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ABSTRACT: Ascorbic acid, also known as vitamin C, is a crucial part of a balanced diet. RESEARCH PAPER

The history of vitamin C is intertwined with that of the human ailment scurvy, which was
perhaps the first to be identified as a deficiency condition in humans. Its signs include
diarrhoea, overall weakness, severe bleeding of the tissues and gums, and tiredness.
Ascorbic acid is a water-soluble chemical molecule essential to numerous biological
functions. The exact mechanism of action for the lipid lowering action of ascorbic acid
was still not revealed. With intent to propose the most probable mechanism of action of
ascorbic acid the docking based computational analysis has been performed against the
lipid lowering drug targets like ATP citrate lyase enzyme, lanosterol 14a-demethylase
enzyme, squalene synthase enzyme, and Niemann Pick C1 like Protein. The docking
analysis, chemical interactions, followed by the physicochemical based pharmacokinetic
profiling has revealed that the ascorbic acid is executing its lipid lowering action via

inhibiting the squalene synthase enzyme.

*Corresponding Author:
Manish Kumar Yadav
Institutes of Pharmacy, P. K.
University, Shivpuri (M.P.)-
India

How to cite this paper:
Manish Kumar Yadav &
Jitender K Malik.;
“Mechanistic Insight
Hypolipidemic Potential of
Ascorbic Acid: In-Silico
Molecular Docking”. Middle
East Res J. Pharm. Sci., 2021
Nov-Dec 1(1): 1-11.

Article History:
| Submit: 24.10.2021 |

Keywords: Ascorbic acid, ATP citrate lyase enzyme, lanosterol 14a-demethylase enzyme,
squalene synthase enzyme, and Niemann Pick C1 like Protein & Molecular docking.

| Accepted: 27.11.2021 |
| Published: 27.12.2021 |

Copyright © 2021 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0
International License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-

commercial use provided the original author and source are credited.

INTRODUCTION

Traditional herbal medicine practitioners have
reported how numerous indigenous plants are effective
in treating a variety of diseasesl. Traditional herbal
medicine and synthetic medications are both made from
natural ingredients. In some regions of the world, they
continue to be the primary healthcare system2. In India,
the usage of plants as natural treatments is based on
local empirical knowledge of their medical
characteristics. Many people in India and around the
world agree that consuming plant items can result in
positive therapeutic results. For thousands of years,
plants have served as the foundation for many
traditional medicines around the world, and they
continue to offer humans new treatments [1].
Hyperlipidemia is recognized as one of the major risk
factors  for  cardiovascular  disease  (CVD).
Cardiovascular disease accounts for one-third of all
deaths worldwide and is projected to be the leading

cause of death and disability worldwide by
2020.Hyperlipidemia is an increase in one or more
plasma lipids, such as triglycerides, cholesterol,
cholesterol  esters,  phospholipids, or plasma
lipoproteins, such as very-low-density lipoprotein or
low-density lipoprotein, and high-density lipoprotein is
a decline in the level of [2]. Hyperlipidemia [Lipid =
Fat Emia = Excess]. Hyperlipidemia is excessive
amounts of fatty substances in the blood (aka
Hyperlipemia). It is a medical condition characterized
by an elevation of any or all lipid profile and/or
lipoproteins in the blood. It is also called
hypercholesterolemia/hyperlipoproteinemia. ~ Although
elevated low density lipoprotein cholesterol (LDL) is
thought to be the best indicator of atherosclerosis risk,
dyslipidemia (abnormal amount of lipids in the blood)
can also describe elevated total cholesterol (TC) or
triglycerides (TG), or low levels of high density
lipoprotein cholesterol (HDL’ [3].

