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ABSTRACT

Background: Skin aging is a complicated natural phenomenon characterized by progressive loss 
of structural integrity and physiological function of the skin. Snake fruit (Salacca zalacca) is an 
important fruit crop native from Indonesia. Its waste is a potential source bioactive phytochemical 
compound. Objectives: Present study investigates possible anti-aging potency of phytochemical 
compound found in salak fruit peel based on its binding towards enzyme related in skin aging 
process. Materials and Methods: Molecular docking was performed towards enzyme subjected 
to degradation of dermal matrix (MMP1, NEP) and hyper-pigmentation (PPO3). Results: Docked 
compound occupied the active site of each protein in which chlorogenic acid has the highest 
affinity among salak peel compound against MMP1, and Rutin against NEP and PPO3. Further 
intermolecular analysis revealed favourable interaction between chlorogenic acid, rutin towards 
respective protein. Conclusions:  Taken together compound found in snake fruit, display possible 
inhibition towards protein related in skin aging and could be potentially used as anti-aging agent.
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INTRODUCTION

Skin aging is a complicated natural phenomenon 
characterized by progressive loss of structural integrity and 
physiological function of the skin. This change manifested 

as visible wrinkles and sagging on the skin.[1] Skin aging caused 
by various internal factors such as genetics, cellular metabolism, 
hormone, and metabolic processes and external factor such as 
chronic light exposure, pollution, ionizing radiation, chemicals, 
toxins.[2] UV radiation plays an important role in aging.[3] UV 
radiation, especially UVB, is a potent environmental stress that 
elevates the production of reactive oxygen species (ROS).[4] 
Even though ROS important in cellular signaling, unregulated 
production causing a condition known as oxidative stress that 
may lead to further cellular or tissue changes.[5]

There are two main components forming the skin, collagen, 
a fibrous protein responsible for the tensile strength of the dermal 
matrix and elastin responsible for its elasticity. Impairment of ROS 
production by chronic UV exposure is able to induce the production 
of collagen-degrading enzyme, matrix metalloproteinase-1 
(MMP1), and results in detectable extracellular matrix (ECM) 
breakdown.[6] MMP1 functions in ECM breakdown by cleaving 
collagen type I, II, and III. Another study found UVB irradiation 
in animal model was found causing production of fibroblast 
elastase that effectively degrades skin elastin fibers.[7] Combined 
degradation of ECM by these type of proteins leads to visible 
structural changes of the skin tissue. Oxidative stress also induces 
melanin production through activation of tyrosinases (TYRs) that 
result in hyperpigmentation.[8,9] Since its importance, primary 
structural components of the skin, collagen and elastin, and 
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pigmentation process have been subjects of the majority of skin 
anti-aging research.[10] Therefore, inhibition of either oxidative 
stress or enzyme related to the degradation of skin ECM and 
hyperpigmentation offers a rational therapeutic strategy for 
treating skin aging.

Through the efforts of ongoing scientific researches, an 
increasing number of plant extracts and phytochemicals have 
been showed promising result as anti-aging agent. Snake fruit 
or Snake fruit (Salacca zalacca) is a plant species of the palm 
tree family (Arecaceae) that native to Indonesia. Snake fruit 
served as important crop in Indonesian and had been cultivated 
throughout the country. According to data from Ministry of 
Agriculture Republic Indonesia, in 2016, snake fruit production 
in Indonesia reached up to 700 ton.[11] Snake fruit consists of 
highly aromatic sweet pulp with a hard inedible peel. Snake fruit 
has high economic value in Indonesia while can be consumed 
directly, snake fruit also can be made other products such as 
syrup, chips, and coffee. Although its peel is inedible, it serves 
as a major waste of the snake fruit consumption. The previous 
study found that snake fruit peel contains important phenolic 
compound such as caffeic acid, protocatechuic acid, ferulic 
acid, chlorogenic acid, and rutin.[12] Natural compound belongs 
to phenolic and flavonoid group found in plants often exert 
beneficial biological activities, ranging to antioxidant to anti-
inflammatory.[13,14] The previous studies have been found that all 
phytochemical compounds found in snake fruit peel were known 
to be active as an antioxidant.[15-18] Unfortunately, to this date, 
there is no information available regarding snake fruit waste 
potential as anti-aging agent, despite its abundance. Therefore, 
the present study investigates possible anti-aging potency of 
phytochemical compound found in salak fruit peel based on its 
binding toward enzyme related in skin aging process.

