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Abstract

Context: Skin aging is associated with oxidative stress, inflammation, extracellular matrix degradation, and reduced dermal structural integrity. Natural
polyphenols have attracted attention as potential anti-aging agents.

Aims: To evaluate the preliminary dermal anti-aging potential of an aqueous extract of Coffea canephora beans using integrated in vitro and in silico approaches.

Methods: Metabolites were tentatively annotated by LC-MS/MS. Drug-likeness, ADMET prediction, molecular docking, molecular dynamics simulation, and MM-
PBSA analyses were performed for selected compounds. Antioxidant activity was assessed using DPPH and ABTS assays, and inhibitory activity against elastase,
collagenase, hyaluronidase, and tyrosinase was determined in vitro.

Results: Nineteen metabolites were tentatively annotated, including chlorogenic acid, caffeine, guanine, and 3-O-feruloyl-D-quinic acid. Computational
analyses suggested favorable interactions between selected metabolites and skin-aging-related targets. The extract showed antioxidant activity, with 1Cso
values of 0.605 + 0.134 pg/mL for DPPH and 2.595 + 0.265 pug/mL for ABTS. Moderate inhibition was observed against elastase, collagenase, and hyaluronidase,
whereas tyrosinase inhibition was weak.

Conclusions: The extract showed preliminary anti-aging-related activity, mainly through antioxidant effects and moderate inhibition of selected extracellular-
matrix-degrading enzymes. Further metabolite confirmation, cellular validation, skin-permeation testing, and in vivo studies are required.
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Resumen

Contexto: El envejecimiento cutaneo esta impulsado por el estrés oxidativo, la inflamacidn, la degradacion de la matriz extracelulary la pérdida de la integridad
estructural de la dermis. Los polifenoles naturales han despertado un interés creciente como potenciales agentes antienvejecimiento.

Objetivos: Evaluar el potencial antienvejecimiento dérmico de un extracto acuoso de granos de Coffea canephora mediante enfoques integrados in vitro e in
silico.

Métodos: Los metabolitos se caracterizaron mediante LC-MS/MS. Para los compuestos seleccionados se realizaron analisis de semejanza con farmacos (drug-
likeness), prediccién de ADMET, acoplamiento molecular, simulacién de dindmica moleculary anélisis MM-PBSA. La actividad antioxidante se evalué mediante
los ensayos DPPH y ABTS, mientras que las actividades inhibitorias frente a elastasa, colagenasa, hialuronidasa y tirosinasa se determinaron in vitro.

Resultados: Se anotaron diecinueve metabolitos, entre ellos acido clorogénico, cafeina, guanina y acido 3-O-feruloil-D-quinico. Los analisis computacionales
indicaron interacciones favorables entre polifenoles seleccionados y proteinas diana relacionadas con el envejecimiento cutaneo. El extracto mostré una
potente actividad antioxidante, con valores de IC5, de 0.605 + 0.134 pg/mL (DPPH) y 2.595 + 0.265 pg/mL (ABTS). Se observé una inhibicién moderada de la
elastasa, la colagenasa y la hialuronidasa, con valores de ICg, de 17.955 + 0.115, 83.690 + 0.518 y 60.467 + 0.043 ug/mL, respectivamente. La inhibicion de la
tirosinasa fue débil (ICs, > 200 pg/mL).

Conclusiones: El extracto acuoso de granos de C. canephora demostrd un potencial efecto antienvejecimiento dérmico, principalmente mediante una potente
actividad antioxidante y una inhibicién moderada de enzimas responsables de la degradacién de la matriz extracelular. Estos hallazgos respaldan a C.
canephora como una fuente potencial de compuestos bioactivos para aplicaciones antienvejecimiento dérmico. No obstante, se requieren estudios adicionales
para validar los metabolitos, realizar ensayos celulares e in vivo, evaluar la permeacidn cutdnea y optimizar la seleccién de las proteinas diana empleadas en
los analisis computacionales.

Palabras Clave: acoplamiento molecular; antioxidantes; envejecimiento cutaneo; extractos vegetales; inhibidores enzimaticos; metaloproteinasas de la matriz.
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Abbreviations: ADMET: Absorption, distribution, metabolism, excretion, and toxicity; LC-MS/MS: Liquid chromatog-
raphy-tandem mass spectrometry; MMP: Matrix metalloproteinase; MM-PBSA: Molecular mechanics Poisson-Boltz-
mann surface area; RMSD: Root mean square deviation; RMSF: Root mean square fluctuation; TNF-a: Tumor necrosis

factor alpha.

INTRODUCTION

Skin aging reflects interconnected biological and bi-
ochemical changes along with secondary alterations in
the skin, muscles, subcutaneous fat, and bone. Clinical
procedures such as chemical peels, injectables, and
threads can act through similar pathways yet treat dif-
ferent signs (Shin et al., 2023). As knowledge grows,
older models are being replaced by concepts like der-
mal fibroblast senescence. Constant exposure to ultra-
violet light, smoke, heat, and pollution drives extrinsic
aging, while intrinsic or chronological aging pro-
gresses internally. Reactive oxygen species play a cen-
tral role in both, although cells deploy defenses such as
superoxide dismutase, glutathione, and catalase, de-
clining redox capacity with age allows reactive oxygen
species to accumulate and damage proteins, lipids, and
DNA, leading to dysfunction (Gu et al., 2020).

Indonesia’s tropical climate brings intense ultravio-
let exposure that accelerates skin damage, including
wrinkles and reduced elasticity (Wenas et al., 2025). Ul-
traviolet (UV) radiation is nonionizing electromagnetic
radiation with wavelengths of 100 to 400 nm, shorter
than visible light. Limited sun exposure aids vitamin D
synthesis, but excessive exposure drives chronic reac-
tive oxygen species production, leading to premature
photoaging (Eun Lee et al., 2019). UV radiation pro-
motes long-term damage, including photoaging, pho-
toimmunosuppression, and photocarcinogenesis. UV-
A primarily affects epidermal keratinocytes and der-
mal fibroblasts, driving persistent changes. UV-B acts
mainly in the epidermis but can also reach the superfi-
cial dermis (Gromkowska-Kepka et al., 2021; Zhang &
Duan, 2018). Skin aging is associated with several cel-
lular and enzymatic mechanisms, including increased
collagen degradation and reduced collagen biosynthe-
sis (Fisher et al., 2008; Quan et al., 2010), activation of
tumor necrosis factor alpha (TNF-a) expression
(Pocino et al., 2024), increased matrix metalloprotein-
ase (MMP) enzymes levels (Feng et al., 2024), increased
elastase activity (Chatatikun & Chiabchalard, 2017), in-
creased hyaluronidase activity (Ndlovu et al., 2013),
and overproduction of melanin by tyrosinase enzyme
(Chatatikun & Chiabchalard, 2017). Current care for
premature aging relies on topicals such as retinoic acid,
niacinamide, hyaluronic acid, vitamin C, and hydro-
quinone, alongside procedures including chemical
peels, microdermabrasion, botulinum toxin and filler
injections, and laser treatments. Because these ap-
proaches are not universally suitable across skin types,
there is a continuing need to explore plant-derived
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extracts as safer, effective options for prevention and
therapy (Al Iman et al., 2026; Nur et al., 2023)

Robusta coffee (Coffea canephora Pierre ex
A Froehner, family Rubiaceae) is strengthening its mar-
ket position in Indonesia, reflecting advantages over
Arabica (C. arabica) in pest and disease resistance, caf-
feine levels, and performance at lower altitudes (Bollen
et al., 2024). Robusta coffee beans contain several me-
tabolites that are predicted to have anti-aging activity
on the skin, including caffeine (1,3,7-trimethylxan-
thine; CsHioN4O2), chlorogenic acid (5-CQA;
Ci16H180v), citric acid (2-hydroxypropane-1,2,3-tricar-
boxylic acid; CéHsO7), Ferulic acid (4-Hydroxy-3-meth-
oxycinnamic acid; C10H100s4) and others (Makiso et al.,
2024). Several studies indicate that coffee bean extract
(CBE) has biologically relevant anti-aging effects. CBE
exhibits lower toxicity than caffeine and chlorogenic
acid, greater superoxide dismutase and nitric oxide in-
hibition than caffeine, the strongest anti-collagenase
activity, and 5a-reductase inhibition comparable to
chlorogenic acid and higher than caffeine. It also up-
regulates hair- and skin-related genes (IGF-1, KGF,
VEGF), supporting its potential as a cosmeceutical ac-
tive for skin and hair applications (Saewan, 2022).

The present study was designed to evaluate the pre-
liminary dermal anti-aging potential of an aqueous ex-
tract of C. canephora beans. Metabolites annotated by
LC-MS/MS were evaluated in silico against selected
targets associated with oxidative stress, inflammation,
melanogenesis, and extracellular matrix degradation.
Antioxidant activity and enzyme inhibition were then
assessed in vitro using DPPH, ABTS, elastase, colla-
genase, tyrosinase, and hyaluronidase assays. This in-
tegrated strategy aimed to identify candidate metabo-
lites and biological mechanisms to support further cell-
based and dermal-delivery studies.

MATERIAL AND METHODS

Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH ), 2,2"-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammo-
nium salt (ABTS), potassium persulfate, ascorbic acid,
Trolox, porcine pancreatic elastase, N-succinyl-(Ala)s-
p-nitroanilide, mushroom tyrosinase, L-3,4-dihydrox-
yphenylalanine (L-DOPA), kojic acid, hyaluronidase,
hyaluronic acid, 6-O-palmitoyl-L-ascorbic acid, colla-
genase from Clostridium histolyticum, N-(3-[2-furyl]ac-
ryloyl)-Leu-Gly-Pro-Ala (FALGPA), 1,10-phenanthro-
line, methanol, and ethanol were purchased from
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Sigma-Aldrich (St. Louis, MO, USA). Distilled water
and water for injection (WFI) were used throughout
the study.

Collection and preparation of plant material

Green beans of Coffea canephora Pierre ex A.
Froehner (Rubiaceae) were collected from a plantation
area in Cimaung, Puntang Village, Bandung Regency,
West Java, Indonesia (7.11446° S, 107.60316° E) in De-
cember 2023. The plant material was taxonomically au-
thenticated by Dr. Angga Dwiatma, School of Life Sci-
ences and Technology, Institut Teknologi Bandung,
based on a voucher specimen deposited at Herbarium
Bandungense, School of Life Sciences and Technology,
Institut Teknologi Bandung, under voucher number
4869/1T1.C10.1/TA.00/2022. The voucher specimen
was established from the same Coffea canephora cultiva-
tion site in Puntang Village, Cimaung District, Ban-
dung Regency. The plant material used in the present
study was collected from the same cultivation area and
the same farmer, although harvested at a different
time. Therefore, the deposited voucher specimen was
used as the botanical reference for plant authentica-
tion. The plant material used in this study consisted of
the seeds (green coffee beans). The beans were cleaned
and dried at 40°C until constant weight and stored at
room temperature until extraction.