Peer Review Process: The Journal “Middle East Research Journal of Pharmaceutical Sciences” abides by a double-blind peer review process such that the 1
journal does not disclose the identity of the reviewer(s) to the author(s) and does not disclose the identity of the author(s) to the reviewer(s).



http://www.kspublisher.com/

Manish Kumar Yadav & Jitender K Malik.; Middle East Res J. Pharm. Sci., Nov-Dec, 2021; 1(1): 1-11

Healthy Cholesterol Levels Hioh Devialy
L g— Triglyceride  {jpoprotein

Lipoprotein Red Blood Cell

Hyperlipidemia High Denshty
Lipoprotein

Lipoprotein Plaque

Hyperlipemia

Complications due to hyperlipidemia are
Atherosclerosis, Coronary Artery Disease, Stroke, and
Heart Attack (which can result in death) [4]. Due to its
anti-inflammatory and antioxidant qualities, vitamin C,
also known by its chemical names ascorbic acid and
ascorbate, is a six-carbon lactone that is an important
food ingredient. It serves a significant role as an
antioxidant that is a part of the body's defensive
mechanism against reactive oxygen species and free
radicals, avoiding tissue damage. It also aids in the
formation of connective tissues, bones, teeth, and blood
vessels. It is frequently utilized to treat a number of
illnesses, including scurvy, the common cold, anemia,
hemorrhagic disorders, wound healing, and infertility.
Ascorbic acid, also known as vitamin C, is a crucial
micronutrient that the body needs in order to function
normally metabolically. Therefore, a lack of this
vitamin leads to scurvy symptoms and eventual death
[5]. With as little as 10 mg of vitamin C each day,
which is easily attained by eating fresh fruits and
vegetables, this potentially fatal condition can be
avoided. Although 60 mg of vitamin C per day might
delay the onset of scurvy for roughly a month in a diet
deficient in vitamin C, the current recommended dietary
allowance (RDA) for this vitamin is established at 60
mg per day to offer an adequate margin of safety. A
number of enzymes involved in the manufacture of
collagen, carnitine, and neurotransmitters require
vitamin C as a cofactor [6].
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Ascorbic acid

A water-soluble chemical molecule called
ascorbic acid is crucial for many biological processes.
Ascorbic acid lowers cholesterol; however the precise
mechanism of action is still unknown. The docking-
based computational research against lipid-lowering
pharmacological targets such as ATP citrate lyase
enzyme, lanosterol 14-demethylase enzyme, squalene
synthase enzyme, and Niemann Pick C1 similar Protein
was done with the intention of proposing the most
likely mechanism of action of ascorbic acid.

Experimental work
Molecular docking studies
Ligand Preparation:

2D Structure of ligands ascorbic acid was
drawn by using ChemDraw [7].The two-dimensional
structures of ligand was converted into 3-D structures
with optimized 3D geometry by using Chem3D
software. The optimized structure was saved in PDB
format for AutoDock compatibility [8-10].

Preparation of the grid file

The regions of interest used by Autodock were
defined by considering grid area by making a grid box
around the active sites. Grid box plays a central role in
process of docking as it is made to cover all the amino
acids present in active sites necessary for binding other
than those present in receptor. Grid box has 3
thumbwheel widgets which let us change the number of
points in the X, y and z dimensions. The spacing
between grids points can be adjusted with another
thumbwheel, the value in the study taken is given in
table 1.[10-14].
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Table 1: The grid-coordinates of the grid-box used in the current study

Proteins x-D |y-D | z-D | Spacing (A) X center y center z center
71j9 40 50 56 0.497 93.43 96.924 72.7
6uez 40 40 40 0.392 -29.059 -33.0 15.889
lefz 40 40 40 0.336 -12.596 43.348 32.219
5u74 40 40 40 0.336 48.867 35.064 -21.902

-

Figure 1: Grid box covering all active sites in ATP citrate lyase enzyme (71j9)

Figure 2: Grid box covering all active sites in lanosterol 14a-demethylaseenzyme (6uez)

Figure 3: Grid box covering all active sites in squalene synthase enzyme (1efz).
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Figure 4: Grid box covering all active sites in Niemann Pick C1 like Protein (5u74)

Preparation of the docking file

All the calculations were carried out by using
Autodock4.2 as docking tool. The visualization and
other programs necessary for docking studies were
performed out by means of Pymol, Chimera, DS
visualizer, MMP Plus [15-18].

