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ARTICLEINFO ABSTRACT

Keywords: Atherosclerosis is a condition characterized by inflammation in the arteries, which is linked with
Atherosclerosis; the accumulation of lipids and alterations in metabolism. Considering that atherosclerosis is the
LXR o; main factor causing death in the world, it is necessary to carry out immediate prevention and
Molecular docking; treatment to reduce the risk of developing clinical severity. The creation of foam cells, which
PPARYy; originate from macrophages, is considered a key element in cardiovascular ailments, particularly in
Tagetes erecta Linn. the advancement of atherosclerosis. Two types of the nuclear receptors known as Peroxisome

proliferator-activated receptor y (PPARYy) and liver X receptor a (LXRa), which serve as a primary
regulator of cholesterol, intracellular lipid homeostasis and they are instrumental in the process of
reverse cholesterol transport (RCT). Activation of these receptors could potentially decrease foam
cell formation, consequently lowering the risk of atherogenesis and reducing cardiovascular
disease risk. This research aims to determine sterol derivative compounds in Tagetes erecta Linn.
which have the best interaction and potential as anti-atherosclerosis through peroxisome
proliferator-activated receptor y (PPARY) and liver X receptor o (LXRa) activation. The analysis of
this study is using docking molecular analysis. The parameters observed in this study were docking

History: score, visualization results, absorption, distribution, metabolism, excretion profile, and toxicity
¢ Received - 19 April 2024 value. The molecular docking outcomes indicate that -sitosterol and 7f-hydroxysitosterol possess
¢Revised - 31 July 2024 the most favorable binding energy values. They exhibit a positive pharmacokinetic profile, with the
¢ Accepted - 05 August 2024 exception of gastrointestinal absorption and respiratory toxicity.

Introduction

Atherosclerotic disease occurs due to the accumulation of plaque in the walls of arteries. Atherosclerotic plaque formation
consists of four stages, starting with endothelial damage, migration of Low Density Lipoprotein (LDL) into the intima,
inflammatory response, and fibrous cap formation (Pramatama et al., 2014). The initial phase of atherosclerosis is marked by
the accumulation and modification of LDL, which is oxidized to form oxLDL, triggering endothelial inflammation. This is
followed by the migration of monocytes into the tunica intima, where they transform into macrophages and phagocytize
oxidized LDL (oxLDL) via scavenger receptors. This procedure leads to the creation of foam cells, which over time transform
into fatty streaks. The activation of this system leads to the production of cytokines and growth factors, which in turn
stimulate the growth and movement of smooth muscle cells from the tunica media to the tunica intima. This can lead to
plaque enlargement, fibrous cap formation, and ultimately, atherosclerosis (Ramadhian and Rahmatia, 2017).

LXR is a transcription factor that is part of the extensive family of Nuclear Receptors (NRs), which serves as a primary
regulator of cholesterol and intracellular lipid homeostasis. LXR serves as the primary cholesterol sensor, addressing excess
sterols by enhancing the regulation of ATP Binding Cassette (ABC) transporters, including ATP Binding Cassette A1 (ABCA1)
and ATP Binding Cassette G1 (ABCG1, which subsequently leads to the formation of High Density Lipoprotein (HDL) from
macrophages (Franceschelli et al., 2023). The Peroxisome Proliferator Activated Receptor Gamma (PPARYy) has the ability to
boost cholesterol efflux by triggering the transcription of the LXRa gene. Activated PPARY leads the expression of ABCA1,
ABCG1, and SR-B1, which are associated with increased cholesterol efflux from macrophages through a transcriptional
cascade mediated by LXRa (Fruchart et al,, 2019). The role of ABCA1 and ABCG1 in maintaining cholesterol homeostasis is
widely acknowledged, the expression of ABCA1 and ABCG1 can speed up the efflux of cholesterol (Lin et al., 2018).

Tagetes erecta Linn. also known as the Gemitir flower or Marigold flower, is a plant that has anti-atherosclerosis
potential. Gemitir flowers are widely cultivated as traditional medicine, ornamental plants, and natural dyes. Gemitir flowers
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in Bali are used as a traditional ceremonial offering, namely canang. There are 22 phytochemical components of the ethanol
extract of Gemitir flower compounds which were tested using silica gel column chromatography, including daucosterol,
erythrodiol-3palmitate, f3-sitosterol, ethylene glycollinoleate, 7(3-hydroxysitosterol, erythrodiol, 1-[5-(1-propyn-1-yl)[2, 2-
bithiophen]-5-yl]-ethanone, a-terthienyl, lupeol, quercetagetin, quercetagetin-7-0O-glucoside, quercetagetin-7-methylether,
syringic acid, gallic acid, 3-a-galactosyl disyringic acid, 3-Bgalactosyl disyringic acid, 6-ethoxy-2, 4-dimethylquinoline,
oplodiol, (3S, 6R, 7E)-hydroxy4,7-megastigmadien-9-one, kaempferol, n-hexadecane, and palmitin (Singh et al., 2020).

Based on research conducted by Kresnapati et al. (2021), Gemitir flower ethanol extract at a dose of 200mg/kg and
400mg/kg induced in Rattus norvegicus can reduce the value of total cholesterol, Low Density Lipoprotein (LDL),
malondialdehyde (MDA), and Apolipoprotein B (Apo B) significantly (p<0, 05). Previous research may support the potential
of sterol derivatives in Tagetes erecta L. to be developed as anti-atherosclerosis.

