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INTRODUCTION 

Aging is an inevitable physiological process that affects all living organisms, including humans, manifesting visibly in the 

skin and systemically in various organs1. The skin, as the body's largest organ, is particularly susceptible to environmental 

damage, accelerating its aging process. Structurally, the skin comprises three distinct layers. The outermost layer, the 

epidermis, is primarily composed of keratinocyte cells, vital for keratin synthesis, and melanocyte cells, responsible for skin 

pigmentation2,3. Beneath the epidermis lies the dermis, a complex connective tissue system rich in fibroblasts, collagen, and 

elastin fibers4. This layer, which constitutes the bulk of the skin, is crucial for its flexibility, elasticity, and tensile strength2,5. 

The deepest layer, the subcutaneous connective tissue, consists of fat cell lobules and plays a significant role in hormone 

regulation3. 

Skin aging can be broadly categorized into chronological (intrinsic) aging, driven by internal biological factors, and 

photoaging (extrinsic aging), which results from external aggressors. Chronological aging leads to a gradual reduction in 

the skin's physiological function over time, while external factors such as ultraviolet (UV) radiation, chemical exposure, poor 

nutrition, and lifestyle choices significantly exacerbate skin damage6,7. This multifaceted aging process induces profound 

changes in skin biology and structure. Key alterations include reductions in skin thickness and water content, altered 

collagen solubility, and increased cross-linking of collagen and elastin fibers. Clinically, these changes manifest as increased 
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 Abstract 

Skin aging, a natural physiological process intensified by 
external factors that augment the activity of aging-related 
enzymes such as elastase and collagenase, leads to the 
degradation of collagen solubility and the disruption of elastin 
fiber cross-linking. This study aimed to investigate the potential 
of secondary metabolites from Illicium verum fruit as inhibitors 
of both elastase and collagenase through an in silico molecular 
docking approach. The methodology involved ligand and 
protein preparation, validation of the docking protocol, the 
molecular docking simulation itself, and subsequent 
visualization of amino acid residue interactions. The protein 
targets utilized were elastase (PDB ID: 1Y93) and collagenase 
(PDB ID: 2D1N). The docking results identified gingerol as 
exhibiting the highest binding affinity for elastase (-7.99 
kcal/mol), followed by carvacrol (-6.79 kcal/mol) and ferulic 
acid (-6.24 kcal/mol). Similarly, for collagenase, gingerol 
displayed the strongest interaction (-8.47 kcal/mol), followed 
by carvacrol (-6.30 kcal/mol) and α-pinene (-6.24 kcal/mol). 
Notably, gingerol and carvacrol also demonstrated favorable 
amino acid similarity scores and promising interactions within 
the active sites of both elastase and collagenase. In conclusion, 
this molecular docking study suggests that the secondary 
metabolites of I. verum fruit possess potential anti-aging activity 
by inhibiting elastase and collagenase enzymes. 
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skin laxity and fragility, the appearance of fine lines, and the disruption of elastin networks4,8. Mechanistically, collagen 

damage is often mediated by elevated collagenase activity, while elastase activity directly impacts the integrity and cross-

linking of elastin fibers. An increase in the activity of these two enzymes is a critical factor in accelerating the skin aging 

process9,10. 

Given the profound impact of oxidative stress and inflammation on skin aging, natural compounds with antioxidant and 

anti-inflammatory properties are of significant interest for dermatological applications. Illicium verum Hook f., commonly 

known as star anise, is widely recognized for its use in cosmetic products, where it functions as a perfuming material, skin 

conditioner, tonic, and soothing agent, as listed in the Cosmetic Ingredients database of the European Commission11. Beyond 

its cosmetic applications, I. verum fruit is also well-documented for its potent anti-inflammatory, antibacterial, and 

antioxidant activities12,13. These properties are directly relevant to the intricate mechanisms of skin aging, as oxidative stress 

is a primary driver, with reactive oxygen species (ROS) promoting collagen degradation and diminishing skin elasticity14. 

Furthermore, inflammatory mediators upregulate matrix metalloproteinases (MMPs), particularly collagenase (MMP-1), 

which actively degrade collagen within the skin's extracellular matrix15. The observed bioactivities of I. verum fruit are largely 

attributed to its rich composition of phenolic compounds, including rutin, ferulic acid, caffeic acid, gallic acid, and catechin16. 

