Eksakta : serkala imian Bidang MIPA = E ksa kta

VOLUME 24 NO 04 2023, pp 487-499 2
ISSN : Print 1411-3724 — Online 2549-7464 B Berkala IImiah Bidang MIPA

DOI : https://doi.org/10.24036/eksakta/vol24-iss04/452 http Ihww.eksakta.ppj.unp.ac.id/index.php/eksakta

Article
Structure-Based Virtual Screening and Molecular Docking on

the Indonesian Herbal Compound as a Promising Insulin
Receptor (INSR) Inhibitor to Suppress Tumor Growth

Veronica Hesti Candraningrum', Linda Erlina'?, Rafika Indah
Article Info Paramita'?, Fadillah Fadillah'?, Surya Dwira'?, Jaka Fajar
Fatriansyah®

"Master’s Program in Biomedical Science, Faculty of Medicine,

Article history : Universitas Indonesia, Jakarta, Indonesia.
_ ’Department of Medical Chemistry, Faculty of Medicine,
Received July 30, 2023 Universitas Indonesia, Jakarta, Indonesia.

Revised September 05, 2023
Accepted September 10,2023
Published December 30, 2023

SMetallurgical and Materials Engineering, Faculty of
Engineering, Universitas Indonesia, Jakarta, Indonesia.

Abstract. A healthy cell maintains a homeostasis condition of glucose

level, whereas cancer cells do not. Increased glucose uptake is a

hallmark of cancer cells that helps them survive, proliferate, and

spread. INSR is one of key feature that take part in glucose metabolism
Keywords : through insulin sign_aling. To block t_he entry of glucose into cells,
Molecular docking, researchers were aiming to 1chsrupt the 1n;u%1n s1g;1ah'n%1 p;thway as tll}e

upstream activation in glucose metabolism by inhibiting insulin
SBDD, herbal compounds, receptor (INSR) using Indonesian herbal compounds. The approach
during the screening was structure-based drug discovery (SBDD)
method where INSR was determined as the macromolecules. Some
parameters such as binding affinity, constant inhibition, drug-likeness,
pharmacokinetics, and toxicity were applied to help the search of
potential inhibitor. According to the test results, Heterophylin,
Sanggenofuran A, and Epigallocatechin-3-O-caffeate had the
strongest molecular binding activity against the INSR protein.
Heterophylin is discovered in jackfruit fruit trees and Sanggenofuran
A is present in mulberry trees. While Epigallocatechin-3-O-caffeate, is

abundantly found in green tea plant.
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1. Introduction

Cancer is an uncontrollable cell growth and tends to spread to other parts of the body [1]. Cells can
grow rapid because of the nutrients that enter the cell. Angiogenesis is crucial for the growth of tumors
and the progression of cancer because it allows cancer cells to access enough nutrients and oxygen
through a newly formed vascular system [2-3]. The vascular system then distributes the nutrients to
the smallest level which is the cellular level. One of the most important nutrients is glucose.

Glucose enters the cells via GLUT4 protein which is activated by insulin signaling [4]. Insulin
stimulates a protein phosphorylation signaling cascade through insulin receptor (INSR) activation that
leads to the delivery of the glucose transporter GLUT4 to the cell surface, promoting the absorption
of glucose into these tissues (Fig. 1) [5-6]. Normal cells provides a homeostasis state of glucose level
but it tends to be different with cancer cells. They require more glucose as the main source of energy
during the metastasis [7-8]. Cancer cells deploy a faster glucose metabolism that does not involved
mitochondria as the increasing of energy needs in cellular level, known with Warburg Effect [9-11]. A
number of studies state that there is a strong link between obesity in adults and a high chance of
developing cancer [12-14].
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Figure 1. Activated insulin receptor (INSR) allows glucose to enter the cells
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The INSR protein has been investigated for many years and has been revealed to be involved in
a variety of chronic diseases, including Type 2 Diabetes Mellitus (T2DM)[15], Alzheimer's disease
(AD)[16], numerous malignancies, neurological disorders, and metabolic syndromes [17-18]. The
INSR has recently arisen as an attractive therapeutic target in human cancers owing to its
overexpression in various cancers. Several studies have stated that there are inhibitor compounds that
have been successfully synthesized as tumor kinase inhibitors (TKI) that target INSR [19]. One of
them is the substance BI885578 which will be used as the native ligand in this research. BI885578 was
created by Sanderson et a/ (2015) and had been proven for its potential ability to inhibit insulin
receptors and to reduce the activity of tumor cell development [20].

