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ABSTRACT 

Objective: Computational chemistry through the molecular docking 

method has become an important stage in research. This method was as 

a virtual screening of the discovery of natural active compounds that 

were active and effective against specific receptors. The aimed of this 

study to investigate the mechanism of interaction between cycloartenol 

compounds from the Musa balbisiana Colla plant with the receptors 

that responsible for antihyperlipidemic activity. This study used 3 

receptor targets that were closely related to the antihyperlipid 

mechanism Farnesiod X-Receptor (FXR), Lanosterol 14α-

Demethylase (LDM), and Niemann Pick C1 Like1 Protein (NPC1L1). 

Materials and Methods: The molecular docking step included the 

preparation of target receptors and ligands using the Pyrx program, and 

Avogadro. Docking simulation was done using AutoDock Vina software and visualization of 

2D molecular interactions with Discovery Studio Visualizer. The results of docking were 

carried out by evaluating the value of the binding affinity between the ligand and the 

receptor, and the type of bond formed. Results: Cycloartenol binding affinity score for target 

FXR receptors -7.3 kcal/mol, LDM -9.7 kcal/mol, and NPC1L1 2.3 kcal/mol. Conclusions: 

Based on the binding affinity score, it can be concluded that the cycloartenol compound from 

the Musa balbisiana Colla plant had antihyperlipidemic activity through the LDM receptor 

inhibition mechanism. 
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INTRODUCTION 

The condition of hyperlipidemia is characterized by increased blood lipid levels, including 

cholesterol and triglyceride values. These clinical parameters contribute to an increased risk 

of atherosclerosis and coronary heart disease. This disease causes death and major morbidity 

in almost all countries.
[1,2]

 Heart attacks and strokes are caused by blood clots. Enforcement 

of treatment for this disease condition is by means of prevention. An approach that is oriented 

towards a healthy lifestyle, and regular exercise is the best prevention solution. In addition, 

the use of drugs to lower cholesterol can be used, although it has quite large side effects.
[3]

 

 

Medicinal plants are currently the main alternative solution compared to modern drugs, due 

to aspects of better tolerance for each patient, lower toxicity, and relatively avoidable side 

effects.
[4]

 

 

The Musa Balbisiana Colla plant has been widely known by the public as one of the most 

commonly consumed banana species. In addition, Cycloartenol compound from this plant is 

known to have many properties including: Antibacterial Activity.
[5,6]

 Hypo-testicular 

Activity
[7]

, Antioxidant Property.
[8] 

 

 

Figure 1: (a) Musa balbisiana Colla; (b) Cycloartenol. 

 

The molecular docking method has become an important research stage in the search for 

active molecules that are predicted to have activity against certain receptors. Approach 

through evaluation based on their free binding energy and the type of bond formed.
[9]

 This 

method has advantages in terms of more economical costs, shorter time because it can reduce 

errors in laboratory research.
[10]

 The active compound cycloartenol from the Musa balbisiana 

Colla plant will be used as a target ligand that will interact with receptors responsible for lipid 
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metabolism Farnesiod X-Receptor (FXR), Lanosterol 14α-Demethylase (LDM), Niemann 

Pick C1 Like1 Protein (NPC1L1).
[11]

 

 

The target FXR receptor (PDB code ID: 1OSH) responds to the bile acid (BA) sensor. This 

receptor has an important role in maintaining the balance of cholesterol metabolism, plays a 

role in the process of lipid homeostasis, and absorption of fats and proteins. In addition, FXR 

is also known to be able to reduce plasma triglyceride levels.
[12,13]

 Another receptor that plays 

an important role in lipid metabolism is LDM (PDB ID code: 3LD6) through the mechanism 

of catalytic reduction of the l4αgroup-methyl group of lanosterol in cholesterol biosynthesis. 