MATERIALS AND METHODS

Molecular Docking Simulations of Snake 
fruit Peel Compounds toward MMP1, 
Neutral Endopeptidase (NEP), and 
Polyphenol Oxidase 3 (PPO3)

Molecular docking analysis was performed to investigate 
possible binding mode of five major snake fruit peel compounds 
against protein subjected to skin aging process. The proteins 
used as receptor in the docking study were as follows: Matrix 
metalloproteinase-1 (MMP1), NEP 24.11/neprilysin, and PPO3. 
The three-dimensional protein structure MMP1 (PDB: 966C),[19] 
NEP (PDB: 5JMY),[20] and PPO3 (PDB: 2Y9X)[21] in complex with 
its known inhibitors were derived from X-ray crystallography and 
obtained from RCSB protein data bank (https://rcsb.org/). The 
compounds found in snake fruit peel: Caffeic acid, chlorogenic 
acid, ferulic acid, protocatechuic acid, and rutin were used as 
ligand in the docking study. The three-dimensional structure 
of each compound was obtained from PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). Receptor was prepared 
using AutoDockTools by removing crystallographic water 
and bound ligand, and cofactor and left as it is. The search 
space (grid box) was placed on the active site of each protein 
and position of the bound ligand in the crystal structure was 
used as reference. The grid box size was left in default size 
(30×30×30 Å). Molecular docking was performed using 

AutoDock Vina under default configuration. Molecular docking 
validated by redocking of the bound ligand toward the respective 
receptor. Root-mean-square deviation (RMSD) between 
modeled binding conformation and crystal conformation was 
then calculated. Binding affinity for each docked ligand toward 
receptor and its conformation was retrieved. Best docked 
conformation that ranked by Vina scoring was used in visual 
analysis using UCSF Chimera.[22] Intermolecular interaction of 
protein-ligand complex was inferred using PoseView accessible 
through Protein Plus web server (https://proteins.plus/).[23]

RESULTS

Proposed Binding of Snake Fruit Peel 
Compounds toward Enzyme Related in 
Skin Aging Process

Phytochemical compound found in salak fruit was subjected 
to molecular docking toward MMP1, NEP, and PPO3. To 
validate the methodology, redocking was performed. MMP1 
bound ligand (N-hydroxy-2-[4-(4-phenoxy-benzenesulfonyl)-
tetrahydro-pyran-4-yl]-acetamide), NEP bound ligand 
(LBQ657), and PPO3 bound ligand (tropolone) were extracted 
and docked back to the corresponding protein. All bound 
ligand docked conformation and the crystal conformation 
showed RMSD <2 Å (data not shown), which is a widely 
acceptable cutoff.[24] Thus, AutoDock Vina virtually was able 
to recover the actual experimental binding mode.

All compounds found in snake fruit peel were 
successfully docked to the MMP1, NEP, and PPO3 active site 
and the binding score presented in Table 1. Binding affinity 
was expressed as binding free energy. The more negative 
the value, the more likely the binding occurs. Chlorogenic 
acid showed the highest affinity toward MMP1 (−7.1 kcal/
mol) among the compounds found in snake fruit peel. None 
of the snake fruit compounds exceeded the bound ligand 
affinity toward MMP1 and NEP, except toward PPO3. All the 
compounds had higher affinity toward PPO3 than its bound 
ligand. Rutin had considerably high affinity toward PPO3 
(−7.8 kcal/mol).

