Yes No No Yes Yes 

Oral rat acute toxicity (LD50) (mol/kg) 2.531 2.126 1.812 2.072 1.848 

Oral rat chronic toxity (LOAEL) (log mg/kg_bw/day) 0.871 1.886 2.065 1.987 1.232 

Hepatotoxicity  No No Yes No No 

Skin sensitization No No No No Yes 

Tetrahymena pyriformis toxicity (log µg/L) 0.325 0.52 0.259 1.017 1.714 

Minnow toxicity (log mM) -2.556 -1.604 3.272 -3.324 -1.137 
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In terms of drug-like properties, only 4′,6′-dimethoxy-

2′-hydroxy-3-nitrochalcone met all five drug-likeness 

criteria (Lipinski, Ghose, Veber, Egan, and Muegge) with a 

bioavailability score of 0.55. The other compounds passed 

Lipinski’s rule but failed at least one of the other rules. 2-

(Pyridin-2-ylformamido) acetic acid passed through four 

filters but failed Muegge’s criteria. ADME analysis 

revealed that all five compounds showed a high intestinal 

absorption (>87%) and were not substrates for P-

glycoprotein, indicating good oral bioavailability potential. 

Predicted skin permeability (log Kp) values for all tested 

compounds were less than -2.5, indicating poor dermal 

penetration. Regarding distribution, DL-alpha-tocopherol 

and phytol showed positive Blood-Brain Barrier (BBB) 

permeability values (>0.7), indicating potential CNS 

accessibility. None of the compounds were CYP2D6 

substrates, but three were predicted to be CYP3A4 substrates, 

suggesting susceptibility to hepatic metabolism. Toxicity 

profiles revealed that only 4′,6′-dimethoxy-2′-hydroxy-3-

nitrochalcone was positive for Ames mutagenicity, whereas 2-

(pyridin-2-ylformamido) acetic acid was predicted to be 

hepatotoxic. None of the compounds inhibited hERG I, but 

three were predicted to be hERG II inhibitors, indicating 

some potential cardiac toxicity. LD50 and LOAEL values 

varied among the compounds, with 2-(pyridin-2-ylformamido) 

acetic acid having the highest oral safety margin. 

Binding affinity analysis 

Table 9 presents the results of molecular docking 

analysis between the selected compounds and the receptors 

Human Maltase-Glucoamylase (PDB ID: 2QMJ) and Human 

PPAR-γ (PDB ID: 2Q5S). The results revealed that 4′,6′-

dimethoxy-2′-hydroxy-3-nitrochalcone showed the strongest 

affinity for Human Maltase-Glucoamylase (-8.1 kcal/mol), 

surpassing the native ligand alpha-acarbose (-7.2 kcal/mol), 

which serves as an antidiabetic drug. Meanwhile, stigmast-

4-en-3-one and DL-alpha-tocopherol also showed 

promising affinities for Human Maltase-Glucoamylase, 

with values of -7.5 and -6.0 kcal/mol, respectively. Against 

PPAR-γ, stigmast-4-en-3-one exhibited the highest binding 

affinity among the tested compounds (-9.6 kcal/mol), 

followed by DL-alpha-tocopherol and 4′,6′-dimethoxy-2′-

hydroxy-3-nitrochalcone; however, these affinity values 

did not exceed that of the native ligand NZA. Additionally, 

the docking results suggest that compounds in the n-hexane 

extract of M. depressa leaves are effective in interacting 

with the Human Maltase-Glucoamylase receptor. 

Molecular interaction analysis 

In the Human Maltase-Glucoamylase enzyme, 4′,6′-

dimethoxy-2′-hydroxy-3-nitrochalcone interacts via hydrogen 

bonding with residues such as His600 and engages in 

hydrophobic contacts with Trp406—both of which are 

crucial for stabilizing the substrate. As reflected in Table 

10, this compound demonstrates a higher binding affinity 

than the native ligand. These findings reinforce the 

identification of Human Maltase-Glucoamylase as the 

principal target receptor for the bioactive compounds found 

in the M. depressa leaf n-hexane extract. Regarding PPAR-

γ, the active molecules form interactions with amino acid 

residues including Cys285, Ile341, and Leu340, which are 

known to contribute to ligand recognition (Priya et al. 

2024). Several compounds exhibit both hydrogen bonding 

and hydrophobic interactions at the binding site. Notably, 

stigmast-4-en-3-one only participates in hydrophobic 

interactions and lacks hydrogen bonding, likely due to its 

predominantly non-polar methyl group composition. 

