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Abstract 
Context: Hyperpigmentation and melasma are often treated with hydroquinone-based topical creams. Despite its effectiveness, hydroquinone use is limited by 
irritation, photosensitivity, and oxidation sensitivity, making long-term application unfavorable. 

Aims: To explore Centella asiatica phytochemicals as natural alternatives in topical formulations, in combination with oxidative chemical agents such as ethyl 
ascorbic acid and coenzyme Q10, through preliminary in silico evaluation. 

Methods: Molecular docking and molecular dynamics simulations were conducted on asiatic acid, madecassic acid, asiaticoside, and madecassoside from C. 
asiatica, along with ethyl ascorbic acid and coenzyme Q10, against the tyrosinase enzyme (PDB: 5I3A). Docking was performed using Molegro Virtual Docker 
(Molexus v7), and molecular dynamics simulations were carried out in Maestro (Schrödinger) for 100 ns. 

Results: Asiatic acid exhibited the most promising activity, with binding affinity comparable to hydroquinone and stable interactions during 100 ns simulations 
(average RMSD ~3 Å). Glycoside derivatives (asiaticoside and madecassoside) showed weak and unstable binding. Notably, 3-o-ethyl ascorbic acid 
demonstrated stronger binding energy and superior stability (average RMSD 2.971 Å) than hydroquinone, whereas coenzyme Q10 displayed positive binding 
free energy and poor stability.  

Conclusions: The findings suggest that asiatic acid is the most active anti-hyperpigmentation compound in C. asiatica, while glycosides lack tyrosinase inhibitory 
activity. Incorporation of 3-o-ethyl ascorbic acid, rather than coenzyme Q10, could enhance the efficacy of C. asiaticaҎbased topical formulations for 
hyperpigmentation management.  
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Resumen 
Contexto: La hiperpigmentación y el melasma a menudo se tratan con cremas tópicas a base de hidroquinona. A pesar de su eficacia, el uso de hidroquinona 
está limitado por la irritación, la fotosensibilidad y la sensibilidad a la oxidación, lo que hace que la aplicación a largo plazo resulte desfavorable.  

Objetivos: Explorar los fitoquímicos de Centella asiática como alternativas naturales en formulaciones tópicas, en combinación con agentes químicos oxidativos 
como el ácido etil ascórbico y la coenzima Q10, mediante evaluación preliminar in silico. 

Métodos: Se realizaron simulaciones de acoplamiento molecular y dinámica molecular de ácido asiático, ácido madecásico, asiaticósido y madecasósido de C. 
asiatica, junto con ácido etilascórbico y coenzima Q10, contra la enzima tirosinasa (PDB: 5I3A). El acoplamiento se realizó con Molegro Virtual Docker (Molexus 
v7) y las simulaciones de dinámica molecular se realizaron en Maestro (Schrödinger) durante 100 ns. 

Resultados: El ácido asiático exhibió la actividad más prometedora, con una afinidad de unión comparable a la de la hidroquinona y interacciones estables 
durante simulaciones de 100 ns (RMSD promedio de ~3 Å). Los derivados de glucósidos (asiaticósido y madecasósido) mostraron una unión débil e inestable. 
En particular, el ácido 3-o-etilascórbico demostró una energía de unión más alta y una estabilidad superior (RMSD promedio de 2,971 Å) que la hidroquinona, 
mientras que la coenzima Q10 mostró una energía libre de unión positiva y una estabilidad deficiente. 

Conclusiones: Los hallazgos sugieren que el ácido asiático es el compuesto antihiperpigmentación más activo en C. asiatica, mientras que los glucósidos carecen 
de actividad inhibidora de la tirosinasa. La incorporación de ácido 3-o-etilascórbico, en lugar de la coenzima Q10, podría mejorar la eficacia de las formulaciones 
tópicas basadas en C. asiatica para el tratamiento de la hiperpigmentación. 

Palabras Clave: acoplamiento molecular; Centella asiática; dinámica molecular; hiperpigmentación; tirosinasa. 
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INTRODUCTION 

The skin is the body's outermost organ, serving as a 
protective barrier against external exposure while also 
playing an essential role in aesthetics and personal 
identity. One of the main components that determines 
skin color is melanin, the most abundant pigment in 
the epidermis. Melanin serves as the primary defense 
against ultraviolet (UV) radiation-induced damage 
(Solano, 2020). However, excessive UV exposure can 
stimulate increased melanin production, leading to hy-
perpigmentation. The prevalence of hyperpigmenta-
tion varies across populations, with higher rates ob-
served among Malay and Indian populations in Asia 
compared to fair-skinned Chinese populations. Envi-
ronmental factors, such as Indonesia's tropical climate, 
also contribute to the high incidence of hyperpigmen-
tation (Slominski et al., 2022). 

Hyperpigmentation can be caused by a variety of 
internal and external factors, including hormonal 
changes, dermatitis, drug use, and sun exposure 
(Suyanto & Saraswati, 2023). One of the key enzymes 
involved in melanin biosynthesis is tyrosinase, a cop-
per-containing metalloprotein. This enzyme plays a 
protective role against UV damage, yet it is also the pri-
mary target in melanin-inhibition strategies aimed at 
preventing hyperpigmentation. Therefore, inhibition 
of tyrosinase activity has become a widely developed 
approach to reduce melanin accumulation in the skin 
(Noh et al., 2020). 

Several natural compounds have been identified as 
tyrosinase inhibitors, such as arbutin, azelaic acid, 
kojic acid, hydroquinone, and other phenolic com-
pounds. Polyphenols and flavonoids found in plants 
are known to inhibit tyrosinase by blocking the oxida-
tion reactions of L-tyrosine, or L-DOPA, catalysed by 
the enzyme (Boateng et al., 2023; Harahap et al., 2024).  

Centella asiatica (L.) Urb., commonly known as peg-
agan, is a plant from the Apiaceae family that exhibits 
various pharmacological activities, primarily due to its 
triterpenoid constituents such as asiaticoside, 
madecassoside, asiatic acid, and madecassic acid (Fig. 
1). Extracts of C. asiatica have been used in cosmetic for-
mulations and have demonstrated tyrosinase inhibi-
tory activity of 31.25% at a concentration of 1.67 
mg/mL (Fernenda et al., 2023). These triterpenoid 
compounds are known to promote skin tissue regener-
ation and reduce melanin content by inhibiting tyrosi-
nase mRNA expression (Chang, 2009; Fernenda et al., 
2023). 

Ethyl ascorbic acid (EAA) is a stable derivative of 
vitamin C with superior skin permeability compared 
to other ascorbic acid derivatives. EAA is widely used 
in cosmetics as an antioxidant, anti-aging agent, and 
tyrosinase inhibitor (Iliopoulos et al., 2019). It plays a 
role in preventing hyperpigmentation primarily 
through the inhibition of tyrosinase (Chen et al., 2021). 

 
 

 

Figure 1. Scheme of the present research. 
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ligandҎprotein complex; Eprotein(unbound, minimized) represents the minimized MM-GBSA energy of the protein after separation from its ligand; 
and Eligand (unbound, minimized) refers to the minimized MM-GBSA energy of the ligand once relaxed and detached from the crystal complex 
(Ekowati et al., 2023). 

 

Coenzyme Q10 is a component of the mitochondrial 
electron transport chain and functions as a potent anti-
oxidant. In addition to protecting cells from free radi-
cal damage, coenzyme Q10 has been shown to sup-
press tyrosinase activity by inhibiting cAMP-mediated 
CREB signaling, thereby reducing melanin synthesis 
(Atapour-Mashhad et al., 2024; Jiménez-Jiménez et al., 
2023). 

This study aims to evaluate the tyrosinase inhibi-
tory activity of C. asiatica extract, coenzyme Q10, and 
ethyl ascorbic acid using in silico methods. In silico eval-
uations were performed through molecular docking to 
predict ligand interactions with the tyrosinase enzyme 
and assess binding affinities, followed by molecular 
dynamics simulations to examine the stability of the 
complexes over a 100 ns simulation period. Molecular 
docking and dynamics analyses were carried out using 
Molegro Virtual Docker and Desmond (Schrödinger), 
targeting the tyrosinase enzyme (PDB ID: 5I3A), with 
hydroquinone, kojic acid, and arbutin as reference lig-
ands to assess the inhibitory potential of the test com-
pounds.  