Natural resources abound in tropical country Indonesia. Several plants that have been known as
cancer chemoprevention are green tea, tomatoes, garlic, Curcuma longa, etc [21-22]. However, there’s
only few exploratory investigations or applications of herbal substances as tumor growth suppressor.
Through this in silico research, a protein model of INSR was used as the macromolecule to screen
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potential herbal compound to inhibit INSR through structure-based approach. The top potential
herbal compound showing highest binding affinity and fit to ADME-Tox parameters will be chosen
as the most potential compound to inhibit INSR.

2. Experimental Section

2.1. Materials

The search for candidate test compounds was executed using LigandScout v.4.4 by Structure-based
drug discovery (SBDD) methods. The INSR protein structure (PDB ID: 5E1S) was downloaded from
RCSB Protein Data Bank (https://ww.rcsb.org). Features and characteristics of the selected protein
are designated according to the number of chains they have, the presence of native ligand, and the
root-mean-square-deviation (RMSD) value in Angstroms (A). Macromolecules obtained in .pdb
format are then separated from the native ligand using AutoDock and both are stored in .pdbqt format.
A number of ligands that appear as the best hit compounds values against the HerbalDB dataset from
the SBDD test results are downloaded from the PubChem website
(https://pubchem.ncbi.nlm.nih.gov/). Other software such as MarvinSketch, AutoDock, and LigPlot
are used to help the docking visualization. The research was mainly proceeded following the flowchart
below (Fig.2).
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Figure 2. Schematic works in this study by applying SBDD method

2.2. Methods

2.2.1. Structure-based Drug Discovery

The Structure Based Drug-Discovery (SBDD) test is one of the methods used in the search for drugs
based on a previously known protein molecular structure. These proteins have a direct link to the
mechanism of a disease or specific metabolic pathways in the body. This is in accordance with Batool
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et al (2019) [23] which states that the basic steps in the SBDD process are identification and validation
of target proteins. The INSR protein (ID: 5E1S) gained from PDB are imported to LigandScout
software, along with the HerbalDB database provided by Prof. Dr. Arry Yanuar, M.Si., Apt. The top
hit compounds which were resulted from the SBDD test are recorded, and the 3D structure of each
compound then gained from PubChem.

2.2.2. Validation and Optimization of Molecular Docking

Validation and optimization are the initial stage before starting the docking by analyzing the position
of the grid box binding macromolecules to the native ligand [24]. This is intended to obtain precise
molecular docking coordinates and obtain protein hydrogen binding interactions with specific ligands
and not too far from the native ligand. The grid box areas used in the validation are 40x40x40,
50x50x50, and 60x60x60.

2.2.3. Molecular Docking Simulation

Molecular docking simulations were carried out using AutoDock version 4.2.6 software against 31
test ligands. The grid box used in the molecular docking simulation with the test ligand is the grid box
that has the most optimal conditions from the previous validation and optimization stages. Recording
was carried out on the Binding Energy and Inhibition Constant values for each of the test ligand
molecular docking results [25].

2.2.4. Visualization and Analysis of Molecular Docking Results

This step aims to provide a visual description of the specific interaction pattern of the protein with
each tested ligand that has the lowest Binding Energy value. Visualization of chemical features such
as hydrogen bond donor acceptor, hydrogen bond donor, hydrophobic interaction, amino acid specific
bond [26-27] were analyzed using LigandScout, AutoDock, and LigPlot.

2.2.5. ADME-Tox Analysis

The ADME-Tox profile of the test ligand was calculated using the tools of the SwissADME website
(http://www.swissadme.ch/) and admetSTAR (http://Immd.ecust.edu.cn/admetsarl/predict/).
The results of the ADME-Tox analysis include adequate absorption, distribution and excretion values,
features related to bioavailability [28-29]. The drug-likeness aspect of the tested ligands was projected
according to Lipinski's "Rule of Five" who states that good adsorption of compounds is more likely to
occur if the molecular weight (MW) is <500 Da, the number of hydrogen bond donors (HBD) is <5,
the LogP value is <5, and the number of hydrogen bond acceptors (HBA) is <10 [30-31]. CYP
Inhibition and Toxicity analysis are also applied. Mutagenicity Ames is used to evaluate potential
teratogenicity and genotoxicity in the early stages of drug discovery [32]. The acute oral toxicity
(AOT) and carcinogenicity are the toxicological end points that pose the highest concern to human
health [26][30]. Compounds who follow the mentioned rules will be selected as the potential inhibitor
to INSR and regarded as safe for usage.

