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INTRODUCTION
Due to a significant increase in cancer cases year to 

year, this disease has become a major global concern. Since 
2010, cancer prevalence, mortality, and disease burden have 
increased by 26.3%, 20.9%, and 16%, respectively [1]. In 2019, 
cancer ranked among the top 10 leading causes of disease burden 
around the globe for people aged 50 and older [2]. However, the 
extensive plasticity and heterogeneity of cancer pose significant 
challenges for its treatment. Furthermore, cancer cells frequently 

develop resistance to anticancer medications [3]. Therefore, the 
exploration of new anticancer agents is urgently needed.

Breast cancer and prostate cancer ranked as the second 
and third most prevalent types of cancer in 2018. Among all 
cancers, breast cancer stands out as the leading cause of death 
in women [4]. Prostate cancer becomes more common with age, 
with the incidence rate reaching 60% among individuals aged 
65 and older.

Several studies have reported the potential of Gnetum 
gnemon seeds as an anticancer agent. Gnetum gnemon is also 
known as “melinjo” in Indonesia. According to the Central 
Statistics Agency (BPS), Indonesia’s G. gnemon production 
reached 292,167 tons in 2021, marking a notable 14.13% 
increase from the previous year’s total of 255,985 tons. 
Lampung province consistently poses an annual increase in G. 
gnemon production, yielding 141,076, 141,848, and 172,238 
quintals in 2019, 2020, and 2021, respectively. Stilbenoids 
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ABSTRACT
Breast and prostate cancers are significant health concerns worldwide, demanding novel and effective therapeutic 
approaches. This study explores the potential of Gnetum gnemon seed metabolites as anticancers agent through 
metabolomic profiling and molecular docking analysis. Six metabolites from G. gnemon seed were identified, which 
met Lipinski’s rule of five criteria, suggesting their drug-like properties. A panel of 10 molecular target proteins, 
including PTGS1, PTGS2, ESR1, SIRT1, SIRT3, SIRT5, AKT1, JAK2, BRAF, and NOS3, relevant to breast and 
prostate cancer pathways, were selected for molecular docking simulations. The binding interactions and free binding 
energy assessments identified gnetol and gnetin C as the most promising metabolites, showing strong interactions 
with multiple target proteins. Gnetol exhibited potential in targeting ESR1 and SIRT5, suggesting a mechanism for 
breast cancer inhibition. On the other hand, gnetin C emerged as a potent allosteric inhibitor of AKT1, potentially 
impacting breast and prostate cancer pathways. These findings highlight G. gnemon metabolites, particularly gnetol 
and gnetin C, as potential candidates for further preclinical and clinical studies as anti-breast and prostate cancer 
agents.
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understanding of this information still needs to be provided. 
According to reports, gnetin C inhibits prostate cancer 
by blocking the MTA1 pathway, which is crucial for the 
aggressiveness and spread of prostate malignancies. However, 
the anticancer action of gnetin C was also demonstrated in the 
same study, showing an anti-clonogenic impact in shMTA1 
cells through a mechanism other than MTA1 [13].

Given the promising anticancer potential demonstrated 
by G. gnemon seeds, it is imperative to conduct a comprehensive 
study into the molecular targets of G. gnemon metabolites, that 
could contribute to the anticancer activity of these compounds. 
This study aims to explore the molecular target of G. gnemon 
metabolites in silico by bioinformatic study and molecular 
docking. 

MATERIALS AND METHODS

Metabolomic study and pharmacokinetic profiling
Bioactive compounds of G. gnemon were obtained 

through a metabolomic approach using the KNapSAck family 
website (http://www.knapsackfamily.com/KNApSAcK_
Family/) with the keyword “Gnetum gnemon.” Subsequently, 
each bioactive compound’s SMILES code was retrieved from 
the same website and subjected to pharmacokinetic profiling 
using http://www.swissadme.ch, following Lipinski’s Rule of 
Five criteria: the number of hydrogen donors (the number of 
hydrogen atoms attached to O and N, nOHNH ≤ 5), the number 
of hydrogen bond acceptors (nON ≤ 10), water–lipid partition 

are the major compound found in G. gnemon seeds, with 
six types of stilbene chemicals identified, including trans-
resveratrol (3,5,4’-tryhydroxy-trans-stilbene), gnetin C, gnetin 
L, gnemonoside A, gnemonoside C, and gnemonoside D [5].