The initial stage in the discovery of new drugs which is currently widely studied is in silico interaction studies which
begin with molecular docking (Damayanti et al., 2021). Molecular docking studies are one of the methods that can be used to
discover new drugs. Molecular docking is a computational process of searching for ligands that match protein binding sites.
This method is used to imitate the interaction of a ligand molecule with the target protein from in vitro test through a
computer simulation model. Research using sterol derivatives in gemitir flower (Tagetes erecta Linn) compounds for anti-
atherosclerosis has never been carried out before, so this research can be used as a starting point to find out more about the
sterol derivatives in Tagetes erecta Linn which have the potential to activate LXRa and PPARYy receptors.

Methods

Ligand and Protein Preparation

The four sterol derivative compounds isolated from Tagetes erecta Linn. were chosen as tested ligands in the study. The 3D
structures of each ligand were downloaded on the PubChem website. Ligand preparation started with hydrogen added and
Gasteiger charges. The protein structure used in this research was PPARy (PDB ID: 8HUP) and LXRa (PDB ID: 3IPQ)
downloaded from Protein Data Bank (RSCB PDB) (https://www.rcsb.org). Each protein substrate was prepared to dock
using AutoDockTools 1.5.7. by removing unnecessary amino acid chains, removing water molecules, hydrogen added, and
addition of Kollman charges. The grid box coordinate used is 43.079 X 16.295 X -6.463, the grid center coordinate are 46, 22,
24 (xyz coordinate) for PDB ID: 31PQ and 4.661 X 2.342 X -11.773, the grid center coordinate are 40,26,18 (xyz coordinate)
for PDB ID: 8HUP.

Molecular Docking

Data obtained from the results of this study stated the bond energy strength, the number of hydrogens, and the number of
hydrophobic interactions. The docking procedure was configured to yield the top 100 conformations utilizing the
Lamarckian Genetic Algorithm incorporated in the AutoDock suite. The optimal conformation was selected according to the
minimum binding energy value, and the 2D interaction representation was created using the Discovery Studio Visualizer
software.

Validation Method

The validation of molecular docking in this research utilizes the overlay method with the Pymol application. The overlay
method involves ensuring that the conformation of the original ligand perfectly aligns with the crystallographic ligand (Shah
et al, 2019). This validation aims to assess the performance of the docking program to avoid deviations or errors. The Root
Mean Square Deviation (RMSD) value is a common way to measure the average distance between the ligands from redocking
results and the crystallographic ligands. The commonly accepted maximum limit for RMSD to evaluate the docking program's
capability is 2A (Rimac et al., 2021). A smaller RMSD value (approaching zero), indicates a higher similarity to the original
ligand.

ADME and Toxicity Properties

Each of the ligands was transformed into SMILES format utilizing the Open Babel software, and subsequently, they were
individually submitted to the ADMETLab and SwissADME web servers. The software supplied the data, which included the
outcome of the Lipinski rule of five computations, as well as absorption, distribution, metabolism, excretion, and toxicity data
for every ligand.

Results and Discussion

Molecular Docking Analysis

Sterols are type of steroid compound characterized by a hydroxyl group at the C-3 atom of the A ring. Four sterol derivatives
have been identified in Tagetes erecta Linn., namely B-sitosterol, daucosterol, erythrodiol, and 7f3-hydroxysitosterol. The
structures of the macromolecules were obtained from the Protein Data Bank (PDB), with specific macromolecules used for
the LXRa receptor (PDB ID: 3IPQ) and the PPARy receptor (PDB ID: 8HUP). The resolution value for 8HUP is 2.36A, while for
3IPQ, is 2.00A. Both of these resolution values are in the category of good resolution. Generally, lower resolution values
indicate better defined structures (Fatimah et al., 2020).

The preparation of macromolecules begins with the removal of unnecessary chains, elimination of water molecules, the
addition of hydrogen, and the incorporation of Kollman charges. Water molecules have the potential to interfere with the
binding process between the ligand and the receptor by forming hydrogen bonds with the receptor. Therefore,
macromolecular preparation always starts with the removal of water molecules (Suwandi et al., 2023). Hydrogen atoms are
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added to enhance the interactions between the ligand and the protein. Furthermore, the addition of hydrogen can ensure
that the bonds formed during molecular docking have the same conditions with the body's pH (pH 7) (Suwandi et al., 2023).
The addition of Kollman charges aims to assign values to each amino acid, then the macromolecule can adapt to the
computational environment. Additionally, the incorporation of Gasteiger charges during ligand preparation serves to
optimize the interactions between the ligand and the receptor (Prasetiawati et al., 2023).

Based on the validation method, LXRa protein has an RMSD value of 1.7694, while the PPARy protein has an RMSD value
of 0.000. This indicates that both specific proteins have crystallographic ligands closely similar to the original ligands and
have been validated. The grid box settings serve to prevent changes in the binding site (Ravi and Krishnan, 2016). The
stability parameter under observation is the Gibbs free binding energy (AGbinding), which signifies the free energy involved
in the interaction between the ligand and a particular protein. Table 1 displays the binding energy measurement results for
both the test ligand and the original ligand against the LXRa and PPARY receptors. A smaller or negative value of AGbinding
implies a more stable interaction between the ligand and the protein, indicating the formation of a stronger bond (Weni et al.,
2020). The AGbinding parameter is considered good if it has a value < -4.0 kcal/mol.