3. Results and Discussion

3.1. Structure-based Drug Discovery

The research was applying the SBDD method yielded 31 hits compounds to the HerbalDB dataset
(Table 1). The pharmacophore features found in protein compounds with native ligands consist of 3
hydrogen bond acceptors, 1 hydrogen bond donor, and 3 hydrophobic interactions. The amino acids
that were observed to have bonds with the native ligand were VAL1060A, MET1076A, ALA1028A,
MET1139A, and LEU1002A (Fig. 3). Thirty-one ligands that appear as the best hit compounds values
against the HerbalDB dataset from the SBDD test results are downloaded from the PubChem website
(https://pubchem.ncbi.nlm.nih.gov/). MarvinSketch, AutoDock, and LigPlot were utilized to help
the docking visualization.
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Table 1. Top hits compounds yielded from SBDD test

No Ligands

1 Mirabijalone B

2 (R)-(-)-Xanthorrhizol

3 Dehydrogingerdione

4 Geraniol

5 Gartanin

6 Heteroartonin A

7 Heterophyllin

8 Sanggenofuran A

9 trans,trans-Farnesol

10 (2,72,7)-3,6,9-Dodecatrien-1-o0l

11 beta-Tocopherol

12 trans-p-Feruloyl-beta-D-glucopyranoside

13 Isoscoparin 4'-O-glucoside

14 Epigallocatechin 3-O-caffeate

15 Arbortristoside D

16 Kaempferol 4'-glucoside

17 Quercetin 4'-glucuronide

18 Miraxanthin-V

19 Apigenin 5,7-dimethyl ether 4'-galactoside

20 Isoscutellareig 4'-methyl ether 8-(6"-n-
butylglucuronide)

21 DIMBOA glucoside

22 Demethylmedicarpin

23 Benzoic acid

24 Quinamine

25 Nicotinic acid

26 Vanillic acid

27 Angolensin

28 3'-Deoxysappanone B

29 Isoshinanolone

30 Isoliquiritigenin 4'-methyl ether

31 Skullcapflavone I 2'-glucoside
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Figure 3. 3D (up) and 2D (down) visualization of amino acids bonding with native ligand

3.2. Validation and Optimization of Molecular Docking

Pre-processing of INSR, a target macromolecule that has been dissociated from the native ligand, as
well as 31 candidate compounds as ligands is required prior to docking analysis. The 3D structure of
the INSR protein (ID: 5E1S) was retrieved from the PDB (Protein Data Bank) database in .pdb format.
Additionally, preparations for the native ligand (BI885578 or 5JA) were made using the AutoDock
application. This included splitting the ligand, removing the water groups, adding polar hydrogen
groups, combining the non-polar molecules, and adding gasteiger charges. This preparation was done
to aid in the ligand and macromolecule's ability to attach to one another.
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In molecular docking analysis, it is necessary to know the potential binding position by
optimizing and validating grid boxes on macromolecules. It is expected that by validating the grid box
it would facilitate drug candidates in the right binding pocket to produce specific interactions with the
active sites belonging to macromolecules [33]. Grid boxes with the following parameters were
optimized and validated in this study: 40x40x40, 50x50x50, and 60x60x60. The 50x50x50 grid box
has the potential for docking, according to subsequent study, because it has the lowest binding energy
(-10.59 kcal/mol), the smallest RMSD distance (1.488 A), and the lowest inhibition constant (17.15
nM). A grid box with parameters 50x50x50 and coordinates x=3.538; y=19.827; z=21.984 is used to
get validation as a result (Table 2).

Table 2. Grid box validation result in this study

Grid Box 40x40x40 50x50x50 60x60x60
Binding Energy -10.49 run 7 -10.59 run 3 -9.23 run 4
X coordinate 3.538 3.538 3.538
Y coordinate 19.827 19.827 19.827
Z coordinate 21.984 21.984 21.984
RMSD 1.603 A 1.488 A 1972 A
Inhibition Constant 20.43 nM 17.15 nM 172.60 nM

3.3. Molecular Docking Simulation

All 31 candidate ligand compounds (Table 1) and a positive control compound were used for docking
analysis of INSR using AutoDock. The results obtained are the binding energy and constant inhibition
values that vary in each compound. Three compounds with the lowest binding energy and constant
inhibition value were selected to be visualized and used for ADME-Tox analysis.