Extraction

The cleaned green coffee beans were dried at 40°C
to a constant weight and stored at room temperature
prior to extraction. A total of 400 g of dried green C.
canephora beans was extracted with 4000 mL of distilled
water at a solid-to-solvent ratio of 1:10 (g/mL). The ex-
traction was performed using an ultrasonic bath (Wise-
Clean WUC-A23H, Daihan Scientific, Wonju, South
Korea) operated at a frequency of 40 kHz for 45 min.
To minimize temperature increases during sonication,
the extraction temperature was controlled by the addi-
tion of ice packs and periodic replacement of the bath
water as required. Following extraction, the mixture
was filtered through Whatman No. 1 filter paper to re-
move insoluble materials. The filtrate was subse-
quently freeze-dried using a Lyovapor™ L-200 freeze
dryer (Btichi Labortechnik AG, Flawil, Switzerland) to
obtain the dried aqueous extract, with an extraction
yield of 14.10% (w/w). The dried extract was stored in
a tightly sealed container at —20°C until further analy-
sis (Al Iman et al., 2026).

Identification of metabolites by liquid
chromatography-tandem mass spectrometry (LC-

MS/MS)

Chemical profiling of the aqueous extract was per-
formed using a Thermo Scientific Vanquish Horizon
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UHPLC system coupled to an Orbitrap Exploris 240
high-resolution mass spectrometer. Chromatographic
separation was achieved on an Accucore 150-Amide
HILIC column (100 x 2.1 mm, 2.6 pm). The mobile
phase consisted of water containing 0.1% formic acid
(A) and acetonitrile containing 0.1% formic acid (B).
Elution was performed at a flow rate of 0.3 mL/min
using the following gradient: 95% B initially, decreased
linearly to 30% B over 11 min, maintained for 4 min,
and returned to 95% B until 22 min. The column tem-
perature was maintained at 40°C and the injection vol-
ume was 5 pL. Mass spectrometric detection was car-
ried out using an OptaMax NG heated electrospray
ionization (H-ESI) source operating in positive and
negative ionization modes with polarity switching.
Full MS spectra were acquired over an m/z range of
100-1200 at a resolution of 120,000 FWHM, followed
by data-dependent MS/MS acquisition at 15,000
FWHM. The normalized collision energies were set at
10, 30, and 55 eV, and a mass tolerance of 5 pg/mL was
applied during compound annotation. For sample
preparation, 300 pL of extract was mixed with 700 uL
methanol, vortexed, ultrasonicated, centrifuged, and
filtered through a 0.20 pm nylon membrane prior to
analysis. Compound annotation was performed using
Compound Discoverer 3.3 software with spectral
matching against mzCloud libraries and compound
searches through ChemSpider and curated compound
databases. Metabolites were tentatively annotated
based on the observed precursor ion (m/z), MS/MS
fragmentation patterns, and similarity percentages ob-
tained by comparison with the spectral database. Since
authentic reference standards were not analyzed, me-
tabolite assignments were considered tentative.

In silico study

Ligand preparation

The ligands used in this study consisted of metabo-
lites tentatively annotated from the aqueous extract of
C. canephora based on LC-MS/MS analysis. Their
chemical structures, along with those of the native and
reference ligands, were retrieved from the PubChem
database. A total of 19 C. canephora compounds, 7 na-
tive ligands, and 4 reference compounds were used.
All ligands were drawn in 2D using ChemDraw Ultra
8.0, converted into 3D using Chem3D v.8.0, optimized
with HyperChem Release v8.07, and converted from
.hin to .pdb format using ArgusLab for analysis in Au-
toDock Tools v.4.2 (Nur et al., 2023).

Receptor preparation

The 3D structures of the target proteins, namely
matrix metalloproteinase-13 (MMP-13, PDB ID:
2D1IN), elastase (PDB ID: 3HGN), bee venom
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hyaluronidase (PDB ID: 1FCV), tyrosinase (PDB ID:
2Y9X), collagen type I (PDB ID: 3EJH), gelatinase ma-
trix metalloproteinase-9 (MMP-9, PDB ID: 1GKC), and
TNF-a (PDB ID: 2AZ5), were obtained from the RCSB
Protein Data Bank. PDB ID 3EJH represents a fibron-
ectin type I domain pair in complex with a type I colla-
gen peptide rather than collagen type I alone. This
structure was included as an exploratory model to
evaluate potential ligand interactions associated with
collagen stabilization rather than direct inhibition of
collagen degradation. The target proteins were visual-
ized using Discovery Studio Visualizer v4.5, and chain
A was separated from water molecules and native lig-
ands, then saved as a receptor in .pdb format. The re-
ceptor was further prepared in AutoDock Tools 4.2 by
adding polar hydrogen atoms, assigning Kollman
charges, and saving the final structure in .pdbqt for-
mat.

Calculation of physicochemical values 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 Swis-
sADME (Lipinski, 2004).

Parameters of absorption, distribution, and toxicity
prediction parameters

The absorption, distribution and toxicity parame-
ters were calculated using PkCSM via website. The 19
C. canephora compounds and 7 native ligands were up-
loaded as SMILES. The program calculated the pre-
dicted values of skin permeability, Ames toxicity, and
skin sensitisation.

Docking validation method

Validation was performed to prove that the selected
docking parameters can be used to dock ligands to tar-
get proteins, namely MMP-13, elastase, hyaluronidase,
tyrosinase, type I collagen, MMP-9, and TNF-a. Vali-
dation was performed by redocking the native ligand
into the active site of the receptor or its protein (Nur et
al., 2023).

Molecular docking analysis

The binding pocket of each target protein was de-
termined based on visualization results by defining
grid box dimensions (x, y, and z; A) that covered all
amino acid residues involved in ligand binding, with a
grid spacing of 0.375 A to ensure accurate energy cal-
culations. The grid was centered on the ligand-binding
site, and the target protein, ligand, and grid parameters
were saved in .gpf format, while the AutoGrid 4.2 elec-
trostatic potential maps were saved in .glg format.
Docking was then performed separately for each
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optimized grid using the Lamarckian Genetic Algo-
rithm in AutoDock 4.2, and the results were saved in
.dlg format.

Molecular dynamics analysis

Molecular dynamics simulations were performed
using GROMACS version 2025.4 to evaluate the stabil-
ity of protein-ligand complexes under physiological
conditions. Protein topologies were generated using
the AMBER force field, while ligand topologies were
generated using ACPYPE. The protein-ligand com-
plexes were placed in a periodic simulation box and
solvated using the TIP3P water model. Counterions
were added to neutralize the system charge. Energy
minimization was performed to remove unfavourable
steric contacts, followed by equilibration to stabilize
system temperature and pressure. The systems were
gradually heated to 310 K and maintained at a pressure
of 1 atm. Production molecular dynamics simulations
were subsequently carried out for 100 ns. Trajectory
analyses included root mean square deviation (RMSD)
and root mean square fluctuation (RMSF) calculations
to evaluate structural stability and residue flexibility.
Binding free energies were estimated using the molec-
ular mechanics Poisson-Boltzmann surface area (MM-
PBSA) method implemented through the
GMX_MMPBSA package based on the production tra-
jectories.

Equations

The total binding free energy in the MM-PBSA
analysis was calculated using the equation [1].

AGbind = AEvdW + AEelec + AGpolar + AGnonpolar [1]

Where: Van der Waals Energy (AEvdW); Electrostatic Energy (AEelec);
Polar Solvation Energy (AGpolar); SASA Energy (AGnonpolar)

In vitro study

Antioxidant activity using DPPH

The antioxidant activity of coffee bean extract was
evaluated using the DPPH assay with slight modifica-
tions from a previous study (Baliyan et al., 2022).
Briefly, 0.3 mL of each extract at various concentrations
was mixed with 1.67 mL of DPPH solution (50 pg/mL),
and the absorbance was measured at 515 nm after 30
min using a UV-Vis spectrophotometer. DPPH solu-
tion was used as the control, ascorbic acid as the stand-
ard, and methanol as the blank. All measurements
were performed in triplicate. Antioxidant activity was
expressed as the ICsg value, defined as the concentra-
tion required to inhibit 50% of DPPH radicals, and was
determined from the calibration curve.
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Antioxidant activity using ABTS

The antioxidant activity of coffee bean extract was
determined using the ABTS assay based on previous
study with slight modifications (Lee et al., 2015). The
ABTS** was produced by mixing 0.35 mL of ABTS di-
ammonium salt (7.4 mmol/L) with 0.35 mL of potas-
sium persulfate (2.6 mmol/L). The mixture was kept in
the dark at room temperature for 12 h to allow comple-
tion of radical generation, and then diluted with 95%
ethanol (about 1:50) so that its absorbance at 734 nm
was 0.70 £ 0.02, measured on a spectrophotometer. To
determine scavenging activity, 1.2 mL of ABTS+e rea-
gent was mixed with 0.3 mL of sample or negative con-
trol (95% ethanol), and absorbance at 734 nm was
measured 6 min after initial mixing, using 95% ethanol
as the blank. Trolox was used as the positive control.

Elastase inhibition activity test

Elastase inhibitory activity of the coffee bean ex-
tracts and fractions was evaluated using a modified
Sigma-Aldrich protocol based on previous studies
(Ambarwati et al., 2022; Jiratchayamaethasakul et al.,
2020). Tris-HCl buffer (pH 8.0) was prepared and used
throughout the assay. The substrate N-succinyl-(Ala)s-
nitroanilide was prepared at 1.3 mM, and porcine pan-
creatic elastase was diluted to a final activity of 0.22
U/mL. Quercetin was used as the reference standard,
and the extracts were prepared at various concentra-
tions (10-1000 pg/mL). In a 96-well microplate, 30 pL
of each extract or standard was mixed with Tris-HCl
buffer and 20 pL of enzyme solution, then incubated at
25°C for 20 min. The reaction was initiated by adding
30 uL of substrate solution, followed by incubation for
50 min at 25°C. The absorbance was measured at 405
nm using a microplate reader, and all measurements
were performed in triplicate.