Table 1. Molecular docking results of ligands through LXRa and PPARy receptor

Macromolecul Tested Ligand AGpinding (kkal/mol)
965* -14.93
T0901317** -8.14
B-sitosterol*** -13.37

LXRa Daucosterol*** -6.77
Erythrodiol*** -8.20
7B-hydroxysitosterol*** -13.46
KKB* -7.90
Pioglitazone** -8.34
B-sitosterol*** -9.69

PPARY Daucosterol*** -5.71
Erythrodiol*** +3.79
7B-hydroxysitosterol*** -9.32

* = Original Ligand; ** = Positif Control; *** = Compound

LXRa agonists can be used as a therapy for atherosclerosis by reducing foam cells within macrophages. An imbalance or
dysregulation of LXRa within the body can potentially lead to the onset of metabolic disorders. This includes conditions such
as hyperlipidemia and atherosclerosis. It is important to maintain the regulation of LXRa to prevent these health
complications (Arifuzzaman et al.,, 2023). According to Tsou et al. (2014), 3-(5'-hydroxymethyl-2'-furyl)-1-benzyl indazole
(YC-1), a synthetic activator of soluble guanylyl cyclase (sGC), led to an increase in ABCA1 expression induced by YC-1. This
coincided with elevated levels of LXRa, resulting in the inhibition of foam cell formation. The findings of the current study
suggest that andrographolide might be a potential contender for preventing atherosclerosis. This is achieved by increasing
the mRNA and protein expression of ABCA1 and BCG1, which in turn leads to the prevention of macrophage foam cell
formation induced by oxLDL (Lin et al., 2018).

The molecular docking results for the positive control T0901317, which is a chemical agonist of LXRa, show a AGbinding
value of -8.14 kcal/mol. In comparison, the sterol derivatives from gemitir flowers against the specific protein 3IPQ indicate
that 7f3-hydroxysitosterol and B-sitosterol have the lowest AGbinding values, -13.46 and -13.37 kcal/mol, respectively. When
compared to the original ligand, these values are slightly higher. The original ligand 3IPQ has a AGbinding of -14.94,
indicating that the compounds 7f-hydroxysitosterol and (3-sitosterol can bind to the 3IPQ protein, but the formed bonds are
not more stable than the original ligand. The research conducted by Susanti (2019) by testing compounds Hibiscetin 3-
glucoside, Gossypitrin, Quercetin, and Luteolin found in Hibiscus sabdariffa as LXRa agonists, it is revealed that Gossypitrin
has the lowest AGbinding value, which is -9.1 kcal/mol. This binding energy value is still higher compared to the compounds
7B-hydroxysitosterol and (3-sitosterol.

Increased ligands with agonistic activity towards the PPARy receptor stimulate the formation of dimeric structures with
the Retinoid X Receptor (RXR), followed by conformational changes in the receptor that form a transcription complex to
activate target genes (Khotimah et al., 2020). Activation of PPARy can inhibit the development of atherosclerosis through
various mechanisms, which is by enhancing reverse cholesterol transport. The molecular docking outcomes of the test
compounds against the specific receptor 8HUP indicate that both 7f-hydroxysitosterol and [-sitosterol have lower
AGbinding values compared to the original ligand and pioglitazone as a positive control. This suggests that these two
compounds can bind to the 8HUP protein and form more stable bonds than the original ligand.

Visualization Result

The identification of ligand interactions in the active pocket is crucial. This aims to illustrate the types of bonds formed
between the ligand and the target protein. Some interactions interactions encompass hydrogen bonds, hydrophobic
associations, and electrostatic connections, these are key in understanding the relationship between the ligand and its target
protein. Comparing hydrogen bonding patterns between the test ligand and the reference ligand reveals similarities in the
types of interactions, which is related to the similarity in activity between the original ligand and the test ligand. Fig-1 and
Fig-2 show that a bond forms between the ligand and various amino acid residues on the LXRa and PPARY receptors.
Compounds 7f-hydroxysitosterol and -sitosterol create hydrogen bonds with the amino acid residue GLU267 in the protein
31PQ. However, (-sitosterol does not form a hydrogen bond with any amino acid residues in the protein 8HUP. The hydrogen
bond formed by the compound 7f-hydroxysitosterol with the specific protein 8HUP involves CYS285, and this amino acid
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residue is also present in the original ligand and the positive control (pioglitazone). According to Gholam (2022), hydrogen
bonds formed with amino acid residues can maintain the stability of molecular complexes, thereby stimulating the biological
response to the target protein.
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Fig-1. 2D interaction of ligands (a) B-sitosterol and (b) 7B-hydroxysitosterol against LXRa receptor
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Fig-2. 2D interaction of ligands a) B-sitosterol and b) 7B-hydroxysitosterol against PPARy receptor

The presence of hydrophobic interactions and electrostatic interactions can enhance the stability of conformation (Naufa
et al,, 2022). Hydrophobic interactions are a type of interaction that tends to avoid aqueous environments and prefers to
gather within the globular protein structure. The formation of hydrophobic bonds aims to reduce interactions between non-
polar residues and water. Types of hydrophobic interactions include pi-alkyl, alkyl, pi-pi stacked, pi-pi T-shaped, and pi-
sigma (Arifin and Febriansah, 2022). The hydrophobic interactions of 3-sitosterol and 7f-hydroxysitosterol compounds with
the same protein 3IPQ complex as the original ligand complex and positive control is ILE339. There are three residues which
results from the interaction from both compounds with 8HUP protein, these include ILE281, ARG288, and ILE341.
Additionally, the pi-sigma interaction occurring between the compounds 7f-hydroxysitosterol and {-sitosterol with the
amino acid residue PHE326 against protein 3IPQ is also considered a hydrophobic interaction.