Gnetum gnemon seed extract has demonstrated its 
anticancer effects on various cancer cell types in vitro, including 
breast and prostate cancer cells [6]. In vitro experiments have 
also revealed the antioxidant and cytotoxic activity of ethyl 
acetate fraction [7] as well as ethanol fraction on colonic 
cancer (WiDr) cells when used as co-chemotherapy agents [8]. 
In vivo experiments have confirmed the anticancer effect of 
gnetin C in mice carrying prostate cancer cells. Notably, the 
anti-cancer effects of gnetin C and G. gnemon seed extract have 
been reported to be more potent than those of other potential 
anti-cancer agents, such as resveratrol and pterostilbene [9]. 
Furthermore, gnetin C is known to have bioavailability six times 
better than the tRV compound in red wine, making it a promising 
anticancer agent [10]. In addition to these findings, in silico 
studies also showed the potential activity of G. gnemon seeds in 
HeLa cervical cancer cells and as ACE inhibitors [7,11]. Gnetin 
C is known for its immunostimulating effects and anticancer 
efficacy. Supplementation with gnetin C significantly increased 
the number of circulating natural killer (NK) cells expressing 
the NKG2D and NKp46 activation receptors. NK cells in 
participants who received gnetin C for 2 weeks displayed more 
significant cytotoxicity against K562 target cells [12].

Several in vitro studies have demonstrated potential 
molecular targets of gnetin C, although a comprehensive 

Table 1. ADMET Prediction of bioactive compounds from G. gnemon. 

No Metabolite MW mLog P HBA HBD Violation GI absorption

1 Gnetin C 454.5 2.86 6 5 Yes; 0 violation High

2 Swertiajaponin 462.1162116 −2.29 11 7 No; 2 violations: NorO>10, NHorOH>5 Low

3 (+)-Lirioresinol B 418.1627678 0.56 8 2 Yes; 0 violation High

4 (E)-Isorhapontin 420.1420324 −0.65 9 6 Yes; 1 violation: NHorOH>5 Low

5 Resveratrol 228.0786443 2.26 3 3 Yes; 0 violation High

6 (-)-epsilon-Viniferin 454.1416384 2.86 6 5 Yes; 0 violation High

7 Isoswertiajaponin 462.1162116 −2.29 11 7 No; 2 violations: NorO>10, NHorOH>5 Low

8 Gnetifolin E 420.1420324 −0.65 9 6 Yes; 1 violation: NHorOH>5 Low

9 Gnetol 244.0735589 1.67 4 4 Yes; 0 violation High

10 Isorhapontigenin 258.0892089 1.93 4 3 Yes; 0 violation High

11 Gnemonol D 696.1995472 2.93 10 8 No; 2 violations: MW>500, NHorOH>5 Low

12 Gnemonol E 696.1995472 2.93 10 8 No; 2 violations: MW>500, NHorOH>5 Low

13 Gnemonol F 696.1995472 2.99 10 8 No; 2 violations: MW>500, NHorOH>5 Low

14 Gnemonol K 680.2046326 3.43 9 7 No; 2 violations: MW>500, NHorOH>5 Low

15 Gnemonol L 680.2046326 3.43 9 7 No; 2 violations: MW>500, NHorOH>5 Low

16 Gnemonol M 514.1627678 2.27 8 6 No; 2 violations: MW>500, NHorOH>5 Low

17 Gnemonoside A 778.2472853 −1.75 16 11 No; 3 violations: MW>500, NorO>10, NHorOH>5 Low

18 Gnemonoside B 778.2472853 −1.75 16 11 No; 3 violations: MW>500, NorO>10, NHorOH>5 Low

19 Gnemonoside K 1166.363103 - - - No -

20 Gnetifolin K 582.1948558 −2.77 14 9 No; 3 violations: MW>500, NorO>10, NHorOH>5 Low

21 Latifolol 696.1995472 2.93 10 8 No; 2 violations: MW>500, NHorOH>5 Low
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coefficient (mLogp ≤ 5), and relative molecular mass (MW ≤ 
500). These selected metabolites were then used as ligands for 
molecular docking studies [14].

Bioinformatic study
Bioinformatic analysis was used to identify potential 

protein targets involved in G. gnemon anticancer mechanism 
for breast and prostate cancer. This analysis used the keywords 
“resveratrol”, “breast cancer,” and “prostate cancer.” The 
“resveratrol” was chosen as a keyword because it represents the 
basic structure of stilbenes in G. gnemon and remains relevant.

The NCBI database (https://www.ncbi.nlm.nih.gov/
gene) was utilized to identify regulatory genes associated with 
breast and prostate cancer. Direct target proteins of resveratrol 
were identified using the STITCH database (http://stitch.embl.
de), while the indirect target proteins were identified through 
STRING-DB v11.0 (https://string-db.org). Subsequently, 
a Venn diagram was constructed using Venny 2.1 (https://
bioinfogp.cnb.csic.es/tools/fat/) to delineate overlapping genes 
between breast or prostate cancer regulators and protein targets 
of resveratrol. The genes appearing in the intersection of the 
Venn diagram represent the molecular targets of resveratrol, 
which play a role in regulating breast and prostate cancer [15].