MATERIAL AND METHODS 

Molecular docking procedure 

Four major phytochemicals from C. asiatica (asiatic 
acid, madecassic acid, asiaticoside, and madecasso-
side), along with two vitamin C derivatives, namely 2-
o-ethyl ascorbic acid and 3-o-ethyl ascorbic acid, and 
coenzyme Q10, were prepared as ligands. The molecu-
lar structures were initially drawn in 2D using Chem-
BioDraw version 11. These 2D structures were con-
verted to 3D using the Molecular Operating Environ-
ment (MOE) software. The 3D ligands were energy-
minimized using the MMFF94x force field to obtain the 
most stable conformations, and the resulting structures 
were saved in PDB format (Halgren, 1996). 

The tyrosinase enzyme was obtained from the Pro-
tein Data Bank (PDB ID: 5I3A) and was preprocessed 
using Molexus version 7 software (Deri et al., 2016). To 
validate the docking protocol, the enzyme was re-
docked with its native ligand (hydroquinone) and with 
kojic acid and arbutin to ensure the reliability of the 
docking process for further analysis. Subsequently, the 
validated docking setup was used to dock the four ma-
jor phytochemicals from C. asiatica along with the three 
additional compounds. 

Tyrosinase is a key enzyme involved in the biosyn-
thesis of skin pigment (melanin), produced by melano-
cyte cells in the epidermis. During aging, overproduc-
tion of melanin can occur, leading to hyperpigmenta-
tion via melanogenesis, which is catalyzed by tyrosi-
nase (Deri et al., 2016). Therefore, inhibition of tyrosi-
nase plays a critical role in reducing hyperpigmenta-
tion in skin tissue and was selected as the molecular 
target in this study. 

Molecular dynamics procedure 

After molecular docking was completed using Mo-
lexus, each ligand-tyrosinase complex was saved as a 
PDB file. These files were then subjected to molecular 
dynamics (MD) simulations using Desmond (Schrö-
dinger) software. MD simulations were performed on 
eight compounds: the native ligand (hydroquinone), 
asiatic acid, madecassic acid, asiaticoside, madecasso-
side, two vitamin C derivatives (2-o-ethyl ascorbic acid 
and 3-o-ethyl ascorbic acid), and coenzyme Q10. The 
aim of the MD simulation was to evaluate the stability 
of interactions between each ligand and the tyrosinase 
enzyme over time. 

Simulations were carried out for 100 nanoseconds 
using the TIP4P water model at normal pressure and 
temperature (NPT). The simulations were run at 300 K 
and 1.01325 bar within a cubic water box of dimensions 
10 Å × 10 Å × 10 Å. Energy snapshots were recorded 
every 10 picoseconds. The temperature and pressure 
were maintained using the Nose²Hoover chain ther-
mostat and the Martyna²Tobias²Klein barostat algo-
rithms, respectively. All minimized and equilibrated 
systems were simulated under periodic boundary con-
ditions using the OPLS 2005 force field parameters for 
10 ns under the NPT ensemble (Kesuma et al., 2025; 
Prasetiyo et al., 2025; Ruswanto et al., 2022). 

Molecular mechanics/generalized Born surface 
area (MM-GBSA) analysis was carried out using ther-
mal_mmgbsa.py to estimate the binding free energy of 
ligand²protein complexes. This approach was essen-
tial for assessing the interaction strength of potential 
drug candidates and was defined by the following 
equation [1]. 
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RESULTS AND DISCUSSION 

Molecular docking result 

Four major phytochemicals from C. asiatica³asiatic 
acid, madecassic acid, asiaticoside, and madecasso-
side³along with two vitamin C derivatives (2-o-ethyl 
ascorbic acid and 3-o-ethyl ascorbic acid) and coen-
zyme Q10, were prepared as ligands. The structures 
were initially drawn in two dimensions using ChemBi-
oDraw version 11, then converted to three dimensions 
using MOE (Molecular Operating Environment). Each 
3D ligand was energy-minimized using the MMFF94x 
force field to obtain the most stable conformation and 
saved in PDB format (Halgren, 1996; Putra et al., 2023). 

The tyrosinase enzyme structure was retrieved 
from the Protein Data Bank (PDB ID: 5I3A) and pre-
pared using Molexus version 7 software (Deri et al., 
2016). To validate the docking protocol, tyrosinase was 
redocked with its known ligand, hydroquinone. The 
validation yielded a root-mean-square deviation 
(RMSD) of 1.46 Å, confirming that the docking proto-
col was reliable and could be used for subsequent 
docking simulations of the selected phytochemicals 
and additional compounds. In addition to RMSD val-
ues, another crucial parameter in the redocking pro-
cess is the interaction profile between the experimental 
SC-XRD ligand and the simulated docking ligand. The 
analysis revealed no significant differences in amino 
acid interactions, with both ligands showing 100% 

similarity in their binding residues. Specifically, the 
ligands consistently interacted with the residues His 
20, His 42, His 60, Asn 205, His 208, and Val 218. This 
high degree of overlap confirms the reliability of the 
docking protocol and validates the accuracy of the 
docking simulation in reproducing the experimental 
binding mode. 

The docking grid was defined with coordinates X = 
2.74 Å, Y = 99.89 Å, and Z = 25.11 Å, encompassing a 
binding cavity surrounded by 13 key amino acids: His 
42, His 60, His 204, Asn 205, His 208, Met 215, Gly 216, 
Val 217, Val 218, Ala 221, Phe 227, and His 231. Addi-
tionally, two zinc ions were present as cofactors within 
the binding site. The RMSD value obtained (<2 Å) in-
dicates that the docking method used is valid for pre-
dicting the binding affinity and interaction of the test 
compounds with the tyrosinase enzyme (Sulistyowaty 
et al., 2016; 2023; Widiyana et al., 2016). 

Based on the molecular docking results, a Moldock 
score was obtained, representing the predicted binding 
interaction between the ligand and the receptor. A 
lower Moldock score indicates a higher binding affin-
ity and better compatibility between the ligand and the 
receptor. The docking results can also be visualized 
and interpreted to provide a comprehensive overview 
of the ligand-receptor interactions, including hydro-
gen bonding, hydrophobic interactions, and electronic 
interactions. These interactions are summarized in Ta-
ble 1 and illustrated in Fig. 2. 

 

 

Figure 2. Comparison of the native ligand (dark blue) with the docking result simulation (green) by Molexus Ver.7 with RMSD of 1.46 Å. 
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Table 1. The molecular docking result of native ligand (hydroquinone) and phytochemicals of Centella asiatica into the active site of 
tyrosinase. 

Compound 
Moldock score 
(kcal/mol) 

Hydrogen bond Steric Interaction 

 
Native ligand (hydroquinone) 

-52.64 ± 1.23 

His 42 

 (2.66 Å) 

Asn 205 

(2.51 Å) 

Val 218 

(3.41 Å) 

His 20; His 42; His 60;  

His 208; Val 218 

 
Kojic acid 

-66.54 ± 0.74 

Asn 205 

(3.29 Å) 

Met 215 

(2.69 Å) 

His 204; Asn 205; His 208 

Met 215; Val 217; Val 218 

 
Arbutin 

-66.53 ± 0.98 

Asn 205 

(2.80; 3.10Å) 

Met 215  

(3.53 Å) 

Gly 216 

(2.66 Å) 

His 204; Asn 205; His 208;  

Gly 216; Val 217; Val 218  

 
Asiaticoside 

323.56 ± 1.88 

His 42 

(1.27; 2.61 Å) 

Gly 46 

(2.73 Å) 

His 208 

(2.56 Å) 

Arg 209 

(2.03 Å) 

Val 218 

(2.56 Å) 

His 42; Gly 46; Asn 57;  

Met 61; Phe 197; Asn 205;  

His 208; Arg 209; Met 215; 

Val 217; Val 218; Pro 219; 

Ala 221; Phe 227 

 
Madecassoside 

145.54 ± 1.98 Asp 55 

(2.91 Å) 

Met 61 

(2.46; 3.19 Å) 

Glu 195 

(1.53: 1.82 Å) 

Asn 205 

(2.31 Å) 

His 42; Asp 55; Asn 57; 

His 60; Met 61; Glu 195; 

Phe 197; His 204; Asn 205; 

His 208; Arg 209; Met 215; 

Gly 216; Val 217; Val 218; 

Pro 219; Ala 221 

 
Asiatic acid 

-45.81 ± 1.68 

- 
Phe 197; Asn 205; Arg 209; 

Val 218 
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Table 1. The molecular docking result of native ligand (hydroquinone) and phytochemicals of Centella asiatica into the active site of 
tyrosinase (continued...) 