Visualization analysis showed the snake fruit peels 
compounds conformation occupied the active site of MMP1 
[Figure 1]. MMP1 is a metal-containing enzyme, whereas a 
catalytic zinc atom coordinated to his401, his405, and his411 
residues of the HExxHxxGxxH motif located on its active 
site.[25] The docked chlorogenic acid conformation showed 

Table 1: Binding affinity of docked snake fruit peel compounds

Compound Binding affinity (kcal/mol)

MMP1 NEP PPO3

Caffeic acid −7.1 −7.0 −6.2

Chlorogenic acid −9.1 −7.3 −7.2

Ferulic acid −7.0 −6.8 −6.4

Protocatechuic 
acid

−6.4 −6.2 −6.1

Rutin −8.7 −7.6 −7.8

Bound ligand −9.9 −9.0 −5.8
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in close proximity toward Zn. Based on intermolecular 
analysis result, none of the compounds except N-hydroxy-
2-[4-(4-phenoxy-benzenesulfonyl)-tetrahydro-pyran-4-yl]-
acetamide was able to chelate the cofactor [Figure 2 and 
Table 2]. Chlorogenic acid and rutin formed hydrogen 
bond similar to MMP1 bound ligand at Ala182 and glu219, 
except Leu181 residue. MMP1 bound ligand also interacted 
hydrophobically with S1 cavity.

Figure 1: Superimposed binding mode of (Red) caffeic acid, (Orange) chlorogenic acid, (Yellow) ferulic acid, (Green) protocatechuic acid 
toward, and (Blue) rutin toward matrix metalloproteinase-1, neutral endopeptidase, and PPO3. The protein showed as surface representation. 
The ligand showed as stick representation with only polar hydrogen showed. Cofactor showed as sphere representation

All the docked compounds also reside the active site of 
NEP [Figure 1]. Similar to MMPs, NEP is a zinc-dependent 
enzyme consisted of two major domains forming a large cavity 
on its center.[20] Based on analysis, LBQ657 coordinated with 
zinc atom, while rutin formed a π cation interaction with 
the cofactor. Even though other ligands also occupied the S1 
pocket, only LBQ657 formed strong hydrophobic interaction 
with the cavity [Figure 2 and Table 2].
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Docked conformation showed all the compounds located 
on hydrophobic cavity of the PPO3 active site [Figure 1]. 
TYRs including PPO3 are copper-containing enzyme, whereas 
each binuclear copper coordinated with histidine residue 
which located in the bottom of the pocket.[21] None of the 
compounds including tropolone interacted directly with 
copper ion, except protocatechuic acid. Rutin formed the 
numerous hydrogen bonds with the residues around the 
active site and π-π stacking with phe264 residue [Figure 2 
and Table 2].

DISCUSSION

The present study characterized the binding of phytochemical 
compound found in snake fruit peel toward enzyme subjected 
to degradation of dermal matrix (MMP1 and NEP) and 
hyperpigmentation (PPO3). Results showed that chlorogenic 
acid was potential binder of MMP1 since it had the highest 
binding affinity value among compounds found in snake 
fruit peel. The synthetic inhibitor of MMPs often tries to 
copy binding of MMPs with its natural inhibitor TIMPs. 
This approach may be through binding to the catalytic site 
of the enzyme, chelating the active site zinc, binding to the 
recognition site, or interacting hydrophobically to S1 site.[25] 
Even though none of the compounds was able to chelate zinc, 
chlorogenic acid formed numerous hydrogen bond with the 
active site of MMP1.

The previous study was found that Zingiber officinale (L.) 
rose extract able to inhibits human skin fibroblast elastase 
(HSFE).[26] It is possible that other natural compounds may 
also inhibit HSFE activity. Recent studies found that HSFE 
was identical with NEP; thus, in this study, NEP used in 
molecular docking.[27] LBQ657 is the active form of pro-drug 
sacubitril and a known potent inhibitor of NEP. This inhibitory 
property was achieved through interaction to the catalytic 
zinc and hydrophobic S1 pocket.[20] Due to this, interaction 
of ligand and zinc and S1 residues played an important 
role in NEP inhibition. Binding prediction showed among 
compound found in snake fruit peel, only rutin interacted 
with catalytic zinc, through the π cation interaction.