To further understand the protein–protein interactions 
among the targets, STRING-DB v11.0 (https://string-db.
org) was employed. The targets were ranked with Cytoscape 
software and the Cytohubba plugin, focusing on the degree 
score to identify the top 20 hub genes [16].

Molecular docking
The crystal structures of the target protein were 

initially searched for in the PDB  database (Table 2), and 
their selection was based on several criteria: the presence of a 
structure bound to a native ligand or a small molecule inhibitor, 
as well as the absence of mutation at the catalytic or active 
site. Subsequently, the protein structures were downloaded 
and validated  in Autodock, which generated RMSD value. 
Validation was considered optimum when the values were 
below 2 [17]. In parallel, ligand preparation was carried out 
by optimizing each G. gnemon bioactive compound using the 
density functional theory method to attain the most stable 3D 
configuration. The optimized ligands were then docked with the 
target protein using Autodock [17].

Analysis of interaction 
We utilized the Biovia Discovery Studio 2021 Client 

version 21.1.0.0  to visualize the interactions between ligands 
and target proteins. The visualization provided a view of how 
each chemical functional group of the ligand interacts with 
every amino acid residue of the target protein.

RESULTS AND DISCUSSION

Metabolomic study and drug likeness analysis
The metabolomic website initially listed 21 bioactive 

compounds. To narrow down the selection to orally active drug-
like compounds, these 21 compounds underwent a filtering 
process based on the pharmacokinetic parameters. Lipinski’s 

rules of five parameters were used to predict these parameters, 
including absorption, distribution, metabolism, and elimination 
of the compounds. The outcomes of this filtering process are 
presented in Table 1.

Solubility and lipinski analysis on ligands
The solubility and permeability predictions for all 

drug candidates with optimized structures were based on their 
physicochemical properties. Notably, Lipinski’s rules of five, 
which encompass five parameters capable of predicting ligand 
solubility and permeability, were used in this assessment. These 
parameters include having no more than five hydrogen bond 
donors, no more than t10 hydrogen bond acceptors, a molecular 
weight not more than 500 Da, a log p value not more than 5, 
and polar surface area not exceeding 140 A, with less than 10 
rotational bonds for the ligand [18]. In this study, we focused 
on four of Lippinski’s rules, specifically the molecular weight, 
hydrogen bond donors, hydrogen bond acceptor, and log P. 
Upon analysis, it was found that 15 compounds did not meet 
these criteria, while six compounds passed Lipinski`s rule of 
five according to the  physicochemical analysis of the ligands. 
The molecular weights of the analyzed ligands ranged from 228 
to 454 g/mol, log p values ranging from 0.56 to 2.86. Hydrogen 
bond donor values fell from 3 to 8, and hydrogen bond acceptor 
values ranged from 2 to 5 [19].

Figure 1 shows the six bioactive compounds that 
passed Lipinski’s rule. Notably, all six of these bioactive 
compounds are resveratrol derivatives. Consequently, these six 
compounds were selected as potential ligands for molecular 
docking.

Bioinformatic study
From our bioinformatics analysis of breast and prostate 

cancer, we identified sixteen target genes associated with gnetin 
C and resveratrol. These genes are JAK2, RAF1, CAMK2B, 
CAMK2G, AGTR1, AGTRAP, TP53, ESR1, PTGS1, PTGS2, 
AKT1, SIRT1, SIRT3, SIRT5, PPARγ, and NOS3 (Fig. 2). 
TP53 is excluded as this protein is a tumor suppressor; hence, 
it cannot be used as a target for inhibition. The crystal structure 

Table 2. PDB ID of each selected target protein used in molecular 
docking. 

Protein target PDB ID

ESR1 1A52

PTGS1 401Z

JAK2 6VGL

AKT1 3O96

5KCV

SIRT1 4ZZI

SIRT3 4JSR

PTGS2 5IKR

SIRT5 3RIY

BRAF 6P3D

NOS3 3EAH
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of RAF1, also known as CRAF, from Homo sapiens with 
a resolution of less than 3, cannot be found in PDB. Instead, 
BRAF, a member of the RAF family, activates or forms a 
dimer with CRAF and, therefore, is chosen for further steps. 
The crystal structures of AGTR1, AGTRAP, CaMK2B, and 
CaMK2G or relevant substitutes bound to small molecule 
inhibitors or ligands are unavailable in PDB and, therefore, 

have not proceeded to molecular docking. PPARγ also showed 
insufficient resolution on PDB data and was excluded from the 
target protein. Accordingly, 10 proteins were used for molecular 
docking, specifically JAK2, BRAF, ESR1, PTGS1, PTGS2, 
AKT1, SIRT1, SIRT3, SIRT5, and NOS3. The PDB ID of each 
of these 10 selected proteins is listed in Table 2.