Discussion 

The phytochemical profile of the n-hexane extract of M. 

depressa leaves contained several classes of secondary 

metabolites with well-known pharmacological activities. 

Alkaloids, flavonoids, terpenoids, and tannins are all 

recognized for antimicrobial, antioxidant, and anti-

inflammatory effects. (Farhadi et al. 2019; Ullah et al. 2020; 

Roy et al. 2022; Gonfa et al. 2023; Zouine et al. 2024). 

Alkaloids are known to disrupt microbial membranes and 

interfere with nucleic acid synthesis (Yan et al. 2021; 

Karunakaran et al. 2022; Thawabteh et al. 2024), while 

flavonoids can bind to bacterial membranes and inhibit 

essential enzymes (Vaou et al. 2021; De Rossi et al. 2025; 

Liu et al. 2025). Terpenoids, typically soluble in non-polar 

solvents, may destabilize microbial membranes and interfere 

with quorum sensing (Sharma et al. 2020). Tannins act 

mainly through protein precipitation and enzyme inhibition 

(Huang et al. 2024). The absence of saponins, usually 

extracted with polar solvents, reflects the selectivity of n-

hexane for lipophilic metabolites. 

 

 

 

Table 9. Binding affinity from the docking analysis 

 

Compounds 
Binding affinity, kcal/mol 

Human Maltase-Glucoamylase (PDB ID: 2QMJ) Human PPAR‑γ (PDB ID: 2Q5S) 

Native ligand alpha-acarbose = -7.2 [RMSD = 0.825] NZA = -10.9 [RMSD = 0.888] 

Stigmast-4-en-3-one -7.5 -9.6 

4',6'-Dimethoxy-2'-hydroxy-3-nitrochalcone -8.1 -9.1 

2-(Pyridin-2-ylformamido) acetic acid -5.5 -6.9 

DL-Alpha-Tocopherol -6.0 -9.1 

Phytol -5.8 -7.3 

Note: NZA: 5-chloro-1-(4-chlorobenzyl)-3-(phenylthio)-1H-indole-2-carboxylic acid 
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Table 10. Molecular interactions of antidiabetic compounds 

 

Compounds 
Ligand interaction 

Human Maltase-Glucoamylase (PDB ID: 2QMJ) Human PPAR‑γ (PDB ID: 2Q5S) 

Stigmast-4-en-3-one Hydrophobics: 

Tyr 299, Asp 327, Trp 406, Ala 576, Thr 205, Thr 

544, Asp 542, Phe 575 

Hydrophobics: 

Val 339, Leu 330, Gly 284, Cys 285, Leu 255, Ile 281, 

Met 348, Ile 249, Gly 258, Glu 259, Leu 340, Ser 342, Ile 

341, Arg 288, Leu 333 

4',6'-Dimethoxy-2'-

hydroxy-3-

nitrochalcone 

Hydrophobics: 

Asp 327, Tyr 299, Trp 406, Tyr 605, Ala 576, Thr 

205, Phe 575, Asp 542, Asp 443, Trp 441, Trp 539 

Hydrogen bond: 

His 600 

Hydrophobics: 

Leu 228, Met 329, Val 339, Leu 330, Cys 285, Gly 284, 

Ile 341, Ala 292, Leu 333 

Hydrogen bond: 

Arg 288, Ile 326  

2-(Pyridin-2-

ylformamido) acetic 

acid 

Hydrophobics: 

Trp 539, Trp 441, Asp 542, Asp 443, Met 444, Trp 

406, Tyr 299, Phe 575 

Hydrogen bond: 

His 600, Arg 526 

Hydrophobics: 

Leu 333, Leu 228, Ile 341 

Hydrogen bond: 

Glu 343, Arg 288, Ser 342 

DL-Alpha-Tocopherol Hydrophobics: 

Thr 205, Asp 203, Asp 542, Trp 406, Asp 327, Tyr 

299, Phe 575 

Hydrophobics: 

Ala 292, Ile 296, Ser 289, Ile 326, Arg 288, Met 329, 

Met 364, Met 348, Cys 285, Gly 284, Ile 341, Leu 340, 

Leu 333, Ser 342, Leu 228, Leu 330, Glu 295 

Hydrogen bond: 

Ile 281  

Phytol Hydrophobics: 

Asp 203, Thr 205, Phe 575, Tyr 299, Ile 364, Met 

444, Ile 328, Asp 542, Trp 441, Asp 327, Ala 576, 

Thr 204 

Hydrogen bond: 

