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ABSTRACT

Melanoma is the most aggressive form of skin cancer and is associated with high mortality,
primarily due to aberrant activation of the mitogen-activated protein kinase (MAPK) pathway
driven by mutations in the BRAF gene, particularly BRAF V600E. BRAF inhibitors such as
vemurafenib have been used in the treatment of BRAF-mutant melanoma; however, their long-
term clinical efficacy is often limited by acquired resistance and tumor adaptive mechanisms.
Therefore, the exploration of natural product-based adjuvant candidates remains relevant to
support melanoma therapy. This study aimed to evaluate the potential of bioactive compounds
from goji berry (Lycium barbarum) as anti-melanoma candidates through an in silico approach
targeting BRAF. Molecular docking was performed using the BRAF-vemurafenib complex
structure (PDB ID: 30G?7), and the docking protocol was validated by redocking vemurafenib,
yielding an RMSD value of 0.956 A, which indicated the reliability of the docking procedure.
Twelve bioactive compounds from Lycium barbarum were docked into the BRAF binding site,
and their binding affinities, amino acid residue interactions, drug-likeness, and ADMET
profiles were analyzed. The docking results showed that zeaxanthin, myricetin, quercetin,
ellagic acid, galangin, kaempferol, and chlorogenic acid exhibited binding affinity values <
—8.0 kcal/mol, indicating favorable predicted interactions with BRAF. Among the tested
compounds, quercetin showed one of the strongest binding affinities and conserved key amino
acid interactions comparable to vemurafenib, whereas galangin demonstrated the most
favorable drug-likeness and ADMET profile. These findings indicate two complementary
prioritization criteria, in which quercetin is superior in predicted binding interaction, while
galangin is superior in pharmacokinetic and drug-likeness suitability. Therefore, quercetin and
galangin may serve as promising preliminary candidates for further investigation as BRAF-
targeting adjuvant agents in melanoma therapy; however, experimental validation through
BRAF kinase inhibition assays and melanoma cell-based studies is required to confirm their
biological activity and therapeutic relevance.

Licensed under: Creative Commons Attribution (CC-BY-SA)

Keywords:
Goji berry; Lycium barbarum; molecular docking; melanoma; BRAF V600E; Vemurafenib;
ADMET; Lipinski’s Rule of Five
Received: Accepted: Online:
2026-03-08 2026-05-06 2026-05-13

286


http://ejurnal.ung.ac.id/index.php/jsscr
https://doi.org/10.37311/jsscr.v8i2.37713
mailto:collinangelicha2004@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/

Journal Syifa Sciences and Clinical Research. 6(2): 286-301

1. Introduction

Melanoma is the most aggressive form of skin cancer and the leading cause of
skin cancer-related mortality worldwide, despite its lower incidence compared to non-
melanoma skin cancers [1]. Its global incidence continues to rise, ranking among the
most frequently diagnosed cancers, with approximately 132,000 new cases reported
annually, largely associated with increased ultraviolet (UV) exposure [1], [2]. UV
radiation contributes to melanomagenesis through DNA damage, oxidative stress, and
microenvironmental alterations, interacting with genetic susceptibility factors [1], [3].

At the molecular level, melanoma is characterized by dysregulation of
proliferative and survival pathways, particularly the mitogen-activated protein kinase
(MAPK) and transforming growth factor beta (TGF-PB) pathways [4], [5]. Activating
mutations in the BRAF gene, especially BRAF V600E, drive constitutive MAPK
activation in a substantial proportion of cases [6]. This discovery led to the development
of targeted therapies such as vemurafenib (PLX4032), a selective BRAF inhibitor widely
used in metastatic melanoma treatment [6]. The crystallographic structure of the BRAF-
vemurafenib complex (PDB ID: 30G7) provides a structural basis for structure-based
drug design [7]. Although vemurafenib produces significant early clinical responses by
suppressing MAPK signaling, therapeutic efficacy is frequently limited by acquired
resistance and tumor adaptive mechanisms [8].

