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Abstract: Arbutin is a natural skin-whitening agent as a tyrosinase inhibitor. Arbutin could effectively 

inhibit the activity of tyrosinase in skin cells and block the formation of melanin without affecting cell 

proliferation. In the development of drugs, such as arbutin derivatives, a simulation of interactions between 

tyrosinase enzymes as the target proteins with ligands (arbutin derivatives) is required, by using molecular 

docking simulation method. Preparation of ligands and proteins was performed using AutoDock 4.2. The 

results show that α-arbutin derivatives (α-arbutin-undecylinate ester and deoxy-α-arbutin) is able to inhibit 

a tyrosinase.  
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1. Introduction 

Hyperpigmentation on the epidermis is caused by excessive synthesis of melanin [1], [2]. Biosynthesis of 

melanin depends on the activity of tyrosinase and ultraviolet radiation (UV) [3]. Tyrosinase is an enzyme 

that plays an important role in the formation of melanin. The tyrosinase will become L-DOPA, which then, 

the oxidation of L-DOPA will form dopaquinone (DQ) and DQ undergoes a further transformation, forming 

melanin [1]. 

Melanin is responsible for the absorption and protection of skin from harmful UV radiation. The presence 

of UV radiation will stimulate excessive synthesis of melanin and cause discoloration and the formation of 

dark spots on the skin [2]. Tyrosinase inhibitors, i.e. hydroquinone, have been widely used in the cosmetic 

industry as lightening compounds [1]. However, there have been many studies showing the side effects of 

the hydroquinone. Hydroquinone can result in skin irritation, damage cell membrane lipids, inhibit DNA 

and RNA synthesis, and contribute to glutathione deficiency. In addition, hydroquinone can stimulate an 

inflammatory reaction and increase the risk of postinflammatory hyperpigmentation [4]. 

There are many substances that can be used to inhibit tyrosinase as a skin-whitening or skin-lightening 

agent, such as arbutin, hydroquinone, vitamin C, kojic acid, linoleic acid, catechol, and hinokitol. But arbutin 

is the most popular and effective used because of its very low cytotoxicity [3]. Arbutin could accelerate the 

decomposition and excretion of melanin and thereby reduce skin pigmentation and eliminate freckles. 

Arbutin has two isoforms, i.e. 4-hydroxyphenyl-β-glucuronidase (β-arbutin, Fig. 1(a) and 

4-hydroxyphenyl-α-glucuronidase (α-arbutin, Fig. 1(b). Currently, arbutin can be obtained either chemically 

or enzymatically. 

Study on arbutin and its derivatives has been widely conducted [5]. The activity of arbutin and its 
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derivatives is related to particle size, spatial structure, and electrostatic potential around the benzene ring. 

α-Arbutin is 10 times as effective in inhibiting tyrosinase as β-arbutin, but α-arbutin is easily degraded by 

heat [6]. 

Arbutin (β-arbutin, molecular weight = 272.25 Da) has a highly hydrophilic (log P value = -1.49), so that it 

is relatively low to penetrate into the skin [6]. Arbutin is resistant to light and unstable at pH 2. Arbutin can 

experience partial hydrolysis in the presence of water into hydroquinone which can be oxidized to 

benzoquinone. 

In modern drug discovery, interaction between a small molecule (ligand) and a protein plays an 

important role in predicting the orientation of the ligand when it is bound to a protein receptor or enzyme. 

One of the ways to achieve this condition is by using molecular docking simulation method [7]. Molecular 

docking is one of the most important tools for drug design that helps prediction of the interaction between 

macromolecules and ligands, substrates, and inhibitors. In other words, this technique provides an estimate 

of how well small molecules fit in the active site of a protein [8]. This technique is effective in the discovery 

of drug candidates before prior to the process of drug synthesis. The benefit of this method is to provide 

information about the affinity of arbutin derivatives against tyrosinase enzymes.  
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Fig. 1. The molecular structures of (a) β-arbutin, (b) α-arbutin, (c) deoxy-α-arbutin, (d) α-arbutin 

undecylinate ester. 

 

2. Methods 

2.1. Preparation of Protein and Ligands 

The molecular structure of mushroom tyrosinase was obtained from Protein Data Bank (PDB ID: 2Y9W, 

chain A). Small molecules, including water and holmium (Ho) atoms were removed from the target enzyme, 

excluding copper (II) ions using YASARA®  11.3.2. The 3D structures of α-arbutin and β-arbutin were 

obtained from PubChem Compound (NCBI) with CID: 158637 and 346. The 3D structures of other arbutin 

derivatives were made using Marvin Sketch. Preparation of proteins was performed using AutoDock 4.2. 

Rotatable bonds in the ligands (arbutin derivatives) were assigned by AutoDockTools4 program. Grid 

parameter files were built using AutoGrid 4.2.6. 
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Fig. 2. The molecular structures of mushroom tyrosinase from Agaricus bisporus (PDB ID: 2Y9W). 

 

2.2. Docking Simulations 

Docking was performed by directing the optimized ligand molecular model on the active site of the 

tyrosinase using AutoDock Vina [9] for three replications. Then the calculation of the binding of ligand and 

receptor on the various poses will appear as energy interaction. The protein-ligand interactions were 

visualized and analyzed using PyMOL(TM) 2.1.1 (Schrodinger, LLC, Cambridge, MA, USA). Molecules with 

low binding energies show a high degree of stability affinity. 

