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Abstract. Sijid SA, Sonjaya H, Malaka R, Hasbi H. 2025. GC-MS profiling and molecular docking of bioactive compounds from 

Strychnos lucida on reproductive protein targets. Biodiversitas 26: 3469-3483. Strychnos lucida, locally known as Kayu Ular (KU), is 

traditionally used in various regions of Indonesia, commonly used to enhance stamina and vitality, with anecdotal claims suggesting 

benefits related to reproductive function. This study aimed to evaluate the plant’s potential in reproductive health through phytochemical 

screening, Fourier Transform Infrared Spectroscopy (FTIR), Gas Chromatography-Mass Spectrometry (GC-MS), and molecular 

docking analysis. The extract was obtained by macerating the plant material in 96% ethanol. Phytochemical screening confirmed the 

presence of flavonoids, alkaloids, tannins, and saponins, which are associated with antioxidant, anti-inflammatory, and hormonal 

modulatory activities. Among them, flavonoids and saponins are particularly known to improve fertility enhancement and hormonal 

balance. A total of 66 compounds were identified by GC-MS, with Lunacrine (52.71%) as the most abundant. Molecular docking was 

conducted on four dominant compounds—Lunacrine, (Z)-11-octadecenoic acid, hexadecanoic acid, and (9Z,12Z)-octadeca-9,12-dienoic 

acid—against five reproductive-related protein targets: AMPK, SIRT1, COX-2, PPAR-α, and Dynein. Lunacrine exhibited strong 

binding affinities with the target receptors AMPK (-7.8 kcal/mol), SIRT1 (-8.5 kcal/mol), and COX-2 (-8.9 kcal/mol), suggesting its 

potential to modulate energy metabolism, oxidative stress, and inflammation—critical processes in hormonal regulation and reproductive 

function. These findings support the traditional use of S. lucida for reproductive health and highlight Lunacrine as a promising candidate 

for further phytopharmaceutical development. Follow-up in vitro and in vivo studies are recommended to validate its therapeutic 

potential. 
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INTRODUCTION 

Reproductive health is a cornerstone of individual and 

societal well-being, encompassing the physical, mental, 

and social dimensions of the reproductive system and its 

functions (WHO 2018; Starrs et al. 2018). The ability to 

maintain healthy reproductive lives underpins social and 

economic progress and involves preventing endocrine 

disorders, managing sexually transmitted infections, and 

safeguarding reproductive rights (Engel et al. 2019; 

Fumagalli et al. 2024; Sladden et al. 2021). In this context, 

interest in culturally accepted, affordable interventions—

especially medicinal plants—has intensified. 

Among these, Strychnos lucida R.Br. (locally known as 

Kayu Ular, KU), a member of the pantropical genus 

Strychnos (Loganiaceae), has attracted increasing attention. 

The genus includes ~200 species distributed across tropical 

regions, many with documented pharmacological activities 

in Indonesia. S. lucida—also referred to as S. ligustrina—is 

widely distributed in West and East Nusa Tenggara, Sulawesi, 

Kalimantan, Java, and Papua and is known by vernacular 

names such as bidara laut, dara putih, and kayu ular 

(Laumonier and Nasi; 2018; Setyayudi et al. 2019; Gunawan 

et al. 2022). Ethnomedicinal reports describe S. lucida as a 

remedy for vitality and reproductive health, yet evidence-

based options remain scarce. Preliminary findings support 

its traditional use: decoctions of S. lucida reduced sperm 

abnormalities in diabetic mouse models (Kunu et al. 2020). 

However, this remains the only documented in vivo 

reproductive study, underscoring the need for mechanistic 

exploration. 

Phytochemical analyses have revealed diverse metabolites 

in S. lucida, including alkaloids, flavonoids, tannins, and 

saponins (Manurung et al. 2019; Travasarou et al. 2019; 

Makani et al. 2025). These compound classes are linked to 

biological activities relevant to reproductive health: flavonoids 

enhance ovarian function via estrogen receptor modulation 

and antioxidant effects (Adewoyin et al. 2017); saponins 

stimulate luteinizing hormone secretion to support ovulation 

(Cui et al. 2023); and alkaloids contribute to anti-

inflammatory and energy-regulatory pathways (Li et al. 

2020; Patalas-Krawczyk et al. 2021; Khasanah et al. 2022). 

While these findings establish a biochemical rationale for 

traditional use, the molecular pathways through which S. 

lucida affects reproductive physiology remain unclear. 

Computational tools, particularly molecular docking, 

offer an efficient starting point to address this gap. Docking 

predicts ligand-protein interactions and estimates binding 
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energies, enabling prioritization of bioactive compounds 

for further study (Bhati et al. 2017; Surpeta et al. 2020; 

Chang et al. 2022). It also identifies hydrogen bonds, 

hydrophobic contacts, and residue-level interactions, while 

root mean square deviation (RMSD) assesses docking 

accuracy (Cournia et al. 2017; Kulandaisamy et al. 2017; 

Pagadala et al. 2017). Such methods accelerate early drug 

discovery and help narrow candidates for in vitro and in 

vivo validation (Agamah et al. 2020; Singh and Pathak, 

2020; Wan et al. 2020; Younus et al. 2021). 

To investigate S. lucida’s pharmacological potential, this 

study integrates phytochemical screening, Fourier Transform 

Infrared Spectroscopy (FTIR), and Gas Chromatography-

Mass Spectrometry (GC-MS) to profile metabolites, 

followed by docking simulations against key reproductive 

protein targets. The selected targets—AMP-activated protein 

kinase (AMPK), sirtuin 1 (SIRT1), cyclooxygenase-2 

(COX-2), peroxisome proliferator-activated receptor alpha 

(PPAR-α), and dynein. AMPK serves as an energy sensor 

essential for gamete quality and metabolism (Martin-

Hidalgo et al. 2018); SIRT1 modulates oxidative stress and 

deacetylation pathways (Liu et al. 2018; Zhao et al. 2020); 

COX-2 governs prostaglandin synthesis required for 

ovulation (Sugimoto et al. 2015); PPAR-α regulates lipid 

metabolism and hormonal balance (Bougarne et al. 2018; 

Przybycień et al. 2022); and dynein is crucial for 

intracellular transport and gamete maturation (Inaba and 

Mizuno 2016; Canty et al. 2021). 

By linking ethnomedicinal knowledge with chemical 

profiling and computational docking, this study provides 

the first integrated assessment of S. lucida bioactive 

compounds on reproductive protein targets. This combined 

FTIR/GC-MS and docking approach establishes a scientific 

foundation for prioritizing compounds for future 

pharmacological, pharmacokinetic, and toxicological 

evaluation, bridging traditional knowledge and modern 

reproductive pharmacology. 

MATERIALS AND METHODS 

Ethanol extraction of Strychnos lucida 

Strychnos lucida (KU) were collected from Kaluppini 

Village, Enrekang District, South Sulawesi, Indonesia. KU 

plant was cleaned with running water, sliced thinly, and 

dried at 50°C using an oven, and was then ground using a 

blender until it formed a fine powder, which was sifted to 

obtain a finer particle size (Krakowska-Sieprawska et al. 

2022). The KU powder was macerated with 96% ethanol as 

a solvent for 72 hours, and the filtrate was evaporated using 

a rotary evaporator to obtain a concentrated extract 

(Fonmboh et al. 2020). 

