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Abstract 
Context: Dermal aging is one of the events caused by a decrease in the structure of skin tissues due to various factors. Molineria latifolia is one of the plants 
empirically used in medicine and can be developed to treat dermal aging problems. 

Aims: To evaluate M. latifolia compounds as dermal antiaging, particularly in inhibiting the upregulation of collagenase, gelatinase, and hyaluronidase using 
an in silico. 

Methods: Ligands are 46 compounds from M. latifolia plant obtained from previous studies and native ligands and target proteins were generated via 
PubChem and RSCB protein database. In silico analyzes were performed using various parameters, namely drug like-ness, absorption, distribution, toxicity 
prediction, and molecular docking of compounds to the target proteins 2D1N (MMP-13), 1GKC (MMP-9), and 1FCV (hyaluronidase). 

Results: Drug-likeness showed that most compounds were suitable according to Lipinski's rule. Analysis of the absorption and distribution of compounds for 
each parameter gives a different pharmacokinetic profile according to the compound’s physicochemical properties. Quercetin and tricosanoic acid were 
mutagenic, and the compounds aviprin, azedarachin-C, and ubiquinone were carcinogenic genotoxic, and mutagenic. The results of the docking analysis 
showed that pomiferin, scandenin, mundulone, and rubratoxin had the most negative binding affinity when interacting with the target proteins 2D1N and 
1GKC. Meanwhile, orcinol glucoside, orcinol glucoside B, tetrahydroxyflavanone, and sugiol were predicted to interact with the three (MMP-13, MMP-9, and 
hyaluronidase) target proteins.  

Conclusions: Specific compounds of M. latifolia were predicted to be developed as candidates for dermal antiaging, and further studies are required.  

Keywords: hyaluronidase; matrix metalloproteinase; molecular docking; Molineria latifolia; skin antiaging. 
 

Resumen 
Contexto: El envejecimiento dérmico es uno de los eventos causados por una disminución en la estructura de los tejidos de la piel debido a diversos factores. 
Molineria latifolia es una de las plantas utilizadas empíricamente en medicina y puede desarrollarse para tratar problemas de envejecimiento dérmico.  

Objetivos: Evaluar los compuestos de M. latifolia como antienvejecimiento dérmico, en particular en la inhibición de la regulación al alza de la colagenasa, 
gelatinasa e hialuronidasa utilizando un método in silico. 

Métodos: Los ligandos son 46 compuestos de la planta M. latifolia obtenidos de estudios previos y los ligandos nativos y las proteínas diana se generaron a 
través de PubChem y la base de datos de proteínas RSCB. Se llevaron a cabo análisis in silico utilizando diversos parámetros, a saber, semejanza a fármaco, 
absorción, distribución, predicción de toxicidad y acoplamiento molecular de los compuestos a las proteínas diana 2D1N (MMP-13), 1GKC (MMP-9) y 1FCV 
(hialuronidasa). 

Resultados: La similitud con los fármacos mostró que la mayoría de los compuestos eran adecuados según la regla de Lipinski. El análisis de la absorción y 
distribución de los compuestos para cada parámetro da un perfil farmacocinético diferente según las propiedades fisicoquímicas del compuesto. La 
quercetina y el ácido tricosanoico fueron mutagénicos, y los compuestos aviprin, azedarachin-C y ubiquinona carcinogénicos genotóxicos y mutagénicos. Los 
resultados del análisis de acoplamiento mostraron que la pomiferina, la escandenina, la mundulona y la rubratoxina tenían la afinidad de unión más negativa 
cuando interactuaban con las proteínas diana 2D1N y 1GKC. Mientras tanto, se predijo que el glucósido de orcinol, el glucósido de orcinol B, la 
tetrahidroxiflavanona y el sugiol interactuaban con las tres proteínas diana (MMP-13, MMP-9 e hialuronidasa). 

Conclusiones: Se predijo que compuestos específicos de M. latifolia podrían desarrollarse como candidatos para el antienvejecimiento dérmico, y se 
requieren estudios adicionales. 

Palabras Clave: acoplamiento molecular; antienvejecimiento cutáneo; hialuronidasa; matriz metaloproteinasa; Molineria latifolia. 
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INTRODUCTION 

Aging is a change due to the loss of the ability of a 
tissue to repair, replace, and maintain the normal 
structure and function of cells that occur slowly with 
age (Pyo et al., 2020). Based on world population data, 
there has been a significant increase in the proportion 
of the elderly population (over 65 years), from around 
8% in 1950 to around 11% in 2009, and it is expected 
to reach 20% in 2050 (World Health Organization, 
2013). This will cause health problems related to ag-
ing, including dermal aging, which will also increase. 
Dermal aging is seen as a decrease in the biological 
function of chronological age. Generally, aging is 
unavoidable and proceeds at different speeds, de-
pending on a person's genetics, environment, and 
lifestyle so aging can occur earlier or later depending 
on everyone's health. The aging process is marked by 
a decrease in cellular energy, which reduces the abil-
ity of cells to repair themselves. Two phenomena 
occur, including physiological decline and an increase 
in disease (Colloca et al., 2020; Nur et al., 2021). 

Molecularly, reactive oxygen species (ROS) are 
thought to play an important role in dermal extracel-
lular matrix changes during intrinsic and photoaging. 
ROS triggers downstream signaling pathways, in-
cluding activation of mitogen-activated protein kinase 
(MAPK) and nuclear factor-κB (NF-κB), and tran-
scription factor-activating protein-1 (AP-1). Activated 
NF-κB and AP-1 suppress collagen production and 
increase MMP gene transcription, decreasing collagen 
content in photoaged skin (Kim and Park, 2016; Nur 
et al., 2023). Activation of AP-1 also induces an in-
crease in extracellular matrix proteins, namely matrix 
metalloproteinases (MMPs), including MMP-1 (colla-
genase) and MMP-9 (gelatinase), and hyaluronidase. 
The increased production of matrix tissue degrading 
enzymes in the skin causes premature aging, charac-
terized by the formation of wrinkles and sagging 
(Kammeyer and Luiten, 2015; Kendall and Feghali-
Bostwick, 2014; Pittayapruek et al., 2016). 

Currently, therapy treatment for premature aging 
still uses topical medications containing retinoic acid, 
niacinamide, hyaluronic acid, vitamin C, and hydro-
quinone compounds. It uses even more aggressive 
therapies such as chemical peels, microdermabrasion, 
botox injections, and filler injections to laser therapy, 
which is not fully suitable for all skin types. There-
fore, searching for phytoextract compounds to pre-
vent and treat premature skin aging remains neces-
sary (Rosi Helfrich et al., 2008; World Health Organi-
zation, 2015). Molineria latifolia (Dryand. ex W.T. Ai-
ton) Herb. Ex Kurz (family Hipoxidaceae) is a plant 
distributed in Tana Toraja Regency (3°06'42.4"S 

119°50'56.3" E), South Sulawesi, Indonesia. In general, 
M. latifolia plants were found in many countries and 
have been reported to have pharmacological effects 
(Mad Nasir et al., 2021).  

Traditionally, the root of M. latifolia was used as a 
sun-protective powder by the Toraja people in South 
Sulawesi, Indonesia. Empirically, the community has 
observed that using this powder from M. latifolia root 
has made the skin less wrinkled and brighter. Re-
search by Nur et al. (2022) has shown that the extract 
of M. latifolia can protect the skin from UV-A and UV-
B radiation in vitro, but the protection against UV 
radiation might not be the only reason for producing 
the less wrinkled and brighter effects. But in the mo-
lecular mechanism, intrinsic factor in the form of UV 
light is one of the factors that can mediate the occur-
rence of the premature skin aging process. Exposure 
to UV rays can modulate the increased production of 
MMPs by ROS and MAPK pathways, leading to skin 
wrinkles and skin sagging (Amaro-Ortiz et al., 2014; 
Panich et al., 2016). It is, therefore, interesting to check 
whether M. latifolia extract can inhibit the skin de-
grading enzyme that causes aging, such as colla-
genase, gelatinase, and hyaluronidase. If proven, this 
extract will be a very good candidate to be developed 
as a skin care product or as a source of active com-
pounds that can be isolated and later developed as 
synthetic ingredients for skin treatment agents. 