Despite its traditional use and promising phytochemical profile, studies specifically investigating the anti-aging activity of I. 

verum fruit have not been previously reported. Therefore, in this study, we employed molecular docking simulations to 

investigate the interaction of secondary metabolites from I. verum ethanolic extract with collagenase and elastase enzymes, 

aiming to elucidate its potential anti-aging mechanisms. 

 

MATERIALS AND METHODS 

Materials 

This study utilized secondary metabolites derived from I. verum, specifically those identified in its essential oil and ethanol 

extract. The key compounds investigated included carvacrol, limonene, camphene, α-pinene, gingerol, ferulic acid, rutin, 

methyl anisate, and kojic acid17. The chemical structures of these compounds were retrieved from the PubChem database 

(https://pubchem.ncbi.nlm.nih.gov/). For enzyme structures, collagenase (PDB ID: 2D1N) and elastase (PDB ID: 1Y93) 

were obtained from the Protein Data Bank (https://www.rcsb.org/), complete with their respective bound ligands. 

Molecular docking simulations were performed using AutoDockTools, which facilitated macromolecule preparation and 

the execution of docking protocols. Specifically, autogrid4.exe and autodock4.exe were employed for grid generation and 

docking operations, respectively. Avogadro software was utilized for the energy minimization of ligands prior to docking. 

For the visualization and analysis of ligand-receptor interactions, BIOVIA Discovery Studio Visualizer 2024 v.24.1.0.23298 

was used. All computational tasks were conducted on an Acer Aspire A514-54G laptop, featuring an 11th Gen Intel® Core™ 

i3-1115G4 processor clocked at 3.00 GHz, 8.00 GB of RAM, and running a 64-bit operating system. 

Methods 

Protein preparation 

Protein structures of collagenase and elastase were prepared using AutoDockTools for subsequent molecular docking 

simulations. For collagenase, chain A from the Collagenase-3 (MMP-13) complexed with a hydroxamic acid inhibitor was 

utilized, possessing a protein resolution of 2.37 Å. Meanwhile, elastase preparation involved chain A from the crystal 

structure of the catalytic domain of human MMP12, complexed with acetohydroxamic acid, resolved at an exceptional 1.03 

Å atomic resolution. Prior to docking, all water molecules and non-standard residues were meticulously removed from 

both protein structures. Subsequently, hydrogen atoms and Kollman charges were added to ensure proper chemical 

representation. The prepared protein structures were then saved in .pdbqt format, ready for the molecular docking 

procedures18. 

Ligand preparation 

The specific compounds from I. verum extract utilized in this study were identified through prior LC-MS/MS profiling 

conducted by our research group in a separate investigation17. These identified compounds include carvacrol, thymol, 

limonene, camphene, α-pinene, gingerol, ferulic acid, rutin, and methyl anisate. For molecular docking simulations, the 3D 

https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
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structures of these compounds were retrieved in *.sdf format from the PubChem database. To ensure the most stable 

conformation for docking, the energy of each compound was subsequently minimized using the "Optimize Geometry" tool 

within Avogadro software. The optimized structures were then saved in *.pdb format. 

Further preparation for docking was performed using AutoDockTools. Each minimized ligand in *.pdb format was opened 

via the "Input Ligand" menu. The ligands were then prepared for docking by defining their rotatable bonds using the 

"Torsion Tree" tools. This involved a series of steps: "detect root," "choose root," "set number of torsion," and "choose torsion." 

Finally, the prepared ligands were saved in .pdbqt format, ready for subsequent docking analyses18. 

Method validation 

The reliability and accuracy of the molecular docking simulations were ensured through a rigorous method validation 

process. This involved re-docking the native ligand back into the active site of each target protein. For this procedure, 

AutoDockTools was utilized to define a grid box (40 x 40 x 40 points) precisely centered on the known native ligand position 

within the protein's binding pocket. Specifically, for protein 1Y93, the re-docking was performed with the grid box centered 

at coordinates x: 1.632, y: -1.803, and z: 4.393, and a grid spacing of 0.142 Å. For protein 2D1N, the grid box was centered at 

x: -44.048, y: 25.846, and z: -19.485, with a grid spacing of 0.375 Å. 

A critical metric for successful validation is the Root Mean Square Deviation (RMSD) value. An RMSD value of less than 2.0 

Å signifies that the re-docked ligand's predicted pose is sufficiently close to its experimentally determined native 

conformation, thus confirming the docking method's ability to accurately reproduce the optimal ligand binding position19. 