ADME and Toxicity Properties

In recent drug development and discovery, the evaluation of drug-like properties in early stages of the research process has
been conducted. This evaluation involves various approaches, such as Lipinski's Rules of Five. Lipinski's Rules of Five is a
simple set of guidelines aimed at assessing the similarity of a chemical compound with specific pharmacological or biological
activities that make it active through oral administration in humans. The rules state that a compound with drug-like activity
should have a molecular weight (MW) <500g/mol, a log P value <5 to represent its hydrophobicity, should have a maximum
of 5 Hydrogen Bond Donors (HBDs), a maximum of 10 Hydrogen Bond Acceptors (HBAs), and its Molar Refractivity value
should fall within the 40-130 cm®/mol range. Compounds meeting these five principles have high pharmacokinetic and
bioavailability levels in the metabolic process. A compound is considered not to comply with Lipinski's Rule if it fails to meet
the requirements of two out of the five criteria (Ivanovic et al, 2020). The results of the drug-likeness evaluation using
Lipinski’s Rule of Five indicate that three compounds, 3-sitosterol, erythrodiol, and 7B-hydroxysitosterol, meet the criteria
presented in Table 2.

Monitoring the pharmacokinetic properties of test compounds in the early stages of drug discovery can reduce failures
related to pharmacokinetics in later phases. The pharmacokinetic profile of compounds is predicted using the ADMETIlab and
SwissADME web servers, considering absorption, distribution, metabolism, and excretion profiles, as shown in Table 3. The
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observed absorption profiles include GI Absorption, P-glycoprotein inhibitor, and P-glycoprotein substrate. All four
compounds have low GI absorption values. This may result in poor absorption by the intestines and inadequate distribution
throughout the body. Further research to enhance GI absorption involves structural modification by adding a base to ensure
that the compound’s structure have same conditions with intestinal. Factors influencing GI absorption and bioavailability are
not limited to the structure of the active compound alone, several external factors can also affect GI absorption.

Table 2. Drug likeness lipinski’s rule of five

Molecular H-Bond H-Bond logP Molar
Compounds Weight (MW) Acceptors Donors Refractivity Acceptability
<500 g/mol <10 <5 <5 40-130 cm3/mol

B-sitosterol 414.71 1 1 7.663 133.23 Accepted
Daucosterol 576.44 6 4 5.970 165.61 Rejected
Erythrodiol 442.38 2 2 6.755 136.04 Accepted
7B-hydroxy 430.38 2 2 6225 13439 Accepted
sitosterol

Table 3. Pharmacokinetic Profile of Test Compounds with ADMETLab and SwissADME

Compounds
Parameter B-sitosterol Daucosterol Erythrodiol 7.B-hydroxy
sitosterol

Absorbtion
Gl absorption Low Low Low Low
P-glycoprotein inhibitor - -- - -
P-glycoprotein substrate
Distribution
Plasma Protein Binding (PBB) (%) 98.314 97.236 98.952 98.616
Blood brain barrier penetration ++ - ++ 4+
Volume Distribution (VD) (L/Kg) 1.963 1.440 1.175 1.287
(F;Sctlon unbound in plasma (Fu) 1.485 1.807 9427 1881
Metabolism
CYP3A4 substrate ++ - - T+
CYP3A4 inhibitor -- - _ _
CYP2D6 substrate - - + +
CYP2D6 inhibitor
CYP2(C9 substrate - -- - +
CYP2C9 inhibitor --- - - -
CYP2C19 substrate +++ +++ +++ +++
CYP2C19 inhibitor
CYP1A2 substrate - - - +
CYP1A2 inhibitor
Ekskretion
Clearance (CI) 16.686 5.939 13.615 13.518

(mL/min/kg)
Half Life (T1/2) 0.013 0.016 0.014 0.018
Description: Probability value prediction: ---: 0—-0.1;--: 0.1-0.3;-:0.3-0.5; +:0.5-0.7; ++: 0.7 - 0.9; +++:0.9-1.0

The distribution profile observed in this study includes %Plasma Protein Binding (PPB), Blood-Brain Barrier penetration,
Volume of distribution, and Fraction unbound in plasma. Erythrodiol has a strong binding with plasma receptors with a
%PBB value of 98.952%, followed by 7(-hydroxysitosterol with a value of 98.616%, and [-sitosterol with a value of
98.314%. The %PPB value indicates the portion of the drug bound to plasma receptors that cannot diffuse across cell
membranes, thereby being unable to interact with target sites (Ruswanto et al., 2020). The Blood-Brain Barrier represents
the ability of a compound to be absorbed into the Central Nervous System (CNS). Compounds (-sitosterol, Erythrodiol, and
7B-hydroxysitosterol show BBB values of 0.7-0.9, indicating that these three compounds are considered easy to pass through
the blood-brain barrier (Winardi et al., 2023).