Therefore, the phytocomponents of M. latifolia as 
anti-aging through a molecular docking approach to 
MMPs target proteins, including collagenase (MMP-1) 
and gelatinase (MMP-9), and hyaluronidase, were 
evaluated. The resulting specific binding interactions 
provide an overview of the inhibition of the target 
protein so that it can be used as a reference for further 
research as a dermal antiaging agent.  

MATERIAL AND METHODS 

Ligand preparation 

The ligands represented in this study are second-
ary metabolites of M. latifolia obtained from previous-
ly reported studies (Mad Nasir et al., 2021; Umar et 
al., 2021; Wang et al., 2021; Zabidi et al., 2019; 2021). 
The identified ligands from M. latifolia and native 
ligands were traced through the chemical structure of 
the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). The ligands 
used in this study were 46 M. latifolia compounds and 
3 reference compounds, including retinol (R1), niacin-
amide (R2), and hyaluronic acid (R3). Data on 46 M. 
latifolia compounds and reference compounds, along 
with ID codes in the PubChem database, can be seen 
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in Table 1. All ligands were created in 2D structures 
using the ChemDraw Ultra 8.0 program in the Che-
mOffice v.8.0 program package, followed by a 3D 
structure of the ligand built using Chem3D v.8.0 in 
the ChemOffice v.8.0 (*mol) program package 
(www.cambridgesoft.com). The 3D structure was 
then optimized for geometry using the HyperChem 
Release v8.07 program. The optimized ligand struc-
ture was then analyzed for its molecular properties, 
saved in file format (*.hin), then converted into a file 
format (*.pdb) with the ArgusLab program package 
(www.arguslab.com) for further use in the AutoDock 
Tools v.4.2 program package (Nursamsiar et al., 2020; 
2022). 

Receptor preparation 

The target proteins used in this study were colla-
genase (MMP-13) with PDB ID: 2D1N, gelatinase 
(MMP-9) with PDB ID: 1GKC, and hyaluronidase 
with PDB ID: 1FCV. The three target proteins were 
obtained from the Protein Data Bank 
(https://www.rcsb.org/) and visualized in the Dis-
cover Studio Visualizer v17.2.0 program package 
(Nursamsiar et al., 2022; Riwu et al., 2022).  

Calculation of physicochemical value based on the 
Lipinski rule 

The physicochemical values were calculated based 
on the Lipinski rule consisting of molecular weight, 
log P, hydrogen bond donors, and acceptors using the 
HyperChem Professional® v.8.00 and Marvin® 
v.21.16 (www.chemaxon.com) program packages 
(Lipinski, 2004). 

Parameters of absorption and distribution 

The absorption and distribution parameters were 
calculated using the Pre-ADMET® program accessed 
via the https://preadmet.qsarhub.com/ website. The 
M. latifolia and references compound ligands were 
uploaded as *mol. The program calculated the pre-
dicted value of the 24 selected parameters, namely the 
parameters of Human Intestinal Absorption (HIA), 
Human colon adenocarcinoma (Caco-2) cells, Mandin 
Darby Canine Kidney (MDCK) cells, and Plasma Pro-
tein Binding (PPB) (Bhhatarai et al., 2016; Han et al., 
2019).  

Toxicity prediction parameters 

Toxicity prediction using the Toxtree® program 
package by uploading M. latifolia and references com-
pounds (ligands) in the file (*mol). Toxicity prediction 

used the Benigni/Bossa rule-base method to deter-
mine carcinogenicity (genotoxic and nongenotoxic) 
and mutagenic properties (Han et al., 2019). 

Docking validation method 

Validation was carried out to prove that the select-
ed docking parameters can dock the androgen recep-
tor ligands. Validation was performed using natural 
ligand redocking into the receptor's active site or pro-
tein target (Maghfiroh et al., 2021).  

Docking simulation assay 

Using the Autodock program, a grid box of MMP-
13, MMP-9, and hyaluronidase were formed with 
dimensions 24 × 40 × 48, 40 × 40 × 40, and 28 × 38 × 26 
Å, respectively. The grid box coordinates (x, y, z) of 
each protein target were 44.32 Å, 25.911 Å, -19.703 Å 
(MMP-13), 40.166 Å, 14.89 Å, 141.719 Å (MMP-9), and 
-19.267 Å, 27.643 Å and 16.611 Å on the hyaluronidase 
enzyme. To cover all amino acid residues that play a 
role in ligand bonds with elastase and hyaluronidase 
enzymes. The grid was formed at the site of the 
bound ligand structure. The information about target 
proteins and ligands and grid dimensions were stored 
in (*.gpf) format files. he electrostatic potential map, 
AutoGrid 4.2 grid map, and calculation results will be 
saved in a (*.glg) format. Then select the docking 
tools, choose Lamarckian GA, then save it in a (*.dpf) 
format file. Docking simulation results were stored in 
(*.dlg) format (Maghfiroh et al., 2021; Nursamsiar et 
al., 2020). Retinol, niacinamide and hyaluronan were 
reference compounds for dermal antiaging. 

Data analysis 

The data obtained were analyzed at each stage, in-
cluding the validation of the docking method, the 
predicted value of the Lipinski rule, the prediction of 
absorption and distribution, the prediction of toxicity, 
the chemical interaction of the ligand and target pro-
tein, and the free energy of each ligand. The ligand 
interactions of M. latifolia were compared to those of 
native ligands on target proteins. 

RESULTS 

Visualization of all ligand and proteins target 

All native ligands and ligands from M. latifolia 
were visualized through the Software Discovery Stu-
dio Visualizer v4.5 program package. The results of 
the visualization of the ligands can be seen in Figs. 1 
and 2. 
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Table 1. Compounds (ligands) from M. latifolia plants and reference compounds. 