Natural products have gained increasing attention as potential complementary
anticancer agents. Goji Berry (Lycium barbarum) contains bioactive compounds including
polysaccharides, zeaxanthin, flavonoids, and anthocyanins with antioxidant and
cytoprotective properties [9]. Lycium barbarum polysaccharides (LBPs) have
demonstrated protective effects against UV-induced damage and modulation of
oxidative stress pathways [10]. Fractionated neutral LBP (NLBP) exhibits pronounced
immunomodulatory and antitumor activity, inhibiting melanoma growth by up to 66.7%
in B16F10 models [11]. Zeaxanthin has shown selective inhibitory effects on melanoma
cells through modulation of MAPK-related signaling [12]. Additionally, flavonoids and
anthocyanins regulate redox balance, JNK, and FOXO pathways [10], [13], while LBPs
also influence calcium, Hippo, and mTOR signaling, reducing oxidative stress and
apoptosis.

Despite these biological findings, direct evaluation of the molecular interaction
between Lycium barbarum bioactive compounds and key melanoma target, particularly
BRAF, remains limited [12]. Systematic in silico molecular docking studies comparing
these compounds with standard BRAF inhibitors such as vemurafenib are still lacking
[6], and pharmacokinetic-toxicological profiling via ADMET prediction remains
underexplored.

Therefore, this study aims to evaluate the anti-melanoma potential of Lycium
barbarum bioactive compounds through molecular docking against the BRAF protein,
using vemurafenib as a positive control. Unlike previous in silico studies, this research
integrates comparative docking of 12 defined compounds, validated redocking (RMSD-
based), ADMET profiling, and residue interaction similarity analysis with the native
ligand, offering a more systematic and multi-parameter evaluation of potential BRAF
inhibitors.

2. Methods
Study Design

This study was conducted using an in silico approach based on structure-based
drug design (SBDD) to evaluate the potential interaction of bioactive compounds from
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goji berry (Lycium barbarum) with the BRAF protein target involved in melanoma
progression.
Software and Databases

The software used in this study included Discovery Studio Visualizer (BIOVIA,
2025), MGL Tools 1.5.6, AutoDock Tools 1.5.6, PyRx 0.8, and PyMOL 3.1.6.1. Molecular
docking calculations were performed using AutoDock Vina, with PyRx serving as a
graphical user interface (GUI) for ligand preparation and docking execution.
Materials and Databases

The materials used in this study include a three-dimensional (3D) structure of
the target protein that plays a role in melanoma, namely the BRAF protein which is the
most complex with PLX4032 ligand (PDB ID: 30G7), which was obtained from the RCSB
Protein Data Bank (https:/ /www.rcsb.org/structure/30G7) webserver. In addition, the
compounds derived from goji berries (Lycium barbarum) used in this study are selected
compounds whose entire chemical structure is presented in Table 1.

Table 1. Bioactive compounds identified from goji berry (Lycium barbarum) and used
as test ligands in molecular docking analysis

Compound Name PubChem Source
ID

Zeaxanthin 5280899 [14]
Myricetin 5281672 [15]
Quercetin 5280343 [16]
Ellagic acid 5281855 [17]
Galangin 5281616 [15]
Kaempferol 5280863 [17]
Chlorogenic acid 1794427 [17]
Hyoscyamine 23724783 [18]
Melatonin 896 [17]
Mono[5-methyl-2-(1- 10199004 [19]
methylethyl)cyclohexyl]butanedioate

Tryptamine 1150 [20]
5-Methoxytryptamine 1833 [21]

Protein Preparation

The three-dimensional (3D) structure of the BRAF protein complexed with
vemurafenib (PDB ID: 30G7) was retrieved from the RCSB Protein Data Bank. The
protein structure was prepared using AutoDock Tools by removing water molecules and
other non-essential components, followed by the addition of polar hydrogen atoms. The
prepared protein was then saved in PDBQT format [22].

The native ligand (vemurafenib) was separated from the protein complex and
used as a positive control as well as for docking validation.
Ligand Selection and Preparation

The chemical structures of the ligands were obtained from the PubChem
database and converted from SMILES format to PDB format using the Novopro online
tool. The ligands were used in their default protonation states as provided by the
database, without explicit tautomer enumeration. No additional geometry optimization
was performed beyond standard preparation. Ligand preparation was then carried out
using AutoDock Tools by assigning rotatable bonds via the torsion tree to ensure
molecular flexibility. All ligands were saved in PDBQT format [22].
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Docking Protocol Validation

Validation of the docking protocol was performed through a redocking approach
of the native ligand (vemurafenib) into the active site of the BRAF protein using
AutoDock Vina, with PyRx employed as a graphical user interface (GUI). The native
ligand, which had been separated from the protein-ligand complex, was re-docked
using the same parameters applied to the test compounds.