The volume of distribution (Vd) of a drug is highly dependent on the characteristics of the drug. Lipophilic compounds
have a larger Vd as they can distribute into adipose tissues and intracellular compartments, while hydrophilic drugs have a
smaller Vd as they can only spread in the interstitial area, i.e., extracellular fluid (Setiawan et al,, 2019). The volume of
distribution for the three compounds indicating that the volume of distribution for these compounds categories into the high
category.

The prediction of P-glycoprotein (P-gp) substrates indicates that all four test compounds are not classified as substrates
for P-gp. The objective of determining if a compound is a substrate or not for P-glycoprotein (P-gp) is to predict the active
expulsion across biological barriers, for instance, the transition from the gastrointestinal wall to the lumen, this is a vital
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factor in understanding how a drug might be absorbed and distributed within the body. P-glycoprotein can limit drug uptake
by cells, potentially leading to therapy failure due to lower-than-expected drug concentrations (Agustin and Wahjudi, 2023).

The metabolic profile is marked by the presence or absence of inhibition of cytochrome P450 enzymes, especially
isoforms CYP2D6 and CYP3A4. Cytochrome P450 enzymes are crucial in the metabolism of drugs within the human body.
Compounds acting as substrates for CYP450 enzymes will undergo metabolism by these enzymes, while compounds acting as
inhibitors may weaken the metabolism activity and increase the toxicity of the compound. Additionally, when the activity of
these Cytochrome P450 isoenzymes is inhibited, it can lead to an accumulation of the drug or its metabolites in the body due
to reduced metabolism, this can result in increased drug potency, prolonged drug effect, and potential toxicity (Agustin and
Wahjudi, 2023). B-sitosterol, Erythrodiol, and 7f-hydroxysitosterol do not act as inhibitors for CYP2D6, CYP3A4, CYP1A2,
CYP2C19, and CYP2C9, indicating that these three compounds are more easily excreted and are non-toxic.

The compound's excretion profile can be observed through parameters such as Clearance and Half-Life (T1/2). Total
Clearance is a combination of hepatic clearance, biliary clearance, and renal clearance (Agustin and Wahjudi, 2023).
Clearance values, based on the ADMETLab parameters, are divided into three categories: high clearance with values >15
mL/min/kg, moderate with values between 5-15 mL/min/kg, and low with values <5 mL/min/kg. Table 4 shows that f3-
sitosterol has a high clearance value of 16.686 ml/min/kg, indicating a lower risk of toxicity.

Table 4. Compound’s toxicity

Parameter Compounds

B-sitosterol Daucosterol Erythrodiol 7B-hydroxy sitosterol
Respiratory toxicity + ++ +++ ++
Non-genotoxic rule No Alert No Alert No Alert No Alert
Human hepatotoxicity - - - -
Genotoxic rule No Alert No Alert No alert No Alert
Drug Induced Liver Injury (DILI) - - - -
Carcinogenicity
AMES toxicity --- --- - -
Acute toxicity rule No Alert No Alert No Alert No Alert
LCsoFM 5.365 5.307 6.414 5.893

Description: Probability value prediction: ---: 0—-0.1;--: 0.1-0.3;-:0.3-0.5; +:0.5-0.7; ++: 0.7 - 0.9; +++:0.9-1.0

The toxicity analysis of the test compounds is assessed based on parameters such as AMES toxicity, carcinogenicity,
genotoxic rule, non-genotoxic rule, acute toxicity rule, Drug-Induced Liver Injury (DILI), LCsoFM, respiratory toxicity, and
Human Hepatotoxicity (H-HT). All compounds have a very low probability of causing mutagenicity, do not cause
carcinogenicity, and have no warnings for the genotoxic rule, non-genotoxic rule, and acute toxicity. All compounds indicate
safety regarding human hepatotoxicity and Drug Induced Liver Injury (DILI). In contrast to the previous analysis, all three
test compounds, 3-sitosterol, Erythrodiol, and 73-hydroxysitosterol indicate that they can cause respiratory toxicity.

Conclusion

In this study, the focus of investigation is the potential antiatherosclerotic properties of natural compounds derived from
Tagetes erecta Linn. Our findings revealed that the compounds (-sitosterol and 7(-hydroxysitosterol, isolated from Tagetes
erecta Linn., exhibited remarkable inhibitory activity against atherosclerosis using in silico methods. Furthermore, in silico
molecular docking simulations indicated strong binding affinity between (-sitosterol and 73-hydroxysitosterol and specific
molecular targets: 8HUP from Peroxisome Proliferator-Activated Receptor Gamma (PPARy) and 3IPQ from Liver X Receptor
Alpha (LXRa). These receptors serve as key regulators in antiatherosclerotic processes, including cholesterol homeostasis
and reverse cholesterol transport (RCT). Based on the results of AGbinding, pharmacokinetic profiles, and toxicity, these
findings suggest that B-sitosterol and 73-hydroxysitosterol merit further exploration as promising candidates for drug
development in antiatherosclerotic therapy. Future studies should focus on in vivo validation and elucidating the underlying
mechanisms of their action.

Conflict of Interests

The author(s) declares that there is no conflict of interest in this research and manuscript.

Acknowledgment

Authors would like to acknowledge Universitas Mahasaraswati Denpasar and Laboratory of Chemistry of Pharmacy Faculty
for their support in these studies.