LDM has a role as a therapeutic agent in the treatment of hypercholesterolemia.
[14,15]

 

NPC1L1has been known to have a mechanism for the direct transfer of sterol compounds in 

the intestine. This receptor (PDB code ID: 3QNT) becomes a molecular target for the drug 

ezetimibe.
[16,17]

 

 

MATERIALS AND METHODS 

Software and Tools 

AutoDock Vina 1.1.2, PyRx, MGL tools, Discovery Studio Visualizer, Avogadro. 

 

Ligand Preparation 

Scientific data on cycloartenol compounds and other ligands are listed in table 1. 

  

Table 1: Ligands used in the study. 

No Ligand Molecular Formula REFERENCES 

1 

2 

3 

4 

Cycloartenol 

Fexaramine 

Ketoconazole 

Ezetimibe 

C30H50O5 

C32H36N2O3 

C26H28Cl2N4O4 

C24H21F2NO3 

[7] 

[12] 

[15] 

[10] 

 

Target Receptor and Ligand Preparations. 

Targeted receptor proteins related to lipid metabolism were obtained from the protein data 

bank (http://www.rcsb.org); Farnesiod X-Receptor (FXR) (PDB code ID: 1OSH), Lanosterol 

14α-Demethylase (LDM) (PDB ID code: 3LD6), Niemann Pick C1 Like1 Protein (NPC1L1) 

(PDB code ID: 3QNT). 

 

Docking simulation and Parameter Evaluation 

Docking simulations of cycloartenol compounds and native ligands were carried out using 

AutoDock Vina 1.1.2 software. Grid box setup is done with a distance of 1 Å, this is so that 

https://pubchem.ncbi.nlm.nih.gov/#query=C21H26O5
https://pubchem.ncbi.nlm.nih.gov/#query=C32H36N2O3
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the ligand can move flexibly in finding the best position to bind to the amino acid on the 

active side of the receptor. The evaluation of the docking simulation was obtained from the 

parameter scoring of the binding affinity value and also the number and type of bonds 

formed. 

 

2D visualization of ligand and receptor interactions was carried out with the Discovery studio 

visualizer program. This visualization illustrates the types of bonds formed, and provides 

information on which amino acids have an important role in the formation of bonds. 

 

RESULTS AND DISCUSSION 

Ligand and Protein Preparation 

Cycloartenol as the target ligand and native ligands of each receptor went through the initial 

stage of energy minimization, then converted the file format into PDBQT form. The 

physicochemical properties, 3D structure of the ligands are summarized in table 2, and figure 

2. 

 

Table 2: Physiochemical parameters of ligand. 

No Ligand 
Molecular 

Weight (Da) 

Hydrogen 

Bond Donor 

Hydrogen 

Bond 

Acceptor 

XLogP3-

AA 

Minimize 

Energy 

1 

2 

3 

4 

Cycloartenol 

Fexaramine 

Ketoconazole 

Ezetimibe 

426.7 

496.6 

531.4 

409.3 

1 

0 

0 

2 

1 

4 

7 

3 

9.8 

6.9 

4.3 

4.0 

1143.01 

588.08 

2482.04 

1170.81 

 

 

Figure 2: 3D ligand structure and energy minimized results. (A). Fexaramine, (B). 

Ketoconazole, (C). Ezetemibe, (D). Cycloartenol. 
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After the receptor protein was converted to PDBQT file format, docking simulations were 

performed for each native ligand and the binding affinity values of the cycloartenol target 

ligands were compared with the binding affinity values of each native ligand at each target 

receptor. 3D structure of the target receptor protein in figure 3. 

 

 

Figure 3: 3D structure of receptor, (A) FXR; (B) LDM; (C) NPC1L1. 

 

Docking Analysis Simulation 

Molecular Docking of Cycloartenol Compound with FXR Receptor 

Simulation results of docking between Fexaramine , and Cycloartenol to the FXR receptor 

had the same amino acids in bond formation at Thr 292, Ile 356, Ile 361, Met 369, Met 294, 

Leu 291, Ala 395. Cycloartenol had no hydrogen bonds with amino acids at the FXR 

receptor, but form van der Walls, pi-Sigma, Alkyl, and pi-Alkyl bonds. 