Several hormones and cytokines can activate JAK2, 
which in turn phosphorylates multiple proteins, including 

Figure 1. Selected molecules from G. gnemon . 

Figure 2. Binding interaction between EST and gnetol with ESR1 protein. 
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tumoricidal effect is proposed to be associated with a high 
concentration of NO, resulting in cytotoxicity and apoptosis. 
This approach is particularly relevant in the early stages of 
cancer pathogenesis, as once cancer has fully developed, the 
NO concentration may not be high enough to exert an anti-
tumorigenic effect. Clinically, the amount of NO and the 
activity of eNOS are reported to be higher in breast cancer tissue 
compared to normal breast tissue. The anti-apoptotic effect of 
NO is mediated by inhibiting caspases and cytochrome c release 
and inducing the expression of Bcl-2, Hsp70, and Hsp32. In 
addition, NO has been found to stimulate tumor blood flow and 
promote angiogenesis [31]. Based on the description above, the 
10 target proteins identified have the potential as anti-breast or 
anti-prostate cancer. These proteins can be further analyzed for 
their interactions with G. gnemon metabolites.

Molecular docking
Molecular docking enables the rapid, high-throughput 

virtual screening of extensive compound libraries, significantly 
reducing the time and costs required to identify the first hit 
compounds. However, selecting potential hit compounds 
remains a reasonably random process, as there is yet to be a 
consensus on the binding energy and ligand efficiency. In 
practice, only 20%–30% of compounds identified through 
molecular docking are active in biological assays [32]. This 
study used 10 target proteins and evaluated six compounds 
from G. gnemon for their potential in breast and prostate cancer 
analysis. 

Each of the potential target proteins was prepared and 
used them as target for molecular docking. The PDB for each 
protein is provided in Table 2, and we validated these proteins 
to obtain the coordinates for their binding site. To ensure the 
reliability of the docking results, we performed validation by 
redocking each unbound protein with its corresponding native 
ligand or reference drug, which had previously isolated from 
the PDB crystal structure [33]. Each ligand was prepared and 
optimized using Gaussian.

The primary objective of the molecular docking 
process is to predict the likely binding modes of small-molecule 
ligands to the target proteins. During the process, the docking 
program estimates the binding affinities, expressed as Gibb’s 
free binding energies or docking scores [34]. Predicted binding 
free energy is a critical parameter as it facilitates the initial 
selection of candidate molecules based on their likelihood to 
bind the target. Furthermore, molecular docking also involves 
estimating the free energy of binding between the reference 
drug and the target proteins. The results of the docking analysis 
are presented in Table 3. In conventional docking programs, 
the energy score function combines empirically derived terms 
to describe intramolecular conformational and nonbonded 
interaction energies between ligands and macromolecular 
targets [35]. The binding free energy is calculated as the 
final intermolecular energy, which includes van der Waals 
interactions, hydrogen bonds, desolvation energy, electrostatic 
energy, total internal energy, and torsional free energy, and is 
further adjusted by subtracting the unbound system’s energy 
[36].

the STAT transcription factor. The JAK2/STAT3 pathway 
promotes gene expression in cell proliferation. Overactivation 
of the JAK2/STAT3 pathway has been associated with 
promoting tumorigenesis. Constitutively activated STAT3 is 
expressed in numerous tumors, including breast and prostate 
cancers [20].

C-Raf (also known as Raf-1) and B-Raf are well-
studied within the Raf families. They are pivotal effector in 
the ERK-induced cell growth pathway. Historically, C-Raf 
has been a primary target in cancer therapy due to its early 
discovery. However, with the identification of significantly 
higher occurrences of mutated B-Raf in various tumor types, 
the focus has shifted towards targeting B-Raf [21]. The most 
prevalent oncogenic mutation in B-Raf, known as V600E, leads 
to the overactivation of this protein [22].

ESR1 encodes for estrogen receptor alpha (ERα). 
Seventy percent of breast cancer patients express estrogen 
receptors [23]. In ER+ breast cancer cells, ERα plays a pivotal 
role in driving cancer progression through the PI3K/AKT/mTOR 
and PI3K/AKT/NF-κB signaling pathway [24]. Similarly, in 
both preclinical and epidemiological studies, estrogen has been 
implicated in initiating and advancing prostate cancer. Prostate 
tissue expresses ERα, and study indicates that the expression 
level of ERα, but not ERβ, is associated with the promotion 
of prostate carcinogenesis. In addition, it has been reported to 
correlate with the severity of prostate cancer [25].