Tyrosinase inhibition activity test

The tyrosinase inhibition assay of C. canephora bean
extract was performed based on previously reported
methods with slight modifications (Ambarwati et al.,
2022; Masuda et al., 2005). A phosphate buffer (0.067
M, pH 6.8) was prepared and used as the reaction me-
dium. Tyrosinase enzyme was prepared at a working
concentration of 300 U/mL, while the substrate L-3,4-
dihydroxyphenylalanine (L-DOPA) was prepared at a
concentration of 2.5 mM in phosphate buffer. Kojic
acid was used as the positive control inhibitor, pre-
pared as a 1 mg/mL stock solution, and further diluted
to the required concentrations. Extract samples were
dissolved in demineralized water to obtain a stock so-
lution of 2000 pg/mL and subsequently diluted to a se-
ries of concentrations (10-1000 pg/mL). The inhibition
assay was conducted using a 96-well microplate
method, and the enzyme activity was measured
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spectrophotometrically to determine the percentage of
inhibition and ICs values.

Hyaluronidase inhibition activity test

The hyaluronidase inhibition assay of coffee bean
extracts and fractions was performed based on the pre-
vious studies with slight modifications (Jiratchaya-
maethasakul et al., 2020; Phupaisan et al., 2024). An ac-
etate buffer (0.1 M, pH 3.6) was prepared and used as
the reaction medium. Hyaluronic acid (0.03%, w/v)
dissolved in acetate buffer served as the substrate,
while hyaluronidase enzyme was prepared at 100
U/mL. 6-O-Palmitoyl-L-ascorbic acid was used as the
positive control inhibitor. Extract samples were dis-
solved in demineralized water to obtain a stock solu-
tion of 2000 pg/mL and then diluted to 10-1000
pg/mL. The reaction mixture consisted of enzyme,
sample or control solution, and acetate buffer, fol-
lowed by pre-incubation at 37°C for 20 min. The sub-
strate was then added, and the mixture was incubated
for 45 min at 37°C. The reaction was terminated by
adding 2% BSA, and the absorbance was measured at
585 nm to determine the inhibitory activity.

Collagenase inhibition activity test

The collagenase inhibition assay of C. canephora
bean extract was conducted based on previously re-
ported methods with slight modifications (Srisuksom-
wong et al., 2023; Thring et al., 2009). Tris-HCI buffer
(0.5 M, pH 7.6) containing NaCl (1.5 M), CaCl, (50
mM), and NaN3; (2 mM) was used as the reaction me-
dium. The substrate FALGPA (2 mM) was prepared in
Tris buffer, while collagenase from Clostridium histolyt-
icum was prepared at a working concentration of 0.35
U/mL. A 1,10-phenanthroline solution (10 mM) was
used as the reference inhibitor. The extract samples
were dissolved in demineralized water to obtain a
stock solution of 2000 pg/mL and further diluted to
obtain concentrations of 10-1000 pg/mL. The assay
was performed in a 96-well microplate with a total vol-
ume of 100 pL per well, incubated for 15 min before
substrate addition, and enzyme activity was moni-
tored by measuring the decrease in absorbance at 340
nm for 30 min at 37°C using a microplate reader.

Statistical analysis

All data were expressed as mean * standard devia-
tion (SD) from three independent experiments (n = 3).
Statistical analyses were performed using Minitab®
Statistical Software (Minitab LLC, State College, PA,
USA). Comparisons between the aqueous extract and
the corresponding positive control were performed us-
ing an unpaired Student's t-test. Differences were con-
sidered statistically significant at p<0.05. ICsy values
were estimated using linear regression and should be
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interpreted as approximate estimates. The regression
model exhibiting the highest coefficient of determina-
tion (R?) was selected for ICs, calculation.

RESULTS AND DISCUSSION

Compounds (ligands) from aqueous extract of
Coffea canephora

Based on the LC-MS/MS prediction of compounds
in the extract, the results are shown in Table 1.

Based on LC-MS/MS analysis, nineteen metabo-
lites were tentatively annotated from the aqueous ex-
tract of C. canephora beans. This is in line with several
other studies that found compounds such as caffeine,
chlorogenic acid, malic acid, citric acid, choline, 3-
caffeoyl quinic acid, and several other compounds in
green coffee bean aqueous extract, which differs from
previous research (Happyana et al., 2021; Makiso et al.,
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2024). Differences in compound content may be caused
by several factors, including geographical conditions.
These conditions include the unique characteristics of
each region, such as soil conditions with various living
organisms; complex environmental factors including
altitude, temperature, rainfall, and light intensity; and
socio-cultural conditions that influence coffee cultiva-
tion practices (Marwani et al., 2024). The LC-MS/MS
data will be used to identify selected compounds for
molecular docking, with predictions based on environ-
mental free energy, interaction types, and molecular
dynamics. Furthermore, analysis of the compound's
solubility, permeability, and toxicity is crucial in drug
development. Permeability prediction is necessary to
prevent drug development failures caused by poor ab-
sorption or permeation of drug candidates. Experi-
mental computer modelling is one approach that can
be used to estimate the solubility and permeability of
drug candidates (Bennion et al., 2017; Brocke et al.,
2019).

Table 1. Compounds (ligands) from aqueous extract of Coffea canephora.

Molecule

Retention time

Molecular mzCloud best

No. Ligands formula (min) weight match PubChem ID
1 Caffeine CsH10N402 6.304 194.080 99.5 2519

2 4-Aminobenzoic acid C7H/NO2 1.086 137.047 98.7 987

3 Choline CsHisNO 1.052 103.100 95.6 305

4 DL-Malic acid C4HeOs 1.118 134.021 99.7 525

5 Citric acid CeHsO7 1.104 192.026 94.5 311

6 3-O-feruloyl-D-quinic acid C17H2009 7.64 368.110 97.7 9799386
7 D-Gluconic acid CeH1207 1.046 196.058 97.6 10690

8 Fumaric acid C4H404 1.153 116.010 91.1 444972

9 Stachydrine C7H13NO2 1.106 143.094 98.5 115244
10 Hexaric acid CsH1008 1.07 210.037 90 3037582
11 Chlorogenic acid Ci16H1809 6.141 354.095 98.7 1794427
12 Theophylline C7HsN4O2 4.814 180.064 94.7 2153

13 2-Furancarboxylic acid CsH403 1.103 112.015 90.9 6919

14 D-Glucopyranuronic acid CsH1007 1.05 194.042 90 94715

15 Adenine CsHsNs 1.099 135.054 90 190

16 Palmitamide Ci6H3sNO 28.304 255.255 91.9 69421

17 4-Oxoproline CsH7NO3 1.406 129.042 91.6 107541
18 Guanine CsHsNsO 1.093 151.049 90.1 135398634
19 Salicylic acid C7He03 9.944 138.031 90 338

20 Kojic Acid* CeHe04 6.304 194.080 - 3840

21 Quercetin* Ci5H1007 1.086 137.047 - 5280343
22 6-0-Palmitoyl-L-ascorbic acid* C22H3s07 1.052 103.100 - 54680660
23 1,10-phenanthroline* C12HsN2 1.118 134.021 - 1318

*Positive controls/reference compounds.
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Visualization of all ligand and target proteins

All native ligands and ligands from C. canephora
were visualized through the Discovery Studio Visual-
izer v4.5 software package. The visualization results
are shown in Figs. 1 and 2.

Physicochemical properties, absorption,
distribution, and toxicity prediction of the
tentatively annotated metabolites

The physicochemical properties of the tentatively
annotated metabolites were evaluated based on
Lipinski's Rule of Five (RO5), which is widely used to
assess the drug-likeness of bioactive compounds and
their potential for favorable absorption and permeabil-
ity (Lipinski, 2004; Nhlapho et al., 2024). In addition,
the absorption, distribution, and toxicity profiles of the
compounds were predicted using the pkCSM web
server to provide preliminary information on their
pharmacokinetic and safety characteristics. These pre-
dictions are particularly relevant for evaluating com-
pounds with potential topical anti-aging applications.
Table 2 presents the calculated physicochemical prop-
erties and predicted ADME-toxicity parameters.

Based on the results obtained, the compounds gen-
erally comply with the Lipinski criteria, with minor vi-
olations. However, there are three compounds, chloro-
genic acid, D-gluconic acid, and hexaric acid, which
fail to meet one parameter, specifically the H-donors,
exceeding the limits for hydrogen bond donors and ac-
ceptors, which also results in a poor permeability pro-
file. This is due to the compound's large spatial confor-
mation, which impedes its ability to bind effectively to
proteins or receptors. There are four compounds, such
as choline, DL-malic acid, fumaric acid, and 2-fu-
rancarboxylic acid, that fail the molar refractivity crite-
rion. However, in the context of Lipinski’s Rule of Five,
molar refractivity is not a primary parameter; there-
fore, this violation is better interpreted as a limitation
of supporting physicochemical properties rather than
a definitive failure of Lipinski’s criteria. Table 3 shows
that 19 compounds were considered suitable for devel-
opment, as they meet 3 to 5 of Lipinski's rule parame-
ters (Adianingsih et al., 2022; Riwu et al., 2022). The re-
sults of the analysis of the physicochemical properties
and toxicity of the compounds showed significant var-
iations. Most compounds had negative Log Kp values,
indicating low skin permeability, as seen in caffeine (-
3.376) and choline (-3.102), which indicate limited skin
penetration. The AMES toxicity analysis showed that
none of the compounds were mutagenic; however,
some compounds showed toxic potential. Skin sensiti-
zation was found in compounds such as choline and
palmitamide, which have the potential to cause allergic
reactions or skin irritation.

https://jppres.com
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Docking method validation

The molecular docking method was validated us-
ing AutoDock 4.2 on target proteins and their native
ligands. The docking method is considered valid if the
Root Mean Square Deviation (RMSD) value is below
2A. A smaller RMSD indicates that the ligand's posi-
tion in the redocking result closely matches the crystal-
lographic data. Larger RMSD values suggest discrep-
ancies and errors in predicting ligand-protein interac-
tions (Kontoyianni et al., 2004; Maghfiroh et al., 2021).
The validation results for the RMSD values of native
ligands with target proteins, including MMP-13
(2D1N), elastase (3HGN), hyaluronidase (1FCV), tyro-
sinase (2Y9X), collagen type I (3EJH), MMP-9 (1GKC),
and TNF-a (2AZ5), were found to be 1.76; 1.31; 1.72;
1.99; 1.99; 1.31; and 1.34 A, respectively. Since all
RMSD values were below 2 A, the molecular docking
method meets the validation criteria and is considered
accurate. Fig. 3 shows the overlay of the native ligand
conformations before and after validation.

Molecular docking analysis

Molecular docking is a computational method used
to estimate how strongly ligands bind to receptor pro-
teins. It aims to predict the atomic-level interactions be-
tween a small molecule and a target protein (Agu etal,,
2023). The technique involves the simulation of the mo-
lecular interactions between the small molecule and
the target biomolecule, which can provide insights into
the binding affinity, binding site, and possible mecha-
nism of action (Sliwoski et al., 2014).

