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ABSTRACT 

This study provided the mechanism of two main compounds of C. asiatica to prevent aging processes by computational 

analysis. Castilliferol and castillicetin were retrieved from PubChem database, matrix metalloproteinase or MMP 

involved MMP3, MMP9, and MMP12 also taken out from protein data bank (PDB). Two compounds and MMPs were 

docked using HEX 8.0 version and analyzed using Discovery Studio 4.1. Castilliferol and castillicetin bound to MMPs 

(MMP3, MMP9, and MMP12) in several amino acid residues, which were identified as active sites and catalytic sites 

of MMP3 and MMP9. In contrast, castilliferol and castillicetin inhibited MMP12 allosterically and might change the 

MMP conformation and reduce the MMP’s activities. The binding free energy among Castilliferol and castillicetin with 

MMPs performed varied values binding free energy with hydrogen bond, hydrophobic interaction, and electrostatic. 

Castillicetin demonstrated lower binding free energy in MMP3 and MMP12, while castilliferol showed lower binding 

free energy in MMP9. Low binding free energy predicted that the compounds have tight ligand – protein interaction. 

This study suggested that C.asiatica compounds performed antiaging and further in vitro or in vivo analysis are required.    
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1. INTRODUCTION 

Aging is a natural phenomenon that caused by 

extrinsic and intrinsic factors. Extrinsic factors including 

light exposure, pollution, free radicals, chemichal, toxins 

and others accumulated overtime and leads to skin 

structural and physiological alterations [1–4]. This 

phenomenon mainly caused by reactive oxygen species 

(ROS). It is responsible for oxidative stress and 

dermal/epidermal layer inflammation. It could effect on 

an activation of collagenase and elastase enzyme, causing 

protein damage. Free radicals of ROS also can cause 

degradation of hyaluronic acid which is important for 

skin hydration and its firmness. Besides that, free radicals 

and UV light exposure change the skin appearance 

including skin pigmentation, wrinkles and gradually loss 

of skin elasticity. Ultra violet exposure induced ROS 

production and inactivated receptor protein tyrosyne 

phosphatase lead to MAPK pathway resulted repression 

of collagen production by expressing MMPs genes [5]. 

MMPs gene encoded the dermal enzyme, matrix 

metalloproteinase (MMP) that promotes skin aging. It 

works by degrading extracellular matrix (ECM) protein. 

High level of MMP due to high ROS level, causing 

collagen degradation, collagen fragmentation, and elastic 

fibre degradation. Several treatments are developed to 

prevent aging, such as daily skin care, sun protection, 

antioxidant, cell regulators, chemichal peeling, injectable 

biostimulation, preventing of dynamic wrinkles, and 

others [1–3].   

In the last decade, antioxidant was developed to 

prevent the aging process, resulting in reduce any 

systemic diseases [6,7]. Antioxidant from nutrition of 

dietary food might have more effective and low risk for 

skin treatment [4,5]. Recently, bioactive compounds 

from traditional herbs has been identified for its potency 

as antioxidant. It could be useful for cosmetic 

ingredients. The traditional herb Centella asiatica or 

named ‘pegagan’ in Indonesia is one of the medicinal 
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herb belong to the family Apiaceae. ‘Pegagan’ is famous 

for the treatment of skin diseases, but it also has other 

potency such as for wound healing, dysentery, bronchitis, 

urethritis, anti-allergic and anti-cancer [8–10]. It has been 

reported that C. asiatica extract has ability in inhibiting 

hyaluronidase, elastase, and MMP-1 enzyme [11]. 

Recently, two new flavonoids were found in C. asiatica 

named castilliferol and castillicetin. Based on previous 

study, castilliferol and castillicetin shows promising 

antioxidant activity indicated by high IC50 value [8]. 

Nowadays, C. asiatica extract was used for skin care 

treatments because of its ability to induce woud healing 

with no irritation effect [7]. However, the molecular 

mechanism of C. asiatica extract are not explored yet. 