The use of 96% ethanol was based on its efficiency in 

extracting a broad spectrum of phytochemicals, particularly 

semi-polar to non-polar compounds such as alkaloids, 

flavonoids, and saponins, which are commonly present in 

medicinal plants like S. lucida (Azwanida 2015). Additionally, 

preliminary observations and literature indicated that high-

concentration ethanol enhances compound solubility and 

prevents microbial growth during maceration. This solvent 

was selected to maximize extraction yield and preserve 

bioactive constituents. 

Phytochemical screening 

Phytochemical screening of the KU extract was 

conducted to detect the presence of flavonoids, alkaloids, 

terpenoids, steroids, tannins, and saponins, following the 

method of Dubale et al. with modifications. Flavonoids 

were tested by mixing 2 mL of extract with 1 mL of 2 N 

sodium hydroxide (NaOH), resulting in a yellow color 

indicating the presence of flavonoids. Alkaloids were tested 

by mixing 2 mL of hydrochloric acid with 2 mL of extract, 

followed by adding a few drops of Meyer’s reagent, which 

produced a green color or white precipitate as evidence of 

alkaloids. Furthermore, terpenoids were tested by adding 2 

mL of chloroform and sulfuric acid to extract; the presence 

of a reddish-brown color at the interface indicated the 

presence of terpenoids. Steroids were detected by mixing 

the extract with chloroform and sulfuric acid, producing a 

copper-brown ring at the interface as an indication of 

steroids. Tannins were tested by mixing the extract with a 

5% FeCl₃ solution, which resulted in a dark blue or 

greenish-black color as a sign of tannins. Finally, saponins 

were tested by mixing extracts with distilled water and 

shaking for 15 minutes, which resulted in a foam layer of 1 

cm height as an indication of saponins (Dubale et al. 2023). 

Functional group identification via FTIR 

1.5-2.0 g of the extract was slowly mixed with 200 mg 

of solid KBr and ground to form pellets. Standard 

equipment was used to prepare the pellets under vacuum 

and pressure (75 kN cm⁻²) for 2-3 minutes. These pellets 

were then used for functional group spectral analysis using 

FTIR (Thermo Fisher Scientific, USA), and the spectral 

resolution was 4 cm⁻¹ with a scanning range of 400-4000 

cm⁻¹ (Özgenç et al. 2017). 

Identification of compounds using GC-MS 

Secondary metabolites were identified using Gas 

Chromatography-Mass Spectrometry (GC-MS), aiming to 

profile bioactive compounds and assess the presence of 

potentially toxic constituents, considering the known toxicity 

of particular Strychnos species. The test sample was mixed 

with 5 mL of 96% ethanol (p.a.). Extraction was carried out 

using ultrasonic treatment for 30 minutes at 55°C. The 

mixture was then filtered using Whatman No. 42 filter 

paper and injected into the GC-MS. This instrument 

conditions (Shimadzu Ultra QP 2010) were set as follows: 

injector temperature at 250°C in Splitless mode, pressure at 

76.9 kPa, flow rate of 14 mL/min, and a split ratio of 1:10. 

The ion source and interface temperatures were set to 

200°C and 280°C, respectively, with a solvent cut time of 3 

minutes, and the mass range scanned was from 400 to 700 

m/z. The column used was SH-Rxi-5Sil MS, with a column 

length of 30 m and an inner diameter of 0.25 mm. The 

initial column temperature was set to 70°C with a hold time 

of 2 minutes, then increased to 200°C at a rate of 

100°C/min, and the final temperature was increased to 

280°C with a hold time of 9 minutes at a rate of 50°C/min, 

giving a total analysis time of 36 minutes. The chromatogram 
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data obtained were analyzed using the NIST 17 and Wiley 

9 libraries (Tsugawa and Fukusaki 2020). 

Molecular docking 

Protein and ligand preparation 

Protein structures were retrieved from the Protein Data 

Bank (http://www.rcsb.org/pdb/) and processed using PyMOL 

2.5.4 by removing crystallographic water molecules, co-

crystallized ligands, and non-standard residues (Sembiring 

et al. 2023; Kumar et al. 2024). Five targets with 

established roles in reproductive function were selected: 

AMPK (PDB ID: 4CFF), SIRT1 (4ZZI), COX-2 (6COX), 

PPAR-α (3VI8), and Dynein (8I3J). These proteins regulate 

energy metabolism, oxidative stress response, inflammation, 

hormonal balance, and intracellular transport—processes 

critically involved in fertility and reproductive health 

(Inaba and Mizuno 2016; Bougarne et al. 2018; Martin-

Hidalgo et al. 2018). Ligand structures were obtained from 

the PubChem database, energy-minimized using Open 

Babel, and converted to PDBQT format via PyRx 0.8 (Tuli 

et al. 2022). 

Docking setup 

Molecular docking was conducted using AutoDock 

Vina within the PyRx 0.8 interface, with the exhaustiveness 

set to 8. Grid boxes were generated to fully encompass the 

predicted binding pockets of each protein. The top-ranked 

docking pose (lowest ΔG) for each ligand-protein complex 

was selected for further analysis. SwissADME (http:// 

www.swissadme.ch) was used to assess pharmacokinetic 

parameters, including Lipinski’s Rule of Five compliance 

(Yueniwati et al. 2021). 

Docking validation 

Protocol validation was attempted by redocking the co-

crystallized ligand SC-558 into COX-2 (PDB ID: 6COX). 

The crystallographic pose was used as a reference 

(RMSD = 0.0 Å). Redocking produced poses with competitive 

binding affinities (-7.8 to -8.9 kcal/mol) but high RMSD 

values (14-34 Å), indicating a notable deviation from the 

native ligand pose. The high RMSD values likely reflect 

the use of a large, fully encompassing grid box and rigid 

docking parameters, which may have allowed SC-558 to 

adopt alternative low-energy poses outside its crystallographic 

binding orientation. SC-558 binds at a relatively specific 

COX-2 allosteric site, and without residue flexibility or 

grid refinement, redocked poses can diverge substantially 

from the native pose despite retaining favorable binding 

energies. Considering the exploratory scope of this study, 

further refinement (e.g., grid adjustment or flexible docking) 

was not performed; instead, the same standardized docking 

parameters were uniformly applied across all protein 

targets to maintain methodological consistency. For targets 

lacking co-crystallized ligands or PubChem references, 

RMSD-based validation could not be performed. 

Visualization 

Ligand-protein complexes were examined using 

Discovery Studio Visualizer 2024 Client (version 24.1) to 

identify hydrogen bonds, hydrophobic contacts, and π-alkyl 

interactions, confirming that the predicted docking poses 

remained chemically plausible despite RMSD limitations. 

RESULTS AND DISCUSSION 

Phytochemical screening  

Phytochemical screening on the KU extract showed 

positive results for flavonoids, alkaloids, tannins, and 

saponins, as shown in Table 1. Terpenoids and steroids 

showed negative results. 

FTIR and GC-MS identification 

FTIR analysis of the Strychnos lucida extract (KU) in 

the range of 4000-400 cm⁻¹ revealed the presence of 

various functional groups consistent with phytochemically 

active constituents (Figure 1). The broad absorption band at 

3398.04 cm⁻¹ corresponds to O-H stretching vibrations, 

typically associated with hydroxyl groups in alcohols or 

phenolic compounds (Pasieczna-Patkowska et al. 2025). 