Until now, the three-dimensional structure of human 
TYR has not been solved yet. PPO3 is a TYR originated 

Table 2: Hydrogen bond of docked snake fruit peel compounds 
toward MMP1, NEP, and PPO3 residues

Compound Hydrogen bond

MMP1 NEP PPO3

Caffeic acid Tyr237, thr241 Asn542, 
Glu584

Met280

Chlorogenic 
acid

Asn180, 
Ala182, glu219, 
leu235, thr241

Tyr545, 
Glu646

Asn260, Thr261

Ferulic acid Ala182, thr241 Asn542 Met280

Protocatechuic 
acid

Leu235, Thr241 Asn542, 
Asp650, 
Trp693

His85, Asn260

Rutin Ala182, Gly179, 
Tyr210, arg214, 
glu219, thr241

Asp650, 
Trp693

His85, His244, 
His263, Met280, 
glue322

Bound ligand Leu181, 
Ala182, glu219

Asn542, 
Arg717

Asn260

MMP1: Matrix metalloproteinase-1, NEP: Neutral endopeptidase, 
PPO3: Polyphenol oxidase 3

Figure 2: Intermolecular interaction of bound ligand of (a) matrix metalloproteinase-1, (b) neutral endopeptidase, and (c) polyphenol oxidase 
3 compared to (d) chlorogenic acid and rutin (e and f). Visible difference between the bound ligand compared to snake fruit peel compound is 
the existence of cofactor interaction, hydrophobic interaction (directed and indirected), and hydrogen bond number. Hydrogen bond presented 
as dashed lines, hydrophobic interaction as green line, directed hydrophobic as dashed green line
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from Agaricus bisporus that is often used in aging assay 
and molecular docking study of TYR inhibitor.[21] Previous 
crystallographic study suggested that the slow-acting inhibitor 
of PPO3, tropolone, was located in van der Waals distance 
toward his263 and formed directed hydrophobic interaction 
to phe264,[21] which was similar to binding prediction of rutin 
found in snake fruit peel.

Taken together, compound found in snake fruit, 
specifically chlorogenic acid and rutin display possible 
competitive inhibition toward enzyme related in skin aging 
process based on in silico binding conformation and binding 
affinity. The previous study found that direct inhibition 
of MMP1 and HSFE was beneficial and prevented skin 
changes.[28,29] Thus, conclude phytochemical compound 
found in snake fruit peel could be potentially used as anti-
aging agent.

ACKNOWLEDGMENTS

The authors thank Aretha Medika Utama Biomolecular 
and Biomedical Research Center, Bandung, Indonesia, for 
valuable methodology assistance.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest 
regarding the publication of this paper.

REFERENCES
1. Farage MA, Miller KW, Elsner P, Maibach HI. Intrinsic and extrinsic 

factors in skin ageing: A review. Int J Cosmet Sci 2008;30:87-95.
2. Cevenini E, Invidia L, Lescai F, Salvioli S, Tieri P, Castellani G, 

et al. Human models of aging and longevity. Expert Opin Biol 
Ther 2008;8:1393-405.

3. Rabe JH, Mamelak AJ, McElgunn PJ, Morison WL, Sauder DN. 
Photoaging: Mechanisms and repair. J Am Acad Dermatol 
2006;55:1-9.

4. Heck DE, Vetrano AM, Mariano TM, Laskin JD. UVB light 
stimulates production of reactive oxygen species: Unexpected 
role for catalase. J Biol Chem 2003;278:22432-6.

5. Davalli P, Mitic T, Caporali A, Lauriola A, D’Arca D. ROS, cell 
senescence, and novel molecular mechanisms in aging and 
age-related diseases. Oxid Med Cell Longev 2016;2016:3565127.

6. Brennan M, Bhatti H, Nerusu KC, Bhagavathula N, Kang S, 
Fisher GJ, et al. Matrix metalloproteinase-1 is the major 
collagenolytic enzyme responsible for collagen damage in 
UV-irradiated human skin. Photochem Photobiol 2003;78:43-8.

7. Imokawa G, Ishida K. Biological mechanisms underlying the 
ultraviolet radiation-induced formation of skin wrinkling and 
sagging I: Reduced skin elasticity, highly associated with enhanced 
dermal elastase activity, triggers wrinkling and sagging. Int J Mol 
Sci 2015;16:7753-75.

8. Masaki H. Role of antioxidants in the skin: Anti-aging effects. 
J Dermatol Sci 2010;58:85-90.

9. Ebanks JP, Wickett RR, Boissy RE. Mechanisms regulating skin 
pigmentation: The rise and fall of complexion coloration. Int J 
Mol Sci 2009;10:4066-87.

10. Baumann L. Skin ageing and its treatment. J Pathol 
2007;211:241-51.

11. Ministry of Agriculture Republic of Indonesia. Agricultural 
Statistics 2017. Jakarta: Center for Agricultural Data and 
Information System Ministry of Agriculture Republic of Indonesia; 
2018.