 
Table 1. The Molecular Interactions of Tyrosinase with Arbutin and its Derivatives 

Compounds 
Interaction 

Energy (Kcal/mol) 

H-Bonds 

Interaction 

Van der Waals 

Interaction 

β-Arbutin -6.3 His178, Gln244 Cu 401 

α-Arbutin -6.8 Asp312, Glu356, Glu359 Cu 401 

α-Arbutin-undecylenate ester -6.6 Asn174, Lys158 Cu 401 

Deoxy-α-arbutin -6.4 Thr308 Cu 401 

 

3. Results and Discussion 

Molecular docking studies explore the behavior of ligand in the binding site of a target protein. Molecular 

docking with AutoDock Vina can be prescribed scoring function. The scoring function is used to estimate 

the tightness of binding and rank docking poses according to their potential binding affinities [10]. This 

technique is born as a user-friendly software application to perform docking simulations, with high 

confidence on the results produced and minimal effort for setup and configuration. 

In this work, the binding interactions of arbutin and its derivatives were indicative of tyrosinase 

inhibition activity. Arbutin as tyrosinase inhibitor is hydroquinone derivative named also 

4-hydroxyphenyl-β-glucopyranoside (β-arbutin). The inhibition of tyrosinase, decreasing of melanocyte 

metabolism and avoiding of UV exposure are ways to reduce melanin synthesis. Arbutin showed more 

effective tyrosinase inhibition than its aglycone, that is hydroquinone. Arbutin has very minor risks and side 

effects. Arbutin is an effective agent for treatment of hyperpigmentation disorders and demonstrates less 

melanocyte cytotoxicity than hydroquinone. Arbutin affected skin pigmentation by inhibiting the activity of 

tyrosinase but without affecting its mRNA expression and synthesis [11]. 
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Fig. 3. Interaction mode of (a) β-arbutin, (b) α-arbutin, (c) deoxy-α-arbutin, (d) α-arbutin undecylinate ester 

with tyrosinase. Green stick and blue stick are represented as amino acid residues of tyrosinase and ligands, 

respectively. 

 

For the purpose of developing a safe and effective skin-whitening agent, the arbutin derivatives are of 

great candidacy for evaluating its inhibitory activity against mushroom tyrosinase. Research concerning on 

arbutin derivatives proves them to be more effective than arbutin itself. The results of molecular docking 

studies show that arbutin derivatives can inhibit tyrosinase, indicated by the interaction energy (docking 

score). The results indicate that the interaction energy of arbutin derivatives was better than the pure 

arbutin, in this case, the β-arbutin.  

The compound of α-arbutin has the best interaction energy of -6.8 kcal/mol, while that of β-arbutin only 

-6.3 kcal/mol (Table 1, Fig. 3). When compared to the other arbutin derivatives, the deoxy-α-arbutin 

compound Fig. 1(c) has nearly the same interaction energy as that of β-arbutin to bind the active site of 

tyrosinase, that is -6.4 kcal/mol (Table 1, Fig. 3). The α-arbutin-undecylenate ester compound Fig. 1(d) has 

an almost the same interaction energy as that of α-arbutin, that is -6.6 kcal/mol. The interaction of arbutin 

derivatives with the active site, where it interacts with LYS 158, ASN 174, HIS178, GLN 244, THR 308, GLU 

356, GLU 359 and Van der Waals interaction with Cu 401. Docking of β-arbutin to mushroom tyrosinase has 

previously been reported to occur at the active site (E256 and N260). The discrepancy with our results is 

due to the different tyrosinase form used by the previous authors. Unlike their works, we used the deoxy 

form of tyrosinase where the met form was selected for docking [12]. 

The similarity of the structure of a compound causes the possibility of binding to the same receptor is 
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also greater. The protein-ligand interactions is associated with binding affinity, that is the strength of the 

compound to bind with the other compounds, that is bind reversibly (interact) [13]. The amount of bonding 

with the part of hydrophobic can increase the binding affinity, and also inhibition activity of tyrosinase. 

Molecular docking studies, in this work, showed accordance with previous studies about arbutin and its 

derivatives. Deoxy-β-arbutin showed more effective tyrosinase inhibition than arbutin and hydroquinone 

[14]. 6-O-undecylenoyl-p-hydroxyphenyl-β-D-glucopyranoside (β-arbutin undecylenate ester) exhibited 

greater anti-melanogenic activity than arbutin [2]. Also, deoxy-arbutin and its derivatives inhibited both 

tyrosine hydroxylase, DOPA oxidase activity of tyrosinase and cell proliferation [15]. In another study, 

α-arbutin was stronger than arbutin in inhibiting the activity of tyrosinase [6]. Our study showed α-arbutin 

derivatives: α-arbutin-undecylenate ester and deoxy-α-arbutin more effective tyrosinase inhibition than 

β-arbutin derivatives. 

4. Conclusion 

Arbutin derivatives (α-arbutin-undecylenate ester and deoxy-α-arbutin) are of great treatment for 

pigmentation. They may be developed as cosmetically skin-whitening agents and can be used for further 

research. Molecular docking using AutoDock program is beneficial to optimize the affinity of ligands that 

bind to receptors. 
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