The broadening of this peak may indicate the formation of 

hydrogen bonding, which is common in complex plant 

extracts. The C-H stretching vibrations at 2926.15 cm⁻¹ and 

2855.72 cm⁻¹ suggest the presence of aliphatic chains, such 

as -CH₂- and -CH₃ groups, characteristic of saturated 

hydrocarbons (Smith 2022). 

A sharp peak at 1700.21 cm⁻¹ indicates C=O stretching, 

suggesting the presence of carbonyl-containing compounds 

such as ketones, aldehydes, or carboxylic acids. Peaks at 

1605.18 cm⁻¹, 1634.50 cm⁻¹, and 1462.56 cm⁻¹ likely 

correspond to aromatic C=C stretching vibrations, indicating 

aromatic rings or conjugated systems. The fingerprint region 

(1500-500 cm⁻¹) displays multiple, somewhat overlapping 

peaks—including those at 1365.97, 1286.08, 1204.54, 

1074.22, and 1034.50 cm⁻¹—which may represent C-H 

bending, C-O stretching (alcohols, ethers, or esters), and 

possibly C-N vibrations. The complex overlapping and 

broadening in this region reflect the diverse nature of 

phytochemicals and may pose limitations in peak specificity 

without further spectroscopic support (Nandiyanto et al. 

2023). 
 

 

 

Table 1. Phytochemical analysis of KU extract revealed the 

presence of various compounds, as indicated by the (+) symbol 

 

Class of compound  

(test type) 
Color change 

Test 

result 

Flavonoid   

Conc.H2SO4  Dark yellow solution + 

NaOH 10% Dark yellow solution + 

FeCl3 5% Yellow-green solution + 

Alkaloid   

Meyer Yellow solution (with white 

precipitate) 

+ 

Dragendorff Brown precipitate formed + 

Wagner Orange precipitate formed + 

Terpenoid and 

steroid 

Yellow solution - 

Tanin Light yellow solution + 

Saponin Foam formation + 
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Figure 1. FTIR spectrum of KU extract in the 4000-400 cm⁻¹ range 

 

 

 

GC-MS analysis of the KU extract revealed a chemically 

diverse profile, as shown in the total ion chromatogram 

(Figure 2 and Table 2), which displayed 66 identified 

peaks. Compound identification was performed through 

spectral matching with the NIST 17 and Wiley 9 libraries, 

successfully annotating all 66 peaks. This relatively high 

number aligns with the documented phytochemical richness 

of the Strychnos genus (Rahayu et al. 2022; Alagbe 2023; 

Cassas et al. 2025). It highlights the efficiency of ethanol as 

a polar solvent capable of extracting a wide range of 

metabolite classes (Ibrahim et al. 2021).  

The number of peaks detected is consistent with 

expectations based on the genus' known metabolic diversity, 

and no substantial deviation (such as peak scarcity or 

overload) was observed. Notably, Lunacrine (52.71%) and 

Balfourodine (15.67%) emerged as the most dominant 

constituents, accounting for more than 68% of the total 

chromatographic area. This level of dominance is higher 

than typically reported in other Strychnos species, where no 

single compound usually exceeds 20% relative abundance, 
suggesting possible chemotypic variation or extraction-

specific enrichment. Meanwhile, the absence of alkaloids 

such as strychnine or brucine—frequently observed in 

other Strychnos species—may be attributed to differences 

in ecological factors or solvent selectivity. The percentages 

presented in the GC-MS table represent the relative 

abundance of each compound, calculated from the total 

integrated area of all detected peaks in the chromatogram. 

Thus, the values reflect the proportion of each compound 

relative to the entire volatile profile of the extract, as 

determined by the GC-MS analysis. Among these, ten 

compounds were identified as dominant based on their 

relative peak areas: Lunacrine (52.71%), Balfourodine 

(15.67%), Benzo[octahydroacephenanthrylene] (7.48%), 

1,3,4,5-Tetrahydroxycyclohexanecarboxylic acid (2.50%), 

Isobalfourodine (0.96%), (Z)-11-Octadecenoic acid (0.90%), 

Hexadecanoic acid (0.42%), (9Z,12Z)-Octadeca-9,12-dienoic 

acid (0.10%), Methyl 4-hydroxy-3-methoxybenzoate 

(0.02%), and Neophytadiene (0.01%). 

Molecular docking 

Molecular docking analysis was performed to evaluate 

the interaction potential of KU compounds in improving 

reproductive health. Based on the confirmation from GC-

MS and FTIR, four compounds most relevant to 

reproductive health were selected, and the pharmacokinetic 

profiles of the selected compounds are shown in Table 3. 

The pharmacokinetic parameters included molecular 

weight, hydrogen bond donors and acceptors, lipophilicity 

(cLogP), and Topological Polar Surface Area (TPSA), as 

predicted using the SwissADME tool (Daina et al. 2017). 

These parameters were selected to assess basic drug-

likeness and absorption potential; however, it is important 
to note that this is not a comprehensive pharmacokinetic 

profile, as it does not include critical in vivo properties 

such as bioavailability, metabolic half-life, or clearance. 

Molecular docking between the ligand and target 

protein was performed using the Vina Wizard in the PyRx 

program. The optimum conformation between the protein 

and ligand from molecular docking results could be 

selected from the ligand conformation with the highest 

binding affinity (lowest value). The binding affinity of the 

ligand and target protein interaction is presented in Table 4. 
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Table 2. Identified compounds in the KU extract using GC-MS analysis 

 

Compound Peak area 
Retention-

time 

A/H 

ratio 

Total area 

percentage 

Index 

similarity 

Molecular 

weight 

(g/mol) 

Chemical class 

2-Ethylhexanal 303954 3.496 3.17 0.01 91 128 Aliphatic aldehyde 

3-Methyl-1-butanol 1336232 3.836 4.01 0.05 98 88 Aliphatic alcohol 

3,3-Dimethoxy-2-butanone 194434 5.060 2.45 0.01 84 132 Ketone 

2-Ethyl-1,3-dioxolane-4-methanol 109782 5.159 2.21 0.00 79 132 Cyclic alcohol and 

ether 

trans-Shisool 347448 13.931 5.38 0.01 77 154 Terpenoid alcohol 

(1R,7R,7aS)-1,7-Dimethyl-7-(4-

methylpent-3-enyl)bicyclo[2.2.1]heptane 

194987 14.325 3.02 0.01 91 204 Terpenoid 

(5Z,8Z,11Z)-Eicosatrienoic acid 44151 14.400 2.02 0.00 53 378 Unsaturated fatty acid 

(PUFA) 

2,6-Dimethyl-6-(4-methylpent-3-

enyl)bicyclo[3.1.1]hept-2-ene 

241784 14.513 3.69 0.01 91 204 Terpenoid 

(1S,6Z,8S,9Z)-8-Isopropyl-1-methyl-5-

methylenecyclodeca-1,6-diene 

286628 15.236 2.87 0.01 89 204 Cyclic terpenoid 

(E)-β-Bisabolene 786592 15.528 3.47 0.03 95 204 Aromatic alcohol 

1-(1-Methylethyl)-4,7-

dimethyloctahydronaphthalene 

87387 15.683 2.60 0.00 78 204 Sesquiterpene 

hydrocarbon 

Methyl 4-hydroxy-3-methoxybenzoate 605068 16.142 7.39 0.02 77 182 Aliphatic alcohol 