Compound 
Moldock score 
(kcal/mol) 

Hydrogen bond Steric Interaction 

 
Madecassic acid 

-42.62 ± 1.57 

Asn 205 

(2.78 Å) 

Gly 46; Asn 57; His 60 

Met 61; Gly 196; Phe 197 

Asn 205; Arg 209 

 
2-o-ethyl ascorbic acid 

-64.28 ± 0.43 
His 42 

(3.23 Å) 

Asn 205 

(3.04 Å) 

His 42 

Asn 205 

Val 218 

 
3-o-ethyl ascorbic acid 

-61.47 ± 0.54 

Asn 205 

(2.93 Å) 

Asn 205 

His 208 

Gly 216 

 

 
Coenzyme Q10 

725.54 ± 1.97 

His 42 

(1.83 Å) 

His 42; Gly 43; Gly 46; 

Lys 47; Ala 59; His 60; 

Met 61; Phe 65; His 69; 

Glu 195; Asn 205; His 208; 

Arg 209; Met 215; Gly 216; 

Val 217; Val 218; Pro 219 

Ala 221 

 
Hydroquinone, the native ligand of the tyrosinase 

enzyme, is widely used clinically to treat hyperpig-
mentation and melasma (Dipiro et al., 2020; Sweetman, 
2009). Hydroquinone exhibits a binding energy 
(Moldock score) of ²52.64 kcal/mol on tyrosinase, 
forming hydrogen bonds with the amino acid residues 
His 42 (2.66 Å), Asn 205 (2.51 Å), and Val 218 (3.41 Å), 
as well as steric (hydrophobic/van der Waals) interac-
tions with His 20, His 42, His 60, His 208, and Val 218 
(Figs. 3 and 4). Natural compounds commonly used to 
inhibit tyrosinase, such as kojic acid and arbutin, were 
also used as reference drug standards in the molecular 
docking process of this study. Both kojic acid and ar-
butin share structural similarity with hydroquinone, 
which explains their favorable docking scores of ²66.54 
kcal/mol and ²66.53 kcal/mol, respectively. Arbutin, 
also known as arbutoside, is the glycosylated form of 
hydroquinone. Upon hydrolysis, arbutin releases the 
aglycone hydroquinone and a glucose moiety. Kojic 
acid formed hydrogen bonds with amino acid residues 
Asn 205 (3.29 Å) and Met 215 (2.69 Å), categorized as 

weak (>3.2 Å) and moderate (2.5²3.2 Å), respectively 
(Arunan et al., 2011; Steiner, 2002). In total, kojic acid 
formed hydrogen bonds with six residues: His 204, 
Asn 205, His 208, Met 215, Val 217, and Val 218, while 
also establishing steric interactions with the identical 
six residues. Meanwhile, arbutin formed three hydro-
gen bonds with Asn 205 (2.80 and 3.10 Å), Met 215 (3.53 
Å), and Gly 216 (2.66 Å). Based on bond distances, ar-
butin displayed moderate hydrogen bonding (2.2²3.2 
Å) with Asn 205 and Gly 216, and a weak hydrogen 
bond (>3.2 Å) with Met 215. Additionally, arbutin ex-
hibited steric interactions with six residues: His204, 
Asn 205, His 208, Gly 216, Val 217, and Val 218. 

Among the phytochemicals in C. asiatica, asiatic 
acid and madecassic acid demonstrated potential tyro-
sinase-inhibitory activity, whereas asiaticoside and 
madecassoside yielded negative results in molecular 
docking. 

Asiatic acid and madecassic acid, which belong to 
the terpenoid class, exhibited binding energies of ²
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45.81 kcal/mol and ²42.62 kcal/mol, respectively. Alt-
hough these values are higher (less negative) than 
those for hydroquinone (²52.64 kcal/mol), they still in-
dicate a relatively strong predicted inhibitory activity 
against tyrosinase, suggesting that both compounds 
have promising potential. Asiatic acid showed steric 
interactions with Phe 197, Asn 205, Arg 209, and Val 
218. Madecassic acid formed a hydrogen bond with 
Asn 205 and steric interactions with Gly 46, Asn 57, His 
60, Met 61, Gly 196, Phe 197, Asn 205, and Arg 209, as 
shown in Table 1 and Figs. 3²4. 

Asiaticoside, a glycoside phytochemical in C. asiat-
ica, consists of an aglycone (asiatic acid) bound to a tri-
saccharide chain composed of glucose-glucose-rham-
nose (Badal & Delgoda, 2016). Glycosides are typically 
water-soluble due to their positive Log S values (Badal 
& Delgoda, 2016); however, their bulky structures of-
ten result in poor compatibility with receptor-binding 
sites. Generally, glycosides must undergo enzymatic 
hydrolysis in the human body to release their aglycone 
moieties, which are responsible for the pharmacologi-
cal activity (Liu et al., 2022; Walle et al., 2005; Yousefi 
et al., 2015; Zhang et al., 2012). The molecular docking 
of asiaticoside to tyrosinase produced a Moldock score 
of +323.56 kcal/mol, indicating an incompatible inter-
action dXH� WR� WKH� PROHFXOH·V� ODUJH� VL]H� DQG� SRRU� ILW�
within the small hydroquinone binding cavity, which 
resulted in significant overlap and red zones in the ac-
tive site (Figs. 3 and 4). 

Similarly, madecassoside³another glycoside in C. 
asiatica composed of madecassic acid as the aglycone 
and a glucose-glucose-rhamnose trisaccharide chain³
also showed poor binding compatibility in molecular 
docking. The Moldock score of madecassoside was 
+145.54 kcal/mol, indicating a lack of effective binding 
to the tyrosinase active site. As with asiaticoside, the 
molecule's large size causes spatial overlap in the hy-
droquinone cavity, as visualized by red zones in the 
active site (Figs. 3 and 4). 

Among the three additional compounds evaluated, 
2-o-ethyl ascorbic acid and 3-o-ethyl ascorbic acid 
demonstrated inhibitory activity against tyrosinase, 
whereas coenzyme Q10 did not exhibit significant in-
hibitory potential. Both 2-o-ethyl ascorbic acid and 3-o-
ethyl ascorbic acid are esterified derivatives of ascorbic 
acid. The ester group in these molecules enhances their 
lipophilicity, facilitating deeper skin penetration and 
prolonging their antioxidant effect (Chen et al., 2021). 
Vitamin C and its derivatives have been clinically val-
idated for the treatment of melasma and other forms of 
hyperpigmentation. These findings are consistent with 
the molecular docking results showing that these de-
rivatives can inhibit tyrosinase activity more effec-
tively than the native ligand hydroquinone. 

2-o-ethyl ascorbic acid exhibited a Moldock score of 
²64.28 kcal/mol, lower than hydroquinone (²52.64 
kcal/mol), suggesting a stronger predicted binding af-
finity. It formed hydrogen bonds with His 42 and Asn 
205, and steric interactions with His 42, Asn 205, and 
Val 218. 2-o-ethyl ascorbic acid demonstrated good 
compatibility with the active site of tyrosinase due to 
its molecular volume, which closely resembles that of 
hydroquinone. As a result, no spatial overlap was ob-
served in the cavity, indicated by the absence of red 
zones in the cavity area (Figs. 3 and 4). 