No Ligands  Molecule formula PubChem ID References 

1 Phloridzin C21H24O10 6072 (Zabidi et al., 2019) 

2 Pomiferin C25H24O6 4871 (Zabidi et al., 2019) 

3 Scandenin C26H26O6 54676535 (Zabidi et al., 2019) 

4 Mundulone C26H26O6 4587968 (Zabidi et al., 2019) 

5 Dimethylcaffeic acid C11H12O4 717531 (Zabidi et al., 2019) 

6 Protocatechuic acid C7H6O4 72 (Ooi et al., 2016) 

7 Syringic acid C9H10O5 10742 (Ooi et al., 2016) 

8 Cinnamic acid C9H8O2 444539 (Ooi et al., 2016) 

9 Ferulic acid C10H10O4 445858 (Ooi et al., 2016) 

10 Orcinoside H C27H36O14 101494941 (Wang et al., 2021) 

11 Orcinol glucoside C13H18O7 70700401 (Umar et al., 2021) 

12 Orcinol glucoside B C15H21O8 - (Umar et al., 2021) 

13 Curculigoside A C22H26O11 158845 (Wang et al., 2021) 

14 Curculigoside B C21H24O11 132567 (Umar et al., 2021) 

15 Curculigoside C C22H26O12 102004677 (Wang et al., 2021) 

16 Curculigoside D C22H26O11 21580518 (Wang et al., 2021) 

17 Curculigenin A C30H50O4 101618893 (Umar et al., 2021) 

18 Curculigosaponin A C36H60O9 101618894 (Umar et al., 2021) 

19 Curculigosaponin D C42H70O14 101618897 (Umar et al., 2021) 

20 Curculigosaponin F C48H80O19 101618899 (Umar et al., 2021) 

21 Curculigosaponin I C48H80O18 - (Umar et al., 2021) 

22 4-0-caffeoylquinic acid-1 C16H18O9 58427569 This study* 

23 5,2,6-Trihydroxy-7,8 dimethoxyfla-
vone-2-0-β-D-glucoside 

C23H22O13 - This study* 

24 5,7,3,5-Tetrahydroxyflavanone C21H22O11 16215147 This study* 

25 1,1,6-Trimethyl-1,2-
dihydronaphthalene 

C13H16 121677 This study* 

26 Malvalic acid C18H32O2 10416 This study* 

27 Methyl-3-hydroxy-4-
methoxybenzoate 

C9H10O4 4056967 This study* 

28 Sugiol C20H28O2 94162 This study* 

29 Aviprin C16H16O6 17536 This study* 

30 Guaiacol C7H8O2 460 This study* 

31 Smilaxin C17H16O6 350961 This study* 

32 3-Tert-butyl-4-methoxyphenol C11H16O2 6932 This study* 

33 Stearidonic acid C18H28O2 5312508 This study* 

34 Quercetin C15H10O7  5280343 This study* 

35 Azedarachin C C32H42O10  10348330 This study* 

36 Trichosanic acid C18H30O2 5281126 This study* 

https://jppres.com/
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https://pubchem.ncbi.nlm.nih.gov/compound/54676535
https://pubchem.ncbi.nlm.nih.gov/#query=C26H26O6
https://pubchem.ncbi.nlm.nih.gov/compound/4587968
https://pubchem.ncbi.nlm.nih.gov/#query=C11H12O4
https://pubchem.ncbi.nlm.nih.gov/compound/717531
https://pubchem.ncbi.nlm.nih.gov/#query=C7H6O4
https://pubchem.ncbi.nlm.nih.gov/#query=C9H10O5
https://pubchem.ncbi.nlm.nih.gov/#query=C9H8O2
https://pubchem.ncbi.nlm.nih.gov/#query=C10H10O4
https://pubchem.ncbi.nlm.nih.gov/#query=C27H36O14
https://pubchem.ncbi.nlm.nih.gov/compound/101494941
https://pubchem.ncbi.nlm.nih.gov/#query=C13H18O7
https://pubchem.ncbi.nlm.nih.gov/compound/70700401
https://pubchem.ncbi.nlm.nih.gov/#query=C13H18O7
https://pubchem.ncbi.nlm.nih.gov/#query=C22H26O11
https://pubchem.ncbi.nlm.nih.gov/compound/158845
https://pubchem.ncbi.nlm.nih.gov/#query=C21H24O11
https://pubchem.ncbi.nlm.nih.gov/compound/132567
https://pubchem.ncbi.nlm.nih.gov/#query=C22H26O12
https://pubchem.ncbi.nlm.nih.gov/compound/102004677
https://pubchem.ncbi.nlm.nih.gov/#query=C22H26O11
https://pubchem.ncbi.nlm.nih.gov/compound/21580518
https://pubchem.ncbi.nlm.nih.gov/#query=C30H50O4
https://pubchem.ncbi.nlm.nih.gov/compound/101618893
https://pubchem.ncbi.nlm.nih.gov/#query=C36H60O9
https://pubchem.ncbi.nlm.nih.gov/compound/101618894
https://pubchem.ncbi.nlm.nih.gov/#query=C42H70O14
https://pubchem.ncbi.nlm.nih.gov/compound/101618897
https://pubchem.ncbi.nlm.nih.gov/#query=C48H80O19
https://pubchem.ncbi.nlm.nih.gov/compound/101618899
https://pubchem.ncbi.nlm.nih.gov/#query=C16H18O9
https://pubchem.ncbi.nlm.nih.gov/#query=C21H22O11
https://pubchem.ncbi.nlm.nih.gov/compound/16215147
https://pubchem.ncbi.nlm.nih.gov/#query=C13H16
https://pubchem.ncbi.nlm.nih.gov/compound/121677
https://pubchem.ncbi.nlm.nih.gov/#query=C18H32O2
https://pubchem.ncbi.nlm.nih.gov/compound/10416
https://pubchem.ncbi.nlm.nih.gov/#query=C9H10O4
https://pubchem.ncbi.nlm.nih.gov/#query=C20H28O2
https://pubchem.ncbi.nlm.nih.gov/compound/94162
https://pubchem.ncbi.nlm.nih.gov/#query=C16H16O6
https://pubchem.ncbi.nlm.nih.gov/compound/17536
https://pubchem.ncbi.nlm.nih.gov/#query=C7H8O2
https://pubchem.ncbi.nlm.nih.gov/compound/460
http://chemdb.niaid.nih.gov/CompoundDetails.aspx?AIDSNO=350961
https://pubchem.ncbi.nlm.nih.gov/#query=C11H16O2
https://pubchem.ncbi.nlm.nih.gov/compound/6932
https://pubchem.ncbi.nlm.nih.gov/#query=C18H28O2
https://pubchem.ncbi.nlm.nih.gov/compound/5312508
https://pubchem.ncbi.nlm.nih.gov/#query=C15H10O7
https://pubchem.ncbi.nlm.nih.gov/compound/5280343
https://pubchem.ncbi.nlm.nih.gov/#query=C32H42O10
https://pubchem.ncbi.nlm.nih.gov/compound/10348330
https://pubchem.ncbi.nlm.nih.gov/#query=C18H30O2
https://pubchem.ncbi.nlm.nih.gov/compound/5281126
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Table 1. Compounds (ligands) from M. latifolia plants and reference compounds (continued...) 

No Ligands  Molecule formula PubChem ID References 

37 Lucialdehyde B C30H44O3 10343868 This study* 

38 Monobenzone C13H12O2 7638 (Zabidi et al., 2019) 

39 Hidrokuinon C6H6O2 785 (Zabidi et al., 2021) 

40 Frangulin B C20H18O9 442744 (Zabidi et al., 2021) 

41 Ubiquinone C59H90O4 5354031 (Zabidi et al., 2019) 

42 Stigmastan 3,6 dione C29H48O2 146158184 (Umar et al., 2021) 

43 2,3-Dihydroxypropyl oleate C21H40O4 5283468 (Umar et al., 2021) 

44 Hordatine A C28H38N8O4 45485025 (Zabidi et al., 2021) 

45 Emmotin A C16H22O4 42608142 (Zabidi et al., 2019) 

46 Rubratoksin B C26H30O11 11969548 (Zabidi et al., 2019) 

R1 Retinol C20H30O 445354 (Ganceviciene et al., 2012) 

R2 Niacinamide C6H6N2O 936 (Ganceviciene et al., 2012) 

R3 Hyaluronic acid C28H44N2O23 24759 (Bravo et al., 2022) 

Note: (-) is unknown in PubChem ID. (*) Data not yet published. (R1, R2, R3) are references standard as antiaging drugs. 

 

 

Figure 1. Visualization results of native ligands and M. latifolia ligands using 
the Discover Studio Visualizer v17.2.0 program package. 
The names of the ligands were adjusted in the order listed in Table 1. (R1, R2, R3) are 
references standard as antiaging drugs. 
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Figure 2. Visualization of target proteins (A) MMP-13 (2D1N) with native ligand FA4; (B) MMP-9 (1GKC) 
with native ligand NFH; and (C) hyaluronidase (5D1Y) with native ligand NAD. 
NL (Native ligand), FA4 (hidroxamic acid, SM 25453), NFH (N~2~-[(2R)-2-{[formyl(hydroxy)amino]methyl}-4-
methylpentanoyl]-N,3-dimethyl-L-valinamide), and NAD (2-acetamido-2-deoxy-beta-D-glucopyranose). 

 
Physicochemical value calculation 

The calculation of the physicochemical value was 
determined based on the Lipinski rule. The results of 
the calculation of the "Five of Rule" physicochemical 
values in silico on ligands from M. latifolia indicated 
that ligands 19, 20, 21, 41, 44, and 46 did not meet the 
requirements of the Lipinski rule. This is because the 
six ligands have more than 2 Lipinski rule parameters 
that exceed the required parameter limits (Table 2). 
Other ligands (40 ligands) that comply with the 
Lipinski rule can be considered for development as 
antiaging agents both orally and topically. Mean-
while, the Lipinski rule analysis of reference com-
pounds tested in silico showed that retinol (R1) and 

niacinamide (R2) complied with the Lipinski rule. 
However, for hyaluronic acid (R3) compounds, the 
results unfulfilled. 

Absorption and distribution parameter 

The in silico prediction of ligand absorption from 
M. latifolia was examined based on the ability of the 
ligand to be absorbed in the gut (human intestinal 
absorption) and the permeability of the ligand in Ca-
co-2 and MDCK cells. The results of the absorbance 
prediction study (Table 3) using HIA parameters 
show that most of the compounds have good absorb-
ance (70-100%). Nonetheless, several compounds, 
including 1, 12, 14, 19, 22, 23, 34, 40, and 46, can be 
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Table 2. The results of interpretation of the physicochemical properties of compounds based on Lipinski rules. 