1,6-Anhydro-β-D-glucopyranose 1190248 16.325 10.47 0.05 89 162 Terpenoid alcohol 

4-Ethenyl-2,6-dimethoxyphenol 2306813 16.558 7.23 0.09 80 180 Aromatic ester (UV 

filter) 

1,5,9-Trimethyl-12-(1-methylethyl)-

4,8,13-cyclotetradecatriene-1,3-diol 

393136 16.675 2.64 0.01 58 306 Saturated alkane 

(hydrocarbon) 

1,1,4,7-Tetramethyldecahydro-1H-

cyclopropa[e]azulen-4-ol 

933294 16.780 4.34 0.04 95 222 Sesquiterpene alcohol 

4-Hydroxy-3-methoxybenzoic acid 457840 17.258 6.24 0.02 74 168 Phenolic acid (vanillic 

derivative) 

α-Cadinol 452999 17.363 4.09 0.02 85 222 Sesquiterpene alcohol 

(1R,3R,4R,5R)-Quinic acid 3610812 17.671 9.91 0.14 74 192 Polycarboxylic acid 

(polyol carboxylic 

acid) 

1,3,4,5-

Tetrahydroxycyclohexanecarboxylic acid 

66034167 18.212 21.52 2.50 95 192 Polyol acid 

Methyl 1-methyl-2-

oxocyclohexanecarboxylate 

437042 18.875 5.46 0.02 68 170 Cyclic ester 

4-Hydroxy-3,5-dimethoxybenzoic acid 

hydrazide 

3228446 19.001 7.39 0.12 96 212 Phenolic hydrazide 

Neophytadiene 197231 19.575 2.48 0.01 93 278 Diterpenoid 

hydrocarbon 

3-Hydroxy-4,5-dimethoxybenzoic acid 2262084 20.258 11.43 0.09 83 198 Phenolic acid 

1-(α-Ethenyldecahydro-2-

hydroxy)naphthalenepropanol 

293626 20.517 4.45 0.01 63 308 Cyclic aromatic 

alcohol 

Methyl hexadecanoate 1610016 21.080 3.28 0.06 97 270 Fatty acid ester 

(methyl palmitate) 

Methyl 3,5-bis(1,1-dimethylethyl)-4-

hydroxybenzoate 

1139546 21.253 3.32 0.04 91 292 Phenolic ester 

Hexadecanoic acid 11130056 22.043 5.41 0.42 96 256 Saturated fatty acid 

(SFA) 

Ethyl hexadecanoate 267978 22.476 3.36 0.01 91 284 Fatty acid ester (ethyl 

palmitate) 

Methyl (9Z,12Z)-octadeca-9,12-dienoate 2679693 24.899 3.68 0.10 96 294 PUFA ester (methyl 

linoleate) 

Methyl (Z)-octadec-6-enoate 7343900 25.055 3.72 0.28 90 296 MUFA ester (methyl 

oleate) 

Methyl octadecanoate 310320 25.668 3.44 0.01 95 298 Saturated fatty acid 

ester 

(9Z,12Z)-Octadeca-9,12-dienoic acid 5559892 26.098 5.59 0.21 96 280 PUFA (omega-6) 

(Z)-11-Octadecenoic acid 23795638 26.260 6.58 0.90 90 282 MUFA 

Ethyl linoleate 2446558 26.425 5.78 0.09 86 308 PUFA ester 

Ethyl oleate 2315536 26.572 5.18 0.09 89 310 MUFA ester 

Octadecanoic acid 1261970 26.735 6.52 0.05 91 284 Saturated fatty acid 

(stearic acid) 
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2,2,6-Trimethyl-2H,SH-pyrano[3,2-

c]quinolin-5-one 

1413168 26.890 8.05 0.05 90 241 Alkaloid / quinolone 

derivative 

1-(3-Methylphenyl)cyclohexyl)piperidine 1534859 28.515 5.61 0.06 64 257 Aromatic piperidine 

(synthetic alkaloid?) 

2-Methyl-3-heptyl-4-

(ethoxycarbonyloxy)-7-methoxyquinolone 

1067089 29.989 5.40 0.04 67 259 Quinolone ester 

N,N-Bis(trifluoromethyl)-2,6-

diethylaniline 

380955 30.740 4.06 0.01 55 341 Aniline derivative 

4,7,8-Trimethoxyfuro[2,3-b]quinoline 1393281 31.134 6.57 0.05 94 259 Methoxylated 

quinoline 

4-Ethyl-9-phenylbenz[f]indole 8305203 31.381 6.55 0.32 64 271 Polycyclic indole 

Platydesmine 5781702 31.720 7.15 0.22 72 259 Methoxy indole 

alkaloid 

5-[1-(3,3-Dimethyl-5-oxopyrrolidin-2-ylidene)-

2-oxoethyl]-2,3,3-trimethyl-2,3-dihydro-1 

83147412 32.588 5.03 3.15 66 287 Indole-pyrrolidone 

complex 

4-(3,4-Dimethoxyphenyl)-1-methyl-4H-

pyrazolo[3,4-b]pyridin-6-one 

7834050 32.852 6.19 0.30 58 287 Aromatic heterocycle 

(pyrazole derivative) 

Lunacrine 10258645 32.941 5.50 0.39 79 273 Alkaloid (indole 

acridone) 

N-Phenyl-N-(3,4-

dimethoxybenzylidene)hydrazine 

4837116 33.106 6.36 0.18 63 256 Aromatic hydrazone 

6,7-Methylenedioxy-9-acetylcarbazole 20426405 33.286 5.94 0.77 66 273 Carbazole alkaloid 

Lunacrine 33094569 33.568 11.37 1.26 82 273 Alkaloid (identical to 

compound 47) 

Benzo[octahydroacephenanthrylene] 197249745 33.939 7.89 7.48 64 260 Tricyclic aromatic 

compound 

2,2-Bis(1H-indol-2-yl)propanenitrile 4179120 34.300 11.04 0.16 62 285 Indole alkaloid dimer 

4,5-Dihydro-8-methoxy-2-

methylnaphtho[1,2-d]thiazole 

4766696 34.567 8.23 0.18 76 231 Aromatic thiazole 

derivative 

4-Chlorophenyl 4-(methoxymethyl)-6-

methyl-3-(1H-pyrrol-1-yl) 

2104188 34.823 7.47 0.08 60 412 Chlorinated 

heterocycle 

3-Isopentenyl-4,7,8-trimethoxyquinolin-2-

one 

14112498 35.188 5.48 0.54 61 303 Methoxylated 

furoquinoline 

(E)-2-[2-(3,4-

Dimethoxyphenyl)ethenyl]pyrrolidine 

136699680 35.410 6.27 5.18 57 233 Stilbene-alkaloid 

derivative 

Lunacrine 8760748 35.661 9.15 0.33 72 273 Alkaloid 

Balfourodine 413168153 36.250 15.89 15.67 66 289 Alkaloid 

Isobalfourodine 25219701 36.461 8.48 0.96 77 289 Alkaloid 

Lunacrine 1389821910 37.340 29.58 52.71 94 273 Alkaloid 

Arctinone A 861513 37.800 8.58 0.03 62 262 Lignan (complex 

phenolic) 

5-(4-Tert-butylphenyl)-4-methyl-4H-

[1,2,4]triazole-3-thiol 

43698137 38.154 6.23 1.66 70 247 Aromatic triazole 

7,8-Dihydro-8-(2-hydroxypropan-2-yl)-

1,3-dioxolo[4,5-h]furo[2,3-b] 

