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ABSTRACT

Traditional medicine has employed Ficus reliosa (Moraceae) to treat a wide range of diseases such as central nervous
system disorder, infectious disease, endocrine system, respiratory system, etc. This study aimed to evaluate phytosterol
constituents that may serve as lead-drug such as 28-Isofucosterol, Stigmasterol, Sitosterol, and Campesterol towards
their pharmacokinetic properties and chemopreventive activity to regulate nuclear receptor factor 2 (Nrf2) uptake
bound by Kelch-like Activating Protein (Keap1). Structures were studied to evaluate their respective bioactivity using
Milliprot followed by a docking study with Autodock Tools for macromolecule obtained from Protein Data Bank in
2FLU PDB file name. Chemopreventive activity from Sitosterol, Stigmasterol, Campesterol and 28-Isofucosterol in
each respective bioactivity towards nuclear receptor target : 0.72; 0.74; 0.71; 0.91. A computational study performed
by Autodock Tools against Keap1 targeted macromolecule covalent binding toward threonine 609 to obtain inhibition
results. As respective Inhibition constant obtained (pM) : 522.97; 286.75; 620.16; 369.55. Free energy obtained
(kcal/mol) : -8.57;-13.02; -12.56; -12.87. Hence the results revealed from the study showed that phytosterol compound
from Ficus religiosa proven to be useful as a chemopreventive agent to promote antioxidant gene activity through
regulation of Nrf2 factor by competing for receptor site with Keap1 during stressed conditions.
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INTRODUCTION
Tumorigenesis is a process that begins from the normal cellular transformation in the acquisition of invasive
potential, angiogenic potency, avoiding apoptosis mechanism, and uncontrollable growth factors. This
multistep of carcinogenic consists of three phases: tumor initiation, promotion, and progression.!
Chemopreventive studies show significant progress in recent years. Sterol components derived from
hydroxylated polycyclic isoterpenoids have a 1,2-cyclopentanophenanthrenen structure. With the
consumption of phytosterol as a primary and secondary dietary chemopreventive which acts to prevent
further free radicals or subject to any potential exposure to cancer, it proves beneficial to decreasing risk in
some cancer forms such as breast, prostate, lung, and ovary.>* In tropical and subtropical areas, the Ficus
genus has about 800 species of trees, epiphytes, and shrubs, making it one of the largest angiosperms.*
Among them is Ficus religiosa (FR) a sacred tree native to the south and south-east Asia reported to have
numerous benefits in its leaf juice be used to treat asthma, Alzheimer’s, cancer, diarrhea, haematuria, and
gastric problems. Phytochemical research carried out mostly led to the isolation of phytosterol, phenolic
compounds, aliphatic alcohols, amino acids, furocoumarins, hydrocarbons, essential oils, and a few other
classes of secondary metabolites from different parts.>” Campesterol, stigmasterol, sitosterol, and 28-
isofucosterol (Fig.-1) are the common phytosterol found in FR. With the new opportunities for modern
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computation modeling approaches, significant advances in computational chemistry and bioinformatics for
pharmacological targets have increased significantly.®® Each respective component undergoes a series of
docking towards Keap1-Nrf2 (Kelch-like Activating Protein-Nuclear erythroid Factor 2) signaling pathway
as chemopreventive activity properties, where the release of Nrf2 in stressed condition promote the
expression of this onset during translocation in the cell will release antioxidant gene, for example, GST P1
(Glutathione S-Transferase Pil) will protect the prostate cell from cytotoxicity and DNA damage by
heterocyclic amine carcinogenic agent such as PHIP, as in some circumstances the release of Nrf-2 may be
decreased in some genetic material deformities and prevent its translocation process that may act as primary
or secondary chemopreventive agents.!®!* This study will be focused on the docking analysis between
selected phytosterol from FR against Keap1-Nrf2.
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Fig.-1: Chemical Structures of Several Phytosterols. (A) Sitosterol, (B) Stigmasterol, (C) Campesterol, and (D) 28-
Isofucosterol

EXPERIMENTAL

Material and Methods

In silico study performed with Asus ROG hardware with specification 17-77700HQ CPU@ 2.80 GHz. PDB
code of Keap1-Nrf2: 2FLU obtained from Protein Data Bank (https://www.rcsb.org/) followed with target
covalent binding for ligand onto THR609 cavity and smiles data of campesterol, stigmasterol, sitosterol,
and 28-isofucosterol derived from Pubchem compound (https://PubChem.ncbi.nlm.nih.gov/). The
computational analysis of each phytosterol component was conducted by using a variety of applications,
including Chemdraw and Mollinspiration (https://molinspiration.com/cgi-bin/properties). Computational
assay of pharmacokinetic properties (ADMET) for Sitosterol, Stigmasterol, Campesterol, and 28-
isofucosterol determined with SMILES series followed an analysis by using pkCSM tools to predict its
values (http:/biosig.unimelb.edu.au/pkcsm/prediction).!> Autodock Tools-15.6 and Discovery Studios
2016 (64-bit) to determine each ligand-based-receptor binding result.