The accuracy of the docking protocol was evaluated based on the Root Mean
Square Deviation (RMSD) between the docked ligand pose and the crystallographic
ligand pose. RMSD calculation was performed using PyMOL by superimposing the
docked structure onto the original complex. The docking protocol was considered valid
if the RMSD value was < 2.0 A, indicating reliable reproduction of the native ligand
binding pose. Lower RMSD values indicate higher accuracy of the docking method [23].
Molecular Docking Procedure

Molecular docking was carried out using AutoDock Vina through PyRx as a
graphical user interface (GUI) for docking setup and execution. The prepared ligands
and protein structures were imported into the Vina Wizard module in PyRx. The grid
box was defined to encompass the active site of the BRAF protein based on the binding
position of the native ligand (vemurafenib) obtained during validation. Docking
simulations were performed with exhaustiveness set to 8, while other parameters,
including the number of modes (9) and energy range (3 kcal/mol), were kept at their
default values. Each docking simulation was performed once for each ligand. The
resulting binding affinity values (kcal/mol) were analyzed to identify compounds with
the strongest predicted binding interactions. The best docking poses were subsequently
exported for further interaction analysis [24]

Interaction and Residue Similarity Analysis

The analysis of the ligand-protein interaction was carried out by visualizing the
docking results using PyMOL. The docked protein and ligand files are combined to
obtain a three-dimensional (3D) view that shows the position and orientation of the
ligands on the active site of the protein. Furthermore, molecular interaction analysis was
performed using Discovery Studio to identify the types of interactions formed, such as
hydrogen bonds, hydrophobic interactions, and other interactions between ligands and
amino acid residues on target proteins [22].

Binding affinity values (kcal/mol) obtained from molecular docking were used
to evaluate ligand-protein interactions, where more negative values indicate stronger
predicted binding. The binding affinities of the test ligands were compared with that of
the native ligand (vemurafenib) as a reference to assess their relative binding strength.
In addition, the similarity of amino acid residues (%) was calculated to evaluate the
resemblance of ligand-protein interactions between test compounds and the native
ligand. Residues were considered “shared” if identical amino acids were involved in
interactions with both the test ligand and the native ligand, regardless of interaction
type. Both hydrogen bond and hydrophobic interactions were treated equally. The
similarity percentage was calculated by dividing the number of shared residues by the
total number of interacting residues of the native ligand and multiplying by 100% [25]

ADMET and Drug-Likeness Prediction

Prediction of the pharmacokinetic and toxicological profile of the test
compounds was carried out in silico using the ADMETLAB 3.0 webserver [26]. The
parameters analyzed included absorption, distribution, metabolism, excretion, and
potential toxicity (ADMET). In addition, a drug-likeness evaluation was also carried out
based on Lipinski's Rule of Five, which included molecular weight (MW), lipophilicity
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(LogP), number of hydrogen bond acceptors (nHA), and hydrogen bond donors (nHD),
as initial criteria to predict the feasibility of compounds as oral drug candidates [27]. This
comprehensive analysis aims to assess the pharmacokinetic potential, safety, and
suitability of the compound as an anticancer drug candidate for melanoma skin before
further experimental testing stages.

3. Results and Discussion
Docking Protocol Validation

Molecular docking is a computational method used to simulate the interaction
between ligands and proteins in order to predict the position and orientation of ligands
when binding to the target receptor [28]. The interaction results that are considered the
best are those with the lowest bond energy value, because they show higher stability of
the ligand-protein complex. However, before the bond affinity results are analyzed, a
docking protocol validation is required to ensure that the method used is able to
accurately reproduce the position of the native ligand.

Table 2. Grid box parameters and RMSD value obtained from docking protocol
validation using vemurafenib as the native ligand

PDB ID Size Center Spacing RMSD
Code X Y V4 X Y V4 Grid Point
30G7 249459 213716 21.3154 3.0279 - - 0,357 0.956

3.7369  20.9459

Validation of docking protocols was carried out through a redocking approach
using PyRx software on the active site of a protein known to bind to PLX4032 co-
crystalline ligand (vemurafenib). The use of BRAF protein structures with the PDB code
30G?7 provides methodological advantages as these structures are available in complex
form with BRAF selective inhibitors [7]. Presence of ligands Native (vemurafenib) allows
for precise identification of the binding side as well as evaluation of the reliability of the
docking protocol through the vemurafenib redocking process.