Macromolecular structure

ATP Citrate Lyase

The crystal structure of the ATP citrate lyase
enzyme consisting of macromolecular receptor
associated with bound endogenous ligand acetyl CoA is
downloaded from the Protein Data Bank portal. All the
primary information regarding receptor and structure
(71j9.pdb) registered in the Protein data bank was used
[19-24].

Figure 5: Crystal structure of ATP citrate lyase enzyme with bound ligand acetyl CoA (PDB ID-71j9)

Lanosterol 14a-demethylase

The crystal structure of the lanosterol 14a-
demethylase enzyme consisting of macromolecular
receptor associated with bound substrate ligand

lanosterol is downloaded from the Protein Data Bank
portal. All the primary information regarding receptor
and structure (6uez.pdb) registered in the Protein data
bank was used [25-28].

Figure 6: Crystal structure of lanosterol 14a-demethylase enzyme with bound substrate ligand lanosterol (PDB ID-6uez)

Squalene Synthase

The crystal structure of the squalene synthase
enzyme consisting of macromolecular receptor
associated with bound inhibitor ligand is downloaded

from the Protein Data Bank portal. All the primary
information regarding receptor and structure (lezf.pdb)
registered in the Protein data bank was used [29].
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Figure 7: Crystal structure of squalene synthase enzyme with bound inhibitor ligand (PDB ID-1ezf)

Niemann Pick C1 like Protein

The crystal structure of the Niemann Pick C1
like Protein enzyme consisting of macromolecular
receptor associated with bound substrate ligand MES is

downloaded from the Protein Data Bank portal. All the
primary information regarding receptor and structure
(5u74.pdb) registered in the Protein data bank was used
[30-31].
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Figure 8: Crystal structure of Niemann Pick C1 like Protein with bound substrateligand MES (PDB ID-5u74)

Molecular Docking Simulation Studies

Docking of ligand ascorbic acid was
performed against ATP citrate lyase enzyme, lanosterol
14a-demethylase enzyme, squalene synthase enzyme,
and Niemann Pick C1 like Protein was performed by
Autodock to establish its probable mechanism of action
for their lipid lowering effect. All the bonds of ligand
ascorbic acid were kept flexible, while no residues in
receptor were made flexible [31].

Toxicity & ADME-T Studies

The pharmacokinetics of ligand molecule was
studied by online program OSIRIS, for prediction of
presence of any toxic group as well as presence of any
toxic group and ADME-T properties [32].

RESULTS AND DISCUSSION

To date, molecular docking studies have been
used recently in predicting the potential inhibitor that
has been compared with marketed Anti-hyperlipidemic
drugs as which by seeking these natural compounds as
new Anti-hyperlipidemic agents with little or no
adverse effects for the long term effect. Molecular
docking is an important computational method for
predicting possible drug-protein interactions with the
selected ligand that represent bioactive compound
containing in the medicinal plants. Bioinformatics tools,
like molecular docking experiments, which involve
study and analysis of ligand-receptor interactions, play
important role in identifying the molecular targets
(receptors) for different ligand. We have periodically
reviewed some such novel molecular targets for anti-

hyperlipidemic drug research. It was thought
worthwhile, to assess the interaction of compound LM-
1554, with few such molecular targets through, its in-
silico docking experiments and gain some insight on its
probable mechanism of action. Six such molecular
targets related to hyperlipidaemia were selected for this
study. These were Niemann Pick C1 likel protein
(NPC1L1), ATP citrate lyase (ACL), C-reactive protein
(CRP), lanosterol 14a-demethylase (LDM), squalene
synthase (SqS) and farnesiod X-receptor (FXR). The X-
ray crystal structures of these targets complexed with
their respective co-crystallized native ligands were
available from the RSCB-Protein Data Bank (PDB).In
the present study ascorbic acid isolated from S.acuta
was taken for evaluation of antilipidaemic potential by
molecular docking technique. Docking study of
ascorbic acid with Niemann Pick C1 likel protein
(NPCI1L1), ATP citrate lyase (ACL), lanosterol 14a-
demethylase (LDM) and squalene synthase was carried
out by Auto dock to establish its probable mechanism of
action. The grid box cover all active enzyme was
tabulated in tablel & fig.1-4, whereas crystal structure
of all enzyme shown in fig.5-8.The outcome of docking
of ascorbic acid against Niemann Pick C1 likel protein
(NPCI1L1), ATP citrate lyase (ACL), lanosterol 14a-
demethylase (LDM) and squalene synthase showed the
binding energy -3.68,-3.76, -3.637 &- 4.69 respectively
(table 2).Molecular interaction of ascorbic acid with
selected receptors showed in fig 9-20. Molecular
simulation revealed that the ascorbic acid bind strongly
with squalene synthase receptor having covalent bond
with Ser53, Thr50, Tyr73, Ser53, along with vander