43238791 38.439 8.01 1.64 73 303 Complex 

furoquinoline 

7-(Diethylamino)-4-oxofuro[3,2-

c]chromene-2-carbaldehyde 

2725724 38.975 6.65 0.10 77 285 Furochromone 

(coumarin derivative) 

Lunine 23330991 39.728 11.19 0.88 78 287 Alkaloid 

3,5,5-Trimethyl-11-oxo-5,6,6a,11-

tetrahydroisoindolo[2,1-a]quinoline 

884421 42.030 7.17 0.03 67 321 Alkaloid 

(isoindoloquinoline) 

    100.00    

 

 

Molecular interaction analysis demonstrated that 

Lunacrine established multiple conventional hydrogen 

bonds and hydrophobic contacts with AMPK, SIRT1, and 

COX-2. In the AMPK complex, hydrogen bonds and polar 

interactions were observed with Leu A:22, Ala A:156, Asp 

A:157, Glu A:94, Gly A:23, Gly A:25, Gly A:99, Ile A:77, 

Val A:96, and Tyr A:95, along with π-alkyl and 

hydrophobic contacts involving Val A:30, Leu A:146, and 

Ala A:43. For SIRT1, Lunacrine interacted with Ala 

A:262, Ile A:270, Phe A:273, Val A:445, and His A:363, 

supported by additional non-covalent contacts at Tyr 

A:280, Asn A:346, and Ile A:347. In the COX-2 complex, 

key hydrogen bonds and polar interactions were formed 

with Cys B:36 and Arg B:44, while π-alkyl and van der 

Waals interactions involved Cys B:47, Leu B:152, Arg 

B:469, Lys B:468, Pro B:40, and Asn B:39. Meanwhile, 

fatty acids such as (Z)-11-octadecenoic acid and (9Z,12Z)-

octadeca-9,12-dienoic acid formed hydrogen bonds and 

alkyl interactions with PPAR-α at residues Asp A:353, Gln 

A:435, Lys A:358, and Phe A:361. Dynein interactions 

were observed at Leu A:90, Arg A:88, and Pro A:149. 

These interaction profiles are visually represented in the 

two-dimensional ligand-protein interaction diagrams shown 

in Figure 3.A-3.I. These findings support the binding 

affinity data and provide structural evidence of stable and 

biologically relevant ligand-target associations. 
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Figure 2. GC-MS chromatogram of KU extract 

 

 

Table 3. Pharmacokinetic profile of the compounds 

 

Compound 
Molecular weight 

(g/mol) 

Hydrogen  

donor 

Hydrogen  

acceptor 
cLogP 

TPSA 

(Å2) 

Lipinski 

criteria 
Information 

Lunacrine 273.33 0 3 2.80 40.46 Yes No violation 

(Z)-11-Octadecenoic acid 282.46 1 2 5.70 37.30 Yes 1 violation: CLogP>4.15 

Hexadecanoic acid 270.45 0 2 5.54 26.30 Yes 1 violation: CLogP>4.15 

(9Z,12Z)-Octadeca-9,12-

dienoicacid 

280.45 1 2 5.88 37.30 Yes 1 violation: CLogP>4.15 

 

 

 

Table 4. Results of molecular docking analysis 

 

Compound 
Macro-

molecule 

Binding 

affinity 

(kcal/mol) 

Recipitor interaction 

Lunacrine AMPK -7.8 Ala A:156, Ala A:43, Asp A:157, Glu A:94, Gly A:23, Gly A:25, Gly A:99, Ile 

A:77, Leu A:146, Leu A:22, Met A:93, Tyr A:95, Val A:30, Val A:96 

SIRT1 -8.5 Ala A:262, Arg A:274, Asn A:346, Asp A:272, Asp A:348, Gln A:345, His A:363, 

Ile A:270, Ile A:347, Phe A:273, Ser A:265, Tyr A:280, Val A:445 

COX-2 -8.9 Arg B:44, Arg B:469, Asn B:39, Asn B:43, Cys B:36, Cys B:41, Cys B:47, Gln 

B:42, Glu B:46, Glu B:465, Gly B:45, Leu B:152, Lys B:468, Pro B:153, Pro B:40, 

Tyr B:130 

(Z)-11-

Octadecenoic acid 

PPAR-α -5.2 Asp A:353, Asp A:360, Asp A:432, Gln A:435, Glu A:439, His A:440, Ile A:354, 

Leu A:436, Leu A:443, Lys A:358, Lys A:364, Phe A:361, Pro A:357 

Dynein -3.6 Arg A:88, Asn A:91, Glu A:154, Gly A:150, Leu A:153, Leu A:87, Leu A:90, Lys 

A:92, Phe A:157, Pro A:149 

Hexadecanoic acid AMPK -5.1 Arg E:269, Arg E:299, Arg E:70, Glu E:274, His E:298, Ile E:240, Leu E:277, Lys 

E:170, Phe A:273, Phe E:244, Pro A:367, Ser E:242, Val E:297 

SIRT1 -6.3 Ala A:262, Asn A:346, Asp A:348, Gln A:345, His A:363, Ile A:270, Ile A:347, Ile 

A:411, Phe A:273, Phe A:297, Phe A:413, Phe A:414, Ser A:265, Val A:412 

(9Z,12Z)-Octadeca-

9,12-dienoic acid 

PPAR-α -5.0 Asp A:353, Asp A:360, Asp A:432, Gln A:435, Glu A:439, His A:440, Ile A;354, 

Leu A:436, Leu A:443, Lys A:358, Phe A:361, Pro A:357 

Dynein -4.6 Arg A:88, Asn A:91, Gly A:150, Leu A:153, Leu A:87, Leu A:90, Lys A:158, Lys 

A:92, Phe A:157, Pro A:149 
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To complement the interaction data, three-dimensional 

visualizations of Lunacrine docked within AMPK, SIRT1, 

and COX-2 were generated and are presented in Figures 

4.A-4.C. These structural models illustrate the spatial 

orientation and binding conformation of Lunacrine within 

each protein’s active or regulatory site, highlighting 

hydrogen bonds and hydrophobic contacts that contribute 

to binding stability. The visualizations provide additional 

evidence supporting the docking scores and reinforce the 

relevance of these interactions to potential pharmacological 

effects. 

Discussion 

Qualitative phytochemical analysis of KU extract 

confirmed the presence of flavonoids, alkaloids, tannins, 

and saponins. Ethanol, as a polar solvent, has been shown 

to be effective for phytochemical extraction by displacing 

water in the plant matrix and enhancing the solubility of 

polar compounds (Bitwell et al. 2023). In contrast, steroids 

and terpenoids were not detected likely due to their non-

polar nature, which reduces their solubility in ethanol. This 

finding is consistent with the principle of "like dissolves 

like," which states that polar solvents preferentially 

dissolve polar compounds and vice versa (Reichardt 2021).  

The detection of bioactive secondary metabolites within 

KU extract indicates several compounds with therapeutic 

potential for ameliorating reproductive health disorders. 

Flavonoids, recognized for their antioxidant properties, may 

provide cellular protection against oxidative damage and 

contribute to reproductive health by enhancing microvascular 

circulation and reducing oxidative stress (Adewoyin et al. 

2017; Mondal and Rahaman 2020; Bhardwaj et al. 2021). 