Table 3. The molecular docking results of 31 test ligands to INSR

o Ligand Name gy et
1 Positive Control (Native Ligand, BI885578) -10.59 17.15 nM
2 Heterophyllin -10.23 31.72 nM
3 Sanggenofuran A -9.12 204.88 nM
4 Epigallocatechin 3-O-caffeate -8.66 451.96 nM
5 Apigenin 5,7-dimethyl ether 4'-galactoside -8.65 454.31 nM

Based on the analysis results, it was found that Heterophyllin, Sanggenofuran A, and
Epigallocatechin 3-O-caffeate appeared as compounds with the lowest binding energy values with
constant inhibition values of 972.11 nM, 204.88 nM, and 451.96 nM, respectively. Low binding
energy interprets that the compound only requires a small amount of energy to be able to bind to the
target protein. The lower the binding energy value, the more stable and stronger the bonds formed.[24]
The inhibition constant (K1) value shows that the drug can occupy half of those receptors even at low
dosage s[34], so in this case it is interpreted as the easiness to inhibit INSR activity at low drug
concentrations.

Structure-Based Virtual Screening and Molecular Docking on the Indonesian Herbal
Compound as a Promising Insulin Receptor (INSR) Inhibitor to Suppress Tumor Growth



Veronica Hesti Candraningrum, Linda Erlina, et al. 494

3.4. Visualization and Analysis of Molecular Docking Results

It is necessary to observe the specific binding position between the ligand and the target protein in
order to view and evaluate the specific binding position of the amino acid that results in interaction
with the ligand. The interaction between the ligand and the protein is influenced by the functional
groups contained in the ligand and the amino acids making up the protein which results in interactions
such as hydrogen bond acceptor bonds, hydrogen bond donors, electrostatic interactions, van der
Walls interactions, hydrophobic interactions, and others [27][31][32]. The 3D and 2D visualization of
the three best compounds resulting from molecular docking was performed using AutoDock and
LigPlot.
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Figure 4. The 2D and 3D visualization of docking results reveal the amino acids interaction with each
top selected ligand

The specific interactions of the ligands with amino acids are summarized in Table 4. Based on
these data, the amino acids that show specific interactions between the three candidate herbal
compounds with INSR are Met1079, Leu 1002, His1081, Gly1082, and Leul078. These amino acids
show specific binding patterns to the native ligand and the three candidate herbal compounds.
Heterophyllin has 4 hydrogen bonds with INSR protein amino acids, 2 Sanggenofuran A, and 5
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Epigallocatechin 3-O-caffeate. The herbal compound Epigallocatechin 3-O-caffeate possesses the
greatest number of hydrogen bonds compared to the other 2 compounds.

Table 4. Ligand-amino acids specific interaction

Amino Native Ligand . Epigallocatechin
Acid (Pos. Control)  Hicterophyllin  Sanggenofuran A 3-O-caffeate
+ (H) + (H) + (H)
Metl079 5 86 and 3.14) @2.77) * (2.7 and 2.87)
Asp1150 (J“Z(%g + ] ]
+ (H)
Asp1083 - (3.02 and 2.82) * *
+ (H) + (H)
Serl086 - - @.77) 2.78)
+ (H)
Argl136 - - ) (2.8 and 2.85)
Leul002 + (““2%3 + +
Pro1099 + ] + ;
Ala1080 + - + -
Ser1090 + - + +
Argl101 + ; +
Tyr1087 + - + +
His1081 + + + +
Gly1082 + + + +
Leul078 + + + +
Gly1005 + ; - ;
Gly1003 + ; ;
Glul1077 + + - -
Val1060 + + ; ]
Met1139 + + ; +
Val1010 + + + ]
Met1076 + + - -
Gly1149 + ] ; ]
Lys1030 + + - -
Asnl1137 - + - -
Ala1028 ; + ; ;
Argl000 - + + -

* + . present, - : absent

3.5. ADME-Tox Analysis

Characteristics and physicochemical properties of drug candidates can be determined through the
ADME-Tox test [26][29][30][33]. This analysis can assist in various subsequent approaches to the
drug discovery and development process, such as providing guidance in the synthesis of derivative
compounds and the development of dosage and formulation materials. The analysis in this study was
carried out using the SwissADME and AdmetSTAR websites by uploading canonical smiles. The
results of the ADME-Tox analysis are summarized in Table 5.
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Table 5. ADME-TOX analysis result of the three ligands test