 

Docking analysis was carried out by comparing the binding affinity values where the native 

ligand was Fexaramine (-10.9 kcal/mol), and Cycloartenol (-9.0 kcal/mol). 

 

Molecular docking of Cycloartenol compound with LDM Receptor 

Molecular docking between the native ketoconazole ligand and the cycloartenol target ligand 

against the LDM receptor target showed differences in the formation of bonds with amino 

acids. Ketoconazole forms 2 hydrogen bonds with the amino acids Pro376, and Met 487, 

while cycloartenol has no hydrogen bonds. 

 

The binding affinity value of ketoconazole ligand (-10.5 kcal/mol), and cycloartenol (-9.7 

kcal/mol). 

 

Molecular docking of Cycloartenol compound with NPC1L1 Receptor. 

Docking simulations of native Ezetimibe and cycloartenol ligands against the target NPC1L1 

receptor showed a significant difference, where there was no similarity of amino acids that 
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form bonds. The bond formed between cycloartenol and the receptor is a weak vand der 

Walls bond. 

 

Scoring of the binding affinity value of ezetimibe (-7.0 kcal/mol) was better than cycloartenol 

(2.3 kcal/mol).  

 

The interaction of 2D ligands with the target receptor, and the binding affinity values for all 

ligands are summarized in Figure 4, and Table 3 

 

Table 3: Comparative binding affinity of different ligands with receptors. 

No. Receptor Ligand Binding Affinity (kcal/mol) 

1 Farnesiod X-Receptor 
Fexaramine 

Cycloartenol 

-10.9 

-7.3 

2 
Lanosterol 14α-Demethylase 

(LDM) 

Ketoconazole 

Cycloartenol 

-10.5 

-9.7 

3 
Niemann-Pick C1 Like-1 

(NPC1L1) 

Ezetimibe 

Cycloartenol 

-7.0 

2.3 

 

 

Figure 4: Interaction of ligands and target receptors. (1.A) Fexaramine bound to FXR, 

(1.B) Cycloartenol bound to FXR, (2.A) Ketoconazole bound to LDM, (2.B) 

Cycloartenol bound to LDM, (3.A) Ezetimibe bound to NPC1L1, (3.B) Cycloartenol 

bound to NPC1L1. 

 

CONCLUSIONS 

Molecular docking studies of the active compound cycloartenol from the Musa balbisiana 

Colla plant showed that it has potential as an antihyperlipidemic through the mechanism of 

inhibition of the LDM receptor.  

 



Ramdhani et al.                                                                  World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 10, Issue 9, 2021.      │     ISO 9001:2015 Certified Journal        │ 86 

REFERENCES 

1. Yokozawa T, Ishida A, Cho EJ, Nakagawa T. The effects of Coptidis rhizoma extract on 

a hypercholesterolemic animal model. Phytomedicine, 2003; 10: 17–22.  

2. Sunil C, Ignacimuthu S, Kumarappan C. Hypolipidemic activity of Symplocos 

cochinchinensis S. Moore leaves in hyperlipidemic rats. J Nat Med., 2012; 66: 32–38.  

3. Rafieian-Kopaei M, Setorki M, Doudi M, Baradaran A, Nasri H. Atherosclerosis: 

process, indicators, risk factors and new hopes. Int J Prev Med., 2014; 5: 927-946.  

4. Sirtori CR, Pavanello C, Calabresi L and Ruscica M: Nutraceutical approaches to 

metabolic syndrome. Ann Med., 2017; 49: 678-697.  