The binding free energy is an important thermody-
namic parameter commonly used in computational
drug discovery studies to evaluate the stability of pro-
tein-ligand complexes. A lower (more negative) value
signifies a stronger, more stable, and energetically fa-
vourable interaction (Alsedfy et al., 2024). Based on the
free energy data, the compounds with the most nega-
tive free energy for MMP-13, MMP-9, tyrosinase, colla-
gen type I, and elastase are chlorogenic acid; for hyalu-
ronidase, it is guanine; and for TNF-q, it is 3-O-feru-
loyl-D-quinic acid (Table 4).

Based on Table 5, in MMP-13 and MMP-9, chloro-
genic acid engaged residues such as His226, Glu223,
and Thr245, supported by hydrophobic contacts with
Leu185 and Alal86, indicating a strong balance of po-
lar and nonpolar stabilization. Such dual interactions
are known to enhance enthalpic stability and ligand re-
tention, consistent with the principle that simultaneous
hydrogen and hydrophobic interactions increase drug-
likeness and target specificity (Patil et al., 2010).

J Pharm Pharmacogn Res (2026) 14(4): 7


https://jppres.com/

Allman et al. Anti-aging potential of Coffea canephora extract

MMP- 13 (2D1N) with native ligand (N-[(2R)-6-amino-1-(hydroxyamino)-loxohexan-2-
yl]-10-[2-[(diamino-methylideneamino) methyl-phenyl-decanamide])

e

MMP-9 (1GKC) with native ligand (N~2~-[(2R)-2-{[formyl(hydroxy) amino] methyl}-4-
methylpentanoyl]-N,3-dimethylL-valinamide

=

Tyrosinase (2Y9X) with native ligand (2-Hydroxycyclohepta-2,4,6-Trien-1-One)

Elastase (3HGN) with native ligand
| _A

Collagen | (3EJH) with native ligand

JoS

TNF-a (2AZ5) with native ligand

N

Figure 1. Visualization of target proteins with native ligands.
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Figure 2. Visualization results of compounds (ligands) from aqueous extract of Coffea canephora using the Discovery Studio
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Complexes with tyrosinase and elastase showed
stable hydrogen bonds involving His85, His263,
Ser195, and Arg?17, typical of serine protease catalytic
triads, confirming tight anchoring and conformational
rigidity. Similar stabilization by histidine and serine
residues has been observed in inhibitor-bound prote-
ase complexes (Schiebel et al., 2018). In the bee venom
hyaluronidase experimental model, both 6-O-pal-
mitoyl-L-ascorbic acid and guanine established multi-
ple hydrogen-bond interactions with key active-site
residues, particularly TyrA184, TyrA227, and
GluA113. Hydrogen bonds are recognized as major
contributors to binding specificity and complex stabi-
lization, facilitating favourable electrostatic interac-
tions between the ligand and the protein. In addition,
6-O-palmitoyl-L-ascorbic acid exhibited van der Waals
interactions with TyrA55, PheA46, and ProA1lS,
whereas guanine interacted with AspAlll through
van der Waals contacts. These non-covalent interac-
tions may further enhance ligand accommodation
within the binding pocket and contribute to the stabil-
ity of the protein-ligand complex. Previous studies
have indicated that the combined presence of hydro-
gen-bond and hydrophobic/van der Waals

https://jppres.com

interactions plays an important role in maintaining lig-
and residence and binding stability during molecular
dynamics simulations (Fu et al., 2018). For collagen
type I, chlorogenic acid formed a hydrogen bond with
ProA557 and a van der Waals interaction with
ThrAb544, indicating stable ligand association with the
protein. Because collagen type I is the principal struc-
tural protein of the dermal extracellular matrix, this
target was included to complement MMP-13 by ex-
ploring potential ligand interactions with the collagen
matrix itself. Chlorogenic acid exhibited the most fa-
vorable binding affinity toward the fibronectin-colla-
gen peptide complex used as an exploratory structural
model. Therefore, these findings should be interpreted
as preliminary evidence of potential collagen stabiliza-
tion rather than direct inhibition of collagen degrada-
tion (Wang et al., 2025). Meanwhile, TNF-a exhibited
the strongest stabilization, where 3-O-feruloyl-D-
quinic acid formed multiple hydrogen bonds with
Gly121 and GIn61 and additional n-m stacking with
Tyr151, leading to superior aromatic stabilization.
Such n-nm and hydrogen-bonding cooperativity has
been reported as a hallmark of polyphenolic-protein
complexation (Sarkar & Mandal, 2023).
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Table 2. Physicochemical properties, ADME, and toxicity prediction of the tentatively annotated metabolites.

Parameter
Compound Mo!ecular H- H- Molar Log Kp (skin AMES Skin
‘(’;7:5:::) LogP donors  acceptors refractivity permeability) toxicity  sensitisation

Caffeine 194.19 0.08 0 3 52.04 -3.376 No No
4-Aminobenzoic acid 137.14 0.60 2 2 37.81 -2.731 No No
Choline 104.17 -1.86 1 1 29.69* -3.102 No Yes
DL-Malic acid 134.09 -1.00 3 5 26.05* -2.735 No No
Citric acid 192.12 -1.51 4 7 37.47 -2.735 No No
3-O-Feruloyl-D-quinic acid 368.34 -0.10 5 9 87.97 -2.735 No No
D-Gluconic acid 196.16 -2.42 6* 7 38.54 -2.736 No No
Fumaric acid 116.07 -0.35 2 4 24.41* -2.735 No No
Stachydrine 143.18 -1.59 0 2 41.35 -2.778 No No
Hexaric acid 210.14 -2.43 6" 8 39.15 -2.735 No No
Chlorogenic acid 354.31 -0.39 6" 9 83.50 -2.735 No No
Theophylline 180.16 019 1 3 47.14 -2.735 No No
2-Furancarboxylic acid 112.08 0.56 1 3 25.67* -2.738 No No
D-Glucopyranuronic acid 194.14 -245 5 7 36.35 -2.735 No No
Adenine 135.13 -020 2 3 36.09 -2.735 No No
Palmitamide 255.44 4.83 1 1 81.93 -2.565 No Yes
4-Oxoproline 129.11 -1.59 2 4 66.40 -2.735 No No
Guanine 151.13 -0.61 3 3 38.91 -2.735 No No
Salicylic acid 138.12 1.24 2 3 35.42 -2.723 No No
(*) indicates that the predicted physicochemical value does not meet the Lipinski Rule criteria

Table 3. Grid box and coordinates for method validation.

Grid box X, Y, z coordinates
Reseptor RMSD
X y z X y z

MMP-13 (2D1N) 50 50 50 -44.048 25.846 -19.485 1.76

Elastase (3HGN) 50 48 54 11.111 6.806 6.929 1.31

Hyaluronidase (1FCV) 40 40 46 3.236 30.357 -9.424 1.72

Tyrosinase (2Y9X) 24 26 22 -7.150 -31.101 -42.471 1.99

Collagen type | (3EJH) 30 46 32 -21.749 21.746, 4.104 1.99

MMP-9 (1GKC) 40 40 40 65.607 31.083 117.843 1.31

TNF-a (2AZ5) 78 60 66 -13.687 71.607 27.022 1.34

Molecular dynamics analysis

Stability of key residues

To further evaluate the effect of solvent and protein
flexibility on the binding mode of our candidate com-
pounds, molecular dynamics (MD) simulations were
carried out for 100 ns. Based on these simulations, the
stability of the ligand-protein complexes was
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determined by the RMSD value (Sangande et al., 2020).
RMSD analysis evaluates how much the conformation
of a simulated system shifts relative to its initial or ex-
perimental structure. By tracking RMSD values over
the course of the simulation, one can determine the sys-
tem’s stability and distinguish equilibrium phases
from periods of fluctuation. Larger RMSD values re-
flect greater deviation from the reference structure,
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suggesting higher flexibility or more pronounced con-
formational changes (Amrulloh et al., 2023).

The RMSD analysis (Fig. 4) showed that all protein-
ligand complexes reached relatively stable RMSD tra-
jectories after the initial equilibration phase. The MMP-
13 and MMP-9 complexes exhibited low RMSD values
(<1 nm) with minimal fluctuations throughout the sim-
ulation, indicating limited structural deviations. Tyro-
sinase and elastase displayed relatively high initial
RMSD values (approximately 2.5-3.0 nm), reflecting
substantial conformational adjustments during the
early stage of the simulation. However, both com-
plexes reached a relatively stable plateau after 30-40 ns
with no progressive increase in RMSD thereafter. Hy-
aluronidase and collagen type I exhibited moderate
fluctuations but converged after approximately 60 ns,
while the TNF-a complex maintained RMSD values
below 2 nm throughout the simulation. These RMSD
trajectories suggest that the complexes reached confor-
mational equilibrium after the initial equilibration
phase and maintained consistent structural behaviour
during the remainder of the 100 ns simulation (Kuz-
manic & Zagrovic, 2010; Wang et al., 2019). The initial
fluctuations likely reflect ligand accommodation
within the binding pocket before equilibrium was
achieved, whereas the subsequent plateau indicates

Anti-aging potential of Coffea canephora extract

convergence of the simulated systems rather than con-
tinuous structural drift (Huang et al., 2020; Manandhar
etal., 2022).

Flexibility analysis of key residues

RMSF quantifies the flexibility or local motion of in-
dividual atoms or residues in a biomolecule through-
out an MD simulation. This parameter highlights re-
gions that experience notable conformational shifts or
display high mobility. Residues with low RMSF values
are relatively stable and show minimal fluctuation,
whereas those with high RMSF values are more flexi-
ble and mobile. By examining RMSF, the conforma-
tional behaviour of each amino acid residue can be vis-
ualized, providing insight into its dynamic properties.
In general, lower RMSF values indicate more stable po-
sitions of both the ligand and the surrounding amino
acid residues (Wu et al., 2022). RMSF is considered fa-
vourable when its value is low for key residues, as this
indicates structural stability and strong interactions be-
tween the protein and ligand. A low RMSF value sug-
gests that the residues or atoms do not deviate signifi-
cantly from their average positions, reflecting high
structural stability, particularly in critical regions such
as active sites or ligand-binding areas (Al Khairy Sire-
gar et al., 2024).

2D1N Native ligand

1FCV Native ligand

o)
>

3EJH Native ligand

2AZ5 Native ligand

3HGN Native ligand

p Y4
<Y

2Y9X Native ligand

1GKC Native ligand

Figure 3. Overlay of the native ligand
before validation (yellow) and after
validation (red).
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Table 4. Free energy value of binding of each compound to the target protein.