Heterophyllin Sanggenofuran A Ep31 g(a)llocfzil?teihm
Ligands (C30H3207)  (C30H3604) ( - 4'}‘11303‘18)
MW (gr/mol) 504.57 460.60 468.41
. HBA 7 4 10
Drug Likeness HBD 4 5 7
LogP 5.39 6.84 1.71
GI Absorption Low Low Low
CYP1A2 - - -
Pharmacokinetics CYP CYP2C19 Y ) )
Inhibitor S XL250 : ' :
CYP2D6 - v -
CYP3A4 - - -
AMES - - -
Toxicities Carcinogenesis - - -
AQT 111 I v

*MW: Molecular Weight, HBA: Hydrogen Bond Acceptor, HBD: Hydrogen Bond Donor, GI Abs: Gastrointestinal
Absorption, CYP: Cytochrome P450, AMES: potential carcinogenic effect of chemicals by using the bacterial strain, AOT:
Acute Oral Toxicity

Information on the pharmacokinetics, toxicities, and drug similarity of each ligand is provided
in Table 5. For the drug likeness, compounds should follow the Lipinski "Rules of Five” where the
molecular weight must be 500 Da or less, an HBA <10, an HBD <5, and a logP value <5.[31][32]
Heterophyllin appears to have two violation of Lipinski “Rules of 5”, since it has more than 500 Da
of molecular weight and has more than 5 of log P value. The other two compounds only have one
violation of the rules. When there are more than five H-bond donors, more than ten H-bond acceptors,
the molecular weight is larger than 500, and the computed Log P (cLog P) is greater than five, poor
absorption or penetration is more likely to occur according to the Ro5 [32][35].

Inhibition of cytochrome P450 (CYP) enzymes by new chemical entities can reduce drug
metabolism [36]. It is also feasible to draw the conclusion that the most anticipated category is
metabolism, and within this area, the potential of a medicine to interact with CYP450 enzymes as a
substrate or inhibitor. However, the early stages of drug development are when researchers are most
interested in learning about metabolic stability and the site of metabolism [32]. Epigallocatechin 3-O-
caffeate appears to have no interaction with any of CYP inhibitors, so it is regarded that its metabolism
will not be reduced.

The physicochemical qualities of a drug candidate can be utilized to understand and predict its
physiological absorption, which improves the likelihood of having a biological effect following oral
administration. These physicochemical qualities can be predicted based on their chemical structures
to predict the likelihood of gastrointestinal (GI) absorption following oral ingestion [37]. The
synergistic effect of phytonutrient extracts, on the other hand, may make phytochemicals with
projected poor GI absorption nonetheless interesting to examine [38]. Based on the analysis result, all
of three subjected compounds appear with low GI absorption result.

It is identified through Toxicities summary analysis that Epigallocatechin 3-O-caffeate occupies
the safest AOT level. Based on US EPA toxicity classification, level IV includes safe chemical
consisted of compounds with LD50 values > 5000mg/kg, consequently described as "Practically non-
toxic and not an irritant". Sanggenofuran A compound has the highest level of AOT which is
categorized as “Highly toxic and seriously irritating” [39-40]. The three produced compounds must,
however, be tested for pharmacokinetic efficacy and in vitro toxicity.
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The three compounds are naturally easy to be found in Indonesia. Heterophyllin is identified in
jackfruit fruit trees and Sanggenofuran A is present in mulberry trees. Epigallocatechin-3-O-caffeate,
known as one of green tea catechins, is abundantly present in green tea plant [41-43] or Camellia
sinensis plant based on a search of the LOTUS database (https://lotus.naturalproducts.net/). Green
tea catechin disrupts cell signaling pathways that promote cell growth, angiogenesis, metastasis, and
acceleration of apoptotic pathways, among other cancer-fighting mechanisms [44-45].

4. Conclusion

The highest molecular binding activity against the INSR protein was shown by Heterophylin,
Sangenofuran A and Epigallocatechin-3-o-Caffeine. All three compounds are potential as INSR
inhibitor based on their binding affinity values and other aspects to bind to insulin receptor proteins.
Lipinski's "Rule of Five" has not been strictly adhered to, despite epigallocatechin-3-O-caffeate having
the best pharmacokinetic characteristics and level of acute oral toxicity. However, in vitro examination
must be done on the three produced compounds.