Ligands 
Lipinski rule 

Drug-likeness 
prediction Log P MW H-bond 

donor H-acceptor Molar rotation 

Compound 1 0.872 432.00 7* 8 110.93 Comply 

Compound 2 5.31* 422.00 3 6 116.97 Comply 

Compound 3 5.092* 436.00 2 6 120.43 Comply 

Compound 4 4.569 434.00 1 6 120.53 Comply 

Compound 5 1.195 180.00 3 4 46.44 Comply 

Compound 6 0.796 154.00 3 4 36.73* Comply 

Compound 7 1.107 198.00 2 5 48.17 Comply 

Compound 8 1.784 148.00 1 2 43.11 Comply 

Compound 9 1.498 194.00 2 4 51.32 Comply 

Compound 10 0.517 284.00 4 6 70.31 Comply 

Compound 11 0.093 270.00 4 6 65.82 Comply 

Compound 12 0.133 312.00 4 7 75.45 Comply 

Compound 13 0.054 466.00 5 11* 111.16 Comply 

Compound 14 0.357 452.00 6 11* 106.28 Comply 

Compound 15 0.349 482.00 6 12* 112.83 Comply 

Compound 16 0.239 450.00 4 10 109.50 Comply 

Compound 17 5.369* 474.00 3 4 133.91* Comply 

Compound 18 4.496 604.00* 5 7 163.77* Comply 

Compound 19 1.291 782.00* 9 13* 197.79* Uncompiled 

Compound 20 0.884 944.00* 12* 18* 230.43* Uncompiled 

Compound 21 0.143 928.00* 11* 17* 229.01* Uncompiled 

Compound 22 0.645 354.00 6 9 82.51 Comply 

Compound 23 0.158 508.00* 6 13 117.73 Comply 

Compound 24 2.215 288.00 4 6 71.85 Comply 

Compound 25 3.689 172.00 0 0 57.85 Comply 

Compound 26 5.862* 280.00 1 2 84.97 Comply 

Compound 27 1.187 182.00 1 4 45.99 Comply 

Compound 28 4.953 300.00 1 2 88.68 Comply 

Compound 29 1.485 290.00 2 6 74.06 Comply 

Compound 30 1.400 124.00 1 2 34.65* Comply 

Compound 31 2.152 316.00 2 6 81.62 Comply 

Compound 32 2.698 180.00 1 2 53.35 Comply 

Compound 33 5.436 276.00 1 2 86.805 Comply 

Compound 34 2.010 302.00 5 7 74.05 Comply 

Compound 35 3.131 586.00* 2 10 144.49* Comply 

Compound 36 5.660* 278.00 1 2 86.89 Comply 
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Table 2. The results of interpretation of the physicochemical properties of compounds based on Lipinski rules (continued...) 

Ligands 

Lipinski rule 

Prediction criteria 
Log P MW H-bond 

donor H-acceptor Molar rotation 

Compound 37 7.045* 452.00 0 3 132.65* Comply 

Compound 38 2.971 200.00 1 2 58.88 Comply 

Compound 39 1.097 110.00 2 2 29.77 Comply 

Compound 40 0.108 404.00 5 9 96.14 Comply 

Compound 41 17.853* 862.00* 0 4 274.72* Uncompiled 

Compound 42 7.491* 428.00 0 2 127.63 Comply 

Compound 43 4.920 356.00 2 4 103.50 Comply 

Compound 44 0.962* 550.00* 11* 12* 155.53* Uncompiled 

Compound 45 1.395 278.00 2 4 74.78 Comply 

Compound 46 0.697* 518.00* 3 11* 122.88 Uncompiled 

R1 3.89 287.00 1 1 94.67 Comply 

R2 2.07 194.00 1 2 54.72 Comply 

R3 0.48* 777.00* 14* 23* 157.01* Uncomply 

(*) indicates that the predicted physicochemical value does not meet the Lipinski Rule criteria. (R1, R2, R3) are references standard as antiaging drugs. 

 
Table 3. Prediction of the absorption and distribution parameters as well as the toxicity of the ligand. 

Ligands 

Absorption Distribution Carcinogenic 

Mutagenic 
HIA (%) Caco-2 cell 

(nm/sec) 
MDCK cell 
(nm/sec) PPB (%) Genotoxic Non-genotoxic 

Compound 1 42.94b 19.34b 3.21a 94.83a Negative Negative Negative 

Compound 2 92.11a 14.79b 0.04b 96.07a Positive Negative Negative 

Compound 3 94.70a 25.65b 0.10b 88.05b Negative Negative Negative 

Compound 4 96.38a 35.19b 0.04b 88.49b Negative Negative Negative 

Compound 5 82.30a 21.10b 109.43a 40.29b Negative Negative Negative 

Compound 6 74.74a 18.30b 23.69a 27.11b Negative Negative Negative 

Compound 7 82.02a 18.83b 29.70a 69.77b Negative Negative Negative 

Compound 8 97.84a 21.03b 229.47a 60.85b Negative Negative Negative 

Compound 9 90.60a 21.11b 228.55a 50.41b Negative Negative Negative 

Compound 10 70.31a 2.46c 70.31a 70.31b Negative Negative Negative 

Compound 11 2.79c 2.79c 79.52a 52.04b Negative Negative Negative 

Compound 12 62.24b 3.86c 4.47a 43.31b Negative Negative Negative 

Compound 13 11.83c 11.83b 11.83a 59.98b Negative Negative Negative 

Compound 14 33.34b 11.28b 4.62a 60.20b Negative Negative Negative 

Compound 15 9.36c 9.36b 1.20a 1.20b Negative Negative Negative 

Compound 16 74.48a 14.77b 0.89b 0.89b Negative Negative Negative 

Compound 17 91.47a 21.90b 91.47a 97.73a Negative Negative Negative 

Compound 18 83.38a 20.97b 0.04b 93.20a Negative Negative Negative 

Compound 19 20.25b 20.33b 0.04b 62.67b Negative Negative Negative 
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Table 3. Prediction of the absorption and distribution parameters as well as the toxicity of the ligand (continued...) 

