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INTRODUCTION

Hyperlipidemia is a clinical condition which is characterized by an increase in one or more
plasma lipids, including triglycerides, cholesterol, cholesterol esters, phospholipids and or
plasma including very lowdensity lipo protein and low-density lipoprotein, and reduced high-
density lipoprotein level.*? Hyperlipidemia is considered as an important risk factor that
causes cardiovascular disease.®! The treatment approach with natural compounds is
considered to have good physiological effects with low toxicity, non-mutagenic, and
avoidable side effects and drug resistance.!]

Berberine in dosage form is known as Berberine hydrochloride, an isoquinoline alkaloid
compound, which is the result of extraction from plants such as Coptis chinensis and
Phellodendron amurense.® This compound is used because it has an advantage in regulating
blood glucose, and lipid blood cells, and endothelial blood vessels.® Studies have shown that

berberine has activity in treating type 2 diabetes mellitus, hypertension and hyperlipidemia.l”?

Cl O/

Figure 1: (A). Phellodendron amurense, (B). Structure of Berberine hydrochloride.

A rational drug design approach based on structural modeling and rapid screening methods
provides alternatives in the development of antihyperlipidemic molecules. The use of
molecular docking methods that explain the interaction between ligand binding to proteins on
the active side through a three-dimensional structure illustration. This docking method is able
to screen molecules based on their free bond energies and hypothesize how molecules could

inhibit targets.®

The molecular docking approach of berberine active molecules that will be used as
hyperlipidemic agents uses 3 molecular targets, namely Niemann Pick C1 likel protein
(NPCI1L1), lanosterol 14a-demethylase (LDM), and squalene synthase (SgS). Niemann-Pick
C1 Like-1 (NPC1L1) has an important role in transporting cholesterol through the proximal
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small usu membrane. NPC1L1 transfers intestinal sterols through a direct mechanism as a
consequence of the identification of ezetimibe molecular targets. NPC1L1 (PDB code ID:
3QNT) is a molecular target for ezetimibe cholesterol-lowering drugs.® 104

Lanosterol 14a-demethylase (LDM) is an inhibiting enzyme as a mechanistic probes and
helps improve hypercholesterolemia. Elimination of cholesterol compounds from the 14a-
methyl lanosterol group through biosynthesis catalysis was also assisted by the cytochrome
P450 enzyme.l*? 3l

Squalene synthase (SqgS) is the main enzyme in regulating cholesterol biosynthesis through
the formation of squalene which acts as the main cholesterol precursor. This process through
the mechanism of the dimerization reaction between two molecules of arnesyl diphosphate

(FPP), therefore SgS has always been the main focus in the study of hyperlipidemia.l** !

MATERIALS AND METHODS
Software and Tools
Protein Data Bank (PDB), PubChem, Chem Draw Ultra 12.0, AutoDock Vina 1.1.2, MGL

tools, Discovery Studio Visualizer, Pyrx.

Ligand Preparation
Berberine hydrochloride and various ligands (positive control) were used as ligands for

docking studies were listed in Table 1.

Table 1: Ligands used in the study.

No | Ligand Molecular Formula | References
1 | Berberine C2oH1sNO, 15]
2 | Ezetimibe CosH21FoNO3 [11]
3 | Ketoconazole | CaHsCloN4O;4 [13]
4 | INO CsoH3:.CIN,O; [15]

Protein Preparation

Data on protein structure can be downloaded at Potein Data Bank (http://www.rcsb.org). The
protein used is Niemann-Pick C1 Like-1 (NPCIL1; PDB ID: 3QNT), Lanosterol 14a-
demethylase (LDM; PDB ID: 3LD6), Squalene synthase (SqS; PDB ID: 1EZF). The file for
each receptor in the PDB file format will first be converted to PDBQT file format using the
Open Babel.
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Docking Studies Using AutoDock Vina

The berberine structure and energy-minimized ligand (positive control) bind to the target
protein using AutoDock Vina 1.1.2. Modified receptor files containing atomic and ligand
loads must first be changed from the pdb format to the PDBQT file format using the Open
Babel program. The docking process was done with the receptor condition closed inside the
box, with a box spacing of 1 A, keeping the receptors stiff and ligands as flexible molecules.
The interaction energy between the ligand and receptor was calculated for all binding sites

and was expressed as affinity (kcal / mol).

Protein—Ligand Interactions

The Discovery studio visualizer program was used to explain the interactions between
proteins and ligands that occured. Docking output files were visualized in 2D interactions.
Receptor ligand interactions contain informative data from intermolecular interactions,
including types of hydrogen bonds, bond distances, hydrophobics, and types of amino acids

that interact at the active site.

RESULTS AND DISCUSSION

Ligand Preparation

The ligand structure was obtained from PubChem and converted to pdb format using Open
Babel. The physicochemical properties of ligands can be seen in table 2. All ligand structures

are then minimized and stored in PDBQT format by the Pyrx program (Figure 2).

Table 2: Physiochemical parameters of ligand.