Similarly, 3-o-ethyl ascorbic acid showed a 
Moldock score of ²61.47 kcal/mol, also lower than that 
of hydroquinone. It formed hydrogen bonds with Asn 
205 and steric interactions with His 42, Asn 205, and 
Val 218. Like 2-o-ethyl ascorbic acid, this derivative ex-
hibited structural compatibility with the tyrosinase ac-
tive site, occupying the cavity without overlap, as evi-
denced by the lack of red zones (Figs. 3 and 4). 

In contrast, coenzyme Q10 had a Moldock score of 
+725.54 kcal/mol, significantly higher than hydroqui-
none, indicating poor binding compatibility with tyro-
sinase. Its large molecular size makes it unsuitable for 
the relatively small binding cavity of hydroquinone, 
leading to spatial overlap and the appearance of red 
zones in the active cavity area (Figs. 3 and 4). Although 
coenzyme Q10 is known for its antioxidant properties, 
it does not appear to act via direct tyrosinase inhibition 
and is therefore less suitable for treating hyperpigmen-
tation or melasma through this mechanism. 

Molecular dynamics result 

The molecular docking results are supported by 
molecular dynamics simulations that ran from 0 to 100 
ns. The main objective of the molecular dynamics pro-
cess run for 100 ns is to observe the stability of the bond 
between the drug and receptor. The bond stability can 
be assessed from the RMSD profile, where a value of < 
2 Å indicates very stable binding, 2-3 Å indicates stable 
binding, and > 3 Å indicates unstable binding 
(Henzler-Wildman & Kern, 2007; Kesuma et al., 2025; 
Putra et al., 2025; Ruswanto et al., 2022). 

The molecular dynamics results align with the mo-
lecular docking results, showing that the compounds 
coenzyme Q10, madecassoside, and asiaticoside do not 
have stable binding with tyrosinase, as indicated by 
RMSD values > 3 Å. The average RMSD values during 
the 100 ns run were 10.311 Å for coenzyme Q10, 5.800 
Å for madecassoside, and 6.746 Å for asiaticoside. 
These molecular dynamics results also correspond 
with the molecular docking results, which indicate 
very high moldock scores. 
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Figure 3. The 2D molecular docking interaction reference standard (native ligand and hydroquinone), four major phytochemicals 
from C. asiatica, vitamin C derivatives, and coenzyme Q10 into tyrosinase. 
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Figure 4. The 3D molecular docking interaction reference standard (native ligand and hydroquinone), four major 
phytochemicals from Centella asiatica, vitamin C derivatives, and coenzyme Q10 into tyrosinase. 
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Figure 5. The protein-ligand RMSD of reference drug standard (hydroquinone, arbutin), four major phytochemicals from Centella 
asiatica (asiatic acid, madecassic acid, asiaticoside, madecassoside), ethyl ascorbic acid derivatives (2-o-ethyl ascorbic acid and 3-o-
ethyl ascorbic acid), and coenzyme Q-10 in a 100 ns molecular dynamics simulation. 

 
 

Table 2. Results of MM-
����ҙɄ
Қ��+!������,#� ,*-,2+!0�#/,*���тсс�+0�*,)" 2)�/�!6+�*& 0�0&*2)�1&,+ѷ 

Compound 
MM-GBSA (οࡳሻ 
Kcal/mol 

Average RMSD  Min. RMSD Max. RMSD 

Hydroquinone -79.67 3.456 0.848 6.187 

Arbutin -55.72 5.201 1.261 8.132 

Asiaticoside 5.65 6.746 2.013 11.347 

Madecassoside 1.23 11.983 1.918 17.973 

Asiatic acid -88.50 3.069 1.997 4.225 

Madecassic acid -44.67 5.800 1.703 8.549 

2-o-Ethyl ascorbic acid -85.34 4.234 1.652 5.583 

3-o-ethyl ascorbic acid -89.21 2.971 1.679 4.083 

Coenzyme Q10 10.27 10.311 5.790 19.110 

 
Asiatic acid and madecassic acid show better 

RMSD profiles compared to coenzyme Q10, 
madecassoside, and asiaticoside. The hydrolysis of 
madecassoside and asiaticoside produces aglycone 
compounds in the form of madecassic acid and asiatic 
acid, resulting in smaller and more stable structures 
that bind more effectively to tyrosinase, with average 
RMSD values approaching 3 Å. 

The compound 3-o-ethyl ascorbic acid, a derivative 
of vitamin C, has the most stable bond and inhibits ty-
rosinase, with an average RMSD of 2.971 Å, which is 
much lower than that of the native ligand or the stand-
ard reference drug, hydroquinone, which has an aver-
age RMSD of 3.456 Å. This result aligns with the mo-
lecular docking results, where the compound 3-o-ethyl 

ascorbic acid has a MM-*%6$� �¨*�� VFRUH� RI� -89.21 
kcal/mol, lower than that of hydroquinone (-79.67 
kcal/mol; Table 2). Meanwhile, the compound 3-o-
ethyl ascorbic acid shows poor binding stability, as ob-
served from its molecular dynamics profile (Fig. 5). 

The molecular docking results provided an initial 
estimation of the binding affinity of the tested com-
pounds toward the target protein, as reflected by the 
Moldock score. However, these results required fur-
ther validation through molecular dynamics simula-
tions and MM-GBSA calculations, which better repre-
sent biological conditions. The docking results, MM-
*%6$�ELQGLQJ�IUHH�HQHUJ\��Ʀ*���DQG�����QV�PROHFXODU�
dynamics simulations for each compound are summa-
rized in Table 2. MM-*%6$� Ʀ*�� DQG� 506'� ZHUH�
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analysed to evaluate the stability of ligand²receptor 
complexes (Greenidge et al., 2012; Hou et al., 2011). 

As a reference, hydroquinone (synthetic standard) 
exhibited an MM-*%6$�Ʀ*�RI�²79.67 kcal/mol with an 
average RMSD of 3.456 Å. In comparison, arbutin (nat-
XUDO� VWDQGDUG�� VKRZHG� ZHDNHU� ELQGLQJ� �Ʀ*� ²55.72 
kcal/mol) and less stability (average RMSD 5.201 Å). 
Several tested compounds demonstrated superior re-
sults to both standards. 3-o-HWK\O�DVFRUELF�DFLG� �Ʀ*�²
������NFDO�PRO��506'�������c��DQG�DVLDWLF�DFLG��Ʀ*�²
88.50 kcal/mol, RMSD 3.069 Å) formed more stable in-
teractions than hydroquinone and arbutin. 2-o-ethyl 
DVFRUELF�DFLG��Ʀ*�²85.34 kcal/mol, RMSD 4.234 Å) also 
showed stronger binding than hydroquinone, alt-
hough with slightly higher RMSD. Conversely, asiati-
coside, madecassoside, and coenzyme Q10 displayed 
SRVLWLYH�Ʀ*�YDOXHV�DQG�KLJK�506'��LQGLFDWLQJ�XQVWD�
ble interactions. 

Hydroquinone is widely used as the reference drug 
in hyperpigmentation therapy, while arbutin serves as 
a safer natural analog, though it is less potent because 
it must be enzymatically hydrolyzed to release hydro-
quinone as its aglycone. Therefore, comparison with 
both standards is important for assessing new candi-
dates. The present findings highlight asiatic acid and 
3-o-ethyl ascorbic acid as stronger candidates, sup-
SRUWHG� E\� ORZHU� Ʀ*� YDOXHV� ��-88.50 kcal/mol) and 
small RMSD (<3.5 Å), suggesting strong and stable lig-
and²receptor interactions throughout the 100 ns simu-
lation. 