Binding Affinity and Interaction Profile of Lycium barbarum Bioactive Compounds

The grid box parameters applied in the redocking process are presented in Table
2, which includes the central coordinates (center X, Y, Z) as well as the grid dimensions
(size X, Y, Z). The determination of the central coordinates is based on the geometric
position of the co-crystalline ligand within the binding site, while the grid size is set to
include all of the essential amino acid residues in the active site without excessively
expanding the search space. The arrangement of this grid box aims to ensure that the
ligand conformation search is focused on the biologically relevant active site [29].

Figure 1. Overlay of the crystallographic pose of vemurafenib (red) and the redocked
pose (yellow) in the BRAF protein (PDB ID: 30G7).
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The redocking results showed an RMSD value of 0.956 A (< 2 A), which indicates
that the conformation of the docked ligands has a very small deviation compared to the
crystal structure. RMSD values below 2 A are generally accepted as an indicator that the
docking protocol is capable of accurately reproducing the position of the original ligand
[30]. In addition, Figure 1 shows the result of the overlay (overlap) between the
crystallographic ligand and the redocked ligand, where the two conformations appear
to be squeezed together with minimal differences in atomic position. This visualization
reinforces the quantitative results of the RMSD and confirms that the grid box
parameters and docking settings used are appropriate to reliably predict the binding

position of the ligand.

Table 3. Binding affinity values and amino acid residue interactions of Lycium barbarum
bioactive compounds against the BRAF protein

Amino Acid Residue Interactions Similarit
y of
Name Binding Amino
Compounds affinity Hydrogen Non Hydrogen Acid
Residues
(%)
Native (Vemurafenib) -11,1 GLN A:530; ILE A:463; ALA A:481;LYS 100
ASP A:594; A:483; LEU A:505; LEU A:514;
PHE A:595; THR A:529; TRP A:531; CYS
GLY A:596 A:532; PHE A:583
Zeaxanthin 95 ASP A:594 VAL A:471; ALA A:481; LYS 46,15
A:483; LEU A:514; TRP A:531;
TYR A:538; HIS A:539; ALA
A:543; PHE A:583
Myricetin 9,2 ILE A:527; ILE A:463; VAL A:471; ALA 61,53
GLN A:530;  A:481;LYS A:483; LEU A:514;
CYS A:532 TRP A:531; PHE A:583
Quercetin 91 GLN A:530; ILE A:463; VAL A:471; ALA 61,53
CYS A:532 A:481; LYS A:483; LEU A:514;
TRP A:531; PHE A:583
Ellagic acid -8,8 CYS A:532 VAL A:471; ALA A:481; TRP 30,76
A:531; PHE A:583
Galangin -8,7 GLN A:530; ILE A:463; TRP A:531; PHE 61,53
CYS A:532 A:583; ALA A:481; VAL A:471;
LEU A:514; LYS A:483
Kaempferol -8,7 THR A:529; ILE A:463; VAL A:471; ALA 61,53
CYS A:532 A:481; LYS A:483; LEU A:514;
TRP A:531; PHE A:583
Chlorogenic acid -8,2 THR A:529; VAL A:471; LYS A:483; PHE 30,76
ASN A:581; A:583
ASP A:594
Hyoscyamine -7,6 THR A:529 VAL A:471; LYS A:483; LEU 23,07
A:505; ILE A:527
Melatonin 74 CYS A:532 VAL A:471; ALA A:481; LYS 53,84
! A:483; LEU A:505; THR A:529;
TRP A:531; CYS A:532
Mono[5-methyl-2-(1- ALA A:481; VAL A:471; LEU A:514; CYS 38,46
methylethyl)cyclohexyl]buta -7,3 THR A:529 A:532; PHE A:583
nedioate
Tryptamine -6,3 ILE A:527 VAL A:471; ALA A:481; LEU 30,76
A:514; CYS A:532; PHE A:583
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THR A:529,  PHE A:468; VAL A:471; ALA 46,15
GLN A:530 A:481; LEU A:514; CYS A:532;
PHE A:583

5-Methoxytryptamine -6,1

The main parameter analyzed in the docking results is the binding affinity (AG)
in kcal/mol units, which represents the Gibbs free energy estimate of the formation of
protein-ligand complexes. Thermodynamically, a negative value of AG indicates that
the binding process takes place spontaneously. The more negative the AG value, the
greater the system's free energy decrease as the complex is formed, so the resulting
complex is predicted to have higher stability [31], [32].