RESULTS AND DISCUSSION

Target and Pharmacokinetic Prediction

Table-1 prediction of the ligand-target receptor for each phytosterol component respectively with
Mollinspiration showed that most of the subject has a great potential to act with nuclear receptor binding
whereas 28-isofucosterol gave the best possibility towards ligand-target, each component to give good
compatibility result. Meanwhile, for G-protein, ion channel, and kinase inhibitor none had the potential
except for sitosterol. This indicates NrF2 which belongs to the nuclear receptor family could prove to be
beneficial in their interaction with the subjected phytosterol group (Bioactivity Probability < 1). Table-2
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showed most phytosterol may induce the activity of CYP3A4 if combined with multiple treatments it may
compete with other pharmaceutical products that inhibit the enzyme which led to the toxicity of others.
Whereas for the substances themselves even with their nature to act as CYP3 A4 inducers, they won’t cause
any major harm to the body due to the less to no hepatoxicity effect is presented.'®

Table-1: Bioactivity Prediction of each FR Phytosterol Component

Compound G-Protein Ton- 'Ki.na'se Nuclear .PI’O.t case En;yme
channel inhibitor receptor inhibitor inhibitor
Sitosterol 0.20 0.00 0.40 0.72 0.25 0.45
Stigmasterol 0.12 0.08 0.48 0.74 0.02 0.53
Campesterol 0.11 0.01 0.48 0.71 0.01 0.50
28- 0.11 0.06 0.49 0.91 0.14 0.64
Isofucosterol

Table-2: Prediction of Pharmacokinetic Properties of each FR Phytosterol Component

Properties Parameters Sitosterol Stigmasterol Campesterol 28- Unit
Isofucosterol
. . Numerical
Absorption| Water solubility -7.402 -6.82 -7.056 -6.4 (Log mol/L)
. Volume of Numerical
Distribution| Distribution 0.269 0.102 0.282 0.039 (Log Like)
. CYP3A4 Categorical
Metabolism Substrate Yes Yes Yes Yes (Yes/No)
Numerical
Excretion | Total clearance 0.498 0.618 0.562 0.61 (Log
ml/min/kg)
.. - Categorical
Toxicity Hepatotoxicity No No No No (Yes/No)

Table-3 showed the rule of 5 for each phytosterol component predicted accordingly to Lipinski rule of five
and met all the requirements whereas molecular weight should be below < 500; Log p indicated that four
compounds acting more hydrophobic due to its value above 5. The number of donors and acceptor of protein
are all molecule acceptable in the requirements whereas proton donor < 5 as for acceptor proton < 10. The
number of pose strike more for sitosterol to reach its ligand respective target molecule and met the
requirement < 10, while particle surface area is the same for each component. This proves that four
components have almost the same high permeability and are easier to absorb based on the rules of five
Lipinski.!”-1°
Table-3: Lipinski Rules of Five Prediction

Compound Molecular weight LogP DP/AP Rotb TPSA
Sitosterol 456.80 8.95 1/1 6 20.23
Stigmasterol 412.70 7.87 1/1 5 20.23
Campesterol 400.69 8.30 1/1 5 20.23
28-Isofucosterol 412.70 7.69 1/1 5 20.23

*log P = Partition coefficient; DP/AP = Proton Donor/ Acceptor Donor; Rotb = number of Rotational Bond; TPSA =
Total Particle Surface Area

Table-4 showed that each respective phytosterol compound identified from FR has a free affinity binding
value of about -13.02 kcal/mol for stigmasterol indicating that it gave a strong and stable binding but low
inhibition affinity of 286.75 pM. Meanwhile, sitosterol even though the lowest free energy binding values
have better binding quality due to it had an attachment with two hydrogen bonds namely GLY462 and
ARG415, indicated the abundance of hydrogen bond for sitosterol provide an inhibition activity to regulate
Nrf2 intake in nuclear.

Table-5 and Figure-2 showed the number of hydrogen bonds of each phytosterol compound with 2FLU in
some mostly attached to ARG4135, differ from stigmasterol whose chemical structure could provide van der
walls bond with GLY462. The alkyl and Pi-alkyl chains through binding with receptors still provide a weak
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bond and do not contribute much to binding stability, as for sitosterol due to its covalent bond presence
within TYR525 and TYRS527 may provide a good affinity and more stable attachment toward receptors
making it a good competitive inhibitor amongst the other three compounds

Table-4: In silico Result of Each Phytosterol Against 2FLU

No Ligand Inhibition Affinity (pM) | Free Energy (kcal/mol)
1 Sitosterol 522.97 -8.57
2 Stigmasterol 286.75 -13.02
3 Campesterol 620.16 -12.56
4 28-Isofucosterol 369.55 -12.87
Table-5: Amino Acids Interaction Between Phytosterol Compounds With 2FLU
Compound Chemical bonds
P Hydrogen Bond | Van Der Walls Alkyl Pi-Alkyl Covalent
CYS513
VALS514 ILES59
. . ALA466 ALA366
Stigmasterol ARG415 GLY462 VAL467 VALG606 -
VALA418
CYS368
. TYR334 TYRS572
Sitosterol ARG380 - ALASS6 PHES77 TYR525
ALA486
Campesterol | ARG415 ; CYS368 \I]i]i565096 ;
VALA418
ALA366 CYS513
Isofucosterol ARG415 - ALA607 VALA465 -
CYS368 ILE559
(n s s
., X:513 x50 (3) A
L8 3
ae2 »
X::6l7
AR
i . & o e @
S 48 RS
(2) gy X557 (4) K8 PLA
3
P 3 RS f5s
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Fig.-2: 2D Interaction between Amino Acids and Phytosterol Compounds with 2FLU
CONCLUSION

According to the findings of this research, it can be concluded that consuming phytosterol from FR as a
supplement during tumor/cancer incidence could provide primary or secondary chemopreventive to prevent
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any possibility of malignant occurrence for the subject. These phytosterols act as competitive agents to
counteract against keapl for Nrf2 to promote more antioxidant genes during stressed conditions, thus
furthering the possibilities as primary.
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