Although 2-o-ethyl ascorbic acid exhibited a 
VOLJKWO\�KLJKHU�506'�� LWV�Ʀ*�ZDV� ORZHU� WKDQ� WKDW�RI�
hydroquinone (²85.34 vs. ²79.67 kcal/mol), indicating 
promising potential that warrants further validation. 
Compared to arbutin, most candidates (asiatic acid, 2-
o-ethyl ascorbic acid, and 3-o-ethyl ascorbic acid) 
GHPRQVWUDWHG� VLJQLILFDQWO\� ORZHU� Ʀ*� DQG� VPDOOHU�
506'�� FRQILUPLQJ� DUEXWLQ·V� ZHDNHU� DQG� OHVV� VWDEOH�
binding profile. In contrast, bulky glycosides such as 
asiaticoside and madecassoside, as well as coenzyme 
4���� GLG� QRW� H[KLELW� IDYRUDEOH� ELQGLQJ� �SRVLWLYH� Ʀ*��
RMSD >10 Å), thus excluding them as potential candi-
dates. 

In summary, relative to the two standards (hydro-
quinone and arbutin), asiatic acid, 3-o-ethyl ascorbic 
acid, and 2-o-ethyl ascorbic acid emerged as the strong-
est candidates, not only more stable than arbutin but 
also showing superior binding energies compared to 
hydroquinone. 

The total secondary structure content of tyrosinase 
ZDV���������FRQVLVWLQJ�RI��������ǂ-helices and 3.93% 
ǃ-sheets (Fig. 6), while the remaining 67.49% com-
prised primary structural elements. RMSF analysis re-
vealed that the tested compounds interacted with sev-
eral amino acid residues similar to the native ligand, 
with RMSF values <1.5 Å (Ekowati et al., 2023; 
Ghahremanian et al., 2022). Such low RMSF values 
suggest reduced flexibility, indicating that the com-
pounds bind precisely at the core domain or active-site 
pocket of tyrosinase, as illustrated in Fig. 6. 

 

 

Figure 6. Protein-ligand complex RMSF of native ligand, reference drug standard (hydroquinone, arbutin), four major 
phytochemicals from Centella asiatica (asiatic acid, madecassic acid, asiaticoside, madecassoside), ethyl ascorbic acid derivatives 
(2-o-ethyl ascorbic acid and 3-o-ethyl ascorbic acid), and coenzyme Q-10. 
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Molecular dynamics results of each compound over 
a 100 ns simulation demonstrated stable interactions 
with several amino acid residues. Native ligand (hy-
droquinone): Hydrogen bonds were formed with four 
amino acid residues: Gly 194 (6.5%); Asn 205 (5.2%); 
Val 217 (5.6%); Val 218 (33.4%). Ionic/electronic inter-
actions were formed with one amino acid residue: His 
60 (100%). Hydrophobic/steric interactions were 
formed with six amino acid residues: His 60 (5.4%); 
Met 61 (3.5%); Met 184 (0.1%); Phe 197 (1.6%); His 208 
(5.8%); Val 218 (0.6%). Water bridges interactions were 
formed with 13 amino acid residues: Met 184 (3.3%); 
Arg 191 (1.4%); Asn 192 (21.0%); Glu 195 (1.7%); Gly 
196 (5.1%); Phe 197 (0.5%); Asn 205 (4.2%); Gln 214 
(0.3%); Met 215 (8.8%); Gly 216 (5.6%); Val 217 (26.1%); 
Val 218 (6.6%); Pro (10.5%). Protein-ligand contact re-
sults for the native ligand are shown in Fig. 7. 

Arbutin: Hydrogen bonds were formed with five 
amino acid residues: His 60 (3.6%); Glu 158 (61.8%); 
Asn 205 (5.2%); Arg 209 (3.0%); Val 218 (55.8%). 
Ionic/electronic interactions were formed with one 
amino acid residue: Glu 158 (4.9%). Hydrophobic/ste-
ric interactions were formed with six amino acid resi-
dues: Met 61 (1.0%); Phe 197 (26.6%); Pro 201 (1.2%); 
Arg 209 (17.9%); Val 217 (3.1%); Val (0.8%). Water 
bridges interactions were formed with 13 amino acid 
residues: Gly 46 (0.1%); Lys 47 (0.2%); Asp 55 (0.1%); 
His 60 (61.6%); Thr 156 (0.1%); Glu 158 (35.7%); Glu 195 
(79.9%); Phe 197 (2.2%); Gly 200 (6.0%); Asn 205 
(100%); Arg 209 (8.9%); Gly 216 (8.9%); Val 208 (13.2%). 
Protein-ligand contact results for the native ligand are 
shown in Fig. 7. 

Asiaticoside: Hydrogen bonds were formed with 
seven amino acid residues: Asp 55 (50.8%); Asn 57 
(1.0%); His 60 (74.7 %); Glu 148 (4.5%); Glu 195 (100%); 
Asn 205 (29.9%); Arg 209 (5.4%). 

Ionic/electronic interactions were formed with four 
amino acid residues: Asn 57 (1.2%); His 204 (100%); His 
208 (100%); His 231 (100%). Hydrophobic/steric inter-
actions were formed with five amino acid residues: 
Met 61 (4.0%); Phe 65 (44.9%); Phe 197 (41.7%); Pro 201 
(0.1%); Val 218 (15.5%). Water bridges interactions 
were formed with 16 amino acid residues: His 42 
(0.6%); His 49 (0.1%); Asp 55 (47.9%); Asn 57 (28.0%); 
Ala 59 (0.1%); His 69 (0.8%); Lys 151 (0.1%); Glu 158 
(7.8%); Gly 200 (0.2%); Asn 205 (2.5%); Arg 209 (2.3%); 
Met 215 (1.5%); Gly 216 (0.5%); Val 217 (0.1%); Val 218 
(2.1%); Pro 219(0.4%). 

Madecassoside: Hydrogen bond were formed with 
16 amino acid residues: Gly 46 (1.5 %); Lys 47 (0.7%); 
His 49 (4.1%); Asp 140 (1.2%); Glu 141 (100%); Gln 142 
(2.6%); Asn 144 (0.7%); Pro 145 (1.2%); Lys (1.0%); Glu 
158 (22.3%); Gly (1.2%); Asn 199 (2.3%); Asn 205 (17.3 
%); Arg 209 (1.1%); Gly 216 (6.0%); Val 218 (5.0%). 

Ionic/electronic interactions were formed with four 
amino acid residues: His 42 (100 %); His 60 (100 %); 
Asn 199 (2.6%); Gly 200 (1.6 %). Hydrophobic/steric 
interactions were formed with four amino acid resi-
dues: Phe 197 (0.8%); Val 217 (1.6%); Val 218 (3.3%); Pro 
219 (3.1%). Water bridges interactions were formed 
with 19 amino acid residues: Gly 46 (2.1%); Lys 47 
(15.0%); Asp 55 (2.1%); Asp 140 (9,7%); Glu 141 (3.6%); 
Gln 142 (5.4%); Asn 144 (2.5%); Pro 145 (2.4%); Glu 158 
(15.9%); Glu 195 (2.4%); Gly 196 (5.4%); Asn 199 (5.4%); 
Asn 205 (20.2%); Arg 209 (8.7%); Met 215 (4.9%); Gly 
216 (6.4%); Val 217 (6.9%); Val 218 (9.6%); Pro 219 
(3.9%). 

Asiatic acid: Hydrogen bonds were formed with 
three amino acid residues: Glu 195 (84.1%); Gly 216 
(67.3%); Val 217 (37.7%). Ionic/electronic interactions 
were formed with six amino acid residues: His 42 
(100%); His 60 (100%); Glu 195 (100%); His 204 (100 %); 
His 208 (100%); His 231 (100%). Hydrophobic/steric 
interactions were formed with one amino acid residue: 
Val 218 (2.3%). Water bridges interactions were formed 
with 17 amino acid residues: Glu 158 (13.1%); Glu 195 
(0.2%); Gly 196 ( 0.5%); Phe 197 (0.4%); Ile 198 (1.2%); 
Asn 199 (0.3%); Gly 200 (57.1%); Pro 201 (0.1%); Asn 
205 (2.2%); His 208 (0.2%); Arg 209 (5.5%); Met 215 
(4.8%); Gly 216 (5.8%); Val 217 (31.4%); Val 218 (22.7%); 
Pro 219 (13.9%); Ala 221 (0.9%). Protein-ligand contact 
results for the native ligand are shown in Fig. 7. 