Lower (more negative) affinity values reflect the contribution of stronger
intermolecular interactions between ligands and proteins, such as hydrogen bonds,
hydrophobic interactions, van der Waals forces, as well as -1t or aromatic interactions.
These combinations of interactions collectively play a role in stabilizing protein-ligand
complexes. Therefore, in both comparative studies and virtual screening, compounds
with more negative energy values are generally prioritized as potential candidates
because they are assumed to have better binding strength.

Several previous studies have reported that binding affinity values of < —8.0
kcal/mol are generally indicative of favorable ligand-protein interactions in in silico
studies. For example, a study by Etana et al., [33] It is reported that phytochemical
compounds with values greater than —8.0 kcal/mol exhibit strong interactions with
target proteins, even in some cases having lower values than clinically approved drugs.
In addition, research by [34]. explicitly states that the docking value of around -8
kcal/mol is included in the category Good Binding Affinity against the target protein. The
findings reinforce that such energy ranges are generally thought to show stable and
significant interactions in computational approaches.

Based on the results of docking between the active compounds of goji berries
(Lycium barbarum) and the target protein of melanoma (Table 3), a range of binding
affinity values was obtained indicating a potential interaction on the active site of the
protein. Several compounds showed < values of —8.0 kcal/mol, namely zeaxanthin
(=9.5), myricetin (-9.2), quercetin (-9.1), ellagic acid (—8.8), galangin (—8.8), kaempferol
(=8.7), and chlorogenic acid (—8.2). This value indicates that these compounds have a
relatively good binding affinity based on criteria that have been reported in the
literature.

In comparison, the native ligand (vemurafenib) showed an affinity value of —11.1
kcal/mol, which means it has the highest complex stability to the target protein. This
shows that energetically, the compounds from goji berries (Lycium barbarum) have not
exceeded the binding strength of the native ligand (vemurafenib). However, some
compounds such as zeaxanthin, myricetin, and quercetin show relatively small energy
differences compared to native (vemurafenib), so it can be said to have potential that is
close to positive control.

Residue Similarity and Prioritization of Top Candidate Compounds

Visualization of docking results is carried out to observe and analyze the
interaction pattern between ligands and amino acid residues at the binding site, both in
the form of hydrogen bonds and hydrophobic interactions [35]. The similarity of
interacting residues suggests that these compounds may occupy a binding region
comparable to vemurafenib; however, this does not confirm an identical inhibitory
mechanism. Interactions of active compounds Goji Berry (Lycium Barbarum) then
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compared with the interaction pattern of vemurafenib with key residues at the BRAF
V600E binding site. Similarity of interaction residues and competitive bond energy
indicates the potential of the compound Goji Berry (Lycium barbarum) as an adjuvant
candidate for melanoma therapy.

Table 4. Summary of key molecular interactions and prioritization rationale for
the top candidate compounds

Compound Binding Shared Key Residues Interaction  Rationale
Affinity with Vemurafenib Types
(kcal/mol)
Quercetin 9.1 GLN530, CYS532, H-bond, High similarity (61.53%)
VAL471, ALA48]1, hydrophobic and stable interactions
LYS483, LEU514, TRP531, with key residues
PHES583
Galangin  -8.7 GLNb530, CYS532, H-bond, Comparable residue
VALA471, ALA48], hydrophobic interactions and good
LYS483, LEU514, TRP531, binding affinity
PHES583
Myricetin  -9.2 GLNb530, CYS532, H-bond, Strong binding affinity
VAL471, ALA48], hydrophobic  but slightly different
LYS483, LEU514, TRP531, interaction pattern
PHES583
Kaempferol -8.7 CYS532, VALA4T1, H-bond, High residue similarity
ALA481, LYS483, hydrophobic (61.53%) and stable
LEU514, TRP531, PHE583 interactions with key
residues