To confirm this accuracy, the native ligands of each protein, elastase (acetohydroxamic acid) and collagenase (N-[(2R)-6-

amino-1-(hydroxyamino)-1-oxohexan-2-yl]-10-[2-[(diaminomethylideneamino)methyl]phenyl]decanamide), were re-

docked, and their respective RMSD values were verified to be below the 2.0 Å threshold. 

Molecular docking 

Molecular docking simulations were performed using AutoDockTools to evaluate the binding affinity and molecular 

interactions of star anise compounds with the 1Y93 and 2D1N receptors. The energy of binding was expressed in kcal/mol. 

Crucially, the grid box size and coordinates for each receptor were maintained consistently with those established during 

the validation process, ensuring comparability and reliability of the docking results. 

Data analysis 

Ligand-receptor interactions were meticulously evaluated based on two primary criteria: the similarity of amino acid 

residues involved in the binding site and the specific types of interactions formed between the ligands (both native and 

tested compounds) and the receptor20. This comparative analysis allowed for a comprehensive assessment of how 

effectively the compounds mimicked or modulated the binding characteristics of the native ligand. 

 

RESULTS AND DISCUSSION 

The molecular docking protocol employed in this study was rigorously validated to ensure its reliability. For the 1Y93 

receptor, the RMSD between the docked and experimental ligand conformations was 1.83 ± 0.02 Å. Similarly, for the 2D1N 

receptor, the RMSD was 1.16 ± 0.07 Å. These low RMSD values confirm the accuracy and applicability of our docking 

methodology for evaluating ligand-receptor interactions21. 

Our investigation into the secondary metabolites of I. verum extract revealed their potential as inhibitors of 1Y93 and 2D1N 

through molecular docking simulations. Notably, gingerol exhibited the strongest binding affinity to 1Y93, achieving a 

docking score of -8.85 ± 0.36 kcal/mol. This score significantly surpassed those of both the positive control, kojic acid (-3.53 

± 0.02 kcal/mol), and the native ligand (-3.09 ± 0.01 kcal/mol). Other promising compounds, carvacrol and ferulic acid, also 

demonstrated favorable receptor binding with docking scores of -6.79 ± 0.01 kcal/mol and -6.23 ± 0.01 kcal/mol, 

respectively. Similarly, molecular docking results for I. verum secondary metabolites against 2D1N indicated substantial 

inhibitory potential, often surpassing that of the reference compound, kojic acid (−4.27 ± 0.02 kcal/mol). Gingerol again 

emerged as a leading inhibitor, achieving the highest docking score of −8.12 ± 0.49 kcal/mol, followed by carvacrol (−6.35 ± 

0.07 kcal/mol) and α-pinene (−6.24 ± 0.01 kcal/mol) (Table I). 

 

https://journal.umpr.ac.id/index.php/bjop
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Table I. Molecular docking scores and inhibition constants of secondary metabolites of I. verum on 1Y93 and 2D1N (average ± SD). 

Ligands 
1Y93 2D1N 

Docking score 
(∆G; kcal/mol) 

Inhibition constant 
(Ki; μM) 

Docking score 
(∆G; kcal/mol) 

Inhibition constant 
(Ki; μM) 

Native ligand -3.09 ± 0.01 545 ± 1.73 -9.96 ± 0.01 0.49 ± 0.02 
Carvacrol -6.79 ± 0.01 10.5 ± 0.07 -6.35 ± 0.07  22.21 ± 2.5 
Limonene -6.22 ± 0.03 27.44 ± 1.59 -5.93 ± 0.01 44.22 ± 0.03 
Camphene -5.70 ± 0.04 67 ± 4.59 -5.98 ± 0.01 41.31 ± 0.15  
α-pinene -5.95 ± 0.01 43.57 ± 1.27 -6.24 ± 0.01 26.33 ± 0.57 
Gingerol -8.85 ± 0.36  0.7 ± 0.61 -8.12 ± 0.49  1.31 ± 0.98 
Ferulic acid -6.23 ± 0.01 27.09 ± 0.76 -5.27 ± 0.01 138.76 ± 0.76 
Rutin -5.99 ± 0.86  73.18 ± 83.01 -5.10 ± 0,07 183.06 ± 21.09 
Methyl anisate -6.13 ± 0.03 32.17 ± 1.42 -5.46 ± 0,01 100.63 ± 0.7 
Kojic acid -3.53 ± 0.02 2.56 ± 0.08 -4.27 ± 0.02 741.64 ± 21.61 

 

Further analysis of gingerol's interaction with 1Y93 (Table II) showed a high amino acid similarity score of 60.00% with 

Ala182, His218, and Glu219, indicating shared critical binding residues with the native ligand. The interaction similarity 

score between gingerol and the native ligand was 40.00%, primarily involving hydrogen bonds at Ala182 and Glu219, 

alongside van der Waals interactions at His218. Interestingly, gingerol formed a higher number of hydrogen bonds at the 

1Y93 binding site compared to other tested ligands, specifically at five sites: Ala182, Glu219, Leu181, Ala234, and Thr239. 