Asp 443, Trp 406 

Hydrophobics: 

Glu 295, Ala 292, Leu 228, Leu 333, Arg 288, Ile 341, 

Glu 343, Cys 285, Ser 289, Leu 330, Ile 326, Ile 296, 

Met 329 

Hydrogen bond: 

Leu 340 
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Figure 2. Molecular interactions of compounds from Macaranga depressa leaves n-hexane extract with Human Maltase-Glucoamylase 

(PDB ID: 2QMJ). A. Stigmast-4-en-3-one, B. 4',6'-Dimethoxy-2'-hydroxy-3-nitrochalcone, C. 2-(Pyridin-2-ylformamido) acetic acid, D. 

DL-Alpha-Tocopherol, E. Phytol 

 

 

 

These phytochemicals correspond with the extract’s 

broad antimicrobial activity. The n-hexane extract of M. 

depressa leaves exhibited strong antimicrobial activity 

against both Gram-positive and Gram-negative bacteria, as 

well as fungi, C. albicans. The most sensitive strain to this 

extract was P. aeruginosa, a Gram-negative bacterium 

often associated with antibiotic resistance. This suggests 

that the compounds present in the extract may disrupt the 

integrity of the outer membrane or inhibit vital enzymes of 

pathogens that are typically resistant to antibiotics 

(Khameneh et al. 2021). The observed antimicrobial 

activity is attributed to the presence of lipophilic secondary 

metabolites detected in the extract (Table 1). Terpenoids 

and flavonoids have been reported to inhibit microbial 

growth by disrupting membrane integrity, generating 

Reactive Oxygen Species (ROS), or inhibiting nucleic acid 

C 

D 

E 
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synthesis (Zore et al. 2011; Rodríguez et al. 2023). In 

addition to its activity against Gram-negative bacteria, the 

extract also exhibited inhibitory effects against S. aureus, a 

Gram-positive pathogen implicated in skin and soft tissue 

infections. This indicates that the n-hexane extract of M. 

depressa leaves is effective against a broad spectrum of 

microbes. The presence of flavonoids and tannins, which 

could bind to microbial proteins, may contribute to this 

activity by deactivating microbial adhesins and enzymes. 

Furthermore, antifungal activity against C. albicans supports 

the broad-spectrum potential of the extract. Lipophilic 

flavonoids and terpenoids have been reported to exert 

fungistatic or fungicidal effects by interfering with ergosterol 

biosynthesis and membrane permeability (Haque et al. 

2016; Al Aboody and Mickymaray 2020; Medeiros et al. 

2022; Vishwakarma et al. 2024). Collectively, the observed 

antimicrobial effects support the ethnomedicinal use of M. 

depressa and suggest that its bioactive compounds may 

serve as potential raw materials for the development of new 

antimicrobial agents, especially considering the growing 

problem of antibiotic resistance. To the best of our knowledge, 

this is the first integrated study that simultaneously 

characterizes the phytochemical profile, antimicrobial 

activity, and in silico molecular interactions of M. depressa. 

The n-hexane extract of M. depressa leaves exhibited 

significant inhibitory activity against the α-glucosidase 

enzyme, with an inhibition percentage of 85.53% at a 

concentration of 100.00 ppm (Figure 1). These results 

indicate that the extract contains bioactive compounds 

capable of modulating carbohydrate metabolism by delaying 

the breakdown of complex sugars into glucose. Inhibition 

of α-glucosidase is a recognized therapeutic approach to 

managing postprandial hyperglycemia in patients with type 

2 diabetes mellitus (Joshi et al. 2015; Dirir et al. 2021). The 

lipophilic nature of the extract suggests the involvement of 

non-polar phytochemicals, such as terpenoids, fatty acids, 

and sterols, which have been reported to possess 

antidiabetic properties. Compounds identified through GC-

MS analysis, particularly long-chain hydrocarbons, esters, 

and triterpenoids, are associated with enzyme inhibition 

and the regulation of glucose metabolism. These compounds 

are believed to inhibit α-glucosidase by either occupying its 

active site or inducing conformational changes that reduce 

its catalytic efficiency. The inhibitory activity of M. 

depressa extract against α-glucosidase compared to the n-

hexane fraction of Macaranga tanarius leaves was slightly 

lower, but against petroleum ether extracts from M. hosei 

and M. constricta leaves it was more active (Salleh et al. 