Anti-aging potential of Coffea canephora extract

No. Compound

Free energy value (kcal/mol)

MMP-13 MMP-9 Tyrosinase Elastase Hyaluronidase Collagentypel TNF-a

1 Native ligand -8.96 -8.45 -4.65 -7.59 -4.59 -4.06 -6.53
2 Caffeine -5.14 -5.03 -4.83 -4.63 -3.92 -3.94 -3.78
3 4-Aminobenzoic acid -4.11 -4.44 -3.80 -4.04 -3.87 -4.42 -3.92
4 Choline -3.85 -3.99 -3.28 -3.11 -3.53 -3.04 -1.90
5 DL-Malic acid -1.69 -1.24 -1.98 -2.44 -2.04 -3.91 -3.10
6 Citric acid -1.36 -0.10 -1.15 -2.83 -2.37 -3.70 -3.19
7 3-O-Feruloyl-D-quinic acid -7.91 -6.80 -5.01 -5.85 -5.07 -4.17 -5.49
8 D-Gluconic acid -2.89 -2.59 -2.31 -3.15 -1.04 -3.15 -1.61
9 Fumaric acid -1.75 -1.28 -1.53 -3.73 -3.15 -3.71 -3.58
10 Stachydrine -4.34 -4.21 -4.56 -4.21 -3.70 -4.13 -3.91
11 Hexaric acid -1.92 -1.77 -2.13 -2.25 -0.87 -3.57 -2.18
12 Chlorogenic acid -9.40 -7.29 -5.56 -6.01 -4.54 -5.63 -4.96
13 Theophylline -5.34 -5.43 -4.89 -4.48 -4.31 -4.60 -4.00
14 2-Furancarboxylic acid -3.18 -3.17 -2.97 -5.02 -3.30 -4.57 -3.86
15 D-Glucopyranuronic acid -3.90 -4.12 -3.13 -4.43 -3.08 -3.95 -3.30
16  Adenine -5.13 -5.12 -4.19 -3.83 -4.59 -3.98 -3.27
17 Palmitamide -7.32 -6.59 -5.00 -4.57 -3.45 -3.25 -3.70
18  4-Oxoproline -4.72 -5.10 -3.76 -3.92 -4.44 -4.82 -3.36
19 Guanine -6.00 -6.12 -5.41 -4.51 -5.40 -3.88 -3.34
20 Salicylic acid -4.17 -3.95 -3.47 -4.78 -3.48 -4.84 -3.88
21 Kojic acid* - - -4.14 - - - R

22 Quercetin* - - - -7.24 - -5.83 -4.56
23 6-O-Palmitoyl-L-ascorbic acid* - - - - -3.98 - -

24 1,10-Phenanthroline* -7.00 -7.16 - - - - -

Bold numbers indicate more negative binding free energies of the extract compounds. **Positive controls/reference compounds.

Table 5. Hydrogen interactions between compounds and target proteins.

Compound Hydrogen bond Van der Waals interaction
MMP-13
Native ligand ProA 236 LeuA 239
AlaA 238 LeuA 218
IleA 234 HisA 222
PheA 241
TyrA 244
GluA 223
AlaA 186
LeuA 185
1,10-Phenanthroline - ValA 219
HisA 222
LeuA 239
PheA 241
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Table 5. Hydrogen interactions between compounds and target proteins (continued...)

Compound Hydrogen bond Van der Waals interaction
Chlorogenic acid ThrA 245 AlaA 186
HisA 226 TyrA 244
HisA 222
HisA 232
GluA 223
AlaA 186
GlyA 183
LeuA 185
MMP-9
Native ligand ProA 421 GluA 402
GlyA 186 HisA 401
LeuA 188 HisA411
TyrA 423
AlaA 189
1,10-Phenanthroline - TyrA 423
HisA 401
LeuA 188
GluA 402
ValA 398
Chlorogenic acid GlyA 186 TyrA 423
TyrA393 ValA 398
LeuA 188
ProA 421
LeuA 418
LeuA 397
Tyrosinase
Native ligand MetA 280 ValA 283
SerA 282 HisA 263
AlaA 286
Kojic acid AsnA 260 PheA 264
MetA 280 ValA 283
SerA 282 HisA 263
Chlorogenic acid HisA 85 HisA 263
HisA 81 ValA 283
MetA 280 SerA 283
SerA 282
AlaA 286
GluA 256
Elastase
Native ligand AspA 194 ValA 99
SerA 195 ArgA 217
SerA214
GlnA 192
ValA 216
HisA 57
Quercetin ValA 216 -
SerA214
SerA 195
CysA 191
Chlorogenic acid SerA 195 GlnA 192
AspA 97 ValA 216
ValA 99
ArgA 217
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Table 5. Hydrogen interactions between compounds and target proteins (continued...)

Compound Hydrogen bond Van der Waals interaction
Hyaluronidase
Native ligand TyrA 184
TyrA 227
AspA 111
GluA 113
SerA 303
SerA 304
6-O-Palmitoyl-L-ascorbic acid GluA 113 TyrA55
TyrA 227 PheA 46
TyrA 184 ProA 18
Guanine TyrA 184 AspA 111
GluA 113
TyrA 227
Collagen typel
Native ligand AsnA 542
AspA 556
Quercetin AspA 556 ThrA 530
AsnA 542 CysA 543
ThrA 544
Chlorogenic acid ProA 557 ThrA 544
AsnA 542 LysA 546
AspA 556
TNF-a
Native ligand - GlyA 121
TyrA59
LeuA 120
GlnA61
SerA 60
TyrA 119
Quercetin LeuA 120 TyrA 119
GInA 149
3-0O-feruloyl-D-quinic acid TyrA 119 GlnA61
GlyA 121 TyrA 151
TyrA 59

Across all complexes, the RMSF profiles indicated
that most residues exhibited relatively low fluctua-
tions, indicating that ligand binding did not signifi-
cantly perturb the structural integrity of the protein
backbone during the molecular dynamics simulations.
The 2D1N, 1GKC, 2Y9X, 3HGN, 3EJH, and 2AZ5 com-
plexes maintained low RMSF values throughout most
of the simulation, with only small peaks observed in
loop or terminal regions, reflecting the intrinsic flexi-
bility of these solvent-exposed segments rather than
instability within the binding pocket (Fig. 5). In con-
trast, the 1FCV complex exhibited comparatively
higher residue fluctuations, suggesting greater local
mobility or conformational adaptation during the sim-
ulation while preserving the overall structural frame-
work. Overall, the consistently low RMSF values
around the core regions support stable protein-ligand
interactions and indicate that ligand binding did not
induce significant structural destabilization. These
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findings are consistent with previous molecular dy-
namics studies reporting that low RMSF values, partic-
ularly around binding-site residues, are associated
with enhanced structural stability, persistent hydro-
gen-bond interactions, and sustained ligand binding
throughout the simulation (Zhang et al., 2020). Moreo-
ver, localized fluctuations in surface loops and termi-
nal regions are commonly observed because these re-
gions possess greater conformational freedom without
compromising the global stability of the protein struc-
ture (Alisaac, 2025; Hassan et al., 2024).

MMPBSA analysis

MM-PBSA calculations were performed using the
g_mmpbsa package to estimate the binding free energy
and per-residue energetic contributions governing the
protein-protein interaction. The evaluation of the en-
ergy components involved three main stages: (i) calcu-
lation of the potential energy in vacuum, (ii) estimation
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of the polar solvation energy, and (iii) estimation of the
non-polar solvation energy. The electrostatic contribu-
tion was determined by incorporating an exponential
damping factor based on Debye-Hiickel theory
(Cavani et al., 2022).

The MM-PBSA analysis showed that all protein-lig-
and complexes exhibited negative AG_bind values, in-
dicating thermodynamically favourable binding inter-
actions. Among the evaluated systems, the MMP-13-
native ligand complex displayed the strongest binding
affinity (-55.71 = 0.81 kJ/mol), largely driven by van
der Waals interactions (-61.71 = 0.68 kJ/mol), high-
lighting the importance of hydrophobic interactions in
complex stabilization (Table 6). Chlorogenic acid ex-
hibited weaker binding to MMP-13 (-29.68 + 2.32
kJ/mol) than the native ligand, and a similar trend was
observed for MMP-9 and elastase, where less favoura-
ble binding energies may be associated with higher po-
lar solvation energy. For tyrosinase, chlorogenic acid
showed a AG_bind of -20.17 + 6.03 k] /mol, suggesting
that both hydrophobic and electrostatic interactions
contribute to complex formation despite its relatively
lower binding affinity. In the 3EJH model, chlorogenic

Anti-aging potential of Coffea canephora extract

acid exhibited a more favourable binding free energy
(-18.83 £ 2.10 kJ/mol) than the native ligand (-8.69 +
2.59 kJ/mol), whereas 3-O-feruloyl-D-quinic acid also
showed favourable binding to 2AZ5 (AG_bind = -24.73
+ 4.98 kJ/mol), primarily supported by van der Waals
interactions. Overall, van der Waals interactions were
the major contributors to binding stability, whereas po-
lar solvation energy generally reduced the overall
binding affinity. This observation is consistent with
previous reports highlighting the importance of hy-
drophobic interactions in stabilizing protein-ligand
complexes (Genheden & Ryde, 2015; Laskowski &
Swindells, 2011). Previous studies have also reported
that chlorogenic acid, rutin, and quercetin can form fa-
vorable hydrophobic and hydrogen-bond interactions
with various target proteins (Kumar Ramalingam et
al., 2024; Yudantara et al., 2022). Therefore, the present
computational findings suggest that these interactions
may contribute to the observed binding stability. How-
ever, these results should be regarded as computa-
tional predictions that support, rather than confirm,
the potential molecular interactions underlying the ex-
perimentally observed anti-aging activities.
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In vitro activity test results

The anti-aging potential of green coffee bean extract
was initially evaluated through in vitro assays by de-
termining the ICs values of the extracts against several
targets, including inhibition of elastase, tyrosinase, hy-
aluronidase, and collagenase enzymes. The results are
presented in Table 7.