Alkaloids, commonly associated with stimulatory effects, 

possess the potential to modulate energy homeostasis and 

sexual function (Brunetti et al. 2020). Tannins, known for 

their anti-inflammatory properties, may contribute to 

maintaining reproductive system integrity by mitigating 

inflammatory processes (Sobhani et al. 2021). Additionally, 

saponins, known for their immunostimulatory activities, 

may support reproductive function via immunomodulatory 

mechanisms (Behl et al. 2021; Cui et al. 2023). However, 

since this study relied on reagent-based qualitative 

screening without reference standards, the results should be 

considered a preliminary identification of phytochemical 

classes. Quantitative validation using standard-based 

methods such as TLC, HPLC, or UV-Vis spectroscopy is 

recommended for future research to enhance analytical 

rigor and reproducibility. 

The interpretation of FTIR spectra provides further 

evidence for the presence of these phytochemical groups 

(Figure 1). A broad absorption band around 3398.04 cm⁻¹ 

indicates O-H stretching vibration, typically associated 

with hydroxyl groups present in alcohols and phenolic 

compounds, such as flavonoids and tannins (Nandiyanto et 

al. 2023). The broad nature of this peak suggests the 

presence of intermolecular hydrogen bonding, a common 

characteristic of polar plant metabolites (Smith 2022). The 

C-H stretching vibrations at 2926.15 cm⁻¹ and 2855.72 cm⁻¹ 

are attributes to aliphatic chains, indicating the presence of 

-CH₂- and -CH₃ groups typically found in saponins and other 

hydrocarbon-containing compounds (Pasieczna-Patkowska 

et al. 2025). 

A distinct peak at 1700.21 cm⁻¹ indicates C=O stretching, 

characteristic of carbonyl-containing constituents such as 

alkaloids or esters (Sokal et al. 2023; Pasieczna-Patkowska 

et al. 2025). The fingerprint region (below 1500 cm⁻¹), 

though marked by overlapping and somewhat broad 

peaks—including bands at 1605.18, 1462.56, 1365.97, and 

1034.50 cm⁻¹—indicates the coexistence of various 

functional groups such as aromatic rings, C-O, and possibly 

C-N bonds. While the complexity and peak overlaps in this 

region limit spectra specificity, they reflect the chemically 

diverse nature of the KU extract, reinforcing the presence 

of multifunctional bioactive compounds (Özgenç et al. 

2017; Nandiyanto et al. 2023).  

GC-MS analysis was conducted to identify individual 

compounds in the KU extract (Figure 2 and Table 2). The 

identification process involved comparing the mass 

fragmentation patterns of each detected peak with reference 

spectra inlibraries. The degree of similarity was quantified 

using a library matching quality score, also known as the 

match factor, typically ranging from 0 to 1000. 

In this study, only compounds with a match score of 

≥850 were considered highly reliable, corresponding to 

>85% confidence in structural identity, aligning with standard 

metabolite profiling thresholds (Tsugawa and Fukusaki 

2020). Structural annotation was carefully interpreted for 

peaks with lower match scores (700-849) and further 

supported by retention time and peak shape analysis. 

To minimize false positives, redundant or low-abundance 

peaks with ambiguous match scores were excluded from 

docking prioritization. This approach ensured that only 

structurally well-validated compounds, both in abundance 

and spectral fidelity, were selected for biological relevance 

analysis. These GC-MS results strongly support and 

complement the initial phytochemical screening. While the 

qualitative phytochemical tests confirmed the presence of 

flavonoids, alkaloids, tannins, and saponins, several of the 

dominant compounds identified by GC-MS are known 

alkaloids, thereby validating the presence of nitrogen-

containing bioactive compounds (Bai et al. 2021). Similarly, 

fatty acids such as (9Z,12Z)-Octadeca-9,12-dienoic acid 

and (Z)-11-Octadecenoic acid are functionally associated 

with saponin-related and lipid-soluble phytochemical 

classes (Collodel et al. 2020; Sena and Denmeade 2021).  

The GC-MS analysis of S. lucida ethanol extract 

revealed a chemically diverse and complex profile, with 66 

identified compounds. This diversity suggests that S. lucida 

is metabolically active, consistent with reports on other 

species in the genus. Previous research has shown that 

Strychnos species possess considerable chemical diversity, 

particularly in their alkaloid, terpenoid, and phenolic 

content (Rahayu et al. 2022; Alagbe 2023; Cassas et al. 

2025). The ethyl acetate extract of S. innocua showed the 

presence of 37 identified compounds (Ibrahim et al. 2021). 

The higher number of compounds in this study is likely due 

to ethanol—a more polar solvent capable of extracting a 

wide range of constituents, including polar secondary 

metabolites. 
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Figure 3. 2D visualization of target receptors and ligands of Kayu Ular extract compounds: A. Lunacrine-AMPK, B. Lunacrine-SIRT1, 

C. Lunacrine-COX-2, D. (Z)-11-Octadecenoic acid-PPAR-α, E. (Z)-11-Octadecenoic acid-Dynein, F. Hexadecanoic acid-AMPK, G. 

Hexadecanoic acid-SIRT1, H. (9Z,12Z)-Octadeca-9,12-dienoic acid-PPAR-α, I. (9Z,12Z)-Octadeca-9,12-dienoic acid-Dynein 
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F G 
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Figure 4. 3D visualization of Lunacrine within the active sites of: A. AMPK, B. SIRT1, and C. COX-2. Protein structures are displayed 

in ribbon format (α-helices in red, β-sheets in cyan), and Lunacrine is shown in stick model within the binding pocket. Surface contours 

represent the receptor cavity, while hydrogen bond donor and acceptor interactions are indicated in magenta and green, respectively. 

Visualizations were generated using Discovery Studio Visualizer 

 

 

 

The extract was dominated by Lunacrine (52.71%) and 

Balfourodine (15.67%), together accounting for over two-

thirds of the total content. Consistent with previous reports 

indicating that alkaloids are often predominant in Strychnos 

species (Tittikpina et al. 2020; Cassas et al. 2025), this 

study further highlights the prominence of specific alkaloid 

constituents. Notably, recent findings in Strychnos peckii 

B.L.Rob. revealed high alkaloid chemodiversity, with 33 

alkaloids identified among 46 metabolites (Cassas et al. 

2025). This suggests that S. lucida may represent a distinct 

chemotype enriched in specific alkaloids such as Lunacrine. 

The absence of well-known alkaloids like strychnine and 

brucine in this study may be attributed to their low 

abundance, limited solubility in ethanol, or inefficient 

extraction under the applied conditions.  

The ten dominant compounds were selected based on 

their highest relative abundance in the chromatogram, as 

they cumulatively accounted for over 80% of the total peak 

area. This prioritization focused molecular docking 

simulations on the most chemically representative and 

biologically relevant constituents (Tsugawa and Fukusaki 

2020). However, the 56 minor constituents identified may 

act synergistically with the major compounds or exert 

independent bioactivities, thereby contributing to the 

extract’s overall pharmacological profile (Yuan et al. 2016; 

Behl et al. 2021). Future studies are encouraged to investigate 

these lower-abundance compounds for their potential 

additive or modulatory effects. Additionally, the presence 

of chemical classes such as methyl esters, phenolic acids, 

and quinoline derivatives indicates a chemical diversity 

consistent with the initial phytochemical screening of S. 

lucida (Silva et al. 2023).  