To facilitate a clearer comparison of the most promising compounds, a summary
of key interaction parameters is presented in Table 4. This highlights binding affinity,
shared key residues with the native ligand (vemurafenib), and dominant interaction
types. Among the tested compounds, quercetin and galangin exhibited favorable
binding affinity along with a high percentage of residue similarity, indicating a binding
pattern comparable to the native ligand. These compounds consistently interacted with
key residues such as GLN A:530, CYS A:532, VAL A:471, ALA A:481, LYS A:483, LEU
A:514, TRP A:531, and PHE A:583 through hydrogen bonds and hydrophobic
interactions, supporting their potential as top candidate compounds. Although
myricetin showed a slightly more negative binding affinity than quercetin, quercetin
was prioritized because it combined strong binding affinity with high residue similarity
and favorable interaction with key residues within the vemurafenib binding pocket.

Based on the visualization results in Table 4, the compounds myricetin,
quercetin, galangin, and kaempferol show a greater number of interactions than
zeaxanthin, ellagic acid, and chlorogenic acid, both in the form of hydrogen bonds and
non-hydrogen interactions. This suggests that the four compounds have a wider
involvement with important residues on the active site of the protein.
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Figure 2. Redocking results in 2D (a) native ligands (vemurafenib), (b) myricetin, (c)
quercetin, (d) galangin, (e) kaempferol.

According to Bollag et al., [7], a residue directly involved in the bonding of
hydrogen with a ligand Native (vemurafenib) GLN A:530; ASP A:594; PHE A:595 and
GLY A:596. In addition, ligands Native (vemurafenib) also forms a non-hydrogen
interaction with ILE A:463; ALA A:481; LYS A:483, LEU A:505; LEU A:514; THR A:529;
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TRP A:531; CYS A:532 and PHE A:583 (Figure 2a). These residues can be considered the
main components of active pouches because they are consistently involved in the
formation of complexes with high stability. Therefore, the involvement of the same
residue in the test compound is an important indicator that plays a role in orienting the
ligand appropriately in the binding pocket so as to increase the beneficial interaction
[25].

Myricetin (Figure 2b) forms a hydrogen bond with ILE A:527; GLN A:530; CYS
A:532. In addition, non-hydrogen interactions are formed with ILE A:463; VAL A:471;
ALA A:481; LYS A:483; LEU A:514; TRP A:531 and PHE A:583. The involvement of
GIn530 and Cysb532—which are in the active site environment and the retention of
important hydrophobic residues—show a fairly high resemblance to the interaction
pattern with native (vemurafenib). This is reflected in the residue similarity percentage
of 61.53%, indicating that more than half of the key residues interacting with the native
ligand were also involved in the myricetin-BRAF complex.Quercetin (Figure 2c) shows
a pattern very similar to myricetin. Hydrogen bonds are formed with GLN A:530 and
CYS A:532, while non-hydrogen interactions involve ILE A:463; VAL A:471; ALA A:481;
LYS A:483; LEU A:514; TRP A:531 and PHE A:583. A residue similarity of 61.53%
indicates that more than half of the key residues interacting with the native ligand
(vemurafenib) were also involved in the quercetin-BRAF complex, suggesting that
quercetin may occupy a comparable binding region within the BRAF active site.

Galangin (Figure 2d) shows the widest interaction pattern among all test
compounds. Hydrogen bonds are formed with GLN A:530 and CYS A:532, which
include several important residues that also appear in native ligands (vemurafenib).
Non-hydrogen interactions occur with ILE A:463; TRP A: 531; PHE A:583; ALA A:481;
VAL A:471; LEU A:514; LYS A:483. The percentage of residue similarity (61.53 %) showed
a good similarity of binding modes. The hydrogen bonds formed have the potential to
improve the stability of the complex through the contribution of stronger electrostatic
and polar interactions.

Kaempferol forms hydrogen bonds with THR A:529 and CYS A:532, and
maintains non-hydrogen interactions with ILE A:463; VAL A:471; ALA A:481; LYS
A:483; LEU A:514; TRP A:531 and PHE A:583. With a residue similarity percentage of
61.53%, this compound exhibits a fairly stable interaction pattern and still retains most
of the important residues on the active site.