The in vitro assays demonstrated that the aqueous
extract of green coffee beans possesses multiple biolog-
ical activities associated with dermal anti-aging, pri-
marily through antioxidant effects and inhibition of ex-
tracellular matrix-degrading enzymes. The extract ex-
hibited remarkably strong antioxidant activity, with
ICso values of 0.605 + 0.134 ng/mL (DPPH) and 2.595 +
0.265 pg/mL (ABTS), both lower than those of the cor-
responding positive controls, indicating potent free
radical scavenging activity. This activity is likely at-
tributable to the presence of phenolic compounds, par-
ticularly chlorogenic acid, caffeic acid, and caffeine,
which have been widely reported to neutralize reactive

https://jppres.com

oxygen species involved in skin aging (Rodrigues et
al., 2023). The extract also demonstrated moderate in-
hibitory activity against elastase (ICsp = 17.955 + 0.115
ug/mL), hyaluronidase (ICsp = 60.467 + 0.043 pg/mL),
and collagenase (ICso = 83.690 = 0.518 pg/mL), alt-
hough these activities were weaker than those of the
respective positive controls. These findings are con-
sistent with previous studies reporting that coffee-de-
rived polyphenols may help preserve extracellular ma-
trix integrity by reducing the activity of enzymes in-
volved in elastin, hyaluronic acid, and collagen degra-
dation (Bakrim et al., 2022; Hering et al., 2023). In con-
trast, the extract showed no significant tyrosinase in-
hibitory activity (ICso > 200 pg/mL), suggesting lim-
ited potential to regulate melanogenesis compared
with standard inhibitors such as kojic acid (Aulifa et
al., 2020; Kiattisin et al., 2016). Overall, all IC5 values
differed significantly from those of the corresponding
positive controls (p<0.05), indicating statistically sig-
nificant biological activities.
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Table 6. The predicted binding free energy and the individual energy components (kJ/mol) of ligand-protein complexes.

Protein Ligand Van der Waals Electrostatic Polar solvation SASA energy ::::'g';g
energy (AEvdW) energy (AEelec) energy (AGpolar) (AGnonpolar) (AGbind)
MMP-13 Native ligand -61.71+0.68 -6.29+0.43 19.21+0.13 -6.92+0.80 -55.71+£0.81
Chlorogenic acid -39.62+1.08 -0.89+1.88 16.08 £ 0.82 -5.24+0.01 -29.68+2.32
MMP-9 Native ligand -34.82+1.93 -4.15+0.02 13.18+1.93 -4.17+0.04 -29.95+1.93
Chlorogenic acid -38.08+2.34 -5.62+1.09 18.74£0.69 -5.00+0.42 -29.95+2.71
Tyrosinase Native ligand -17.98 £ 0.59 -0.67+0.09 4.82+0.02 -2.05+0.16 -15.88+0.16
Chlorogenic acid -24.17+5.50 -4.54+1.28 12.02+1.11 -3.47+1.09 -20.17+6.03
Elastase Native ligand -27.18+1.23 -80.22+8.31 91.29+9.16 -3.96+0.01 -20.06 £12.43
Chlorogenic acid -31.99+2.21 -6.59+2.07 20.21+0.71 -4.72+0.40 -23.09+3.14
Hyaluronidase Native ligand -34.43+0.17 -95.49 £ 0.46 104.91+0.35 -129.92+0.38 -154.93+0.14
Guanine -5.92+0.16 -12.82+0.44 14.60+ 0.41 -18.75+0.55 -22.89+0.15
Collagen typel Native ligand -11.92+2.01 -2.37+1.56 7.38+0.24 -1.78£0.43 -8.69 +2.59
Chlorogenic acid -19.79+1.15 -6.16 +1.62 14.88+0.57 -2.81+0.31 -13.88+2.10
TNF-a Native ligand -42.18+0.31 -1.31+0.08 11.84+0.04 -4.39+0.23 -36.03+0.40
3-O-Feruloyl-D- -28.65+4.52 -2.47+1.88 9.72+0.42 -3.33+0.78 -24.73+4.98
quinic acid
Table 7. /n vitro activity test.
Test group
Activities
Positive control (pg/mL) Extract (pg/ml)
Antioxidant (DPPH) 5.891+0.261° 0.605 +0.134*
Antioxidant (ABTS) 9.445+0.102° 2.595+0.265"

Anti-elastase 6.494 +0.107°¢

Anti-tyrosinase 4.145+0.210¢
Anti-hyaluronidase 12.304+0.117°¢

Anti-collagenase 10.048 +0.038"

17.955+0.115*
>200*

60.467 +0.043*
83.690+0.518"

2Ascorbic acid; *Trolox); ‘quercetin, %kojic acid, *6-O-palmitoyl-L-ascorbic acid, and f1,10-phenanthroline; *p < 0.05 significantly different from the control group.

Collectively, these results suggest that the aqueous
extract of C. canephora beans exerts its dermal anti-ag-
ing potential mainly through potent antioxidant activ-
ity and moderate inhibition of extracellular matrix-de-
grading enzymes rather than through tyrosinase inhi-
bition.

Despite the promising findings, this study has sev-
eral limitations. The metabolites identified by LC-
MS/MS were tentatively annotated based on database
matching without confirmation using authentic refer-
ence standards or quantitative analysis. Moreover, the
anti-aging potential was evaluated only through in
vitro enzyme inhibition assays and in silico analyses.
No cellular assays, skin permeation studies, irritation
or sensitization assessments, or in vivo validation were
performed. In addition, ICs values were estimated us-
ing linear regression rather than nonlinear concentra-
tion-response fitting (e.g., a four-parameter logistic
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model). Therefore, the reported ICs values should be
regarded as approximate estimates and interpreted
with appropriate caution. Further studies are needed
to confirm the efficacy, safety, and underlying mecha-
nisms of C. canephora bean aqueous extract before its
potential dermatological or cosmetic application.

CONCLUSION

The aqueous extract of Coffea canephora beans
showed strong antioxidant activity and moderate inhi-
bition of elastase, hyaluronidase, and collagenase in
vitro, whereas no significant tyrosinase inhibitory ac-
tivity was observed. LC-MS/MS annotation and com-
putational analyses suggested that chlorogenic acid
and related metabolites may contribute to these activi-
ties. However, the evidence remains preliminary be-
cause metabolite quantification, computational target
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refinement, enzyme kinetics, skin permeation, cytotox-
icity, and cell-based anti-photoaging validation were
not yet performed. Further studies are therefore re-
quired before dermal anti-aging efficacy can be
claimed.

CONFLICT OF INTEREST

The research was conducted entirely free from any in-
volvement in commercial, financial, or personal matters that
might be perceived as a possible conflict of interest or that
could have influenced the outcomes or interpretation of the
study.

ACKNOWLEDGMENTS

This research was funded by the Riset Unggulan Pro-
gram, Institut Teknologi Bandung (ITB), under contract
number 2352 /1T1.B07.1/TA.00/2025, and the Center for Re-
search and Community Service (PPMI), School of Pharmacy,
Institut Teknologi Bandung, under grant number
1260/1T1.C10/TA/2026.

GENERATIVE ARTIFICIAL INTELLIGENCE (AI)

The authors used ChatGPT (OpenAl) to improve the lan-
guage and readability of the manuscript. The authors re-
viewed and edited the content and take full responsibility for
its accuracy. No images were generated or manipulated us-
ing Al tools.

REFERENCES

Adianingsih OR, Khasanah U, Anandhy KD, Yurina V (2022) In silico
ADME-T and molecular docking study of phytoconstituents
from Tithonia diversifolia (Hemsl.) A. Gray on various targets of
diabetic nephropathy. ] Pharm Pharmacogn Res 10(4): 571-594.
https:/ /doi.org/10.56499/ippres22.1345.10.4.571

Agu PC, Afiukwa CA, Orji OU, Ezeh EM, Ofoke IH, Ogbu CO,
Ugwuja EI, Aja PM (2023) Molecular docking as a tool for the
discovery of molecular targets of nutraceuticals in diseases
management. Sci Rep 13(1): 13398.
https://doi.org/10.1038 /s41598-023-40160-2

AlIman A, Kinasih ASS, Rizaldy D, Sukrasno (2026) Optimization of
antioxidant extraction from coffee bean using ultrasonic-
assisted extraction and in silico evaluation of the anti-aging
activity of major components. Res ] Pharm Technol 19(2): 744~
745. https:/ /doi.org/10.52711/0974-360X.2026.00108

Al Khairy Siregar KA, Kustiawan PM, Sari AN, Hermanto FE (2024)
Exploring therapeutic potential of nutraceutical compounds
from propolis on MAPK1 protein using bioinformatics
approaches as anti-coronavirus disease 2019 (COVID-19). BIO
Web Conf 88: 00007.
https:/ /doi.org/10.1051 /bioconf /20248800007

Alisaac A (2025) In silico analysis of quorum sensing modulators:
Insights into molecular docking and dynamics and potential
therapeutic applications. PLoS ONE 20(6): 0325830.
https:/ /doi.org/10.1371/journal.pone.0325830

Alsedfy MY, Ebnalwaled AA, Moustafa M, Said AH (2024)
Investigating the binding affinity, molecular dynamics, and
ADMET properties of curcumin-IONPs as a mucoadhesive
bioavailable oral treatment for iron deficiency anemia. Sci Rep
14: 22027. https:/ /doi.org/10.1038/541598-024-72577-8

https://jppres.com

Anti-aging potential of Coffea canephora extract

Ambarwati NSS, Armandari MO, Widayat W, Desmiaty Y, Elya B,
Arifianti AE, Ahmad I (2022) In vitro studies on the cytotoxicity,
elastase, and tyrosinase inhibitory activities of tomato (Solanum
lycopersicum Mill.) extract. ] Adv Pharm Technol Res 13(3): 182-
186. https:/ /doi.org/10.4103 /japtr.japtr_49 22

Amrulloh LSWF, Harmastuti N, Prasetiyo A, Herowati R (2023)
Analysis of molecular docking and dynamics simulation of
Mahogany (Swietenia macrophylla King) compounds against
the PLpro enzyme SARS-CoV-2. Jurnal Farmasi dan Ilmu
Kefarmasian Indonesia 10(3):347-359.
https:/ /doi.org/10.20473 /ifiki.v10i32023.347-359

Aulifa DL, Caroline M, Tristiyanti D, Budiman A (2020) Formulation
of the serum gel containing green coffee bean (Coffea robusta L.)
extract as an antioxidant and tyrosinase enzyme inhibitor.
Rasayan J Chem 13(4): 2346-2351.
https:/ /doi.org/10.31788 /R]C.2020.1345866

Bakrim WB, Nurcahyanti ADR, Dmirieh M, Mahdi I, Elgamal AM,
El Raey MA, Wink M, Sobeh M (2022) Phytochemical profiling
of the leaf extract of Ximenia americana var. caffra and its
antioxidant, antibacterial, and anti-aging activities in vitro and
in Caenorhabditis elegans: A cosmeceutical and dermatological
approach. Oxid Med Cell Longev 2022: 3486257.
https:/ /doi.org/10.1155/2022 /3486257

Baliyan S, Mukherjee R, Priyadarshini A, Vibhuti A, Gupta A,
Pandey RP, Chang CM (2022) Determination of antioxidants by
DPPH radical scavenging activity and quantitative
phytochemical analysis of Ficus religiosa. Molecules 27(4): 1326.
https:/ /doi.org/10.3390 / molecules27041326