Ligands 

Absorption Distribution Carcinogenic 

Mutagenic 
HIA (%) Caco-2 cell 

(nm/sec) 
MDCK cell 
(nm/sec) PPB (%) Genotoxic Non-genotoxic 

Compound 20 2.26c 62.67b 0.04b 37.86b Negative Negative Negative 

Compound 21 5.18c 75.48a 0.04b 42.37b Negative Negative Negative 

Compound 22 20.42b 42.37b 0.74b 43.97b Negative Negative Negative 

Compound 23 28.92b 6.77b 0.84b 51.47b Negative Negative Negative 

Compound 24 77.4 a 0.66c 39.90a 100.00a Negative Negative Negative 

Compound 25 100.0 a 23.46b 30.66a 100.00a Negative Negative Negative 

Compound 26 98.43a 25.06b 72.21a 100.00a Negative Negative Negative 

Compound 27 92.23a 21.61b 40.26a 75.44b Negative Negative Negative 

Compound 28 95.77a 75.44a 102.57a 96.99a Negative Negative Negative 

Compound 29 92.92a 12.39b 25.89a 77.01b Positive Negative Positive 

Compound 30 96.46a 29.43b 362.86a 99.17a Negative Negative Negative 

Compound 31 92.55a 20.16b 243.33a 77.28b Negative Negative Negative 

Compound 32 96.63a 43.44b 96.63a 100.00a Negative Negative Negative 

Compound 33 98.16a 27.86b 79.37a 100.00a Negative Negative Negative 

Compound 34 63.48b 3.41c 13.35a 93.23a Negative Negative Positive 

Compound 35 88.89a 21.72b 88.89a 67.92b Positive Negative Positive 

Compound 36 98.27a 67.92b 98.27a 98.27a Positive Negative Negative 

Compound 37 97.37a 25.86b 0.09b 0.09b Positive Negative Positive 

Compound 38 97.28a 0.09c 23.73a 100.00a Negative Negative Negative 

Compound 39 87.42a 16.54b 87.42a 87.42a Negative Negative Negative 

Compound 40 52.19b 18.17b 8.97a 43.85b Negative Negative Negative 

Compound 41 98.27a 57.51b 68.01a 68.01b Positive Negative Positive 

Compound 42 99.02a 84.85a 0.14b 100.00a Negative Negative Negative 

Compound 43 92.56a 35.50b 72.36a 100.00a Negative Negative Negative 

Compound 44 47.52b 11.35b 5.09a 64.46b Negative Negative Negative 

Compound 45 91.88a 21.69b 99.21a 63.23b Negative Negative Negative 

Compound 46 47.00b 20.72b 0.40b 87.10b Negative Negative Negative 

R1 100a 29.21b 26.22a 100a Negative Negative Negative 

R2 92.94a 20.36b 5.70b 20.2b Negative Negative Negative 

R3 0c 2.54c 0.51b 3.15b Negative Negative Negative 

• Human intestinal absorbs (%HIA): 70-100% well absorbed (a), 20-70% moderately absorbed (b), 0-20% poorly absorbed (c); In vitro Caco-2 cell permeabil-
ity (nm/sec): >70 higher permeability (a), 4- 70 medium permeability (b), <4 low permeability (c); In vitro MDCK cell permeability (nm/sec): >10x10-6 cm/s high 
permeability (a), 1-10x10-6 moderate permeability (b); Plasma protein binding (%): >90 strongly bound (a) < 90% weakly bound (b). 

• A Negative indicates that the ligand has no toxic effect; A positive indicates that the ligand has a toxic effect. The names of the ligands are adjusted in the 
order listed in Table 1. 

• (R1, R2, R3) are references standard as antiaging drugs. 
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Figure 3. Overlay native ligand 
conformation FH4 (A) before validation 
(yellow) and after validation (green); NHF 
(B) before validation (red) and after 
validation (yellow); and NAD (C) before 
validation (yellow) and after validation 
(blue). 

 
absorbed in the moderate absorption (20-70%) catego-
ry. In addition, compounds 11, 13, 15, 20, and 21 de-
scribed a poor absorption profile in the gut with a low 
category. In permeability analysis, several com-
pounds showed low permeability in Caco-2 cell pa-
rameters, namely compounds 10, 11, 12, 24, and 34. 
Determination of permeability using MDCK cell pa-
rameters showed that compounds 2, 3, 4, 16, 18, 19, 
20, 21, 22, 23, 37, 42, and 46 have low permeability. 
While the distribution profile based on plasma pro-
tein binding shows that compounds 1, 2, 17, 18, 24, 25, 
26, 28, 32, 33, 34, 36, 38, 39, 42, 43, and 46 are highly 
bound to plasma proteins, therefore it is predicted to 
have a lower ability of distribution in the body (Table 
3). The same thing was found in the reference com-
pounds retinol and niacinamide, which provide 
pharmacokinetic action in the good absorption phase, 
but the hyaluronic acid compound provides the op-
posite (poor absorption). Although the absorption 
phase shows that the retinol reference compound 
provides good action, it showed strong binding to 
plasma proteins in the distribution phase, reducing its 
distribution in the body. In contrast, the niacinamide 
compound provided a good distribution action in the 
body (Table 3). 

In silico toxicity prediction 

The toxicity prediction study (Table 3) was ana-
lyzed using Toxtree software on a Benigni/Bossa rule 
basis. The results indicated several mutagenic com-
pounds, including 29, 34, 35, 37, and 41. The carcino-
genic properties indicated that compounds 29, 35, 36, 

37, and 41 were genotoxic carcinogens. Compounds 
with a genotoxic class cannot be used as addi-
tives/drugs because they can cause harmful DNA 
changes. Non-genotoxic carcinogen analysis showed 
negative results for all M. latifolia ligands. The same 
results were found for the reference compounds, 
which showed that the three compounds (R1, R2, and 
R3) did not have carcinogenic or mutagenic toxic ef-
fects. 

Docking method validation 

Molecular docking method validation was carried 
out using the AutoDock 4.2 package on target pro-
teins and native ligands. The validation parameter 
fulfills the validation requirements if the value of 
RMSD (Root Mean Square Deviation) is less than 2Å. 
The smaller the RMSD value, the closer the ligand 
position from the redocking result to the crystallo-
graphic result (Kontoyianni et al., 2004). Larger 
RMSD values cause deviations and errors in predict-
ing interactions between ligands and target proteins 
(Maghfiroh et al., 2021). Based on the results of the 
validation analysis of the docking method that has 
been carried out, the native ligand RMSD values for 
the target proteins 2D1N (MMP-13), 1GKC (MMP-9), 
and 1FCV (hyaluronidase) were 1.89; 1.27 and 1.678 
Å. The RMSD value obtained for each ligand was <2 
Å, so the molecular docking method meets the re-
quirements and has good validity (Nursamsiar et al., 
2020). The overlay of the native ligand conformation 
before and after the validation of the docking method 
can be seen in Fig. 3. 
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Docking simulation analysis 

Docking simulation of 46 M. latifolia ligands and 
reference compounds against several target proteins, 
including MMP-13, MMP-9, and hyaluronidase, 
modulating premature aging formation. Molecular 
docking aims to predict the ability of the ligand to 
interact with the target protein, which is assessed 
based on the bond-free energy and the hydrogen in-
teraction formed. The docking analysis results ob-
tained showed that not all compounds were able to 
interact well with the target protein. However, several 
compounds were considered to provide good interac-
tions based on free energy that is more negative and 
closer to native ligands and patterns of interaction 
like native ligands key amino acid as positive con-
trols. The bond-free energy value of each ligand to the 
target protein is presented in Table 4. Molecular in-
teractions between the M. latifolia ligand and refer-
ence compounds towards the target protein can be 
seen in Figs. 4, 5, and 6, respectively. 

Fig. 4 describes the interactions between the native 
ligand (FH4) and the M. latifolia ligand on the 2D1N 
target protein. Molecules from native ligands involve 
various interactions at the key amino acid receptor 
2D1N, providing bond-free energy of -10.30. Native 
ligands interact by hydrogen bonding to the key ami-
no acids Phe241, Ala238, Pro236, Ile243, and Ala186 in 
the 2D1N target protein. Native ligands also show the 
presence of van der Waals bonds at Thr247, Phe252, 
Val219, Leu185, and Leu184. Pi-alkyl interactions with 
Leu218 and salt bonds with Glu223 also occur in the 
visualization of these native ligands. The interaction 
in the native ligand with the key amino acid of the 
2D1N target protein is also a parameter that deter-
mines the activity of the M. latifolia ligand in the in-
hibiting receptors. Molecular results of the docking of 
M. latifolia ligand against the target protein MMP-13 
(2D1N) were interpreted to mean that compounds 17 
(curculigenin A), 3 (scandenin), 2 (pomiferin), 4 
(mundulone), and 46 (rubratoxin B) have the most 
negative bond-free energy values, respectively -11.42, 
-11.25, -10.84, -10.24, and -10.13 kcal/mol. The bond-
free energy value of compounds was similar and even 
more negative than the native ligand (-10.30 
kcal/mol). The five compounds also provide an over-
view of the interactions with the key amino acids of 
the target protein 2D1N. Compared to the reference 
compound, it shows similar and even more negative 
results to the retinol compound (R1) with a binding 
affinity energy of -10.07 kcal/mol. However, the ni-
acinamide (R2) and hyaluronic acid (R3) compounds 
provide weak interactions with the 2D1N target pro-
tein. This study also showed an interaction between 
the 2,6-dion stigmastan ligand (compound 42) and 
MMP-13, which gave a binding affinity of -11.42. The 

interaction with the key amino acid was not the same 
as with the native ligand. Therefore this compound 
was not chosen as the compound that gave the best 
interaction even though it had a more negative bind-
ing affinity value. 