Madecassic acid: Hydrogen bonds were formed 
with five amino acid residues: His 60 (5.9%); Glu 195 
(55.4%); Gly 196 (27.4%); Asn 205 (22.4%); Arg 209 
(2.6%). Hydrophobic/steric interactions were formed 
with six amino acid residues: Met 61 (7.4%); Met 184 
(10.5%); Phe (32.2%); Pro 201 (9.4%); Val 218 (13.2%); 
Pro 219 (0.1%). Water bridges interactions were formed 
with 15 amino acid residues: Lys 47 (0.1%); His 49 
(0.2%); Asp 55 (2,3%); Asn 57 (0.3%); His 60 (0.7%); Glu 
141 (0.1%); Glu 158 (1.3%); Met 184 (10.5%); Gly 196 
(2.7%); Gly 200 (0.3%); Asn 205 (11.3%); Arg 209 (7.2%); 
Gly 216 (1.0%); Val 218 (5.0%); Pro 219 (0.1%). 

2-o-Ethyl ascorbic acid: Hydrogen bonds were 
formed with three amino acid residues: Arg 209 
(19.6%), Met 215 (0.1%), and Val 217 (14.8%). 
Ionic/electronic interactions were formed with six 
amino acid residues: His 42 (100%); His 60 (100%); Glu 
195 (100%); His 204 (100 %); His 208 (100%); His 231 
(100%). Hydrophobic/steric interactions were formed 
with one amino acid residue: Val 218 (3.5%). Water 
bridges interactions were formed with eight amino 
acid residues: Glu 158 (0.1 %); Asn 205 (19.3%); Arg 209 
(6.9%); Met 215 (10.6%); Gly 216 (28.4%); Val 217 
(2.9%); Val 218 (0.5%); Pro 219 (0.1%). Protein-ligand 
contact results for the native ligand are shown in Fig. 
7. 
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Figure 7. The protein-ligand interaction contacts with tyrosinase (A) native ligand (hydroquinone), (B) arbutin, (C) asiatic acid, (D) 3-o-ethyl 
ascorbic acid, and (E) 2-o-ethyl ascorbic acid in a 100 ns molecular dynamics simulation. 
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Figure 8. Average of radius of gyration (rRyr) of native (hydroquinone, arbutin), four major phytochemicals from Centella asiatica (asiatic 
acid, madecassic acid, asiaticoside, madecassoside), ethyl ascorbic acid derivatives (2-o-ethyl ascorbic acid and 3-o-ethyl ascorbic acid), 
and coenzyme Q-10. 

 
3-o-Ethyl ascorbic acid: Hydrogen bonds were 

formed with four amino acid residues: His 42 (3.8%); 
His 69 (77.8%); Glu 195 (1.0%); Asn 205 (8.6%0. 
Ionic/electronic interactions were formed with seven 
amino acid residues: His 42 (13.5%); Ala 59 (0.1%); His 
60 (13.5%); Met 61 (0.1%); His 204 (100%); His 208 
(100%); His 231 (100%). Hydrophobic/steric interac-
tions were formed with three amino acid residues: Val 
218 (13.3%), Ala 221 (0.4%), and Phe 227 (4.5%). Water 
bridges interactions were formed with 12 amino acid 
residues: His 42 (64.2%); Ala 59 (91.0%); His 60 (0.1%); 
Met 61 (58.2 %); Phe 65 (0.1%); His 69 (0.3%); Tyr 72 
(1.1%); Glu 195 (100%); Asn 205 (22.7%); Arg 209 
(0.1%); Val 218 (0.1%); Ala 221 (0.1%). Protein-ligand 
contact results for the native ligand are shown in Fig. 
7. 

Coenzyme Q10: Hydrogen bonds were formed 
with two amino acid residues: His 42 (0.1%); His 69 
(10.7%). Ionic/electronic interactions were formed 
with three amino acid residues: His 204 (100 %), His 
208 (100%), and His 231 (100%). Hydrophobic/steric 
interactions were formed with 14 amino acid residues: 
His 42 (0.1%); Ala 59 (0.2%); Met 61 (9.0%); Phe 65 
(32.2%); Trp 68 (24.3%); Trp 72 (22.0%); Pro 181 (0.1%); 
Met 184 (17.0%); Phe 197 (46.1%); Ile 198 (8.5%); Val 217 
(0.1%); Val 218 (27.3%); Ala 221 (11.8%); Phe 227 
(67.7%). Water bridges interactions were formed with 
six amino acid residues: Ile 39 (0.1%); Ala 59 (4.1 %); 
His 69 (7.5%); Tyr 72 (0.3%); Glu 195 (0.7%); Gly 216 
(0.1%). 

Radius of gyration (Rg) analysis was performed to 
evaluate the degree of compaction and structural sta-
bility of the ligand²protein complexes during the 100 
ns molecular dynamics simulation (Lobanov et al., 

2008). The average Rg values of each compound are 
presented in Fig. 8 and analyzed in conjunction with 
Table 2, alongside binding free energy (MM-GBSA) 
and RMSD values. 

Hydroquinone, as the synthetic reference standard, 
exhibited a low Rg value (2.262 Å), indicating a rela-
tively compact complex, with an MM-*%6$�Ʀ*�RI� ²
79.67 kcal/mol. In contrast, arbutin showed a higher 
Rg (3.513 Å) and weaker binding energy (²55.72 
kcal/PRO��� $VLDWLF� DFLG� �5J� ������ c�� Ʀ*� ²88.50 
kcal/mol) and 3-o-HWK\O�DVFRUELF�DFLG��5J�������c��Ʀ*�
²������NFDO�PRO��GHPRQVWUDWHG�WKH� ORZHVW�Ʀ*�YDOXHV�
with moderate Rg, suggesting stable interactions with 
a reasonably compact structural conformation. Simi-
larly, 2-o-HWK\O� DVFRUELF� DFLG� �5J� ������c�� Ʀ*� ²85.34 
kcal/mol) displayed favorable results. In contrast, 
larger molecules such as asiaticoside (Rg 7.142 Å), 
madecassoside (Rg 7.091 Å), and coenzyme Q10 (Rg 
9.030 Å) exhibited substantially higher Rg values, with 
SRVLWLYH� RU� RQO\� VOLJKWO\� QHJDWLYH� Ʀ*� DQG� HOHYDWHG�
RMSD values. These findings indicate unstable com-
plexes with looser structural conformations through-
out the simulation. 

Rg reflects the degree of compaction of a ligand²
protein complex. A lower Rg value generally indicates 
a more compact and stable complex, whereas a higher 
Rg value suggests excessive flexibility or unstable 
binding. In this study, hydroquinone exhibited the 
lowest Rg (2.262 Å), consistent with its small molecular 
VL]H��ZKLFK�DOORZV�WLJKW�LQWHUDFWLRQ�ZLWKLQ�WKH�SURWHLQ·V�
active pocket. Interestingly, several test candidates 
showed higher binding energies than hydroquinone, 
despite slightly higher Rg values. 
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Among these, 3-o-ethyl ascorbic acid and asiatic 
acid emerged as the most promising candidates. Both 
FRPSRXQGV�VKRZHG�WKH�ORZHVW�Ʀ*�YDOXHV��²89.21 and 
²88.50 kcal/mol, respectively) and moderate Rg values 
(3.222²4.641 Å), which remain within a stable range. 
This indicates that although their complexes are 
slightly more flexible than hydroquinone, the binding 
energies achieved are significantly stronger and more 
stable. Conversely, arbutin, the natural reference 
standard, exhibited a weaker binding energy (²55.72 
kcal/mol) and a higher Rg than hydroquinone, con-
sistent with previous reports that arbutin is less potent 
than hydroquinone. Larger molecules, such as asiati-
coside and madecassoside, displayed Rg values >7 nm, 
SRVLWLYH�Ʀ*��DQG�YHU\�KLJK�506'��!���c�� indicating 
unstable complexes prone to dissociation during the 
simulation. Similarly, coenzyme Q10 showed the high-
HVW�5J��������QP��ZLWK�D�SRVLWLYH�Ʀ*��������NFDO�PRO���
suggesting an inability to form favorable thermody-
namic interactions. 