The recent study of collagenase and C. asiatica leads to 

assumption of the potency as collagenase inhibitor and 

elastase inhibitor [11]. The new flavonoids of C. asiatica 

also interesting to be identified for its potency. In 

addition, the study about new flavonoids in inhibiting 

collagenase and elastase is not established yet. Therefore,  

this study identified the potency of two new flavonoids 

namedcastilliferol and castillicetin as antiaging agent by 

inhibiting MMPs (MMP-3, MMP-9, and MMP-12). 

2. MATERIALS AND METHODS 

The analysis was done by in-silico [12,13]. The 3D 

proteins structure of MMP-3 (2D10), MMP-9 (1L6J), and 

MMP-12 (1JIZ) were retrieved from PDB database. The 

proteins were prepared by removing water molecules and 

ligands using Discovery Studio 4.1. Two new flavonoids 

of Centella asiatica named castillicetin (CID102394640) 

and castilliferol (CID10526707) were retrieved from 

PubChem database in SDF format. The ligands were 

prepared to be PDB format with PyRx 0.8 [14].  Each 

flavonoids were docked with each MMP protein using 

HEX 8.0. The docking results were visualized using 

Discovery Studio 4.1 in 2D and 3D format. 

3. RESULTS 

The two new flavonoids from C. asiatica, castilliferol 

and castillicetin, were assumed to have potency in 

preventing aging. Here, we docked the flavonoids with 

MMP-3, MMP-9, and MMP-12, known as aging protein. 

The docking result showed the ability of castilliferol and 

castillicetin to bind with MMP-3, MMP-9, and MMP-12 

protein (Table 1). As shown in the table, the castilliferol 

and castillicetin could inhibit the MMP by binding on the 

protein's active sites or catalytic sites. The low energy 

indicated strong binding and proved the ability of those 

flavonoids in preventing aging.  

The castilliferol binding to MMP-3 (-340.2 kJ/mol) 

was as strong as castillicetin - MMP-3 complex (347.9 

kJ/mol) in binding with MMP-3. Both flavonoids also 

interacted with the catalytic domain of MMP-3. The 

presence of the van der Waals bond in both interactions 

increased the stability of its interaction (Figure 1a, 1b). 

The flavonoids were also bound to a similar amino acid 

residue, such as Leu164 with a hydrophobic bond. 

As shown in the result, the castilliferol – MMP-9 (-

313.9 kJ/mol) showed ability to interact with the active 

site of the protein through Arg98 amino acid with a 

hydrophobic bond (Figure 1c). The binding energy is 

relatively higher than castillicetin – MMP-9 (-309.6 

kJ/mol). In contrast, castillicetin could interact with five 

amino acid residues in active sites of MMP-9. The lower 

binding energy score was possibly caused by the 

presence of the unfavorable bond (Figure 1d).

Table 1. The interaction among castilliferol and castillicetin with MMP-3, MMP-9, and MMP-12 

Protein Ligand Name Category 
Binding Free 

Energy (KJ/mol) 

MMP-3 

Castilliferol 

GLU202, TYR223 Hydrogen Bond 

-340.2 TYR223, VAL163, LEU164, LEU222, 

LEU197 
Hydrophobic 

Castillicetin 

THR193, THR215, GLU202, ASN162, 

THR215 
Hydrogen Bond 

-347.9 

LEU164, THR215, HIS201, VAL198 Hydrophobic 

MMP-9 

Castilliferol 
ARG51, ARG95, GLU47 Electostastic 

-313.9 
LEU44, ARG95, ARG98, ARG51 Hydrophobic 

Castillicetin 

TYR128, TYR134, ASP131, PRO133 Hydrogen Bond 

-309.6 LEU132;PRO133, PRO133, VAL218, 

PRO219, PRO272, ARG279 
Hydrophobic 

MMP-12 

Castilliferol 

ZN257 Other 

-324.2 TYR141 Hydrogen Bond 

HIS119, TYR141, ILE81, LEU115 Hydrophobic 

Castillicetin 
ALA83, ALA135, VAL136, LYS142 Hydrogen Bond 

-332.1 
ILE81, TYR141, HIS119, LEU115 Hydrophobic 

Advances in Social Science, Education and Humanities Research, volume 630

241



  