PTGS1 and PTGS2 are genes responsible for encoding 
cyclooxygenase 1 (COX1) and 2 (COX2), respectively. COX1 
is constitutively expressed, while the expression of COX2 is 
induced during inflammation. COX-1 expression is found to be 
higher in breast cancer than in normal tissue. In experiments 
with the MCF7 breast cancer cell line, treatment with a COX1 
inhibitor resulted in apoptosis and cell growth arrest [26]. 
Another study on breast cancer patients revealed that COX-2 
expression is elevated in metastasis camcer samples compared 
to nonmetastatic ones. Moreover, this high expression level of 
COX2 is associated with a higher mortality rate [27].

AKT1 is a kinase protein activated by growth factors, 
and it plays a crucial role in regulating a wide array of biological 
processes. These processes include the inhibition of apoptosis 
and the induction of cell proliferation. Notably, over-expression 
and over-activation of AKT1 have been documented in various 
cancer types, with approximately 40% of breast cancer cases 
and over 50% of prostate cancer [28]. 

Sirtuins are a group of proteins involved in numerous 
cellular processes, including cell differentiation and apoptosis. 
Upregulation of sirtuin 1-encoding gene SIRT1 is reported in 
breast cancer. Sirtuin 1 inhibits the activity of anti-tumorigenic 
proteins, such as FOXO3, and the tumor suppressor p21 and 
p53. Conversely, SIRT2 and SIRT3 are known for their dual 
roles, as they can act both as pro- and anti-tumorigenic factors 
[29,30]. 

NOS3 encodes for endothelial nitric oxide synthase 
(eNOS), an enzyme responsible for generating nitric oxide. 
Nitric oxide (NO) has been shown to have both tumorigenic 
and tumoricidal roles in cancer. However, most evidence 
supporting its tumoricidal effect comes from in vitro and has 
not been clearly observed in cancer patients. Furthermore, the 
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In the molecular docking analysis with ESR1, 
only gnetol demonstrated the ability to bind to the breast 
and prostate cancer regulatory protein. At the same time, the 
other compounds exhibited no interaction, characterized by 
notable binding energy values. This result suggests that among 
the compound from G. gnemon, gnetol is the sole potential 
candidate targeting ESR1. For PTGS1 (prostate cancer protein 

Table 3. The binding energy of six candidate molecules from G. 
gnemon to selected breast and prostate cancer target proteins. 

Protein PDB ID Ligand Binding Energy 
(Kcal/mol)

ESR1 1A52 Estradiol (native ligand) −9.53

Tamoxifen (reference drug) 14.03

Gnetin C 903997.46

Lirioresinol B 396427.63

Isorhapontigenin 55453.46

Gnetol −5.44

Reseveratrol 84778.34

(-)-epsilon-Viniferin 441037.74

PTGS1 4O1Z Arachidonic acid

(native ligand)

−8.23

Meloxicam (reference drug) −10.06

Gnetin C 539170.36

Lirioresinol B 56403.42

Isorhapontigenin −6.43

Gnetol −7.19

Resveratrol −6.29

(-)-epsilon-Viniferin 60418.45

JAK2 6VGL Ruxolitinib (reference drug) −8.27

Gnetin C 336420

Lirioresinol B 331604

Isorhapontigenin 59378

Gnetol −4.42

Resveratrol 58090.33

(-)-epsilon-Viniferin 358063

AKT1 3O96 iQO (reference inhibitor) −12.51

MK2206 −8.83

Gnetin C −8.99

Lirioresinol B −7.25

Isorhapontigenin −6.51

Gnetol −6.52

Resveratrol −6.38

(-)-epsilon-Viniferin −8.53

5KCV Miransertib (reference drug) −10.15

Gnetin C 352240

Lirioresinol B 17.36

Isorhapontigenin −7.08

Gnetol −0.01

Resveratrol 215.03

(-)-epsilon-Viniferin 53.26

SIRT1 4ZZI 1 NS (reference inhibitor) −8.72

Gnetin C 393301

Lirioresinol B −6.15

Isorhapontigenin −7.17

Gnetol −6.66

Resveratrol −6.66

(-)-epsilon-Viniferin 84.81

Protein PDB ID Ligand Binding Energy 
(Kcal/mol)

SIRT3 4JSR 1 NQ (reference inhibitor) −9.51

Gnetin C 187.15

(+)-Lirioresinol B −8.65

Isorhapontigenin −7.22

Gnetol −6.82

Resveratrol −7.2

(-)-epsilon-Viniferin −8.27

PTGS2 5IKR Arachidonic acid (native 
ligand)

−6.76

Mefenamic acid (reference 
drug)