The pharmacological potential of several identified 

compounds is particularly noteworthy. Many are known for 

antimicrobial, antioxidant, and anti-inflammatory properties, 

which support the ethnomedicinal application of S. lucida, 

particularly in reproductive health. Several compounds, 

such as β-bisabolene, Neophytadiene, and 2-ethylhexanal, 

are also associated with their toxicological properties. β-

Bisabolene, for example, is associated with dermal irritation 

and aquatic toxicity (BASF 2023), while Neophytadiene 

and 2-ethylhexanal have demonstrated oral and respiratory 

toxicity (MedChemExpress 2023; PubChem 2024). Therefore, 

toxicity tests are necessary before clinical or veterinary 

applications, although therapeutic properties are well 

known. Kunu et al. (2020) reported that S. lucida decoction 

significantly reduced spermatozoa abnormalities in diabetic 

mice, indicating potential benefits for reproductive health 

(Kunu et al. 2020). Further investigation is needed to 

elucidate the mechanisms of action and possible synergistic 

effects among the extract’s constituents. 

Molecular docking simulations assessed the potential of 

KU compounds to modulate reproductive health. However, 

redocking validation was only performed for COX-2 with 

limited success, as RMSD values were relatively high (>10 

Å). Due to technical limitations, RMSD-based validation 

was not feasible for other target proteins that do not have 

corresponding native ligand data. Future studies should 

incorporate more extensive docking protocol validations, 

including RMSD analysis, to improve the accuracy of 

predicted ligand-receptor interactions.  

Among the ten most abundant identified compounds in 

the GC-MS profile, four compounds, i.e., Lunacrine, (Z)-

11-octadecenoic acid (cis-vaccenic acid), hexadecanoic 

acid (palmitic acid), and (9Z,12Z)-octadeca-9,12-dienoic 

acid (linoleic acid) were selected for molecular docking 

simulations. This selection was based on their high relative 

abundance, the presence of functional groups consistent with 

FTIR spectral data (such as hydroxyl, carbonyl, and aliphatic 

chains), and alignment with preliminary phytochemical 

screening results indicating the presence of alkaloids and 

lipid-related metabolites (Tsugawa and Fukusaki 2020; 

Nandiyanto et al. 2023).  

Lunacrine, the predominant alkaloid, has been shown to 

exert anti-inflammatory and metabolic-regulatory activities, 

potentially contributing to enhanced reproductive health by 

inhibiting inflammatory pathways and promoting 

mitochondrial biogenesis (Bai et al. 2021; Sultana et al. 2022). 

Meanwhile, the three fatty acids support reproductive 

function by modulating hormonal regulation, membrane 

fluidity, mitochondrial function, and spermatozoa viability 

(Hu et al. 2018; Kimura et al. 2019; Collodel et al. 2020; 

Liman et al. 2021; Sena and Denmeade 2021). 

In silico pharmacokinetic analysis using SwissADME 

indicated that all four compounds closely met Lipinski’s 

Rule of Five, which predicts favorable oral bioavailability 
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and drug-likeness (Table 1) (Daina et al. 2017). These 

compounds did not violate more than one of the criteria 

involving hydrogen bond donors and acceptors, molecular 

weight, octanol-water partition coefficient (log P), and 

Total Polar Surface Area (TPSA). While these computational 

predictions provide useful preliminary insights, they do not 

replace experimental pharmacokinetic data. Therefore, 

validation in animal models is essential to assess systemic 

distribution, metabolic stability, and overall safety. 

Several other dominant compounds identified in the 

GC-MS analysis, such as Balfourodine, Isobalfourodine, 

and Benzo[octahydroacephenanthrylene], were excluded 

from docking due to lack of unavailable or unvalidated 

three-dimensional structural data, as well as potential 

toxicity concerns or lack of relevance to the reproductive 

targets (MedChemExpress 2023). Similarly, low-abundance 

or structurally unsuitable compounds, including methyl 4-

hydroxy-3-methoxybenzoate and 1,3,4,5-

tetrahydroxycyclohexanecarboxylic acid, failed to meet the 

pharmacokinetic or structural criteria for docking studies. 

This multidimensional selection strategy, integrating 

chemical abundance, structural compatibility, phytochemical 

evidence, and pharmacokinetic suitability, was applied to 

prioritize compounds for docking simulations. This 

approach ensured that the selected compounds were both 

chemically diverse and biologically plausible. Five proteins 

were selected as docking targets based on their key roles in 

reproductive physiology and in molecular pathways: 

AMPK (PDB ID: 4CFF), SIRT1 (PDB ID: 4ZZI), COX-2 

(PDB ID: 6COX), PPAR-α (PDB ID: 3VI8), and Dynein 

(PDB ID: 8I3J). 

AMPK, SIRT1, and COX-2 represent central regulators 

of cellular metabolism, oxidative stress, and inflammatory 

responses—mechanisms that are strongly linked to oocyte 

quality, sperm motility, and hormonal balance (Lai et al. 

2019; Yang et al. 2020; Zhao et al. 2020; Alam et al. 2021; 

D’Angelo et al. 2021; Estienne et al. 2021; Froment et al. 

2022; Liu et al. 2024). PPAR-α is involved in lipid 

metabolism and hormonal signaling, making it relevant to 

conditions such as PCOS and luteal insufficiency (Santoro 

et al. 2020; Przybycień et al. 2022; Li et al. 2023). Dynein, 

a microtubule-associated motor protein, was included for 

comparison due to its critical structural role in gamete and 

embryo transport (Canty et al. 2021; Pereira et al. 2023). 

The binding affinities of Lunacrine (−8.9 kcal/mol for 

COX-2, −8.5 for SIRT1, and −7.8 for AMPK) fall within 

or exceed the range typically observed for natural product 

ligands with strong receptor affinity (−6.0 to −8.0 kcal/mol) 

(Ren et al. 2022; Choo and Chai 2023; Muhammed and 

Aki-Yalcin 2024), as summarized in Table 4. Among 

(9Z,12Z)-octadeca-9,12-dienoic acid, (Z)-11-octadecenoic 

acid, and hexadecanoic acid showed moderate binding 

affinities (−4.6 to −6.3 kcal/mol), consistent with known 

endogenous ligand interactions with PPAR-α and other 

lipid-sensitive proteins (Table 4). 

Molecular interaction visualizations (Figure 3) using 

Discovery Studio confirmed that Lunacrine formed multiple 

hydrogen bonds and hydrophobic contacts with active site 

residues across AMPK, SIRT1, and COX-2, supporting its 

high docking scores (Deepasree and Venugopal 2024; 

Moon 2024; Flores and Jerves 2025). Specifically, Lunacrine 

interacted with AMPK through hydrogen bonds with Leu 

A:22, as well as π-alkyl interactions with Val A:30, Leu 

A:146, and Ala A:43, indicating stable anchoring within 

the catalytic region—suggesting a role in energy sensing 

and gamete metabolism (Martin-Hidalgo et al. 2018). For 

SIRT1, interactions involved Phe273, His363, Arg274, and 

Asp272 within the active site cleft, implying potential 

modulation of oxidative stress and deacetylation pathways 

in reproductive cells (Liu et al. 2018; Zhao et al. 2020). 