Based on the molecular docking of native ligand 
NHF (N~2~-[(2R)-2-{[formyl(hydroxy) amino] me-
thyl}-4-methylpentanoyl]-N,3-dimethyl-L-
valinamide) with protein target 1GKC, 14 linked ami-
no acid residues were obtained including hydrogen 
bond interaction (Gly186, Leu188, Tyr423, Pro421, 
Glu402), Van der Waals interaction (Ala189, Leu187, 
Tyr393, Met422, Tyr420, Glu402), pi-alkyl interaction 
(Val398, His401), and unfavorable acceptor interaction 
(His411) with a bond-free energy value of -7.83 
kcal/mol (Table 4). Among the compounds docked to 
the target molecule, 5 compounds have the most neg-
ative free energy values and have the profile resem-
blance of interactions with key amino acids as native 
ligands. Fig. 5 describes ligand interaction with the 
target protein MMP-9 (1GKC) showed compounds 4 
(mundulone), 3 (scandenin), 46 (rubratoxin B), 1 
(phloridzin), and 2 (pomiferin) with bond-free energy 
values of -9.53, -9.03, -8.67, 8.10 and -7.89 kcal/mol, 
which is close to the bond free energy value of the 
native ligand (-7.83 kcal/mol). Whereas the reference 
compounds in retinol, niacinamide, and hyaluronic 
acid produced binding free energy to the 1GKC target 
protein of -8.20, -5.08, and -3.29, respectively. These 
results indicate that only the retinol references com-
pound has an interaction with bond-free energy simi-
lar to the ligand of the M. latifolia compound. Mean-
while, niacinamide and hyaluronic acid compounds 
had lower bond-free energy values than native lig-
ands and ligands from M. latifolia. 

Whereas in 1FCV, it is interpreted that compounds 
25 (1,1,6-trimethyl-1,2-dihydronaphthalene), 12 (orci-
nol glucoside B), 45 (emmotin A), 11 (orcinol gluco-
side), and 28 (sugiol) show negative free energy val-
ues and were close to the native ligand bond free en-
ergy values (-6.39 kcal/mol), namely -6.93, -6.80, -6.73, 
-6.23, and -5.99 kcal/mol, respectively. The five com-
pounds interact the same way with the native ligands 
on the 1FCV target protein through hydrogen (light 
green color) and Van der Waals bonds (faded green 
color) at the amino acid residues Asn120, Asn223, 
Tyr168, Phe13, Tyr14, Asp228, Asn257, Gly12, Lys43. 
In addition, compounds 12, 45, and 28 provide the 
same pi-sigma (purple color) interaction on the 
Trp221 amino acid as that of the native ligand. Com-
pounds 11, 12, 25, 28, and 45 showed a better interac-
tion with 1FCV protein than the three reference com-
pounds, namely retinol, niacinamide, and hyaluronic 
acid (free energy bond, which is more negative than 
the reference compound). This study also found that 
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several compounds, including 2, 3, 4, 17-21, 35, 41, 
and 44, did not bind to the 1FCV target protein, so 
free energy was not obtained. 

Based on the docking simulation results obtained, 
it was shown that M. latifolia compounds in the form 
of compounds 2 (pomiferin), 3 (scandenin), 4 (mun-
dulone), and 46 (rubratoxin) provide good interac-
tions on the 2D1N and 1GKC target proteins but not 

on the 1FCV target protein. The compounds orcinol 
glycosides, orcinol glycoside B, and sugiol, predicted 
to be active on 1FCV protein, also appear close to the 
binding affinity values of the native ligands in 2D1N 
and 1GKC proteins (Fig. 4). Unfortunately, com-
pounds 25 (1,1,6-trimethyl-1,2-dihydro-naphthalene) 
and 45 (emmotin A) were active on 1FCV but less on 
2D1N and 1GKC proteins (Table 4). 

 
Table 4. Molecular docking results of M. latifolia ligand against target 
proteins MMP-13, MMP-9, and hyaluronidase. 

Ligand/native ligand 

Bond free energy (kcal/mol) 

2D1N 
(MMP-13) 

1GKC 
(MMP-9) 

1FCV 
(hyaluronidase) 

NL ID: FH4 -10.30 - - 

NL ID: NHF - -7.83 - 

NL ID: NAD - - -6,39 

Compound 1 -7.34 -8.10 -3.41 

Compound 2 -10.84 -7.89 - 

Compound 3 -11.24 -9.03 - 

Compound 4 -10.24 -9.53 - 

Compound 5 -5.04 -5.24 -4.02 

Compound 6 -3.81 -4.43 -3.66 

Compound 7 -4.20 -4.05 -3.84 

Compound 8 -4.80 -4.97 -3.51 

Compound 9 -5.13 -5.40 -3.32 

Compound 10 -7.34 -7.20 -5.78 

Compound 11 -7.81* -7.71* -6.23* 

Compound 12 -7.49* -8.64* -6.80* 

Compound 13 -6.88 -6.86 -2.59 

Compound 14 -6.30 -5.91 -3.79 

Compound 15 -6.19 -6.45 -1.56 

Compound 16 -7.36 -6.03 -2.80 

Compound 17 -11.42 -8.62 - 

Compound 18 -9.75 -7.78 - 

Compound 19 -9.76 -4.88 - 

Compound 20 -0.70 -3.06 - 

Compound 21 -4.12 -6.15 - 

Compound 22 -6.90 -6.24 -3.05 

Compound 23 -5.29 -6.23 -2.55 

Compound 24 -9.09 -8.65 -5.38 

Compound 25 -7.70* -7.39* -6.93 

Compound 26 -5.63 -5.14 -3.42 

Compound 27 -6.07 -5.75 -5.03 
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Table 4. Molecular docking results of M. latifolia ligand against target 
proteins MMP-13, MMP-9, and hyaluronidase (continued...) 

Ligand/native ligand 

Bond free energy (kcal/mol) 

2D1N 
(MMP-13) 

1GKC 
(MMP-9) 

1FCV 
(hyaluronidase) 

Compound 28 -9.12* -7.79* -5.99* 

Compound 29 -8.34 -7.18 -5.36 

Compound 30 -5.04 -4.72 -4.19 

Compound 31 -6.57 -7.45 -5.16 

Compound 32 -6.14 -6.11 -5.30 

Compound 33 -5.99 -5.48 -4.58 

Compound 34 -8.51 -7.34 -4.82 

Compound 35 -7.85 -5.74 - 

Compound 36 -6.74 -5.20 -4.66 

Compound 37 -7.98 -7.97 -5.15 

Compound 38 -7.44 -7.60 -5.85 

Compound 39 -4.92 -4.38 -4.20 

Compound 40 -9.55 -8.14 -3.68 

Compound 41 - -1.34 - 

Compound 42 -11.21 -10.98 -1.05 

Compound 43 -7.05 -5.17 -2.43 

Compound 44 -9.56 -6.57 - 

Compound 45 -6.97 -7.16 -6.73 

Compound 46 -10.13 -8.67 -0.91 

R1 -10.72 -8.20 -5.98 

R2 -5.04 -5.08 -4.44 

R3 -2.93 -3.29 -2.88 

The bolded letters indicate the ligand that best interacts with the target protein. 
(-) indicates no interaction between the ligand and the target protein. * Indicates 
that these compounds can inhibit all three target proteins and interact similarly 
with native ligands. Samples with codes R1, R2, and R3 were the reference 
compounds used as comparisons in this study. The names of the ligands are 
adjusted in the order listed in Table 1. 

 
DISCUSSION 

Collagenase (MMP-13), gelatinase (MMP-9), and 
hyaluronidase are a group of enzymes that mediate 
the formation of wrinkles on the skin, thereby modu-
lating premature skin aging. Collagenase and gelati-
nase are matrix metalloproteinases (MMPs) that can 
degrade molecules such as aggrecan, elastin, fibron-
ectin, gelatine, laminin, and collagen (Nur et al., 2021; 
Van Doren, 2015). On the other hand, hyaluronidase 
is an endoglycosidase enzyme that breaks down hya-
luronic acid, an extracellular matrix component, into 
monosaccharides by breaking their glycosidic bonds 
in connective tissue. When developing drug candi-
dates as antiaging skin drugs, a first approach is 

needed to minimize failure and search for effective 
antiaging drugs (Jung, 2020). 