 

 

Figure 1. The binding poses of castilliferol and  castillicetin to MMP3, MMP9, and MMP12 proteins.  
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Compared to MMP3 and MMP9, the flavonoids did 

not interact with amino acid residues in the active site and 

catalytic site of the MMP-12 (Figure 1e, 1f). The 

interaction of castilliferol with MMP-12 (-324.2 kJ/mol) 

on the two amino acid named Zn257 and Tyr141. The 

castillicetin – MMP-12 (-332.1 kJ/mol) showed stronger 

binding than castilliferol. Despite the presence of the 

unfavorable bond, the castillicetin binding with MMP-12 

still show stronger binding than castilliferol. 

4. DISCUSSION 

Matrix metalloproteinases (MMPs) is an enzyme 

responsible for collagen degradation in extracellular 

matrix. MMPs consisted of some distinct domains that 

performed several physiological process including 

collagenase, angiogenesis, wound healing and others [2–

4,15–17]. The inhibition of MMPs here could be one of 

the mechanism to prevent aging. MMPs could be 

activated by high ROS level [18]. ROS activate the 

mitogen-activated protein kinase (MAPK) family, 

inducing transcription factor, activator protein-1 (AP-1). 

Activation of AP-1 plays major role in regulating MMP-

1, MMP-3, MMP-9, MMP-12. The inhibition of MMP-3, 

MMP-9, and MMP-12 assumed could reduce collagen 

degradation and fragmentation, also increase the 

functional elastic fiber [18]. According to the result, it 

could be assumed that two flavonoids from C. asiatica 

has inhibitory activity against collagenase and elastase 

through MMP-3, MMP-9, and MMP-12. It indicates the 

potency of C.asiatica for cosmetic. Previous study 

reported that the crude extract of C. asiatica is effective 

for wound healing by promoting proliferation of 

fibroblast and collagen [7,19]. The binding of castilliferol 

and castillicetin to MMP-3 and MMP-9 occurred in the 

active sites and catalytic sites [20,21]. The inhibition in 

the active site or catalytic site with strong binding 

indicating the ability of a compound to interfere an 

enzymatic process [22]. The inhibition in catalytic or 

active site could directly inhibit the activity of a protein 

(23). Both flavonoids showed high potency as MMPs 

inhibitor. Especially to the MMP-3 and MMP-9, 

indicating high potency of castilliferol and castillicetin as 

collagenase inhibitor. Degradation of collagen by MMP-

9 shows up to be the main factor of aging in skin tissue 

[24]. However, the elastase inhibitor of castilliferol and 

castillicetin more likely low due to the absent of amino 

acid binding to catalytic or active sites of MMP-12 [25]. 

Previous study performed that there were synthetic and 

natural MMP inhibitors, synthetic inhibitor including 

tetracycline and biphosponate, while natural inhibitor 

such as flavonoids, isoflavones, and shark cartilages [15–

17]. Caffeines based cosmetics also reported turned down 

skin photoaging processe through inhibiting collagenase, 

elastase, and tyrosinase both in vitro and in silico assays 

[16]. Exopolysaccharides of Lactobacilli also down-

regulated MMP2, 3, 9, and MMP10 and showed high 

anti-collagenase and antielastase [15]. Phyllanthus 

emblica L. (Euphorbiaceae) (amla) and Manilkara 

zapota L.P. Royen extract reportes have potential 

activities as anti-collagenase and anti-elastase [26].  

The in silico study also supported by previous in vitro 

study. According to the in vitro study, C. asiatica showed 

potential ability in increasing collagen 1 type expression, 

leading to wound healing. C. asiatica extract also showed 

high inhibition activity against elastase and collagenase 

[11]. This study suggested that two new flavonoids, 

castilliferol and castillicetin performed inhibition to 

MMP3, MMP9 and MMP12 and revealed antiaging 

activity.  
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