Bennion B, Be NA, McNerney MW, Lao V, Carlson EM, Valdez CA,
Malfatti MA, Enright HA, Nguyen TH, Lightstone FC,
Carpenter TS (2017) Predicting a drug’s membrane
permeability: A computational model validated with in vitro
permeability assay. ] Phys Chem B 121(20): 5228-5237.
https:/ /doi.org/10.1021/acs.jpcb.7b02914

Bollen R, Rojo-Poveda O, Verleysen L, Ndezu RA, Tshimi EA, Mavar
H, Ruttink T, Honnay O, Stoffelen P, Stévigny C, Souard F,
Delporte C (2024) Metabolite profiles of green leaves and coffee
beans as predictors of coffee sensory quality in Robusta (Coffea
canephora) germplasm from the Democratic Republic of the
Congo. Appl Food Res 4(2): 100560.
https:/ /doi.org/10.1016 /j.afres.2024.100560

Brocke SA, Degen A, Mackerell AD, Dutagaci B, Feig M (2019)
Prediction of membrane permeation of drug molecules by
combining an implicit membrane model with machine
learning. ] Chem Inf Model 59(3): 1147-1162.
https:/ /doi.org/10.1021 /acs.jcim.8b00648

Cavani M, Riofrio WA, Arciniega M (2022) Molecular dynamics and
MM-PBSA analysis of the SARS-CoV-2 Gamma variant in
complex with the hACE-2 receptor. Molecules 27(7): 2370.
https:/ /doi.org/10.3390 / molecules27072370

Chatatikun M, Chiabchalard A (2017) Thai plants with high
antioxidant levels, free radical scavenging activity, anti-
tyrosinase and anti-collagenase activity. BMC Complement
Altern Med 17: 487. https:/ /doi.org/10.1186/s12906-017-1994-
7

Eun Lee K, Bharadwaj S, Yadava U, Gu Kang S (2019) Evaluation of
caffeine as inhibitor against collagenase, elastase and tyrosinase
using in silico and in vitro approach. ] Enzyme Inhib Med Chem
34(1): 927-936.
https://doi.org/10.1080/14756366.2019.1596904

Feng C, Chen X, Yin X, Jiang Y, Zhao C (2024) Matrix
metalloproteinases on skin photoaging. ] Cosmet Dermatol
23(12): 3847-3862. https:/ /doi.org/10.1111/jocd.16558

Fisher GJ, Varani J, Voorhees ]JJ (2008) Looking older: Fibroblast
collapse and therapeutic implications. Arch Dermatol 144(5):
666-672. https:/ /doi.org/10.1001/archderm.144.5.666

J Pharm Pharmacogn Res (2026) 14(4): 18


https://jppres.com/
https://doi.org/10.56499/jppres22.1345.10.4.571
https://doi.org/10.1038/s41598-023-40160-2
https://doi.org/10.52711/0974-360X.2026.00108
https://doi.org/10.1051/bioconf/20248800007
https://doi.org/10.1371/journal.pone.0325830
https://doi.org/10.1038/s41598-024-72577-8
https://doi.org/10.4103/japtr.japtr_49_22
https://doi.org/10.20473/jfiki.v10i32023.347-359
https://doi.org/10.31788/RJC.2020.1345866
https://doi.org/10.1155/2022/3486257
https://doi.org/10.3390/molecules27041326
https://doi.org/10.1021/acs.jpcb.7b02914
https://doi.org/10.1016/j.afres.2024.100560
https://doi.org/10.1021/acs.jcim.8b00648
https://doi.org/10.3390/molecules27072370
https://doi.org/10.1186/s12906-017-1994-7
https://doi.org/10.1186/s12906-017-1994-7
https://doi.org/10.1080/14756366.2019.1596904
https://doi.org/10.1111/jocd.16558
https://doi.org/10.1001/archderm.144.5.666

Allman et al.

FuY, Zhao ], Chen Z (2018) Insights into the molecular mechanisms
of protein-ligand interactions by molecular docking and
molecular dynamics simulation: A case of oligopeptide binding
protein. Comput Math Methods Med 2018: 3502514.
https:/ /doi.org/10.1155/2018 /3502514

Genheden S, Ryde U (2015) The MM/PBSA and MM/GBSA
methods to estimate ligand-binding affinities. Expert Opin
Drug Discov 10(5): 449-461.
https://doi.org/10.1517 /17460441.2015.1032936

Gromkowska-Kepka K], Puscion-Jakubik A, Markiewicz-Zukowska
R, Socha K (2021) The impact of ultraviolet radiation on skin
photoaging: Review of in vitro studies. ] Cosmet Dermatol
20(11): 3427-3431. https:/ /doi.org/10.1111/jocd.14033

Gu Y, Han J, Jiang C, Zhang Y (2020) Biomarkers, oxidative stress
and autophagy in skin aging. Ageing Res Rev 59: 101036.
https:/ /doi.org/10.1016/j.arr.2020.101036

Happyana N, Pratiwi A, Hakim EH (2021) Metabolite profiles of the
green beans of Indonesian Arabica coffee varieties. Int ] Food
Sci 2021: 5782578. https:/ /doi.org/10.1155/2021 /5782578

Hassan AM, Gattan HS, Faizo AA, Alruhaili MH, Alharbi AS, Bajrai
LH, Al-Zahrani IA, Dwivedi VD, Azhar EI (2024) Evaluating
the binding potential and stability of drug-like compounds
with the monkeypox virus VP39 protein using molecular
dynamics  simulations and free energy analysis.
Pharmaceuticals 17(12): 1617.
https:/ /doi.org/10.3390/ph17121617

Hering A, Stefanowicz-Hajduk J, Gucwa M, Wielgomas B, Ochocka
JR (2023) Photoprotection and anti-aging activity of extracts
from honeybush (Cyclopia sp.): In vitro wound healing and
inhibition of the skin extracellular matrix enzymes: tyrosinase,
collagenase, elastase and hyaluronidase. Pharmaceutics 15(5):
1542. https:/ /doi.org/10.3390/ pharmaceutics15051542

Huang K, Luo S, Cong Y, Zhong S, Zhang JZH, Duan L (2020) An
accurate free energy estimator based on MM/PBSA combined
with interaction entropy for protein-ligand binding affinity.
Nanoscale 12(19): 10737-10750.
https:/ /doi.org/10.1039/CINR10638C

Jiratchayamaethasakul C, Ding Y, Hwang O, Im ST, Jang Y, Myung
SW, Lee JM, Kim HS, Ko SC, Lee SH (2020) I vitro screening of
elastase, collagenase, hyaluronidase, and tyrosinase inhibitory
and antioxidant activities of 22 halophyte plant extracts for
novel  cosmeceuticals.  Fish ~ Aquat Sci  23: 6.
https:/ /doi.org/10.1186 /s41240-020-00149-8

Kiattisin K, Nantarat T, Leelapornpisid P (2016) Evaluation of
antioxidant and anti-tyrosinase activities as well as stability of
green and roasted coffee bean extracts from Coffea arabica and
Coffea canephora grown in Thailand. ] Pharmacogn Phytother
8(10): 182-192. https:/ /doi.org/10.5897/]PP2016.0413

Kontoyianni M, McClellan LM, Sokol GS (2004) Evaluation of
docking performance: Comparative data on docking
algorithms. ] Med Chem 47(3):558-565.
https:/ /doi.org/10.1021 /im0302997

Kumar Ramalingam P, Chandrasekaran M, Gupta P, Nelamangala
Umesh V, Bharadwaj T, Krishna NB, Lalitha R, Gunaseelan GS
(2024) In silico screening of chlorogenic acids from plant sources
against human translocase-I to identify competitive inhibitors
to treat diabetes. ACS Omega 9(6): 6561-6568.
https:/ /doi.org/10.1021 /acsomega.3c07267

Kuzmanic A, Zagrovic B (2010) Determination of ensemble-average
pairwise root mean-square deviation from experimental B-
factors. Biophys J 98(5): 861-871.
https:/ /doi.org/10.1016/1.bpj.2009.11.011

Laskowski RA, Swindells MB (2011) LigPlot+: Multiple ligand-
protein interaction diagrams for drug discovery. ] Chem Inf
Model 51(10): 2778-2786. https:/ /doi.org/10.1021/¢i200227u

https://jppres.com

Anti-aging potential of Coffea canephora extract

Lee KJ, Oh YC, Cho WK, Ma JY (2015) Antioxidant and anti-
inflammatory activity determination of one hundred kinds of
pure chemical compounds using offline and online screening
HPLC assay. Evid Based Complement Alternat Med 2015:
165457. https:/ /doi.org/10.1155/2015/165457

Lipinski CA (2004) Lead- and drug-like compounds: The rule-of-five

revolution. Drug Discov Today Technol 1(4): 337-341.
https:/ /doi.org/10.1016/.ddtec.2004.11.007
Maghfiroh K, Widyarti S, Batoro ], Sumitro SB (2021)

Ethnopharmacological study of flavonoid compounds in
Magnolia champaca (L.) Baill. ex Pierre as anti-inflammatory
agents by molecular docking. ] Pharm Pharmacogn Res 9(5):
584-597. https:/ /doi.org/10.56499/jppres20.1004_9.5.584

Makiso MU, Tola YB, Ogah O, Endale FL (2024) Bioactive
compounds in coffee and their role in lowering the risk of major
public health consequences: A review. Food Sci Nutr 12(2): 734~
764. https:/ /doi.org/10.1002/fsn3.3848

Manandhar S, Sankhe R, Priya K, Hari G, Kumar HB, Mehta CH,
Nayak UY, Pai KSR (2022) Molecular dynamics and structure-
based virtual screening and identification of natural
compounds as Wnt signaling modulators: possible therapeutics
for Alzheimer’s disease. Mol Divers 26: 2793-2811.
https:/ /doi.org/10.1007 /s11030-022-10395-8

Marwani E, Syamsudin TS, Awaliyah S, Maulani RR, Hidayat A,
Husyari UD, Widiyanto S (2024) Volatile metabolite profiles of
Robusta green bean coffee from different geographical origins
in West Java and their correlation with temperature, rainfall,
and altitude using SPME-GC-MS-based metabolomics. Int ]
Food Sci 2024: 6908059. https:/ /doi.org/10.1155/2024 /6908059

Masuda T, Yamashita D, Takeda Y, Yonemori S (2005) Screening for
tyrosinase inhibitors among extracts of seashore plants and
identification of potent inhibitors from Garcinia subelliptica.
Biosci Biotechnol Biochem 69(1): 197-201.
https:/ /doi.org/10.1271/bbb.69.197