−7.6

Gnetin C 673918.47

(+)-Lirioresinol B 146897.74

Isorhapontigenin −4.21

Gnetol −5.86

Resveratrol −4.33

(-)-epsilon-Viniferin 150613.72

SIRT5 3RIY Nicotinamide adenine 
dinucleotide Nicotinamide 
adenine dinucleotide 
phosphate (native ligand)

−12.82

Gnetin C −7.19

(+)-Lirioresinol B −5.42

Isorhapontigenin −7.05

Gnetol −7.23

Resveratrol −6.34

(-)-epsilon-Viniferin −5.94

BRAF 6P3D Ponatinib (reference drug) −14.65

Gnetin C −10.15

(+)-Lirioresinol B −8.72

Isorhapontigenin −7.2

Gnetol −7.78

Resveratrol −7.17

(-)-epsilon-Viniferin −4.43

NOS3 
(eNOS)

3EAH HEC (native ligand) −13.47

327 (reference inhibitor) −6.52

Gnetin C 238.94

Lirioresinol B −7.69

Isorhapontigenin −6.52

Gnetol −6.85

Resveratrol −6.29

(-)-epsilon-Viniferin −10.15
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target) and PTGS2 (breast and prostate cancer protein target), 
three molecules—isorhapontigenin, gnetol, and resveratrol—
showed favorable interactions, with gnetol exhibiting the 
lowest energy. This result also indicates gnetol as the most 
promising compound based on its interactions with PTGS1 
and PTGS2. Similarly, for JAK2, a protein target for breast and 
prostate cancer, gnetol displayed significant interactions, while 
the other compounds did not. Gnetol has been previously tested 
in vitro on various cancer cell types, although its mechanism of 
action remains to be fully elucidated. The results of this docking 
and bioinformatic analysis provide valuable insights into the 
potential mechanism of action. Antiproliferative activities of 
gnetol were tested in multiple cell lines, including HCT-116 
(colorectal carcinoma), Hep-G2 (hepatocellular carcinoma), 
MDA-MB-231 (triple negative breast adenocarcinoma), and 
PC-3 (prostate adenocarcinoma). Gnetol exhibited the most 
significant antiproliferative effects against colon cancer cells. 
While further exploration of gnetol’s mechanism of action on 
other cancer protein targets is possible, the tested target proteins 
may also provide insights into related mechanisms of action 
[37].

The target protein AKT1, relevant to both breast and 
prostate cancer, has been a focal point of previous research 

efforts. Blocking AKT, a pivotal component in the frequently 
disrupted PI3K/AKT signaling pathway, has long been 
regarded as an attractive therapeutic approach in cancer [38]. 
There are two categories of AKT inhibitors: ATP-competitive 
and allosteric. ATP-competitive inhibitors bind to the active 
site of AKT, preventing ATP from binding; whereas allosteric 
inhibitors bind to the PH domain to inhibit AKT phosphorylation 
and activation [39].

Some studies have indicated the potential binding of 
candidate molecules at the allosteric site [38]. Two PDB IDs 
corresponding to AKT1 bound to small molecule inhibitors 
in allosteric positions were identified, specifically 3O96 and 
5KCV. The allosteric sites of protein 3O96 had previously 
been bound with the small molecule inhibitor IQO and the 
candidate drug in clinical study, MK2206. The allosteric AKT 
inhibitor MK-2206 primarily targets AKT1 and AKT2 and has 
demonstrated preclinical single-agent activity by inhibiting 
the phosphorylation of downstream AKT signaling in multiple 
cancer cell lines [40].

All tested compounds demonstrated interaction 
with this site, with gnetin C exhibiting a lower binding 
energy than MK2206. These compounds were all selected 
from G. gnemon, suggesting that the main structure of 

Table 4. The interaction involved between ligand and protein target. 

No Protein target PDB ID Ligan Interaction

1 ESR1 1A52 EST 1 pi sigma, alkyl, 7 pi-alkyl, 1 pi-pi T shaped

GNETOL 1 pi sigma, 1 pi-pi T shaped, 3 pi-alkyl

2 PTGS1 4O1Z Arachidonic acid Conventional H-Bond, 4 Van der Walls, 1 covalent bond

Gnetol 4 Conventional H-Bond, 10 Van der Walls, 1 pi-sigma, 2 pi-alkyl

3 JAK2 6VGL RXT Conventional H-Bond, CH-Bond, Pi-Sigma, Pi-Alkyl

Gnetol H-Bond, Pi-Anion, Pi-Sigma, Pi-Sulfur, Pi-Alkyl

4 AKT1 3O96 Reference inhibitor iQO 1 H-bond, C-H bond, Ufavorable Bond, pi-Cation, pi-Sigma, pi -Stacked, Alkil, pi-Alkil