. Molecular Hydrogen Hydrogen Minimize
No | Ligand Weight (Da) | Bond Donor | Bond Acceptor Log P Energy
1 | Berberine 336.36 0 4 3.096 497.77
2 | Ezetimibe 409.43 2 3 4.888 | 1000.43
3 | Ketoconazole 531.44 0 7 4.206 827.93
4 | INO 567.04 0 8 4795 | 1414.80
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Figure 2. 3D ligand structure and energy minimized results. (A). Berberine,
(B). Ezetamide, (C). Ketoconazole, (D). INO.

Protein Preparation
Protein as a molecular target for antihyperlipidemia is downloaded from the Protein Data
Bank and (PDB), then converted to PDBQT format using the AutoDock tool (Figure 3).

Proteins that were in PDBQT format were ready for docking with ligands.

Figure 3: 3D structure of receptor, (A) Niemann-Pick C1 Like-1 (NPCL1), (B)
Lanosterol 14a-Demethylase, (C) Squalene Synthase (SqgS).

Docking Studies Using AutoDock Vina

Docking of Berberine into PDB structure of Niemann-Pick C1 Like-1 (PDB ID: 3QNT)
The results of molecular docking between ezetimibe and berberine against NPCL1 receptors
had the same amino acid interactions: Arg 80, Asn 122, Glu 238, GIn 257. Where the
interactions of ezetimide and NPC1L1 receptors were hydrogen bonds in Ala 241 amino
acids. The NPC1L1 receptor forms hydrogen bonds on His amino acid 126, and carbon
hydrogen bonds on Ser 130. Doking analysis was done by evaluating the binding affinity
score which shown that berberine ligand had a value (-8.3 kcal/mol) better than ezetimibe
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ligand (-4.9 kcal/mol). This could explain that berberine had antihyperlipidemic activity
through inhibitory mechanisms at NPC1L1 receptors.

Docking of Berberine into PDB structure of Lanosterol 14a-Demethylase (PDB ID:
3LD6)

The results of molecular docking between berberine ligands and ketoconazole on the LDM
receptor showed significant differences, there were no similarities in binding to the same
amino acids. Ketoconazole had 2 hydrogen bonds on the amino acid Pro 376, and Met 487
and had a carbon hydrogen bond on the amino acid lle 379. In the interaction of berberine
ligands and LDM receptors, hydrogen bonds were not formed, only van der walls were
formed which were bonds with low energy at the amino acid Phe 84, Asn 87, Ser 80, Glu 83,
Asn 87, Tyr 92, Ser 80, Ala 76, His 73. Evaluation of binding affinity score obtained by
berberine ligand score -5.2 kcal/mol, this score was lower compared to ketoconazole ligand (-
10.0 kcal/mol) on the LDM receptor. It could be concluded that berberine did not have
antihyperlipidemic activity through the mechanism of inhibition of LDM receptors.

Docking of Berberine into PDB structure of Squalene Synthase (PDB ID: 1EZF)

There were many similarities in amino acids that form bonds between ligands INO, berberine
with SgS receptors, namely the amino acids Phe 54, Tyr 73, Asp 80, Ala 176, Ala 179, Gly
180, Leu 183, Leu 211, Phe 288, pro 292. In the interaction of INO ligands and SgS
receptors, hydrogen bonds were formed at Thr 214, Asn 215, Arg 218, while berberine
ligands with Sgs receptors form hydrogen bonds at Cys 289, and carbon-hydrogen bonds at
GIn 212. Docking evaluation results by looking at binding activity scores showed that the
berberine bond with the Sqgs receptor had a binding activity score of -9.2 kcal/mol lower than
the INO ligand with the SqS receptor of -10.0 kcal/mol. It can be concluded that berberine
ligand has antihyperlipidemia activity through the mechanism of Sqgs receptor inhibition.

Comparison of binding activity scores between ligands and receptors is in table 4.

Table 4: Comparative binding affinity of different ligands with receptors.

. Binding Affinity
No. | Receptor Ligand (kcal/mol)

1 Niemann-Pick C1 Like-1 Ezetimibe -4.9
(NPC1L1) Berberine -8.3

5 Lanosterol 14a- Ketoconazole -10.0
Demethylase (LDM) Berberine -5.2

INO -10.2

3 | Squalene Synthase (SgS) Berberine 9.9
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The results of the visualization of ligand and receptor interactions with The Discovery studio

visualizer program can be seen in Figure 4.
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Figure 4: Interaction of ligands and target receptors. (1.A) Ezetemibe bound to NPCL1,
(1.B) Berberine bound to NPCL1, (2.A) Ketoconazol bound to LDM, (2.B) Berberine
bound to LDM, (3.A) INO bound to SgsS, (3.B) Berberine bound to Sgs.

CONCLUSIONS
Molecular docking studies of berberine compounds from the Phellodendron amurense plant
have potential antihyperlipidemic activity through the mechanism of inhibition of NPC1L1
and SgS receptors.
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