Overall, the involvement of key residues such as GLN A:530; ASP A:594; CYS
A:532; LYS A:483; LEU A:514; TRP A:531; and PHE A:583 showed that these compounds
were able to occupy the same active pockets as native ligands (vemurafenib). The more
important residues are preserved, especially through the combination of hydrogen
bonds and hydrophobic interactions, the more likely it is that a stable complex will form
and potentially have an inhibitory effect on the target protein.

Drug-Likeness and ADMET Prediction

In line with the molecular docking results, the assessment of drug compound
candidates is based not only on the strength of the interaction against the target, but also
on its pharmacokinetic and pharmacodynamic characteristics. This evaluation is
generally carried out through the prediction of ADMET parameters (absorption,
distribution, metabolism, excretion, and toxicity) which is an approach in silico It is important
in the early stages of drug development to predict the pharmacokinetic behavior and
safety of a compound before testing in vivo. Computing-based prediction methods such
as ADMETLAB 3.0 have been widely used to evaluate natural compounds, including
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flavonoids, because they are able to provide a preliminary picture of absorption,
distribution, metabolism, excretion, and toxicity quickly and efficiently [36].

In addition to ADMET analysis, drug-likeness evaluation was performed using
Lipinski's Rule of Five (RO5) to predict the potential oral bioavailability of a compound.
This rule is based on four main parameters, namely molecular weight (MW < 500 Da),
lipophilicity (logP < 5), the number of hydrogen bond acceptors (nHA < 10), and the
number of hydrogen bond donors (nHD < 5). Compounds that violate more than one
RO5 criterion generally have a higher risk of poor intestinal absorption and limited
membrane permeability, making them less ideal for development as an oral drug [37],
[38].

Table 5. Drug-likeness evaluation of selected candidate compounds based on

Lipinski’s Rule of Five
No Compounds Lipinski Rule of Five
MW LogP nHA nHD
1 Myricetin 318.04 1.115 8.0 6.0
2 Quercetin 302.04 -3.722 7.0 5.0
3 Galangin 270.05 2225 5.0 3.0
4 Kaempferol 286,05 1,965 6.0 4.0

Based on the data in the Table 5, all test compounds had a molecular weight
below 500 Da and a log P value of less than 5, indicating that their molecular size and
lipophilicity level were still within the range that supported passive diffusion through
the biological membrane. Quercetin, galangin, and kaempferol met all RO5 criteria
without violation, with an nHA value of no more than 10 and an nHD of less than 5
indicating the most optimal drug-likeness profile for potential oral administration.

In contrast, myricetin showed one violation of RO5 on the total parameter of the
hydrogen bond donor (nHD > 5). This reflects the high polarity of the molecules due to
the large number of hydroxyl groups, which has the potential to decrease membrane
permeability and oral absorption. However, based on the current literature, a single
violation of the RO5 criteria is still tolerable, especially in natural compounds with
strong biological activity, as long as it is supported by a safe ADME profile and toxicity
[39].

Table 6. Predicted ADMET profiles of selected goji berry (Lycium barbarum) bioactive
compounds using ADMETlab 3.0

Compounds Absorpti Distribution Metabolism Excretio Toxicity

on n
HIA  Caco PP BBB CYP2C CYP2 CYP2 CYP3 CL T1/ Mutag Carcinog
(%) 2 B (%) 19 9 D6 A4 2 en ens
(%)

Myriceti - - 97 - - +++ - +++ 6,77 1.62 0,657 0.502
n 6.454 5 9

Querceti - - 98, - - - - - 828 158 0586 0.6
n 6177 7 9 6

Galangin - - 98, - - +++ — - 4,63 1,05 0560 0.706
5353 2 5 2

Kaempfe --- - 97, - - ++ - +++ 569 138 0546 0.716
rol 5969 9 4 8

Note: The symbols indicate relative prediction levels from ADMETIab 3.0:

--- =very low, -- = low, - = slightly low, + = slightly high, ++ = high, and +++ = very high predicted probability.
HIA, human intestinal absorption; PPB, plasma protein binding; BBB, blood-brain barrier; CYP, cytochrome P450;
CL, clearance; T1/2, half-life.
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The results of the ADMET prediction show that myricetin, quercetin, galangin,
and kaempferol have different pharmacokinetic profiles, especially in the parameters of
absorption, distribution, metabolism, and excretion (Table 5). In the absorption aspect,
all compounds showed low Caco-2 permeability values, which indicates the limitation
of passive diffusion through the intestinal epithelium. Myricetin and quercetin showed
relatively better absorption than galangin and kaempferol, although they were generally
still relatively low. This low absorption is closely related to the high polarity of the
molecules as well as the abundance of hydroxyl groups in the flavonoid structure, which
can inhibit the penetration of lipid membranes. These findings are in line with previous
reports that flavonoids such as quercetin have low oral bioavailability due to limited
intestinal permeability [37].