This increased number of hydrogen bonds likely contributes to gingerol's superior docking score, as such interactions are 

known to strengthen molecular binding affinity22. In contrast, carvacrol and ferulic acid displayed lower amino acid 

similarity scores of 20.00% (His218) and 40.00% (Ala182, His218), respectively. The detailed interaction between the elastase 

receptor and gingerol, carvacrol, as well as ferulic acid is visually represented in Figure 1. 

 
Table II. Drug-compound interactions (amino acid residues and interaction types) and native ligand similarity scores of 1Y93. 

Parameter 
Native 
ligand 

Carvacrol Limonene Camphene 
α -

pinene 
Gingerol 

Ferulic 
acid 

Rutin 
Methyl 
anisate 

Amino acid 
residue 

His228e - - - - - - - - 
Ala182a - - - - - - - - 
His218a - Ala182b - - Ala182a Ala182ab Ala182a - 
His222a His218b His218b His218bc His218bc His218b His218be His218a His218b 
Glu219af - - - - - - His222a - 

- - - - - Glu219a - - Glu219a 
- Thr239e Leu181b Leu181b Leu181b Leu181a Leu181abc Leu181a Leu181b 
- Tyr240b - Tyr240b Tyr240b Tyr240b Tyr240a - Tyr240b 
- Val235a - - - Val235ae Val235a - - 
- - - - - His228b - - - 
- - - - - Ile180b - - - 
- - - - - Ala234a - - - 
- - - - - Thr239a - - - 
- - - - - - Gly179a - - 
- - - - - - Lys241a - Lys241a 
- - - - - - - Ala184a - 
- Phe237a - - - - - His183b - 
- - - - - - - His172a - 

Similarity of amino acid with 
native ligand (%) 

20 40 20 20 60 40 60 40 

Similarity of interaction with 
the native ligand (%) 

0 0 0 0 40 20 60 20 

Similarity in ligand-receptor 
interaction (%)* 

10 20 10 10 50 30 60 30 

Note: ahydrogen bond, balkyl/pi-alkyl, cpi-sigma, dpi-cation, eunfavorable donor-donor, fattractive charge, *(similarity of amino acid + similarity type of 
interaction)/2 

 

Gingerol demonstrated an amino acid similarity score of 40.00% with the native ligand of 2D1N, similar to rutin, and shared 

common binding sites including Thr245, Ile243, Ala186, His222, Val219, and Leu239 (Table III). The interaction profile of 

gingerol exhibited a 33.33% similarity with the native ligand, forming hydrogen bonds at Thr245, Ile243, Ala186, and His222, 

and van der Waals interactions at Val219 and Leu239. Furthermore, gingerol formed the most numerous hydrogen bonds 

among the tested ligands within the 2D1N binding site, engaging seven residues: Thr245, Ile243, Ala186, His222, Leu185, 

Gly183, and Phe241. This extensive hydrogen bonding network, similar to that observed with the 1Y93, correlates with 
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gingerol's superior docking score. The interactions between the collagenase receptor and gingerol, carvacrol, as well as α-

pinene are visually presented in Figure 2. 

 

 
a    b    c 

Figure 1. Ligand interactions of compounds with the best docking scores against the 1Y93 receptor: (a) gingerol, (b) carvacrol, and (c) ferulic acid. 

 
Table III. Drug-compound interactions (amino acid residues and interaction types) and native ligand similarity scores of 2D1N. 