References

[1] Hanahan D. (2022). Hallmarks of Cancer: New Dimensions. Cancer Discovery, 12(1), 31-46.

[2] Ishihara, S., & Haga, H. (2022). Matrix Stiffness Contributes to Cancer Progression by
Regulating Transcription Factors. Cancers, 14(4), 1049.

[3] Geindreau, M., Bruchard, M., & Vegran, F. (2022). Role of Cytokines and Chemokines in
Angiogenesis in a Tumor Context. Cancers, 14(10), 2446.

[4] van Gerwen, J., Shun-Shion, A. S., & Fazakerley, D. J. (2023). Insulin signalling and GLUT4
trafficking in insulin resistance. Biochemical Society Transactions, 51(3), 1057—-1069.

[5] Haeusler, R. A., McGraw, T. E., & Accili, D. (2018). Biochemical and cellular properties of
insulin receptor signalling. Nature reviews. Molecular Cell Biology, 19(1), 31-44.

[6] ChunglLle, T.K., Dao, X.D., Nguyen, D. V., Luu, D. H., Hanh Bui, T. M., Le, T. H., Nguyen,
H.T., Le, T.N., Hosaka, T., & Thao Nguyen, T. T. (2023). Insulin signaling and its application.
Frontiers.

[71 Dong, S., Li, W., Li, X., Wang, Z., Chen, Z., Shi, H., He, R., Chen, C., & Zhou, W. (2022).
Glucose metabolism and tumour microenvironment in pancreatic cancer: A key link in cancer
progression. Frontiers in Immunology, 13, 1038650.

[8] Li, W., Zhang, X., Sang, H., Zhou, Y., Shang, C., Wang, Y., & Zhu, H. (2019). Effects of
hyperglycemia on the progression of tumor diseases. Journal of Experimental & Clinical Cancer
Research : CR, 38(1), 327.

[9] Kim, S. H., & Baek, K. H. (2021). Regulation of Cancer Metabolism by Deubiquitinating
Enzymes: The Warburg Effect. International Journal of Molecular Sciences, 22(12), 6173.

[10] Bose, S., Zhang, C., & Le, A. (2021). Glucose Metabolism in Cancer: The Warburg Effect and
Beyond. Advances in Experimental Medicine and Biology, 1311, 3—15.

[11] Cassim, S., Vuceti¢, M., Zdralevi¢, M., & Pouyssegur, J. (2020). Warburg and Beyond: The
Power of Mitochondrial Metabolism to Collaborate or Replace Fermentative Glycolysis in
Cancer. Cancers, 12(5), 1119.

[12] Rahman, I., Athar, M. T., & Islam, M. (2021). Type 2 Diabetes, Obesity, and Cancer Share
Some Common and Critical Pathways. Frontiers in Oncology, 10, 600824.

[13] Scully, T., Ettela, A., LeRoith, D., & Gallagher, E. J. (2021). Obesity, Type 2 Diabetes, and
Cancer Risk. Frontiers in Oncology, 10, 615375.

[14] Gumey, J., Stanley, J., Teng, A., Krebs, J., Koea, J., Lao, C., Lawrenson, R., Meredith, 1.,
Sika-Paotonu, D., & Sarfati, D. (2022). Cancer and diabetes co-occurrence: A national study
with 44 million person-years of follow-up. PloS One, 17(11), €0276913

Structure-Based Virtual Screening and Molecular Docking on the Indonesian Herbal
Compound as a Promising Insulin Receptor (INSR) Inhibitor to Suppress Tumor Growth


https://lotus.naturalproducts.net/

Veronica Hesti Candraningrum, Linda Erlina, et al. 498

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Zhang, X., Zhu, X., Bi, X., Huang, J., & Zhou, L. (2022). The Insulin Receptor: An Important

Target for the Development of Novel Medicines and Pesticides. International Journal of Molecular
Sciences, 23(14), 7793.

Liu, Q., Wang, Z., Cao, J., Dong, Y., & Chen, Y. (2022). The Role of Insulin Signaling in

Hippocampal-Related Diseases: A Focus on Alzheimer's Disease. International Journal of
Molecular Sciences, 23(22), 14417.

Baghaie, L., Bunsick, D. A., & Szewczuk, M. R. (2023). Insulin Receptor Signaling in Health
and Disease. Biomolecules, 13(5), 807.