Ndlovu G, Fouche G, Tselanyane M, Cordier W, Steenkamp V (2013)
In vitro determination of the anti-aging potential of four
southern African medicinal plants. BMC Complement Altern
Med 13: 304. https:/ /doi.org/10.1186/1472-6882-13-304

Nhlapho S, Nyathi M, Ngwenya B, Dube T, Telukdarie A, Munien I,
Vermeulen A, Chude-Okonkwo UAK (2024) Druggability of
pharmaceutical compounds using Lipinski rules with machine
learning. Sci Pharm 3(4): 177-192.
https:/ /doi.org/10.58920/ sciphar0304264

Nur S, Hanafi M, Setiawan H, Nursamsiar, Elya B (2023) In silico
evaluation of the dermal anti-aging activity of Molineria latifolia
(Dryand. ex W.T. Aiton) Herb. ex Kurz compounds. ] Pharm
Pharmacogn Res 11(2): 325-345.
https:/ /doi.org/10.56499/jppres23.1606_11.2.325

Patil R, Das S, Stanley A, Yadav L, Sudhakar A, Varma AK (2010)
Optimized hydrophobic interactions and hydrogen bonding at
the target-ligand interface leads the pathways of drug-
designing. PLoS ONE 5(8): 12029.
https:/ /doi.org/10.1371 /journal.pone.0012029

Phupaisan N, Ampasavate C, Natakankitkul S, Kiattisin K (2024)
Optimizing antioxidant and anti-hyaluronidase activities of
mixed Coffea arabica, Centella asiatica, and Curcuma longa extracts
for  cosmetic  application. = Cosmetics  11(6):  201.
https:/ /doi.org/10.3390/ cosmetics11060201

Pocino K, Carnazzo V, Stefanile A, Basile V, Guerriero C,
Marino M, Rigante D, Basile U (2024) Tumor necrosis
factor-alpha: Ally and enemy in protean cutaneous
sceneries. Int ] Mol Sci  25(14):  47762.
https:/ /doi.org/10.3390/ijms25147762

Quan T, Shao Y, He T, Voorhees JJ, Fisher GJ (2010) Reduced
expression of connective tissue growth factor (CTGF/CCN?2)
mediates collagen loss in chronologically aged human skin. |

J Pharm Pharmacogn Res (2026) 14(4): 19


https://jppres.com/
https://doi.org/10.1155/2018/3502514
https://doi.org/10.1517/17460441.2015.1032936
https://doi.org/10.1111/jocd.14033
https://doi.org/10.1016/j.arr.2020.101036
https://doi.org/10.1155/2021/5782578
https://doi.org/10.3390/ph17121617
https://doi.org/10.3390/pharmaceutics15051542
https://doi.org/10.1039/C9NR10638C
https://doi.org/10.1186/s41240-020-00149-8
https://doi.org/10.5897/JPP2016.0413
https://doi.org/10.1021/jm0302997
https://doi.org/10.1021/acsomega.3c07267
https://doi.org/10.1016/j.bpj.2009.11.011
https://doi.org/10.1021/ci200227u
https://doi.org/10.1155/2015/165457
https://doi.org/10.1016/j.ddtec.2004.11.007
https://doi.org/10.56499/jppres20.1004_9.5.584
https://doi.org/10.1002/fsn3.3848
https://doi.org/10.1007/s11030-022-10395-8
https://doi.org/10.1155/2024/6908059
https://doi.org/10.1271/bbb.69.197
https://doi.org/10.1186/1472-6882-13-304
https://doi.org/10.58920/sciphar0304264
https://doi.org/10.56499/jppres23.1606_11.2.325
https://doi.org/10.1371/journal.pone.0012029
https://doi.org/10.3390/cosmetics11060201
https://doi.org/10.3390/ijms25147762

Allman et al.

Invest Dermatol 130(2):
https:/ /doi.org/10.1038 /7id.2009.224

Riwu AG, Nugraha J, Purwanto DA, Triyono EA (2022) In silico
analysis of anti-dengue activity of Faloak (Sterculia quadrifida R.
Br.) stem bark compounds. ] Pharm Pharmacogn Res 10(6):
1006-1014. https:/ /doi.org/10.56499/ippres22.1445 10.6.1006

Rodrigues R, Oliveira MBPP, Alves RC (2023) Chlorogenic acids and
caffeine from coffee by-products: A review on skincare
applications. Cosmetics 10(1): 12.
https:/ /doi.org/10.3390/cosmetics10010012

Saewan N (2022) Effect of coffee berry extract on anti-aging for skin
and hair: An in vitro approach. Cosmetics 9(3): 66.
https:/ /doi.org/10.3390/ cosmetics9030066

Sangande F, Julianti E, Tjahjono DH (2020) Ligand-based
pharmacophore modeling, molecular docking, and molecular
dynamic studies of dual tyrosine kinase inhibitor of EGFR and
VEGFR2. Int J Mol Sci 21(20): 7779.
https:/ /doi.org/10.3390/ijms21207779

Sarkar D, Mandal GD (2023) Molecular docking and dynamic study
with polyphenolic constituents as inhibitors of human
tyrosinase enzyme for hyperpigmentation therapy and skin
complexion management. Sci Arch 4(2): 119-129.
https:/ /doi.org/10.47587 / sa.2023.4209

Schiebel J, Gaspari R, Wulsdorf T, Ngo K, Sohn C, Schrader TE,
Cavalli A, Ostermann A, Heine A, Klebe G (2018) Intriguing
role of water in protein-ligand binding studied by neutron
crystallography on trypsin complexes. Nat Commun 9(1): 3559.
https:/ /doi.org/10.1038 /s41467-018-05769-2

Shin SH, Lee YH, Rho NK, Park KY (2023) Skin aging from
mechanisms to interventions: Focusing on dermal aging. Front
Physiol 14: 1195272.
https:/ /doi.org/10.3389/fphys.2023.1195272

Sliwoski G, Kothiwale S, Meiler ], Lowe EW (2014) Computational

methods in drug discovery. Pharmacol Rev 66(1):334-395.
https:/ /doi.org/10.1124 /pr.112.007336

Srisuksomwong P, Kaenhin L, Mungmai L (2023) Collagenase and
tyrosinase inhibitory activities and stability of facial cream

415-424.

Anti-aging potential of Coffea canephora extract

formulation containing cashew leaf extract. Cosmetics 10(1): 17.
https://doi.org/10.3390/cosmetics10010017

Thring TSA, Hili P, Naughton DP (2009) Anti-collagenase, anti-
elastase and anti-oxidant activities of extracts from 21 plants.
BMC Complement Altern Med 9: 27.
https://doi.org/10.1186/1472-6882-9-27

Wang E, Sun H, Wang ], Wang Z, Liu H, Zhang JZH, Hou T (2019)
End-point binding free energy calculation with MM/PBSA and
MM/GBSA: Strategies and applications in drug design. Chem
Rev 119(16): 9478-9508.
https://doi.org/10.1021/acs.chemrev.9b00055

Wang Y, Wang Y, Fang B, Fu Y (2025) In silico screening and
identification of functional peptides from yak bone collagen
hydrolysates: Antioxidant and osteoblastic activities. Int ] Mol
Sci 26: 4570. https:/ /doi.org/10.3390/ijms26104570

Wenas DM, Elya B, Sutriyo S, Setiawan H, Othman R, Nur S,
Triadisti N, Yunita F, Setyaningsih EP (2025) In vitro and in silico
evaluation of the anti-aging potential of Eugenia uniflora UAE
extracts. Molecules 30(15): 3168.
https:/ /doi.org/10.3390 / molecules30153168

Wu ], Zhou Y, Zhang ], Zhang HX, Jia R (2022) Molecular dynamics
simulation investigation of the binding and interaction of the
EphA6-Odin protein complex. ] Phys Chem B 126(26): 4914~
4924 https:/ /doi.org/10.1021/acs.jpcb.2c01492

Yudantara IMA, Cahyani NKN, Saputra MAW, Dewi NKDP (2022)
Chlorogenic acid and kojic acid as anti-hyperpigmentation: In
silico study. Pharm Rep 1(2): 23.
https:/ /doi.org/10.51511/pr.23

Zhang L, Wang P, Yang Z, Du F, Li Z, Wu C, Fang A, Xu X,
Guanghong Zhou G (2020) Molecular dynamics simulation
exploration of the interaction between curcumin and myosin
combined with the results of spectroscopy techniques. Food
Hydrocoll 101: 105455.
https:/ /doi.org/10.1016 /j.foodhyd.2019.105455

Zhang S, Duan E (2018) Fighting against skin aging: The way from
bench to Dbedside. Cell Transplant 27(5): 729-738.
https://doi.org/10.1177/0963689717725755

AUTHOR CONTRIBUTION:

Contribution AllmanA Garmana AN Rizaldy D Kinasih ASS Sukrasno
Concepts or ideas X X
Design X X X
Definition of intellectual content X X

Literature search X X

Experimental studies X X

Data acquisition X
Data analysis X

Statistical analysis X

Manuscript preparation X X X
Manuscript editing X

Manuscript review X X X X

Citation Format: Al Iman A, Garmana AN, Rizaldy D, Kinasih ASS, Sukrasno (2026) Dermal anti-aging potential of Coffea canephora Pierre ex
A.Froehner bean aqueous extract: An integrated study in silico and in vitro. J Pharm Pharmacogn Res 14(4): 2840.

https://doi.org/10.56499/jppres_14.4.2840

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the
publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed

by the publisher.

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, duplication,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and

indicate if changes were made.

https://jppres.com

J Pharm Pharmacogn Res (2026) 14(4): 20



https://jppres.com/
https://doi.org/10.1038/jid.2009.224
https://doi.org/10.56499/jppres22.1445_10.6.1006
https://doi.org/10.3390/cosmetics10010012
https://doi.org/10.3390/cosmetics9030066
https://doi.org/10.3390/ijms21207779
https://doi.org/10.47587/sa.2023.4209
https://doi.org/10.1038/s41467-018-05769-2
https://doi.org/10.3389/fphys.2023.1195272
https://doi.org/10.1124/pr.112.007336
https://doi.org/10.3390/cosmetics10010017
https://doi.org/10.1186/1472-6882-9-27
https://doi.org/10.1021/acs.chemrev.9b00055
https://doi.org/10.3390/ijms26104570
https://doi.org/10.3390/molecules30153168
https://doi.org/10.1021/acs.jpcb.2c01492
https://doi.org/10.51511/pr.23
https://doi.org/10.1016/j.foodhyd.2019.105455
https://doi.org/10.1177/0963689717725755
https://doi.org/10.56499/jppres_14.4.2840