References

Agustin, D.F., & Wahjudi, M. (2023). Studi in silico potensi metabolit sekunder Eleutherine palmifolia (L.) Merr. sebagai
inhibitor protein E6 dan E7 dari human Papilloma Virus. Keluwih: Jurnal Kesehatan dan Kedokteran, 4(1), 11-30.
https://doi.org/10.24123 /kesdok.v4i1.5818

89


https://doi.org/10.24123/kesdok.v4i1.5818

Rahadi, IWS et al: Tagetes erecta Linn.

Arifin, N. H., & Febriansah, R. (2022). Uji molecular docking dan bioinformatika terhadap meniran (Phyllanthus niruri L.)
sebagai antivirus SARS-CoV-2 dan antikanker serviks. E-Journal Menara Perkebunan, 90(1), 11-22.
https://doi.org/10.22302 /iribb.jur.mp.v90i1.477

Arifuzzaman, S., Labu, Z. K, Harun-Or-Rashid, Md., Laboni, F. R, Khatun, Mst. R., & Chowdhury, N. S. (2023). Identification of
novel compounds targeting the liver X receptor (LXR): in-silico studies, screening, molecular docking, and chemico-
pharmacokinetic analysis. https://doi.org/10.21203 /rs.3.rs-3688739 /v1

Damayanti, S., Khonsa, K., & Amelia, T. (2021). Antiviral activity and toxicity prediction of compounds contained in figs (Ficus
carica L) by in silico method. Indonesian journal of Pharmaceutical Science and Technology, 8(1), 21.
https://doi.org/10.24198/ijpst.v8i1.29868

Fatimah, D. S., Widiyastuti, S., Oktaviani, D. ]., Amanda, Q. P., Lestari, S., Ramadhan, S. A., & Megantara, S. (2020). Pemodelan
farmakofor, skrining virtual, dan penambatan molekul senyawa metabolit dalam ekstrak daun salam (Syzygium
polyanthum (wight) walp.) sebagai senyawa antihipertensi. Jurnal Farmasi Galenika, 7(2), 91-107.

Franceschellj, S., De Cecco, F., Pesce, M., Ripari, P., Guagnano, M. T., Nuevo, A. B,, Grilli, A., Sancilio, S., & Speranza, L. (2023).
Hydroxytyrosol reduces foam cell formation and endothelial inflammation regulating the PPARy/LXRa/ABCA1 pathway.
International Journal of Molecular Sciences, 24(3). https://doi.org/10.3390/ijms24032057

Fruchart, . C, Santos, R. D., Aguilar-Salinas, C., Aikawa, M., Al Rasadi, K., Amarenco, P., Barter, P. ]., Ceska, R, Corsini, A,
Després, |. P, Duriez, P., Eckel, R. H,, Ezhov, M. V., Farnier, M., Ginsberg, H. N., Hermans, M. P., Ishibashi, S., Karpe, F.,
Kodama, T., ... Libby, P. (2019). The selective peroxisome proliferator-activated receptor alpha modulator (SPPARMa)
paradigm: Conceptual framework and therapeutic potential. Cardiovascular Diabetology, 18(1), 1-20.
https://doi.org/10.1186/s12933-019-0864-7

Gholam, G. M. (2022). Molecular docking of the bioactive compound Ocimum sanctum as an inhibitor of Sap 1 Candida
albicans. Sasambo Journal of Pharmacy, 3(1), 18-24. https://doi.org/10.29303/sjp.v3i1.157

Ivanovi¢, V., Ranci¢, M., Arsi¢, B., & Pavlovi¢, A. (2020). Lipinski’s rule of five, famous extensions and famous exceptions.
Chemia Naissensis, 3(1), 171-181. https://doi.org/10.46793 /chemn3.1.171i

Jayanto, F., Mustarichie, R., & Kakhar, A. (2020). Virtual Screening Kandungan Senyawa Kipas Laut (Gorgonia mariae) sebagai
Antiasma. Alchemy, 16(2), 199-210. https://doi.org/10.20961 /alchemy.16.2.3996.199-210

Khan, M. A,, Hashim, M. ]., Mustafa, H., Baniyas, M. Y., Al Suwaidi, S. K. B. M., AlKatheeri, R, Alblooshi, F. M. K., Almatrooshi, M.
E. A. H, Alzaabi, M. E. H,, Al Darmaki, R. S, & Lootah, S. N. A. H. (2020). Global Epidemiology of Ischemic Heart Disease:
Results from the Global Burden of Disease Study. Cureus, 12(7). https://doi.org/10.7759/cureus.9349

Khotimah, S., Kalim, H., Rohman, M. S., & Soeharto, S. (2020). Anti-atherosclerotic activity of eleutherine americana merr. As
the peroxisome proliferated-activated receptor y agonist: In silico study. Research Journal of Pharmacy and Technology,
13(3), 1423-1428. https://doi.org/10.5958/0974-360X.2020.00260.7

Kresnapati, I. N. B. A,, Khaerunnisa, S., & Safitri, I. (2021). Ethanol Extract of Marigold Flower (Tagetes Erecta L.) Decreases
The Total Cholesterol, Low Density Lypoprotein (LDL), Malondialdehyde (MDA), and Apoliprotein B (APOB) on
Hyperlipidemia Rat Models. Folia Medica Indonesiana, 57(3), 245. https://doi.org/10.20473 /fmi.v57i3.23838