12. Fitri A. Identification of Phytochemical and Antioxidant Activity 
in Peel and Seed of Tropical Fruits from Indonesia. Bogor: Bogor 
Agricultural University; 2015.

13. Widowati W, Widyanto RM, Husin W, Ratnawati H, 
Laksmitawati DR, Setiawan B, et al. Green tea extract protects 
endothelial progenitor cells from oxidative insult through 
reduction of intracellular reactive oxygen species activity. Iran J 
Basic Med Sci 2014;17:702-9.

14. Thao NP, Luyen BT, Widowati W, Fauziah N, Maesaroh M, 
Herlina T, et al. Anti-inflammatory flavonoid C-glycosides from 
Piper aduncum leaves. Planta Med 2016;82:1475-81.

15. Yang J, Guo J, Yuan J. In vitro antioxidant properties of rutin. 
LWT Food Sci Technol 2008;41:1060-6.

16. Liang N, Kitts DD. Role of chlorogenic acids in controlling 
oxidative and inflammatory stress conditions. Nutrients 
2015;8:e16.

17. Gülçin I. Antioxidant activity of caffeic acid (3, 4-dihydroxycinnamic 
acid). Toxicology 2006;217:213-20.

18. Kikuzaki H, Hisamoto M, Hirose K, Akiyama K, Taniguchi H. 
Antioxidant properties of ferulic acid and its related compounds. 
J Agric Food Chem 2002;50:2161-8.

19. Lovejoy B, Welch AR, Carr S, Luong C, Broka C, Hendricks RT, 
et al. Crystal structures of MMP-1 and -13 reveal the structural 
basis for selectivity of collagenase inhibitors. Nat Struct Biol 
1999;6:217-21.

20. Schiering N, D’Arcy A, Villard F, Ramage P, Logel C, Cumin F, et al. 
Structure of neprilysin in complex with the active metabolite of 
sacubitril. Sci Rep 2016;6:27909.

21. Ismaya WT, Rozeboom HJ, Weijn A, Mes JJ, Fusetti F, Wichers HJ, 
et al. Crystal structure of Agaricus bisporus mushroom tyrosinase: 
Identity of the tetramer subunits and interaction with tropolone. 
Biochemistry 2011;50:5477-86.

22. Pettersen EF, Goddard TD, Huang CC, Couch GS, Greenblatt DM, 
Meng EC, et al. UCSF chimera a visualization system for exploratory 
research and analysis. J Comput Chem 2004;25:1605-12.

23. Stierand K, Rarey M. Drawing the PDB: Protein-ligand complexes 
in two dimensions. ACS Med Chem Lett 2010;1:540-5.

24. Trott O, Olson AJ. AutoDock Vina: Improving the speed 
and accuracy of docking with a new scoring function, 
efficient optimization, and multithreading. J Comput Chem 
2010;31:455-61.

25. Cathcart J, Pulkoski-Gross A, Cao J. Targeting matrix 
metalloproteinases in cancer: Bringing new life to old ideas. 
Genes Dis 2015;2:26-34.

26. Imokawa G, Nakajima H, Ishida K. Biological mechanisms 
underlying the ultraviolet radiation-induced formation of skin 
wrinkling and sagging II: Over-expression of neprilysin plays an 
essential role. Int J Mol Sci 2015;16:7776-95.

27. Morisaki N, Moriwaki S, Sugiyama-Nakagiri Y, Haketa K, 
Takema Y, Imokawa G, et al. Neprilysin is identical to skin 
fibroblast elastase: Its role in skin aging and UV responses. J Biol 
Chem 2010;285:39819-27.

28. Tsukahara K, Takema Y, Moriwaki S, Tsuji N, Suzuki Y, Fujimura T, 
et al. Selective inhibition of skin fibroblast elastase elicits a 
concentration-dependent prevention of ultraviolet B-induced 
wrinkle formation. J Invest Dermatol 2001;117:671-7.

29. Philips N, Auler S, Hugo R, Gonzalez S. Beneficial regulation 
of matrix metalloproteinases for skin health. Enzyme Res 
2011;2011:427285.