2017; Megawati et al. 2021). Thus, the present findings 

reinforce the potential of M. depressa as a natural source of 

antidiabetic agents. Moreover, the multifunctional nature of 

the extract—evident from its antimicrobial and antidiabetic 

properties—may provide additional therapeutic benefits, 

particularly for diabetic patients who are more susceptible 

to infections due to immune dysregulation. These dual 

bioactivities make M. depressa an attractive candidate for 

further pharmacological investigation and drug development. 

The inhibitory effect can be mechanistically linked to 

several major phytochemicals identified by GC-MS. The 

GC-MS profile of the n-hexane extract of M. depressa 

leaves revealed a diverse phytochemical composition. The 

predominance of stigmast-4-en-3-one, a steroidal compound, 

is noteworthy given its reported antimicrobial and anti-

inflammatory properties (Sahidin et al. 2019; Nyalo et al. 

2023; Razafindrakoto et al. 2024). Its structural similarity 

to phytosterols suggests potential membrane-disrupting 

activity, which may contribute to the antimicrobial effects 

observed in previous assays, while its phytosterol-like 

scaffold has also been linked to modulation of glucose and 

lipid metabolism through PPAR-γ, supporting a possible 

role in enhancing insulin sensitivity. The presence of 4′,6′-

dimethoxy-2′-hydroxy-3-nitrochalcone is also of interest 

due to the pharmacological versatility of the chalcone 

scaffold, which has been associated with antibacterial, 

antifungal, and anticancer activities (Bhathiwal et al. 2022; 

Mendez-Callejas et al. 2024). Nitro-substituted chalcones 

have been shown to increase lipophilicity and enhance 

microbial membrane permeability, which may explain their 

effectiveness against both Gram-positive and Gram-negative 

bacteria. Importantly, chalcones are also well-established 

α-glucosidase inhibitors, and the α,β-unsaturated ketone 

moiety present in this compound enables it to bind to the 

catalytic site of glycosidases, thereby contributing to the 

observed antidiabetic effect. DL-alpha-tocopherol, an isoform 

of vitamin E, is widely recognized for its antioxidant 

properties. However, recent studies have also reported its 

role in modulating immune responses and enhancing the 

efficacy of antimicrobial agents (Andrade et al. 2014; 

Naguib and Valvano 2018; Hartmann et al. 2020). Beyond 

its antimicrobial support, tocopherol has been associated 

with improved insulin action and protection of pancreatic 

β-cells from oxidative stress, providing an indirect 

mechanism for glycemic control. Similarly, phytol has 

been reported to possess antimicrobial, antitumor, and anti-

inflammatory activities (Lee et al. 2016; Islam et al. 2018, 

2020). In the context of diabetes, phytol has also been 

linked to antihyperglycemic and hypolipidemic effects, 

potentially through modulation of glucose uptake and 

regulation of metabolic enzymes. Furthermore, 2-(pyridin-

2-ylformamido) acetic acid was also detected. Although it 

has not been widely studied, its structural features suggest 

potential bioactivity due to the presence of a heterocyclic 

nitrogen and a carboxamide functional group, both of 

which are recognized pharmacophores in various drug 

classes. Overall, the n-hexane extract of M. depressa leaves 

demonstrates promising α-glucosidase inhibition, though 

less potent than Macaranga tanarius and Moringa oleifera 

as seen in Table 11. 

Considering their potential bioactivity and abundance 

as indicated by the GC-MS analysis, the compounds were 

further evaluated through a series of in silico analyses. 

These analyses serve as a preliminary drug screening 

process, assessing drug-likeness based on Lipinski's Rule 

of Five, ADME (Absorption, Distribution, Metabolism, and 

Excretion) property prediction, and toxicity risk. Molecular 

docking was also performed on all five compounds to 

support the hypothesis regarding their potential antidiabetic 

activity. This computational approach provides both 

predictive and confirmatory insights into the pharmacological 

behavior of the molecules. 
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Table 11. Inhibition values comparison with previous studies 

 

Plant IC50 against the α-glucosidase enzyme (ppm) Reference 

n-hexane extract Macaranga depressa leaves 17.561±0.471 This study 

n-hexane fraction of Macaranga tanarius leaves 12.46 Megawati et al. (2021) 

petroleum eter extract of Macaranga hosei leaves 25.30 Salleh et al. (2017) 

petroleum eter extract of Macaranga constricta leaves 237.6 Salleh et al. (2017) 

n-hexane extract of Moringa oleifera leaves 3.43±0.06 Magaji et al. (2020) 

 

 

 