Overall, the combined analysis of Rg, MM-GBSA, 
RMSD, and RMSF demonstrated that 3-o-ethyl ascorbic 
acid and asiatic acid are the best candidates, as they 
maintained structural stability (relatively low Rg, 
RMSD <3.5 Å, RMSF <3 Å) while exhibiting stronger 
binding energies than both hydroquinone and arbutin. 

Based on molecular docking and molecular dynam-
ics studies, it can be concluded that the phytochemicals 
from C. asiatica responsible for the pharmacological ef-
fect as an anti-hyperpigmentation agent are asiatic 
acid, whereas its glycoside forms are inactive in inhib-
iting tyrosinase, according to in silico studies. The ad-
dition of 3-o-ethyl ascorbic acid to the antimelasma 
cream formulation is more likely to enhance the anti-
hyperpigmentation activity, as this compound has 
been shown in silico to be more potent at inhibiting ty-
rosinase than the clinically used standard reference 
drug, hydroquinone. 

CONCLUSION 

Based on molecular docking and molecular dynam-
ics studies, it can be concluded that the phytochemicals 
from C. asiatica responsible for the pharmacological ef-
fect as an anti-hyperpigmentation agent are asiatic 
acid, while its glycoside forms are inactive in inhibiting 
tyrosinase according to in silico studies. The addition of 
3-o-ethyl ascorbic acid to the antimelasma cream for-
mulation is more likely to enhance anti-hyperpigmen-
tation activity than coenzyme Q10. 
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$ERXW

'HVFULSWLRQ

7KH� -RXUQDO� RI� 3KDUPDF\� 	� 3KDUPDFRJQRV\� 5HVHDUFK� �-335HV�� LV� DQ� LQWHUQDWLRQDO��
VSHFLDOL]HG� DQG� SHHU�UHYLHZHG� RSHQ� DFFHVV� MRXUQDO�� XQGHU� WKH� DXVSLFHV� RI� *DU9DO�
(GLWRULDO� /WGD��� ZKLFK� SXEOLVKHV� VWXGLHV� LQ� WKH� SKDUPDFHXWLFDO� DQG� KHUEDO� ILHOGV�
FRQFHUQHG� ZLWK� WKH� SK\VLFDO�� ERWDQLFDO�� FKHPLFDO�� ELRORJLFDO�� WR[LFRORJLFDO� SURSHUWLHV�
DQG� FOLQLFDO� DSSOLFDWLRQV� RI� PROHFXODU� HQWLWLHV�� DFWLYH� SKDUPDFHXWLFDO� LQJUHGLHQWV��
GHYLFHV�DQG�GHOLYHU\�V\VWHPV�IRU�GUXJV��YDFFLQHV�DQG�ELRORJLFDOV��LQFOXGLQJ�WKHLU�GHVLJQ��
PDQXIDFWXUH�� HYDOXDWLRQ� DQG� PDUNHWLQJ�� 7KLV� MRXUQDO� SXEOLVKHV� UHVHDUFK� SDSHUV��
UHYLHZV��FRPPHQWDULHV�DQG�OHWWHUV�WR�WKH�HGLWRU�DV�ZHOO�DV�VSHFLDO�LVVXHV�DQG�UHYLHZ�RI�
SUH�DQG� SRVW�JUDGXDWH� WKHVLV� IURP� SKDUPDFLVWV� RU� SURIHVVLRQDOV� LQYROYHG� LQ�
3KDUPDFHXWLFDO�6FLHQFHV�RU�3KDUPDFRJQRV\�
�
-335HV�KDV�DQ�DFFHSWDQFH�UDWH�RI���������������7KH�DYHUDJH�WLPH�EHWZHHQ�VXEPLVVLRQ�
DQG� ILQDO� GHFLVLRQ� LV� ���� GD\V� DQG� WKH� DYHUDJH� WLPH� EHWZHHQ� DFFHSWDQFH� DQG� ILQDO�
SXEOLFDWLRQ�LV����GD\V�

0DQXVFULSWV�VXEPLWWHG�WR�-335HV�DUH�RQO\�DFFHSWHG�RQ�WKH�XQGHUVWDQGLQJ�WKDW�WKH\�DUH�
VXEMHFW� WR� HGLWRULDO� UHYLHZ�DQG� WKDW� WKH\�KDYH�QRW�EHHQ�� DQG�ZLOO� QRW�EH�� SXEOLVKHG� LQ�
ZKROH�RU�LQ�SDUW�LQ�DQ\�RWKHU�MRXUQDO�

7KH�85/�RI�WKH�MRXUQDO�ZHEVLWH�LV�MSSUHV�FRP�MSSUHV��<RX�FDQ�ZULWH�WR�WKH�HGLWRU�WKURXJK�
WKH�IROORZLQJ�HPDLO�
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-335HV� DFFHSWV�� LQ� 6SDQLVK� RU� (QJOLVK�� UHYLHZ� DUWLFOHV�� DUWLFOHV� IRU� HGXFDWLRQDO� IRUXP��
RULJLQDO� UHVHDUFK� DUWLFOHVb �IXOO� OHQJWK� DQG� VKRUW� FRPPXQLFDWLRQV��� OHWWHU� WR� HGLWRU� DQG�
FDVH�UHSRUWV��$UWLFOHV�FRQFHUQLQJ�DOO�DVSHFWV�RIb3KDUPDF\�DQG�3KDUPDFRJQRV\�ZLOO�EH�
FRQVLGHUHG��$UWLFOHV�RI�JHQHUDO�LQWHUHVW��H�J��PHWKRGV��WKHUDSHXWLFV��PHGLFDO�HGXFDWLRQ��
LQWHUHVWLQJbZHEVLWHV��QHZ�GUXJ�LQIRUPDWLRQ�DQG�FRPPHQWDU\�RQ�D�UHFHQW�WRSLF��DUH�DOVR�
ZHOFRPH�
�
0DQXVFULSWV�LQ�ZKLFK�ODQJXDJH�LV�GLIILFXOW�WR�XQGHUVWDQG�PD\�EH�UHWXUQHG�WR�WKH�DXWKRU�
IRU�UHYLVLRQ�EHIRUH�VFLHQWLILF�UHYLHZ�

&KDUJHV

,Q� RUGHU� WR� SURYLGH� IUHH� DFFHVV� WR� UHDGHUV�� DQG� WR� FRYHU� WKH� FRVWV� RI� SHHU� UHYLHZ��
FRS\HGLWLQJ�� W\SHVHWWLQJ�� ORQJ�WHUP� DUFKLYLQJ�� DQG� MRXUQDO� PDQDJHPHQW�� DQ� DUWLFOH�
SURFHVVLQJ� FKDUJH� �$3&�� RI� ���� 86'� �86� 'ROODUV�� DSSOLHV� WR� SDSHUV� DFFHSWHG� DIWHU�
SHHU�UHYLHZ�

$XGLHQFH

%LRFKHPLVWV��%LRWHFKQRORJLVWV��%RWDQLVWV��&KHPLFDO�(QJLQHHUV��&OLQLFDO�3KDUPDFRORJLVWV��
0HGLFDO� 6FLHQWLVWV�� 0HGLFLQDO� &KHPLVWV�� 1DWXUDO� 3URGXFW� &KHPLVWV�� 3KDUPDFHXWLFDO�
6FLHQWLVWV�� 3KDUPDFRORJLVWV�� 3DWKRORJLVWV�� 3ODQW� 6FLHQWLVWV�� DQG� 7R[LFRORJLVWV�� DPRQJ�
RWKHUV��

&RS\ULJKW

7KH� FRS\ULJKW� RI� WKH� DUWLFOHV� DUH� WKRVH� RI� WKH� DXWKRUV� DQG� WKH� ULJKWV� RI� HGLWLQJ� DQG�
SXEOLVKLQJ� WR� -335HV�� 7KH� DUWLFOHV� SXEOLVKHG� LQ� WKH� MRXUQDO� PD\� EH� XVHG� IUHHO\� IRU�
HGXFDWLRQDO�DQG�VFLHQWLILF�SXUSRVHV�DV�ORQJ�DV�SURSHU�FLWDWLRQ�RI�WKHVH�LV�PDGH�

$UHDV

$OWHUQDWLYH�DQG�&RPSOHPHQWDU\�0HGLFLQH��$QDO\WLFDO�7R[LFRORJ\��%LRFKHPLFDO�
3KDUPDFRORJ\��%LRORJLFDOV��&KLQHVH�0HGLFLQH�5HVRXUFHV��&OLQLFDO�3KDUPDFRORJ\��
&RVPHWLF�6FLHQFH��'UXJ�'HOLYHU\�6\VWHP��'UXJ�,QIRUPDWLRQ��'UXJ�0HWDEROLVP��(GXFDWLRQ�
LQ�3KDUPDF\��3KDUPDFRORJ\�DQG�3KDUPDFRJQRV\��(WKQRERWDQ\�DQG�
(WKQRSKDUPDFRORJ\��)RRG�'UXJ�,QWHUDFWLRQV��+HUEDO�'UXJ�,QWHUDFWLRQV��'UXJ�'UXJ�
,QWHUDFWLRQV��)RUPXODWLRQV��)XQFWLRQDO�)RRGV�DQG�1XWUDFHXWLFDOV��+HDOWK�DQG�0HGLFDO�
,QIRUPDWLFV��+HUEDO�0HGLFLQH��,PPXQRSKDUPDFRORJ\��0HGLFDO�$QWKURSRORJ\��0HGLFDWLRQ�
0DQDJHPHQW��0HGLFLQDO�&KHPLVWU\��0ROHFXODU�0HGLFLQH��0ROHFXODU�0RGHOLQJ��0ROHFXODU�
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3KDUPDFRORJ\��1HXURSV\FKRSKDUPDFRORJ\��1XWULWLRQ��3KDUPDFHXWLFDO�&DUH��
3KDUPDFHXWLFDO�0DUNHWLQJ��3KDUPDFHXWLFDO�0LFURELRORJ\��3KDUPDFHXWLFDO�5DZ�0DWHULDO�
6FLHQFH��3KDUPDFHXWLFDO�5HVHDUFK��3KDUPDFHXWLFDOV��3KDUPDFHXWLFDO�5DZ�0DWHULDOV��
3KDUPDFRG\QDPLFV��3KDUPDFRHSLGHPLRORJ\��3KDUPDFRJHQHWLFV��3KDUPDFRJHQRPLFV��
3KDUPDFRNLQHWLFV��3KDUPDFRORJ\��3KDUPDFRWKHUDS\��3KDUPDF\�,QIRUPDWLF��3KDUPDF\�
3UDFWLFH��3KDUPDFRJQRV\��3K\VLFDO�3KDUPDFHXWLFV��3K\WRFKHPLVWU\��3K\WRPHGLFLQH��
3K\WRWKHUDS\��6RFLDO�DQG�$GPLQLVWUDWLYH�3KDUPDF\��7R[LFRORJ\��7UDGLWLRQDO�0HGLFLQH��
9DFFLQHV��9HWHULQDU\�3KDUPDFRORJ\��=RRSKDUPDFRJQRV\

(GLWRULDO�3ROLF\

-335HV� FRQVLGHUV� RQO\� RULJLQDO� FRQWULEXWLRQV� VXEPLWWHG�H[FOXVLYHO\� WR� WKH� MRXUQDO�� 3ULRU�
DQG�GXSOLFDWH�SXEOLFDWLRQV�DUH�QRW�DOORZHG�� 3XEOLFDWLRQ�RI�DEVWUDFW�XQGHU�FRQIHUHQFH�
SURFHHGLQJV�ZLOO�QRW�EH�FRQVLGHUHG�DV�SULRU�SXEOLFDWLRQ�� ,W� LV�WKH�GXW\�RI�WKH�DXWKRUV�WR�
LQIRUP�WKH�-335HV�DERXW�DOO�VXEPLVVLRQV�DQG�SUHYLRXV�UHSRUWV�WKDW�PLJKW�EH�UHJDUGHG�
DV�SULRU�RU�GXSOLFDWH�SXEOLFDWLRQ�

0DQXVFULSWV�IRU�SXEOLFDWLRQ�ZLOO�EH�FRQVLGHUHG�RQ�WKHLU�LQGLYLGXDO�PHULWV��$OO�PDQXVFULSWV�
ZLOO� EH� VXEMHFWHG� WR� SHHU� UHYLHZ�b 1RUPDOO\� PDQXVFULSWV� ZLOO� EH� VHQW� WR� DW� OHDVW� WZR�
UHYLHZHUV� DQG� WKHLU� FRPPHQWV� DORQJ� ZLWK� WKH� HGLWRULDO� ERDUGÌV� GHFLVLRQb ZLOO� EH�
IRUZDUGHG�WR�WKH�FRQWULEXWRU�IRU�IXUWKHU�DFWLRQ�

7KH� -335HV� LQVLVWV� RQ� HWKLFDO� SUDFWLFHV� LQ� ERWK� KXPDQ� DQG� DQLPDO� H[SHULPHQWV��
(YLGHQFH�IRU�DSSURYDO�E\�D�ORFDO�(WKLFVb&RPPLWWHH�PXVW�EH�VXSSOLHG�E\�WKH�DXWKRUV�RQ�
GHPDQG��$QLPDO�H[SHULPHQWDO�SURFHGXUHV� VKRXOG�EH�DV�KXPDQH�DV�SRVVLEOHbDQG� WKH�
GHWDLOV�RI�DQDHVWKHWLFV�DQG�DQDOJHVLFV�XVHG�VKRXOG�EH�FOHDUO\�VWDWHG��

7KH�HWKLFDO�VWDQGDUGV�RI�H[SHULPHQWV�PXVW�EHbLQ�DFFRUGDQFH�ZLWK�WKHb&RGHbRI�(WKLFV�RI�
WKH� :RUOG� 0HGLFDO� $VVRFLDWLRQ� �'HFODUDWLRQ� RI� +HOVLQNL�b IRU� H[SHULPHQWV� LQYROYLQJ�
KXPDQV� DQGb (8� 'LUHFWLYH� ��������(8b IRU� DQLPDO� H[SHULPHQWV�� 7KH� MRXUQDO� ZLOO� QRW�
FRQVLGHUbDQ\�SDSHU�ZKLFK�LV�HWKLFDOO\�XQDFFHSWDEOH��$�VWDWHPHQW�RQ�HWKLFV�FRPPLWWHH�
SHUPLVVLRQ� DQG� HWKLFDO� SUDFWLFHV�PXVW� EHb LQFOXGHG� LQ� DOO� UHVHDUFK� DUWLFOHV� XQGHU� WKH�
Ë0DWHULDOV� DQG� 0HWKRGVÌ� VHFWLRQ�b 8QLIRUP� 5HTXLUHPHQWV� IRU� PDQXVFULSWV� VXEPLWWHG�
WRb%LRPHGLFDO�-RXUQDOVbPXVW�EH�REVHUYHG��

$XWKRUV�PXVW� EH� FDUHIXO� ZKHQ� WKH\� UHSURGXFH� WH[W�� WDEOHV� RU� LOOXVWUDWLRQV� IURP� RWKHU�
VRXUFHV��3ODJLDULVP�ZLOO�EH�YLHZHGbVHULRXVO\��3OHDVH�VHHbLQVWUXFWLRQV��$OO�DFFHSWHG�SDSHUV�
DUH�VXEMHFW�WR�HGLWRULDO�FKDQJHV�

$EVWUDFWLQJ�DQG�,QGH[LQJ�LQIRUPDWLRQ�
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<RX� FDQ� DOVR� IROORZ� WKH� FRQWHQW� RI� WKH� MRXUQDO� DQG� WKH� XSGDWHV�
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