In this study, molecular docking analysis was per-
formed on compounds identified in M. latifolia plants. 
In silico studies of M. latifolia compounds were com-
pared with reference compounds claimed as anti-
aging compounds, including retinol, niacinamide, 
and hyaluronic acid, in cosmetic products and have 
been successfully marketed. Retinol compounds are 
retinaldehyde derivatives that exhibit antiaging ef-
fects caused by extrinsic and intrinsic factors. Retinol 
can metabolize collagen in tissues so that it has a cell 
regeneration effect. Niacinamide is also reported to 
have antiaging effects by increasing collagen metabo-
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lism and cell regeneration. Several studies have also 
reported that niacinamide increases skin elasticity and 
prevents skin erythema and pigmentation (Gance-
viciene et al., 2012; Kafi et al., 2007). The same thing 
was also reported on hyaluronic acid compounds as 
antiaging. Hyaluronic acid clinically shows the ability 

to moisturize the skin and increase its elasticity and 
prevent wrinkles from occurring (Bravo et al., 2022). 
These three reference antiaging compounds have 
generally been applied clinically in topical cosmetic 
use (Ganceviciene et al., 2012) and use as reference 
compounds in this research. 

 

  
 

Native ligand ID: FH4 Curculigenin A (17 Scandenin (3) 

 

  

Pomiferin (2) Mundulone (4) Rubratoxin B (46) 

 
 

 

Retinol (R1) Niacinamide (R2) Hyaluronic acid (R3) 

 

Figure 4. Visualization of the molecular docking results of the ligand from M. latifolia and reference compounds and its interactions with the target 
protein 2D1N (MMP-13). 
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Native ligand ID: NHF Mundulone (4) Scandenin (3) 

 
 

 

Rubratoxin B (46) Phloridzin (1) Pomiferin (2) 

 
 

 

Retinol (R1) Niacinamide (R2) Hyaluronic acid (R3) 

 

Figure 5. Visualization of the molecular docking results of the ligand from M. latifolia and reference compounds and its interactions with the target 
protein 1GKC (MMP-9). 

 
These studies aim to observe the potential of M. 

latifolia compounds that can interact with skin tissue-
degrading proteins that cause premature aging. The 
compound's ability to inhibit the target protein's ac-
tion through molecular docking was predicted based 
on the free energy of binding and the nature of the 
interaction formed. In addition, solubility and perme-
ability analysis of compounds through biological 
membranes is important in drug development. Per-
meability prediction is necessary to prevent drug 
development failures caused by poor absorption or 
permeation of drug candidates. An experimental 
computer model is one approach that can be used to 
estimate the solubility and permeability of drug can-

didates (Bennion et al., 2017; Brocke et al., 2019). Ac-
cording to Lipinski's rules, in the development and 
discovery of drug candidates for oral use, five condi-
tions must be met, known as the rule of five, namely, 
a drug candidate must have a molecular weight of no 
more than 500 Dalton, hydrogen bond donors no 
more than 5, bond acceptors hydrogen is no more 
than 10, Log P is no more than 5 and molar rotation 
between 30 to 130 (Lipinski, 2004; Riwu et al., 2022). 

Compounds with a molecular weight greater than 
500 Daltons have poor permeability or permeation. 
The log P value suitable for oral use is a value greater 
than one and less than five to have the ability to cross 
the bilayer membrane well. Compounds with a log P
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Native ligand ID: NAD 1,1,6-Trimethyl-1,2-dihydronaphthalene (25) Orcinol glucocide B (12) 

 
 

 

Emmotin (45) Orcinol glucoside (11) Sugiol (28) 

 

 
 

Retinol (R1) Niacinamide (R2) Hyaluronic acid (R3) 

 

Figure 6. Visualization of the molecular docking results of the ligand from M. latifolia and reference compounds and its interactions with the target 
protein 1FCV (hyaluronidase). 

 
value greater than five may also exhibit toxic proper-
ties due to their low solubility in water, making elim-
ination difficult and accumulating in the body (Gao et 
al., 2017; Riwu et al., 2022). The hydrogen bond donor 
and acceptor value above the limit also gives a poor 
permeability profile. It has a large spatial confor-
mation, making it difficult to bind to proteins or re-

ceptors. The presence of drug compatibility with a 
receptor is also influenced by molar rotation. The 
results in Table 2 show that 40 compounds were 
deemed eligible to be developed that satisfy at least 3 
to 5 parameters of Lipinski's rule (Adianingsih et al., 
2022; Riwu et al., 2022). Six compounds were deemed 
unqualified, including curculigosaponin D, curculi-
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gosaponin F, curculigosaponin I, ubiquinone, hor-
datin A, and rubratoxin B. Almost all these com-
pounds failed Lipinski's rules. This shows that the 
compound does not have a physicochemical profile 
consistent with drug-likeness. According to Lipinski 

et al. (2012), the system recognizes the failure of two 
parameters or criteria as a warning of poor absorption 
and permeability. However, these terms do not con-
stitute a restriction or prohibition on drug modifica-
tions and further research. 

 

 

Figure 7. Visualization of the molecular docking results of the ligand and its interactions with the target protein (A) 
2D1N, (B) 1GKC, and (C) 1FVC. 
The four compounds interact similarly with key amino acids, including Glu223, Ala186, Phe241, Ile243, Leu239, His222, Gly183, Val219, 
Leu185 and Thr245 in the 2D1N protein. Interaction with Leu187, Gly186, Met422, Arg424, Leu188, Ala189, Glu402, Tyr420, Lei418, 
Val398, Leu397, and Pro421 in 1GKC. Interaction with Tyr14, Phe13, Asn223, Trp221, Lys43, Asp119, Gly12, Asn257, Asp228, Asn120, 
Tyr168, Val197 with protein 1FCV. The interactions that occur in each ligand were hydrogen bonds (light green), van der Waals bonds 
(light green), carbon-hydrogen bonds (dim green), pi-pi-T shaped (light pink), pi-alkyl ( pale pink) and pi-sigma (purple). 

Retinol (R1) is the most active reference compound for the three target proteins. Retinol interacts with protein amino acid residues 
2D1N, 1GKC, and 1FCV, similar to native ligands and active compounds from M. latifolia. The interactions of retinol compounds with 
each target protein can be seen in Figs. 4, 5, and 6. 
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The ability of a drug molecule to go through a 
good absorption and distribution phase was also 
studied in silico. Absorption prediction studied using 
Human Intestinal Absorption (HIA) is a parameter 
used to view the percentage of absorption in the hu-
man gut. HIA is the sum of bioavailability and ab-
sorption assessed by the ratio of urinary, bile, and 
fecal excretion (Nicolas et al., 2017). Parameters Caco-
2 cells are derived from the human colon and under-
go multiple cycles of drug transport across the intes-
tinal epithelium. The permeability coefficient is ex-
pressed as the permeability of Caco-2 monolayer cell 
cultures (Volpe, 2011). Caco-2 and MDCK cell models 
correlate with human intestinal absorption and allow 
mechanistic assessment of drug permeability, such as 
passive diffusion (paracellular, transcellular). Thus, 
the model serves as a rapid screening tool for drug 
permeability and transport, providing information at 
the cellular level. These two models are used to pre-
dict permeability based on molecular descriptors ex-
ploring transporter uptake and efflux mechanisms 
(DiMarco et al., 2017; Volpe, 2011). While predictions 
in the distribution phase use Plasma Protein Binding 
(PPB) parameters. These parameters aim to estimate 
the level of plasma protein binding based on com-
pounds' molecular and physicochemical properties 
(Ghafourian and Amin, 2013). 

The analysis of the absorption and distribution 
phases of the 46 M. latifolia compounds showed dif-
ferent profiles (Table 3). Several compounds offer 
absorption and distribution profiles ranging from 
poor to very good. This is strongly influenced by the 
physicochemical properties of the connecting mole-
cules, which were also different (Table 2). Neverthe-
less, the predictions of these compounds still need to 
be strengthened by various analyses, both in vitro and 
in vivo. These studies in pharmacokinetic silico analy-
sis were still limited to the adsorption and distribu-
tion phase. In the meantime, the prediction of the 
metabolic and excretion phases of the 46 compounds 
of M. latifolia needs to be developed for further re-
search. 