Parameter 
Native 
ligand 

Carvacrol Limonene Camphene 
α -

pinene 
Gingerol 

Ferulic 
acid 

Rutin 
Methyl 
anisate 

Amino acid 
residue 

Ala238a - - - - - - - - 
Thr245a Thr245a - - - Thr245a Thr245a - Thr245a 
Ile243a - - - - Ile243a Ile243a - - 
Pro236a - - - - - - - - 
Ala188a - - - - - - - - 
Glu223a - - - - - - Glu223a - 
His226a - - - - - - His226a - 
Ala186a - - - - Ala186a Ala186ab Ala186a - 
His232a - - - - - - His232a His232b 
His222a - His222b His222b His222bc His222ad His222d His222a His222bc 
Val219b - - - - - - - - 
Tyr244b - Val219b - Val219b Val219b Val219b - Val219b 
Leu218b Tyr244c Tyr244b - Tyr244b - - Tyr244a - 
Leu239bc - - - - - - - - 

- - - Leu239b - Leu239b - - - 
- - Leu185b - - Leu185ab Leu185abc Leu185a - 
- - - - - Gly183a - Gly183a - 
- - - - - Phe241ab - Phe241a - 
- - - - - - - Pro242b - 

Similarity of amino acid with 
native ligand (%) 

13.33 20 13.33 20 40 33.33 40 26.67 

Similarity of interaction with 
the native ligand (%) 

6.67 13.33 0 13.33 33.33 26.67 40 13.33 

Similarity in ligand-receptor 
interaction (%)* 

10 16.67 6.67 16.67 36.67 30 40 20 

Note: ahydrogen bond, balkyl/pi-alkyl, cpi-sigma, dpi-cation, eunfavorable donor-donor, fattractive charge, *(similarity of amino acid + similarity type of 
interaction)/2 

 

 
a    b    c 

Figure 2. Ligand interactions of compounds with the best docking scores against the 2D1N receptor: (a) gingerol, (b) carvacrol, and (c) α-pinene. 

 

Plant extracts are complex mixtures of metabolites, where not all compounds may contribute equally to pharmacological 

activity. Nonetheless, many are classified as bioactive compounds capable of synergistic, additive, or even antagonistic 

effects23. Major classes of metabolites recognized for their medicinal properties, such as alkaloids, terpenoids, and phenolic 

compounds, often exhibit anti-inflammatory or antimicrobial activities24. However, the intricate composition of extracts, 

typically comprising hundreds of metabolites, complicates the identification of specific activity for individual compounds, 

classifying plant extracts as multi-target interaction agents23. Elevated levels of free radicals, originating from both internal 

https://journal.umpr.ac.id/index.php/bjop
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metabolic processes and external environmental factors, can significantly upregulate the activity of collagenase and elastase. 

This, in turn, leads to the degradation of the extracellular matrix (ECM), which is primarily composed of vital structural 

proteins like collagen, elastin, and hyaluronic acid25. 

Gingerol, a prominent phenolic compound identified in I. verum extract, is widely recognized as a key active component in 

Zingiber officinale, contributing to its established anti-inflammatory and antioxidant properties. Both Z. officinale and I. verum 

share the presence of gingerol, which imparts the characteristic pungent flavor. Gingerol's anti-aging effects have been 

linked to its capacity for oxidative stress reduction. It has been shown to enhance the activity of crucial antioxidant enzymes, 

including superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), as well as elevating glutathione 

(GSH) levels in various animal models26. Both MMP-13 and MMP-12 are crucial macromolecular targets belonging to the 

MMPs family27. These enzymes play a pivotal role in the degradation of the collagen matrix, directly influencing skin 

elasticity, strength, and flexibility1. Specifically, MMP-13 and MMP-12 are responsible for cleaving various types of collagen 

(I, II, III, IV) and elastin, respectively27. The anti-collagenase and anti-elastase activities of gingerol have been substantiated 

in several studies. For instance, Z. officinale extract, rich in gingerol, has been demonstrated to inhibit the activity of various 

MMPs, including MMP-1, MMP-3, and MMP-13, in human synovial fibroblast models28. Given that MMPs are central to 

tissue degradation processes associated with aging, their inhibition is a crucial strategy for mitigating systemic aging effects 

and for the development of cosmeceutical products. 

 

CONCLUSION 

This study provides compelling evidence, based on molecular docking simulations, that secondary metabolites within I. 

verum fruit extract exhibit promising anti-aging activity through the inhibition of collagenase and elastase enzymes. 

Specifically, gingerol and carvacrol demonstrated high potential as future anti-aging agents, characterized by favorable 

molecular docking scores, significant amino acid similarity, and robust binding interactions. To validate these in silico 

predictions and confirm the observed enzymatic inhibition, future research should prioritize direct in vitro enzymatic assays 

for collagenase and elastase using I. verum extract. 
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