In terms of distribution, myricetin, quercetin, galangin, and kaempferol exhibit
very high plasma protein bonds (>97%), which indicates that most of the compounds
are in bound form within the systemic circulation. High plasma protein bonds have the
potential to extend the residence time of compounds in plasma, but may decrease the
free fraction available to interact with biological targets. The entire compound is also
predicted to be unable to penetrate the cerebral blood barrier (BBB), which is a beneficial
characteristic for anticancer drug candidates because it can minimize potential side
effects on the central nervous system. These distribution characteristics are consistent
with reports that flavonoids generally have a high affinity for plasma proteins and
limited BBB penetration.

In terms of metabolism, galangin, myricetin, and kaempferol are predicted to
potentially inhibit several cytochrome P450 isoenzymes, especially CYP2D6 and
CYP3A4, indicating a potential drug-drug interaction when used systemically. In
contrast, quercetin exhibits a more moderate metabolic profile with more limited
interactions of CYP enzymes. These results are in line with in silico and experimental
studies that report that quercetin and its derivatives can interact with key CYP enzymes,
but are still within pharmacological safety limits [37].

At the excretory parameters, quercetin shows the highest clearance value, which
signifies relatively rapid elimination from the body. In contrast, galangin and
kaempferol exhibit lower clearance values, with a relatively longer half-life, thus
potentially maintaining systemic exposure for a more stable duration despite limited
absorption.

In terms of toxicity, all compounds show low mutagenic and carcinogenic
potential. This safety profile supports the potential use of these compounds as anticancer
candidates, particularly natural flavonoids which are generally reported to have high
safety margins and rarely cause significant systemic toxicity [37]. Thus, although
quercetin and galangin have limitations in oral absorption and potential metabolic
interactions, their favorable distribution profile, moderate excretion parameters, and
relatively low predicted toxicity support their potential for further development.
Formulation strategies that improve bioavailability may be required to enhance their
therapeutic applicability. In addition, their high residue similarity with vemurafenib
suggests that these compounds may occupy a comparable binding region within the
BRAF active site.

Study Limitations and Future Validation

The present in silico study demonstrated that quercetin and galangin are the
most promising bioactive compounds from Lycium barbarum based on complementary
evaluation criteria. Quercetin showed strong predicted binding affinity toward the
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BRAF target and conserved key amino acid interactions comparable to vemurafenib,
whereas galangin exhibited the most favorable drug-likeness and ADMET profile. These
findings suggest that both compounds may serve as preliminary candidates for further
development as BRAF-targeting adjuvant agents in melanoma therapy. However,
because the results are based on computational prediction, further validation through
molecular dynamics simulations, BRAF kinase inhibition assays, melanoma cell-based
assays, and in vivo studies is required to confirm their biological activity, safety, and
therapeutic relevance.

4. Conclusion

The docking results demonstrated that quercetin and galangin exhibited strong
binding affinities toward the BRAF protein, with binding energy values of 9.1 kcal /mol
and —8.8 kcal/mol, respectively, while maintaining interactions with key amino acid
residues within the BRAF active site similar to those observed for the native ligand. The
percentage of shared interacting residues relative to vemurafenib was recorded at 61.5%,
suggesting favorable interaction similarity and potential stability of the ligand-protein
complexes. ADMET analysis indicated that galangin possessed the most balanced
pharmacokinetic profile, whereas quercetin displayed the lowest binding energy,
suggesting a potentially stronger interaction with the BRAF V600E receptor compared
to the other tested compounds. Collectively, these findings indicate that both
compounds have promising predicted potential for further development as adjuvant
candidates in melanoma therapy. However, these results are based on computational
predictions and require further validation through experimental studies, such as in vitro
BRAF kinase assays and melanoma cell-based assays.
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