| © 2021 Middle East Research Journal of Pharmaceutical Sciences | Published by Kuwait Scholars Publisher, Kuwait

[ 5 |




Manish Kumar Yadav & Jitender K Malik.; Middle East Res J. Pharm. Sci., Nov-Dec, 2021; 1(1): 1-11

waal’s interaction with Arg77, Phe54, Arg52, Met295,
Alab5, Pro292 present in receptor. The pharmacokinetic
profiling of the ascorbic acid ligand has revealed that it
is having good pharmacokinetic profile associated
without the presence of major toxic effects like

mutagenic, reproductive effects, irritant effect, and
tumorogenic properties. The pharmacokinetic and
toxicity profiling results of ascorbic acid was shown in
figure 21.

Table 2: Results of docking of ATP citrate lyase enzyme, lanosterol 14a-demethylase enzyme, squalene synthase

enzyme, and Niemann Pick C1 like Protein

S.No | CompoundNa | Structure Binding Energy
me ATP lanosterol squalen Niemann
citrate 140- e Pick C1
lyase demethyl synthas like
(71j9) ase e (lezf) Protein(5u
(6uez) 74)

1 Ascorbic acid -3.76 -3.63 -4.69 -3.68
Interacting Arg576, Met381, Ser53, Serl1218,
Residues Asp226, Met378, Phe54, Asp620,

Leu575, 11e379, Arg52, Glu68s,
Tyr227, Met487, Thr50, Phel221,
Lys230, 11e377, Tyr73, Tyrl225,
Ala223 11488, Arg77, Ser617
Thrl35, Ser51,
Phe234 Met295,
Alab5,
Pro292

Interactions

e

Figure 9: Two-dimensional binding interaction of ascorbic acid with ATP citrate lyase enzyme

Figure 10: Three-dimensional binding interaction of ascorbic acid with ATP citrate lyase enzyme
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Figure 11: Binding conformation of I‘i-nd ascorbic acid with ATP citrate lyase enzyme
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Figure 12: Two-dimensional binding interaction of ascorbic acid with lanosterol 14a-demethylase enzyme

Figure 14: Binding conformation of ligand ascorbic acid with lanosterol 14a-demethylase enzyme
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Figure 15: Two-dimensional binding interaction of ascorbic acid with squalene synthase enzyme
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Figure 16: Three-dimensional binding interaction of ascorbic acid with squalene synthase enzyme
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Figure 17: Binding conformation of ligand ascorbic acid with squalene synthase enzyme
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Figure 18: Two-dimensional binding interaction of ascorbic acid with Niemann Pick C1 like Protein
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Figure 20: Binding conformation of ligand ascorbic acid with Niemann Pick C1 like Protein

Toxicity & ADME-T Studies
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Figure 21: Pharmacokinetic and toxicity profiling of ascorbic acid.

CONCLUSION

The plants containing ascorbic acid are
traditionally utilized for the cure of hyperlipidemia and
related disorders from the immortal time. The exact
mechanism of action for the lipid lowering action of
ascorbic acid was still not revealed. With intent to
propose the most probable mechanism of action of

ascorbic acid the docking based computational analysis
has been performed against the lipid lowering drug
targets like ATP citrate lyase enzyme, lanosterol 14a-
demethylase enzyme, squalene synthase enzyme, and
Niemann Pick C1 like Protein. The docking analysis,
chemical interactions, followed by the physicochemical
based pharmacokinetic profiling has revealed that the
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ascorbic acid is executing its lipid lowering action via
inhibiting the squalene synthase enzyme.
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