Lin, H. C, Lii, C. K,, Chen, H. C, Lin, A. H, Yang, Y. C,, & Chen, H. W. (2018). Andrographolide Inhibits Oxidized LDL-Induced
Cholesterol Accumulation and Foam Cell Formation in Macrophages. American Journal of Chinese Medicine, 46(1), 87-
106. https://doi.org/10.1142/50192415X18500052

Ma, X, Li, S. F, Qin, Z. S, Ye, ], Zhao, Z. L., Fang, H. H,, Yao, Z. W,, Gu, M. N,, & Hu, Y. W. (2015). Propofol up-regulates
expression of ABCA1, ABCG1, and SR-B1 through the PPARy/LXRa signaling pathway in THP-1 macrophage-derived foam
cells. Cardiovascular Pathology, 24(4), 230-235. https://doi.org/10.1016/j.carpath.2014.12.004

Manisha, R. L., Riyaz, S., Satyanarayana, B., Nazma, S. K., Nadeem, S. K., Vidhyadhararao, B., Vijay Kumar, |., Venkateswara Rao,
L., & Sadhik, S. K. (2013). Evaluation of anxiolytic activity of flower extracts of Tagetes Erecta Linn (Asteraceae) in rats.
Journal of Applied Pharmaceutical Science, 3(12), 75-82. https://doi.org/10.7324 /JAPS.2013.31214

Mardianingrum, R., Endah, S. R. N,, Suhardiana, E., Ruswanto, R,, & Siswandono, S. (2021). Docking and molecular dynamic
study of isoniazid derivatives as anti-tuberculosis drug candidate. Chemical Data Collections, 32, 100647.
https://doi.org/10.1016/j.cdc.2021.100647

Naufa, F., Mutiah, R, Yen, Y., & Indrawijaya, A. (2022). Studi in Silico Potensi Senyawa Katekin Teh Hijau (Camellia sinensis)
sebagai Antivirus SARS CoV-2 terhadap Spike Glycoprotein (6LZG) dan Main Protease (5R7Y). Jurnal of Food and
Pharmaceutical Sciences, 10(1), 584-596. https://doi.org/10.22146/jfps.3580

Pramatama, A., Susianti, & Windarti. (2014). Noni Fruits (Morinda citrifolia) as Atherosclerosis Inhibitor. Jurnal Penelitian
Perawat Indonesia, 18-26. https://doi.org/10.37287 /jppp.v2i4.209

Prasetiawati, R, Damayanti, A.,, & Suwandi, D. W. (2023). Prosiding Seminar Nasional Diseminasi Penelitian Volume 3
Program Studi S1 Farmasi 2023 Simulasi Dinamika Molekuler Senyawa Aktif Akar Pakis Tangkur (Polypodium feei
METT) Sebagai Inhibitor Enzim Inducible Nitric Oxide Synthase (iNOS). Prosiding Seminar, 3(September), 390-400.

PubChem. (2023). National Center of Biotechnology Information.

Rachmawati, E., Rohman, M. S., Sishartami, L. W., Sargowo, D., & Kalsum, U. (2022). In Silico Modelling, Regulation of Cell
Viability and Anti Atherosclerotic Effect in Macrophage by Decaffeinated Coffee and Green Tea Extract. Pharmacognosy
Journal, 14(1), 46-55. https://doi.org/10.5530/pj.2022.14.7

Ramadhian, M. R., & Rahmatia, N. (2017). Potensi Cabai sebagai Anti-Aterosklerosis. Journal of Majority, 6(2), 55-59.

Ravi, L., & Krishnan, K. (2016). a Handbook on Protein-Ligand Docking Tool: Autodock4. 4(3), 1-6.

Rimac, H., Grishina, M., & Potemkin, V. (2021). Use of the Complementarity Principle in Docking Procedures: A New Approach
for Evaluating the Correctness of Binding Poses. Journal of Chemical Information and Modeling, 61(4), 1801-1813.
https://doi.org/10.1021/acs.jcim.0c01382

Ruswanto, R., Mardianingrum, R., Siswandono, S., & Kesuma, D. (2020). Reverse Docking, Molecular Docking, Absorption,
Distribution, and Toxicity Prediction of Artemisinin as an Anti-diabetic Candidate. Molekul, 15(2), 88.
https://doi.org/10.20884/1.,jm.2020.15.2.579

90


https://doi.org/10.22302/iribb.jur.mp.v90i1.477
https://doi.org/10.21203/rs.3.rs-3688739/v1
https://doi.org/10.24198/ijpst.v8i1.29868
https://doi.org/10.3390/ijms24032057
https://doi.org/10.1186/s12933-019-0864-7
https://doi.org/10.29303/sjp.v3i1.157
https://doi.org/10.46793/chemn3.1.171i
https://doi.org/10.20961/alchemy.16.2.3996.199-210
https://doi.org/10.7759/cureus.9349
https://doi.org/10.5958/0974-360X.2020.00260.7
https://doi.org/10.20473/fmi.v57i3.23838
https://doi.org/10.1142/S0192415X18500052
https://doi.org/10.1016/j.carpath.2014.12.004
https://doi.org/10.7324/JAPS.2013.31214
https://doi.org/10.1016/j.cdc.2021.100647
https://doi.org/10.22146/jfps.3580
https://doi.org/10.37287/jppp.v2i4.209
https://doi.org/10.5530/pj.2022.14.7
https://doi.org/10.1021/acs.jcim.0c01382
https://doi.org/10.20884/1.jm.2020.15.2.579

Rahadi, IWS et al: Tagetes erecta Linn.