Nguyen, T. N. Q., Jung, S., Nguyen, H. A., Lee, B., Vu, S. H., Myagmarjav, D., Eum, H. H,,

Lee, H. O., Jo, T., Choi, Y., & Lee, M. S. (2022). The regulation of insulin receptor/insulin-
like growth factor 1 receptor ratio, an important factor for breast cancer prognosis, by TRIP-
Brl. Journal of Hematology & Oncology, 15(1), 82.

Vella, V., Malaguarnera, R., Nicolosi, M. L., Morrione, A., & Belfiore, A. (2019). Insulin/IGF

signaling and discoidin domain receptors: An emerging functional connection. Biochimica et

biophysica acta. Molecular Cell Research, 1866(11), 118522.

Sanderson, M. P., Apgar, J., Garin-Chesa, P., Hofmann, M. H., Kessler, D., Quant, J.,

Savchenko, A., Schaaf, O., Treu, M., Tye, H., Zahn, S. K., Zoephel, A., Haaksma, E., Adolf,

G. R., & Kraut, N. (2015). BI 885578, a Novel IGF1R/INSR Tyrosine Kinase Inhibitor with
Pharmacokinetic Properties That Dissociate Antitumor Efficacy and Perturbation of Glucose

Homeostasis. Molecular Cancer Therapeutics, 14(12), 2762-2772.

Ma, L., Zhang, M., Zhao, R., Wang, D., Ma, Y., & Li, A. (2021). Plant Natural Products:

Promising Resources for Cancer Chemoprevention. Molecules, 26(4), 933.

Talib, W. H., Alsalahat, I., Daoud, S., Abutayeh, R. F., & Mahmod, A. I. (2020). Plant-Derived
Natural Products in Cancer Research: Extraction, Mechanism of Action, and Drug

Formulation. Molecules, 25(22), 5319.

Batool, M., Ahmad, B., & Choi, S. (2019). A Structure-Based Drug Discovery Paradigm.

International Journal of Molecular Sciences, 20(11), 2783.

G, S, S, D. K,, Ragunathan, V., Tiwari, P., A, S., & P, B. D. (2022). Molecular docking,

validation, dynamics simulations, and pharmacokinetic prediction of natural compounds

against the SARS-CoV-2 main-protease. Journal of Biomolecular Structure and Dynamics, 40(2),

585-611.

Duran-Iturbide, N. A., Diaz-Eufracio, B. 1., & Medina-Franco, J. L. (2020). In Silico

ADME/Tox Profiling of Natural Products: A Focus on BIOFACQUIM. ACS Omega, 5(26),

16076-16084.

Adon, T., Shanmugarajan, D., Ather, H., Ansari, S. M. A., Hani, U., Madhunapantula, S. V.,

& Honnavalli, Y. K. (2023). Virtual Screening for Identification of Dual Inhibitors against

CDK4/6 and Aromatase Enzyme. Molecules, 28(6), 2490.

Vinod, S. M., Murugan Sreedevi, S., Krishnan, A., Ravichandran, K., Karthikeyan, P.,

Kotteswaran, B., & Rajendran, K. (2023). Complexity of the Role of Various Site-Specific and
Selective Sudlow Binding Site Drugs in the Energetics and Stability of the Acridinedione Dye-
Bovine Serum Albumin Complex: A Molecular Docking Approach. ACS Omega, 8(6), 5634—
5654.

Dominguez-Villa, F. X., Duran-Iturbide, N. A., & Avila-Zarraga, J. G. (2021). Synthesis,

molecular docking, and in silico ADME/Tox profiling studies of new 1-aryl-5-(3-
azidopropyl)indol-4-ones: Potential inhibitors of SARS CoV-2 main protease. Bioorganic
Chemistry, 106, 104497.

Guan, L., Yang, H., Cai, Y., Sun, L., Di, P., Li, W., Liu, G., & Tang, Y. (2018). ADMET-
score - a comprehensive scoring function for evaluation of chemical drug-likeness.

MedChemComm, 10(1), 148-157.

Yadav, M., & Eswari, J. S. (2023). Opportunistic Challenges of Computer-aided Drug

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta


http://www.eksakta.ppj.unp.ac.id/index.php/eksakta

Eksakta : Berkala llmiah Bidang MIPA ISSN : 1411 3724 499

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Discovery of Lipopeptides: New Insights for Large Molecule Therapeutics. Avicenna Journal of
Medical Biotechnology, 15(1), 3—13.