Toxicity analysis of the compound molecules was 
also performed in this study. The toxicity prediction 
of the M. latifolia compound using the Benigni/Bossa 
rule base method analyses the estimated toxicity 
based on the structure of the compound. Four levels 
were evaluated in this analysis: Structural Alert for 
Genotoxic Carcinogenicity, Structural Alert for Non-
Genotoxic Carcinogenicity, Negative for Genotoxic 
Carcinogenicity, and Negative for Non-Genotoxic 
Carcinogenicity. The drug candidates were expected 
to have negative carcinogenic genotoxic and carcino-
genic non-genotoxic scores (Adianingsih et al., 2022; 
Benigni et al., 2008). However, based on the analysis 

results, it was established that compounds 2 and 36 
(predicted to be positively genotoxic) and compounds 
29, 34, 35, 37, and 41 showed positive genotoxic and 
mutagenic effects. Meanwhile, non-genotoxic carcin-
ogen was negatively predicted for all compounds of 
M. latifolia. Based on carcinogenicity (genotoxic and 
non-genotoxic) and mutagenicity rule base of ISS, the 
test compounds were divided into 10 classes, i.e., 
Warning structure for genotoxic carcinogens (class 1), 
warning structure for non-genotoxic carcinogens 
(class 2), potentially mutagenic Salmonella typhi-
murium TA100 based on QSAR (Quantitative Struc-
ture-Activity Relationship) (class 3) non-potentially 
mutagenic Salmonella typhimurium TA100 based on 
QSAR (class 4), potentially carcinogenic based on 
QSAR (class 5) is not potentially carcinogenic based 
on QSAR (class 5). 6); QSAR calculation can be used 
for better assessment (class 7), negative for genotoxic 
carcinogens (class 8), negative for non-genotoxic car-
cinogens (class 9), and error in the application of the 
decision tree (class 10) (Benigni et al., 2008; Nohmi, 
2018). Therefore, compounds 29, 34, 35, 37, and 41 
were categorized as classes 1, 5, and 9, and 2 and 36 as 
classes 3 and 9. Meanwhile, the other compounds 
were categorized as classes 8 and 9 (Table 3). The 
toxicity of these compounds is influenced by the pres-
ence of heterocyclic functional groups in their con-
firmed structures. 

Based on the docking results between the com-
pounds and the three receptors, the conformation of 
the compound with the lowest binding affinity energy 
was obtained. Binding affinity measures a drug's abil-
ity to bind to a receptor. Covalent bonds result in 
strong affinity and stable and irreversible interactions. 
Electrostatic bonding can be of strong or weak affinity 
and is usually reversible. The smaller the binding 
affinity value, the higher the affinity between the 
receptor and the compound, and vice versa (Yunta JR 
et al., 2017; Pantsar and Poso, 2018). The greater the 
binding affinity value, the lower the receptor and 
compound affinity. In figures 3, 4, and 5, respectively, 
interactions that occur between the ligands and the 
three target proteins show hydrogen bonds such as 
conventional hydrogen bonds, carbon-hydrogen 
bonds, and pi-donor bonds; hydrophobic interactions 
such as pi-alkyl, alkyl, pi-sigma, pi-pi T-shaped, and 
pi- pi stacked; electrostatic interactions, such as salt 
bridges, pi-cations, and pi-anions, as well as other 
interactions. 

As a result of the molecular docking approach of 
the 46 compounds, 5 compounds with the most nega-
tive bond-free energy were selected and were close to 
the native ligands (Table 4). In addition, a similar 
interaction of the native ligand compounds with the 
key amino acids of the protein was also observed 
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(Figs. 3, 4, and 5, respectively). Nonetheless, the pre-
dictions of the compounds pomiferin (2), scandenin 
(3), mundulon (4), and rubratoxin (46) indicate good 
interaction with both 2D1N and 1GKC target pro-
teins. These four compounds have negative binding 
affinity values, and some of them have more negative 
binding affinity than the native ligands FH4 and 
NHF. But these compounds do not give the 1FCV 
protein maximum results. These compounds do not 
show any interaction that occurs with the 1FCV pro-
tein. From the in silico results, it can be predicted that 
compounds 2, 3, 4, and 46 could induce inhibition of 
skin-degrading enzymes in the extracellular matrix 
tissue, in particular matrix metalloproteinase en-
zymes (MMP-13 and MMP-9). Although compound 2 
(pomiferin) has a negative binding affinity for both 
2D1N and 1GKC target proteins, this compound has a 
positive carcinogenic genotoxic toxicity profile such 
that the possibility of its use as an oral antiaging can-
didate is not recommended. 

However, upon further analysis, several M. latifolia 
compounds can inhibit the three target proteins with 
a binding affinity value close to the native ligand (Fig. 
7). These compounds include compounds 11 (orcinol 
glucoside), 12 (orcinol glucoside B), 24 (5,7,3,5-
tetrahydroxyflavanone), and 28 (sugiol). The binding 
affinity energies for the 2D1N target protein were -
7.81, -7.49, -7.70, and -9.12 kcal/mol, respectively. In 
the 1GKC target protein, each compound has a bind-
ing affinity value of -7.71, -8.64, -7.39, and -7.79 
kcal/mol, respectively. Meanwhile, the target protein 
1FCV gave a binding affinity value of -6.23, -6.80, -
6.93, and -5.99 kcal/mol, respectively (Table 4). In 
addition, the results of the drug-likeness analysis 
predict that compounds 11, 12, 24, and 28 meet the 
five parameters of Lipinski's rule. The toxicity profile 
also indicates that the compounds were not expected 
to have genotoxic and mutagenic effects. Based on 
HIA parameters, the predicted absorption profile 
shows that the compound absorbs moderate to high 
categories. These four compounds were found to have 
good permeability for the MDCK parameter but low 
for the Caco2 cell parameter. The distribution profile 
shows compounds 24 and 28 tightly bound to plasma 
proteins. Therefore, it is predicted that the distribu-
tion process of these compounds in the blood will 
decrease. However, these deficiencies do not limit the 
modification of compounds or dosage forms when 
applied orally. 

The reference compound used in this study shows 
that retinol (R1) provides the best interaction with a 
bond-free energy value close to that of the native lig-
and in 2D1N, 1GKC, and 1FCV proteins. Meanwhile, 
the reference compounds niacinamide and hyaluronic 
acid provide weak interactions on the three target 

proteins with a higher bond-free energy value than 
the native ligands and active compounds from M. 
latifolia. The retinol compound has a similar action to 
the four compounds from the M. latifolia plant, which 
work in a multitarget manner on receptors related to 
dermal aging. It can be stated that the compounds 
orcinol glucoside, orcinol glucoside B, tetrahy-
droxyflavone, and sugiol from M. latifolia can be can-
didates for further development as antiaging cos-
meceutical active ingredients with the same action or 
even better than retinol as a reference compound. 

Results from in silico studies of various M. latifolia 
compounds indicate that some compounds have been 
predicted to have antiaging potential, particularly in 
inhibiting the enzymatic upregulation pathway. Some 
of them, including pomiferin, scandenin, mundulone, 
rubratoxin, phloridzin, and curculigenin A, have been 
predicted to inhibit at least one or two target proteins. 
Several other compounds can be multi-target protein 
antiaging, including orcinol glucoside, orcinol gluco-
side B, tetrahydroxyflavone, and sugiol. The ability to 
inhibit the target protein can be affected by the pres-
ence of functional groups in its chemical structure and 
interactions with the amino acid residues of the target 
protein (Alberts et al., 2002). Nevertheless, this study 
needs to be deepened both in vitro and in vivo to ob-
tain drug molecule candidates from M. latifolia as 
dermal antiaging agents. 

CONCLUSION 

In silico studies of M. latifolia plant compounds 
generally yield negative binding affinity energy for 
the target proteins MMP-13, MMP-9, and hyaluroni-
dase. Pomiferin, scandenin, mundulon and rubratoxin 
compounds specifically inhibit MMP-13 and MMP-9 
target proteins while 1,1,6-trimethyl-1,2-dihydro-
naphthalene, orcinol glucoside, emmotin A, orcinol 
glucoside and Sugiol compounds specifically inhibit 
proteins hyaluronidase targets with a more negative 
energy binding affinity and exhibit similar interac-
tions with native ligands on target proteins. The com-
pounds orcinol glucoside, orcinol glucoside B, 5,7,3,5-
tetrahydroxyflavanone and sugiol have been predict-
ed to be able to act on multiple targets against pro-
teins or antiaging receptors. The in-silico study pre-
dicts that compounds can be developed for further 
exploration of their antiaging activity on the skin. 
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