MK2206 2 pi-Sigma, Amide-pi Stacked, Alkyl, pi-Alkyl

Gnetin C 2 H-bond, Pi anion, pi-Sigma, pi-Stacked, Amide-pi Stacked, pi-Alkil

5KCV Miransertib 2 H-bond, C-H bond, Unfavorable donor-donor, pi-Donor H-Bond, pi-Sigma, pi-pi-Stacked, 
pi-Alkyl

Isorhapontigenin Van der waals, 3 H bond, pi sigma, Amide pi-Stacked

5 SIRT1 4ZZI 1NS 2 H-bond, C-H bond, Pi-Sulfur, pi-pi Stacked, Alkyl, pi-Alkyl

Isorhapontigenin 2 H-bond, 1 pi-Sigma, 1 pi-pi T shaped, 2 pi-Alkyl

6 SIRT3 4JSR Reference Inhibitor 
1 NQ

1 H-Bond, C-H bond, pi-cation, pi-sigma, pi-pi stacked, pi-pi T shaped, alkyl, pi-alkyl

(+)-Lirioresinol B 2 H-bond, C-H bond, Pi-cation, pi-pi stacked, pi-pi T shaped, Pi-Alkyl

7 PTGS2 5IKR Mefenamic acid 2 H-bond, pi sigma, alkyl, pi-alkyl

Gnetol C-H Bond, Pi-Cation, Pi-Alky

8 SIRT5 3RIY NAD Unfavorable bump, 10 H-Bond, C-H Bond, Unfavorable donor-donor, Pi-Donor H bond, 
alkyl, pi-alkyl

Gnetin C 5 H-Bond, Unfavorable donor-donor, Pi-donor H-bond, Pi-sigma, Pi-alkyl

9 BRAF 6P3D Ponatinib 3 H-bond, C-H bond, Halogen, Unfavorable donor-donor, pi sigma, pi-pi stacked, alkil, pi-alkil,

Gnetin C 2 H-Bond, C-H bond, pi- cation, pi-anion, pi donor H bond, pi-pi T shaped, pi-alkyl

10 NOS3 (eNOS) 3EAH HAC 2 H-Bond, C-H Bond, Unfavorable negative-ngeative, Pi Donor hydrogen bond, Pi-sigma, 
Pi-Pi stacked, Alkyl, Pi-Alkyl, Covalent Donor

Epsilon 2 H-Bond, 2 Pi-Pi Stacked/Amide-Pi stacked, 1 Van Der Waals, 3 Pi-Alkil, 2 Sulfur-X/Pi-Sulfur
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mol, whereas reference drug MK2206 displayed a binding 
energy of −8.83 kcal/mol, interacting through the allosteric 
site. In addition, gnetol also demonstrated the most favorable 
interactions with PTGS1, PTGS2, JAK2, and SIRT5.

Analysis of interaction
Drug development research relies on molecular 

docking and visualization. Molecular docking is instrumental 
in predicting how ligands bind to proteins, aiding in 
identifying and optimizing potential drugs. Meanwhile, 
visualization generates graphical representations of molecular 
structures and interactions, enhancing our understanding of 
the links between biomolecules and the outcomes of docking 
simulations [17].

To effectively comprehend and communicate the 
results of the docking simulations, it is imperative to employ 
visual representations that are both clear and informative [42]. 
With the help of the Discovery Studio software, the interaction 
patterns formed within the complex can be seen [43]. Interaction 
analysis provides information about the key amino acid residues 
responsible for binding to the ligand. Table 4 lists the interaction 
of six G. gnemon compounds with 10 protein targets and the 
type of chemical bond involved. 

Hydrogen bonding plays a crucial role in determining 
the specificity of ligand binding. This significance is explicitly 
incorporated into a computational method designed to identify 
energetically favorable ligand binding sites on a selected target 
molecule with a known structure [44].

From Table 4, we can examine several compounds 
that share the same chemical bonds and key amino acids with 
the reference ligand. For instance, the interaction analysis of 
gnetol, the most promising compound bound to ESR1, reveals 
Van Der Walls and pi-alkyl interaction with critical residues 
of ESR1 (Fig. 2). Sixteen ESR1 residues are involved in 
interactions with either EST or gnetol. Among these residues 

resveratrol plays a vital role in its interaction with AKT1. 
In the case of 5KCV, only isorhapontigenin displayed an 
interaction at this allosteric site. In addition, gnetin C’s role 
as an anticancer agent for prostate cancer has been studied 
through its involvement with metastasis-associated protein 
1 (MTA1) in both in vitro and in vivo. Gnetin C exerts its 
anticancer activity by inhibiting the cancer-promoting co-
operation between MTA1 and ETS2. This action leads to 
cytotoxicity, cell death, and a reduction in the metastatic 
potential of prostate cancer cells through MTA1-mediated 
mechanisms [9,13].