In silico analysis of 4′,6′-dimethoxy-2′-hydroxy-3-

nitrochalcone revealed that this compound is a promising 

candidate due to its ability to meet five major drug-likeness 

criteria. It has high potential for oral bioavailability, 

membrane permeability, and favorable physicochemical 

properties, making it suitable for drug development. The 

ADME (Absorption, Distribution, Metabolism, and Excretion) 

prediction further supported its potential. All compounds 

demonstrated high predicted intestinal absorption (>87%), 

which is a critical parameter for the development of orally 

administered drugs. Moreover, none of the compounds 

were identified as P-glycoprotein substrates, suggesting a 

lower likelihood of efflux-related resistance or reduced 

bioavailability, common issues in drug transport mechanisms. 

The predicted Blood-Brain Barrier (BBB) permeability of 
DL-alpha-tocopherol and phytol suggests possible Central 

Nervous System (CNS) bioactivity, warranting further 

investigation into their potential neuroprotective or CNS-

related therapeutic roles. Metabolic profiling indicated that 

most of the compounds are likely substrates of CYP3A4, 

highlighting their susceptibility to hepatic metabolism and 

raising the possibility of drug-drug interactions (Guengerich 

2008). In contrast, 2-(pyridin-2-ylformamido) acetic acid 

was not predicted to be a CYP3A4 substrate, although its 

potential hepatotoxicity may limit its therapeutic applicability. 

Additionally, the presence of hERG II inhibition in some 

compounds necessitates caution due to possible cardiotoxic 

effects, despite the absence of hERG I inhibition, which is 

more strongly associated with serious cardiac arrhythmias 

(Redfern et al. 2003). Interestingly, although stigmast-4-en-

3-one and phytol showed suboptimal drug-likeness based 

on several filters, both compounds were predicted to be 

non-mutagenic and non-hepatotoxic with acceptable safety 

profiles. This suggests that they could be structurally 

optimized or formulated to enhance their drug-like properties.  

The docking results demonstrated that 4′,6′-dimethoxy-

2′-hydroxy-3-nitrochalcone is a potent inhibitor of human 

maltase-glucoamylase, with a binding affinity superior to 

acarbose, a clinically used α-glucosidase inhibitor. These 

findings are consistent with the ADME and Lipinski’s Rule 

analyses, which indicated that 4′,6′-dimethoxy-2′-hydroxy-

3-nitrochalcone satisfies all five drug-likeness criteria. 

Previous studies have highlighted that the α,β-unsaturated 

ketone moiety present in chalcones contributes to α-

glucosidase inhibition by interacting with key active-site 

residues such as His600 and Trp406. In addition, stigmast-

4-en-3-one and DL-alpha-tocopherol exhibited high 

binding affinities toward PPAR-γ. Although their affinities 

were lower than the native inhibitor, these compounds may 

function as partial agonists, offering potential advantages 

over full agonists, such as reduced side effects (Soccio et 

al. 2014). These in silico results support the concept of dual 

inhibition of simultaneously targeting human maltase-

glucoamylase and PPAR-γ as a promising strategy for 

diabetes therapy, as it both lowers postprandial glucose 

levels and improves insulin sensitivity. Overall, these 

findings emphasize the potential of chalcone derivatives 

and phytosterols as multitarget antidiabetic agents through 

modulation of maltase-glucoamylase and PPAR-γ. Therefore, 

it is necessary to isolate the compounds in the n-hexane 

extract of M. depressa leaves to obtain pure compounds 

and to test these pure compounds for antidiabetic and 

antibacterial activity both in vitro and in vivo. 

In conclusion, the n-hexane extract of M. depressa 

leaves exhibits considerable bioactive potential, as reflected 
by its broad-spectrum antimicrobial effects and notable α-

glucosidase inhibitory activity, with molecular docking 

results further supporting strong interactions between its 

major compounds and both α-glucosidase and PPAR-γ 

receptors. Nevertheless, the current findings are constrained 

by the use of a crude extract, where synergistic or 

antagonistic interactions among diverse metabolites may 

obscure the precise contribution of individual bioactive 

compounds. Moreover, the evidence so far is limited to in 

vitro assays and computational modeling, without 

accompanying in vivo pharmacological or toxicological 

validation to confirm efficacy, bioavailability, and safety in 

biological systems. Future investigations should therefore 

prioritize the isolation, purification, and structural 

characterization of the most active constituents, followed 

by comprehensive in vivo studies to elucidate their 

pharmacokinetics, therapeutic potential, and safety profiles. 
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