Rosenblat, M., Volkova, N., & Aviram, M. (2013). Pomegranate phytosterol ((3-sitosterol) and polyphenolic antioxidant
(punicalagin) addition to statin, significantly protected against macrophage foam cells formation. Atherosclerosis, 226(1),
110-117. https://doi.org/10.1016/j.atherosclerosis.2012.10.054

Sahoo, S, Sinha, S., & Singh, A. (2022). Molecular Docking Study Reveals a-Santalol from Santalum album Linn. as Promising
Inhibitor of CD36 for Atherosclerosis. Cardiometry, 24, 353-359. https://doi.org/10.18137 /cardiometry.2022.24.353359

Setiawan, E., Marpaung, F. R, Sukandar, E., Lukas, L., Wijono, H., Warindra, T., Kurniawan, R., Wibowo, T., Costa, M. 0., &
Roberts, ]. (2019). Kajian Narrative terhadap Profil Farmakokinetik Antibiotik pada Pasien Kritis: Implikasi terhadap
Ketercapaian Target Narrative Study on Pharmacokinetics of Antibiotics among Critically Il Patients: the Implication on
the Pharmacokinetics-Pharmacodynami. Pharmaceutical Sciences and Research, 6(1), 1-12.
https://doi.org/10.7454 /psr.v6il1.4274

Shah, K., Mujwar, S., Gupta, ]. K., Shrivastava, S. K., & Mishra, P. (2019). Molecular Docking and in Silico Cogitation Validate
Mefenamic Acid Prodrugs as Human Cyclooxygenase-2 Inhibitor. Assay and Drug Development Technologies, 17(6), 285-
291. https://doi.org/10.1089/adt.2019.943

Shetty, L. ]., Sakr, F. M., Al-Obaidy, K., Patel, M. ]., & Shareef, H. (2015). A brief review on medicinal plant Tagetes erecta Linn.
Journal of Applied Pharmaceutical Science, 5(Suppl 3), 091-095. https://doi.org/10.7324/JAPS.2015.510.516

Singh, Y., Gupta, A, & Kannojia, P. (2020). Tagetes erecta (Marigold) - A review on its phytochemical and medicinal
properties. Current Medical and Drug Research, 4(01). https://doi.org/10.53517 /cmdr.2581-5008.412020201

Susanti, E. (2019). In silico analysis of bioactive compounds of Hibiscus sabdariffa as potential agonists of LXR to inhibit the
atherogenesis process. AIP Conference Proceedings, 2108(June). https://doi.org/10.1063/1.5109983

Suwandi, D. W., Wahyuni, N., & Intan, S. A. (2023). Simulasi in silico senyawa aktif daun jambu mawar (Syzygium jambos L.
Alston)  sebagai obat antiinflamasi. Jurnal = Farmamedika  (Pharmamedica  Journal), 8(1), 7-16.
https://doi.org/10.47219/ath.v8i1.205

Tsou, C. Y., Chen, C. Y., Zhao, J. F, Su, K. H, Lee, H. T, Lin, S. ], ... Lee, T. S. (2014). Activation of soluble guanylyl cyclase
prevents foam cell formation and atherosclerosis. Acta Physiologica, 210(4), 799-810.
https://doi.org/10.1111/apha.12210

Weni, M., Safithri, M., & Seno, D. S. H. (2020). Molecular Docking of Active Compounds Piper crocatum on the A-Glucosidase
Enzyme as Antidiabetic. Indonesian Journal of Pharmaceutical Science and Technology, 7(2), 64.
https://doi.org/10.24198/ijpst.v7i2.21120

Winardi, D. 0., Alliyah, S. A, Fadilah, S. N,, Sirait, J., Putra, H. B. A, Puspitadewi, N., Neli, N., Muchtaridi, M., & Zuhrotun, A.
(2023). Studi In Silico dan In Vitro Senyawa Aktif pada Rimpang Kunyit (Curcuma domestica) sebagai Antiinflamasi pada
Cyclooxygenase-2  (COX-2). Indonesian  Journal of Pharmaceutical Science and  Technology, 1(1).
https://doi.org/10.24198/ijpst.v0i0.47171

World Health Organization. (2023). Cardiovascular Diseases.

Yang, H., Sun, L, Li, W, Liu, G,, & Tang, Y. (2018). In Silico Prediction of Chemical Toxicity for Drug Design Using Machine
Learning Methods and Structural Alerts. Frontiers in Chemistry, 6(February), 1-12.
https://doi.org/10.3389/fchem.2018.00030

91


https://doi.org/10.1016/j.atherosclerosis.2012.10.054
https://doi.org/10.18137/cardiometry.2022.24.353359
https://doi.org/10.7454/psr.v6i1.4274
https://doi.org/10.1089/adt.2019.943
https://doi.org/10.7324/JAPS.2015.510.S16
https://doi.org/10.53517/cmdr.2581-5008.412020201
https://doi.org/10.1063/1.5109983
https://doi.org/10.47219/ath.v8i1.205
https://doi.org/10.1111/apha.12210
https://doi.org/10.24198/ijpst.v7i2.21120
https://doi.org/10.24198/ijpst.v0i0.47171
https://doi.org/10.3389/fchem.2018.00030