5. Sri AgungFitriKusuma, Soraya R Mita, Indah Firdayani, ResmiMustarichie, Study On 

The Antibacterial Activity Of Fruit Extracts Of Klutuk Banana (Musa BalbisianaColla) 

Against ShigellaDysenteriaeAtcc 13313, Asian J Pharm Clin Res., 2017; 10(7): 220-223.  

6. Fairuz Fadhilah, Mohd. Jalani, Suharni Mohamad, Wan NazatulShimaShahidan, 

Antibacterial effects of banana pulp extracts based on different extraction methods 

against selected microorganisms, Asian Journal of Biomedical and Pharmaceutical 

Sciences, 2014; 4(36): 14-19.  

7. Abhinandan Ghosh, Bhabani Prasad Pakhira, AdrijaTripathy and Debidas Ghosh, Male 

contraceptive efficacy of poly herbal formulation, contracept-TM, composed of aqueous 

extracts of Terminalia chebula fruit and Musa balbisiana seed in rat, Pharmaceutical 

Biology, 2017; 55(1): 2035–2042. 

8. Vageesh Revadigar, Majed Ahmed Al-Mansoub, Muhammad Asif, Mohammad 

RazakHamdan, Amin Malik Shah Abdul Majid, MohdZainiAsmawi, 

VikneswaranMurugaiyah, Anti-oxidative and cytotoxic attributes of phenolic rich ethanol 

extract of Musa balbisianaColla inflorescence, Journal of Applied Pharmaceutical 

Science, 2017; 7(05): 103-110. 

9. Cheng T, Li Q, Zhou Z, Wang Y, Bryant SH. Structure-based virtual screening for drug 

discovery: a problem-centric review. AAPS J., 2012; 14(1): 133–41. 

10. Ferreira LG, dos Santos R, Oliva G, Andricopulo A. Molecular docking and structure-

based drug design strategies. Molecules, 2015; 2: 13384–421. 

11. Khedkar et al. Docking study of novel antihyperlipidemic thieno[2,3-d]pyrimidine; LM-

1554, with some molecular targets related to hyperlipidemia an investigation into its 

mechanism of action. SpringerPlus, 2014; 3: 628. 

12. Downes M, Verdecia MA, Roecker AJ, Hughes R, Hogenesch JB, Kast-Woelbern HR, 

Bowman ME, Ferrer JL, Anisfeld AM, Edwards PA, Rosenfeld JM, Alvarez JGA, Noel 



Ramdhani et al.                                                                  World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 10, Issue 9, 2021.      │     ISO 9001:2015 Certified Journal        │ 87 

JP, Nicolaou KC, Evans RM A chemical, genetic, and structural analysis of the nuclear 

bile acid receptor FXR. Mol Cell., 2003; 11: 1079–1092.  

13. Zhang Y, Lee FY, Barrera G, Lee H, Vales C, Gonzalez FJ, Willson TM, Edwards PA 

Activation of the nuclear receptor FXR improves hyperglycemia and hyperlipidemia in 

diabetic mice. Proc Natl Acad Sci USA, 2006; 103: 1006–1011.  

14. Strushkevich N, Usanov SA, Park HW Structural basis of human CYP51 inhibition by 

antifungal azoles. J Mol Biol., 2010; 397: 1067–1078.  

15. Gibbons GF The role of cytochrome P450 in the regulation of cholesterol biosynthesis. 

Lipids, 2002; 37: 1163–1170. 

16. Guarino G, Strollo F, Carbone L, Della Corte T, Letizia M, Marino G and Gentile S: 

Bioimpedance analysis, metabolic effects and safety of the association Berberis 

aristata/Bilybum marianum: A 52-week double-blind, placebo-controlled study in obese 

patients with type 2 diabetes. J Biol Regul Homeost Agents, 2017; 31: 495-502.  

17. Tabeshpour J, Imenshahidi M and Hosseinzadeh H: A review of the effects of Berberis 

vulgaris and its major component, berberine, in metabolic syndrome. Iran J Basic Med 

Sci., 2017; 20: 557-568. 