Sirtuins (SIRT1, SIRT3, and SIRT5) play a crucial 
role in the antitumor pathway, and inhibiting these enzymes 
opens up a new avenue in anticancer drug discovery. Notably, 
isorhapontigenin, lirioresinol B, and gnetol exhibit the 
most favorable interaction with SIRT1, SIRT3, and SIRT5, 
respectively. This finding suggests that, despite belonging to 
the same family, these three deacetylation enzymes interact 
selectively with specific resveratrol derivates.

In the case of BRAF, molecular docking in this study 
used a protein with the PDB ID 6P3D, targeting the ponatinib 
binding site. Ponatinib, an FDA-approved drug, is a potent 
inhibitor of BRAF monomers and dimers. It binds to the BRAF 
dimer and stabilizes different αC-helical conformations by 
interacting with a previously undiscovered allosteric site [41]. 
All six compounds interact in this allosteric site, with gnetin C 
demonstrating the most favorable interaction. In addition, the 
NOS3 inhibitor exhibits the most favorable interaction with 
(-)-epsilon-viniferin. 

In summary, our computational docking analysis in 
this study has unveiled that among all the docking experiments 
involving six candidate molecules and 10 target proteins, 
gnetin C exhibits superior interactions with the target proteins 
associated with breast and prostate cancer compared to reference 
drugs. Gnetin C demonstrated a binding energy of −8.99 kcal/

Figure 3. Binding interaction between NAD and gnetol with SIRT5 protein. 
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that amino acids GLU A:353, LEU A:391, ARG A:394, and 
PHE A:404 may play essential roles in ligand-protein binding 
situations [45].

Our results also highlight gnetol as a potential 
compound targeting the SIRT5 protein. Based on Figure 3, 
this ligand formed a hydrogen bond with five key residues 
of SIRT5, which are THR A:250, SER A:251, GLU 
A:277, ARG A:71, and PHE A:70. Besides, THR A:276 
exhibits a C-H bond interaction with NAD and hydrogen 
bond interaction with gnetol. Gnetol forms strong binding 
interaction, specifically with ESR1 and SIRT5 proteins, 
compared to all other docked compounds. These interactions 
were not observed with TYR A:102 and ARG A:105, which 
are essential residues [46]. However, gnetol does form an 

are LEU A:384, GLY A:521, LEU A:349, MET A:343, which 
engage in Van Der Walls interaction, while LEU A:391, ALA 
A:350, LEU A:525 participate in pi-alkyl interactions. 

Furthermore, GLU A:353, ARG A:394, and HIS 
A:524 interact with EST through conventional hydrogen 
bond but engage in Van Der Walls interactions with gnetol. 
MET A:388, ILE A:424, and MET A:421 interact via pi-alkyl 
interactions with EST but exhibit Van Der Walls interactions 
with gnetol. In addition, residue LEU A:387 interacts in pi-
sigma interaction, PHE A:404 in pi-pi T-shaped interaction, 
and LEU A:346 in pi-alkyl interaction with EST while forming 
conventional hydrogen bonds with gnetol. These findings will 
help further drug design attempts to develop anti-cancer drugs 
targeting ESR1. Another interaction analysis of ESR1 suggests 

Figure 4. Binding interaction between reference inhibitor, MK2206, and gnetin C with AKT1 protein
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interaction with ARG A:71, suggesting its potential as a 
residue involved in the interaction with SIRT5 [47].

Another potential compound is gnetin C. Based on 
Figure 4, gnetin C exhibited a strong interaction with the AKT1 
protein (PDB ID: 3O96), involving five identical residues in the 
same interaction. Furthermore, it displayed pi-alkyl interaction 
with residues in the active binding site, including LEU A:264, 
LEU A:210, VAL A:270, pi-sigma interaction with ILE A:84, 
and pi-pi stacked interaction with TRP A:80. The pi-pi stacked 
interaction with TRP A:80 plays an essential role in interaction 
with allosteric site AKT1 [48].

Based on the docking and interaction analysis, both 
gnetol and gnetin C show promise for development as anticancer 
agent, especially for breast cancer and prostate cancer. Gnetol 
exhibits potential in the ESR1 and SIRT5 protein target 
pathways, while gnetin C acts as an AKT1 allosteric inhibitor.

CONCLUSION
Based on this study, six metabolites from G. gnemon 

met Lipinski`s rule of five criteria. The molecular target proteins 
used were PTGS1, PTGS2, ESR1, SIRT1, SIRT3, SIRT5, 
AKT1, JAK2, BRAF, and NOS3. Free binding energy and 
binding interaction showed Gnetol and Gnetin C as the most 
potential metabolites to be developed for further studies as drug 
candidates for breast and prostate cancer.
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