Yadav, R., Imran, M., Dhamija, P., Chaurasia, D. K., & Handu, S. (2021). Virtual screening,
ADMET prediction and dynamics simulation of potential compounds targeting the main
protease of SARS-CoV-2. Journal of Biomolecular Structure & Dynamics, 39(17), 6617-6632.
Dulsat, J., Lopez-Nieto, B., Estrada-Tejedor, R., & Borrell, J. 1. (2023). Evaluation of Free
Online ADMET Tools for Academic or Small Biotech Environments. Molecules, 28(2), 776.
Yang, X., Xing, X., Liu, Y., & Zheng, Y. (2022). Screening of potential inhibitors targeting the
main protease structure of SARS-CoV-2 via molecular docking. Frontiers in Pharmacology, 13,
962863.

Mirza, Z., & Karim, S. (2023). Structure-Based Profiling of Potential Phytomolecules with
AKT1 a Key Cancer Drug Target. Molecules, 28(6), 2597.

Butnarasu, C., Garbero, O. V., Petrini, P., Visai, L., & Visentin, S. (2023). Permeability
Assessment of a High-Throughput Mucosal Platform. Pharmaceutics, 15(2), 380.

Deodhar, M., Al Rihani, S. B., Arwood, M. J., Darakjian, L., Dow, P., Turgeon, J., &
Michaud, V. (2020). Mechanisms of CYP450 Inhibition: Understanding Drug-Drug
Interactions Due to Mechanism-Based Inhibition in Clinical Practice. Pharmaceutics, 12(9), 846.
Ahmad, 1., Kuznetsov, A. E., Pirzada, A. S., Alsharif, K. F., Daglia, M., & Khan, H. (2023).
Computational pharmacology and computational chemistry of 4-hydroxyisoleucine:
Physicochemical, pharmacokinetic, and DFT-based approaches. Frontiers in Chemistry, 11,
1145974.

Vélez, L. A., Delgado, Y., Ferrer-Acosta, Y., Suarez-Arroyo, 1. J., Rodriguez, P., & Pérez, D.
(2022, June 17). Theoretical Prediction of Gastrointestinal Absorption of Phytochemicals.
International Journal of Plant Biology 13, no. 2: 163-179.

Gadaleta, D., Vukovi¢, K., Toma, C., Lavado, G. J., Karmaus, A. L., Mansouri, K.,
Kleinstreuer, N. C., Benfenati, E., & Roncaglioni, A. (2019). SAR and QSAR modeling of a
large collection of LID50 rat acute oral toxicity data. Journal of Cheminformatics, 11(1), 58.
Worasuttayangkurn, L., Nakareangrit, W., Kwangjai, J., Sritangos, P., Pholphana, N.,
Watcharasit, P., Rangkadilok, N., Thiantanawat, A., & Satayavivad, J. (2019). Acute oral
toxicity evaluation of Andrographis paniculata-standardized first true leaf ethanolic extract.
Toxicology Reports, 6, 426—430.

Farhan M. (2022). Green Tea Catechins: Nature's Way of Preventing and Treating Cancer.
International Journal of Molecular Sciences, 23(18), 10713.

Oh, J. W., Muthu, M., Pushparaj, S. S. C., & Gopal, J. (2023). Anticancer Therapeutic Effects
of Green Tea Catechins (GTCs) When Integrated with Antioxidant Natural Components.
Molecules, 28(5), 2151.

Parish, M., Massoud, G., Hazimeh, D., Segars, J., & Islam, M. S. (2023). Green Tea in
Reproductive Cancers: Could Treatment Be as Simple?. Cancers, 15(3), 862.

Mokra, D., Joskova, M., & Mokry, J. (2022). Therapeutic Effects of Green Tea Polyphenol (—
)-Epigallocatechin-3-Gallate (EGCG) in Relation to Molecular Pathways Controlling
Inflammation, Oxidative Stress, and Apoptosis. International Journal of Molecular Sciences, 24(1),
340.

Banerjee, S., & Mandal, A. K. A. (2022). Role of epigallocatechin-3- gallate in the regulation of
known and novel microRINAs in breast carcinoma cells. Frontiers in Genetics, 13, 995046.

Structure-Based Virtual Screening and Molecular Docking on the Indonesian Herbal
Compound as a Promising Insulin Receptor (INSR) Inhibitor to Suppress Tumor Growth