The strongest binding was observed with COX-2, where 

Lunacrine established conventional hydrogen bonds with 

Cys36, Arg44, and Gly45, along with hydrophobic and π-

alkyl interactions involving Pro40 and Cys47. These 

residues are located near the allosteric and oxygenase 

sites—critical regions for prostaglandin biosynthesis, 

ovulation, and luteal function (Sugimoto et al. 2015). 3D 

docking visualizations further support these findings, as 

shown in Figures 4.A-4.C, highlighting the spatial fit and 

stability of Lunacrine within each protein’s binding pocket. 

Taken together, the high binding scores and consistent 

interaction profiles of Lunacrine with AMPK, SIRT1, and 

COX-2 suggest potential modulation of metabolic and 

inflammatory pathways essential to reproductive function. 

Notably, the binding affinity of Lunacrine to COX-2 (−8.9 

kcal/mol) is comparable to that of celecoxib (~−9.0 

kcal/mol), as reported in validated docking studies using 

COX-2 inhibitor complexes (Coy-Barrera 2020; Khan et al. 

2020). Likewise, its affinity to SIRT1 (−8.5 kcal/mol) is 

comparable to those of known modulators such as 

resveratrol (−8.07 kcal/mol) and SRT2104 (−8.0 kcal/mol) 

(Kim et al. 2018; Chang et al. 2024), indicating that 

Lunacrine may act as a functional mimic in modulating 

oxidative stress and mitochondrial signaling.  

The pharmacological relevance of Lunacrine is further 

supported by its methoxylated aromatic scaffold and 

conjugated heterocycles, which resemble key pharmacophoric 

features of potent SIRT1/AMPK modulators such as 

resveratrol, curcumin, and berberine—phytochemicals 

known to enhance SIRT1 activity and reduce oxidative 

stress via the SIRT1/AMPK axis (Cho et al. 2022; Wiciński 

et al. 2023). Notably, recent studies on non-polyphenolic 

fused-aromatic SIRT1 activators have demonstrated their 

ability to promote mitochondrial function and antioxidant 

defense, thereby reinforcing Lunacrine’s candidacy as a 

promising phytotherapeutic agent (Chen and Yeong 2024).  

These findings not only place Lunacrine in the same 

range of binding affinities as well-characterized reference 

ligands (e.g., celecoxib, resveratrol), but also highlight its 

unique structural scaffold as a promising alternative 

pharmacophore. When combined with favorable ADME 

predictions—indicating good oral bioavailability and 

systemic exposure—these attributes collectively strengthen 

its candidacy as a novel modulator of reproductive health. 

Nevertheless, unlike approved drugs, the pharmacokinetic 

behavior and safety profile of Lunacrine remain to be 

validated through experimental in vivo studies. 

In addition, unsaturated fatty acids such as [9Z,12Z]-

octadeca-9,12-dienoic acid, [Z]-11-octadecenoic acid, and 

hexadecanoic acid demonstrated moderate binding affinities 



 B IO DIVERSITAS  26 (7): 3469-3483, July 2025 

 

3480 

(−4.6 to −6.3 kcal/mol) to PPAR-α and AMPK, primarily 

through hydrogen bonding with residues such as Asp, Lys, 

and Gln. Although their affinities were moderate, these 

compounds may support reproductive function through 

known roles in metabolic and hormonal regulation 

(Collodel et al. 2020; Sena and Denmeade 2021). This 

pattern is consistent with structural analyses showing that 

synthetic PPAR‑α agonists, such as pemafibrate, exhibit 

substantially stronger binding interactions approximately 

(−7.5 kcal/mol or stronger) via highly specific residue 

contacts (Yamamoto et al. 2018). Conversely, in silico 

studies have demonstrated that numerous phytochemicals 

display moderate but biologically relevant affinities toward 

PPAR‑α/γ, supporting the concept that natural ligands can 

provide complementary and potentially synergistic modulation 

of receptor activity (Mandal et al. 2022). 

As for Dynein, although some fatty acids exhibited 

weak docking interactions, Lunacrine was not docked to 

this target due to the lack of a well-defined small-molecule 

binding site. Despite Dynein’s importance in gamete and 

embryo transport (Wen et al. 2018; Canty et al. 2021), its 

classification as a motor protein makes it a less suitable 

candidate for phytochemical modulation in early-phase 

docking analyses (He et al. 2023; Pereira et al. 2023). 

While Lunacrine demonstrated favorable in silico 

pharmacokinetic properties, potential safety concerns must 

still be addressed. Alkaloids structurally similar to 

Lunacrine have demonstrated hepatotoxic, genotoxic, and 

cytotoxic effects in vitro (e.g., β-carboline alkaloids causing 

DNA damage in ovarian and breast cancer cell lines) (Mota 

et al. 2020; Tecchio et al. 2024; Yu et al. 2025), raising the 

need for dedicated in vitro toxicity screening on reproductive 

cell models prior to comprehensive preclinical testing. 

This study has several limitations. The pharmacological 

inferences rely solely on in silico simulations without direct 

experimental validation, while the qualitative nature of the 

phytochemical screening, coupled with the absence of 

RMSD-based docking validation, limits the interpretability 

of the docking results. To support the translational 

development of Lunacrine and related compounds, future 

research should include quantitative phytochemical analyses; 

experimental binding studies; in vivo pharmacokinetic 

evaluations to assess systemic distribution and metabolic 

stability; as well as reproductive toxicology screening 

using relevant cell models and animal systems (Tan et al. 

2022; Guan et al. 2023; Aljohani et al. 2024). 

To the best of our knowledge, this is the first 

comprehensive study integrating GC-MS profiling, 

phytochemical classification, in silico pharmacokinetic 

evaluation, and multi-target molecular docking to assess 

the reproductive health potential of S. lucida. The 

identification of Lunacrine as a dominant acridone alkaloid 

with strong binding affinities to AMPK, SIRT1, and COX-

2, along with the supportive role of unsaturated fatty acids 

targeting PPAR-α, reveals a promising phytochemical 

synergy. Together, these findings establish a scientific 

rationale for advancing S. lucida as a phytopharmaceutical 

candidate for reproductive health. 

In conclusion, the ethanol extract of Strychnos lucida 

contains a chemically diverse profile of bioactive compounds, 

predominantly the alkaloid Lunacrine, alongside several 

unsaturated fatty acids. Phytochemical screening and 

spectroscopic analyses confirmed the presence of flavonoids, 

alkaloids, tannins, and saponins, while GC-MS profiling 

identified 66 metabolites with potential pharmacological 

relevance. Molecular docking demonstrated strong binding 

affinities of Lunacrine to AMPK, SIRT1, and COX-2, 

indicating its potential role in modulating energy metabolism, 

oxidative stress, and inflammation—key pathways involved 

in reproductive regulation. These findings provide 

scientific support for the traditional use of S. lucida and 

underscore its promise as a phytotherapeutic candidate for 

reproductive health. Nonetheless, this study presents 

several limitations, including the absence of experimental 

validation, restricted geographic sampling, and a lack of 

assessment regarding compound synergy and metabolic 

transformation. To address these gaps, future research 

should incorporate comprehensive in vitro and in vivo studies 

—particularly reproductive toxicity assays and pharmacokinetic 

profiling (absorption, distribution, metabolism, and 

excretion)—alongside mechanistic binding experiments to 

confirm safety, bioavailability, and molecular relevance. 

Such investigations will be essential to translate S. lucida 

from an ethnomedicinal resource into a scientifically 

validated phytopharmaceutical for reproductive health 

applications. 
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