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Abstract

Elevated cholesterol levels in the body
contribute significantly to cardiovascular diseas-
es by narrowing the arteries and impeding blood
flow. Although statins are currently effective in
treating this condition, they can have adverse
effects with prolonged use. As a result, there is
a growing interest in finding natural compounds
as alternatives to statins. To explore this, we con-
ducted a virtual screening of compounds from
various edible foods to identify those that can
bind effectively to HMG CoA reductase, the key
enzyme in cholesterol synthesis. Our screening
identified 22 natural compounds and 6 existing
drugs that exhibit strong binding to HMG CoA
reductase. We analyzed the binding site to de-
termine the precise region of interaction, simi-
lar to that of statins. Additionally, we assessed
the compounds’ pharmacokinetic properties
and concluded that commonly consumed foods
have the potential to offer alternative options to
medication. Future studies will focus on evalu-
ating enzyme inhibition in vitro to confirm their
activity, and experimental verification will follow
in due course.

Keywords: Cholesterol, HMG CoA reductase,
Statin, Natural products, Virtual Screening

Introduction

One of the most significant and ubig-
uitous biomolecules with crucial functions in
humans is cholesterol. It serves important func-

tions like maintaining the fluidity and integrity
of cell membranes and acts as a precursor to
producing some vital substances like steroid
hormones, vitamin D, and bile acids. (1) This
makes its metabolism very significant and highly
regulated, with the main location being the liv-
er. In humans, the limited ability for catabolizing
cholesterol along with the rapid changes in life-
style and environment lead to cholesterol accu-
mulation, referred to as hypercholesterolemia,
which eventually is the cause of many devastat-
ing health disorders. Elevated cholesterol levels
are one of the prime causes of atherosclerosis,
though other reasons are evident; this hyper-
cholesterolemia is the permissive factor that
lets other factors operate. (2) These lipoprotein
disorders are clinically significant as they con-
tribute to atherogenesis and the associated risk
of atherosclerotic cardiovascular disease (ASC-
VD). Cholesterol-lowering in such cases led to
a steady decline in cardiovascular mortality and
cardiovascular events. (3)

Understanding the synthesis mecha-
nism of cholesterol is deemed necessary for
reducing cholesterol levels. The mevalonate
pathway through which cholesterol is synthe-
sized is a highly regulated cascade of enzymat-
ic reactions involving a crucial rate-limiting step
in which Hydroxyl-Methyl Glutaryl-Coenzyme A
(HMG-CoA) is converted into mevalonate cat-
alyzed by the enzyme 3-hydroxy-3-methylglu-
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taryl-coenzyme A reductase (HMGR), making
HMGR a potential therapeutic target. HGMR
inhibitors, also referred to as statins,” are a
class of lipid-lowering drugs used in coordina-
tion with diet and exercise and are considered
to be the most frequent medication for lowering
cholesterol. (4) Statins lower total cholester-
ol, low-density lipoprotein cholesterol, and tri-
glycerides and increase high-density lipoprotein
cholesterol concentrations. Statins are generally
indicated in the management of atherosclerotic
cardiovascular disease. They share similarities
in structure with HMG CoA and competitively
bind to HMGR and inhibit its activity. Statins
proved to be beneficial in lowering lipid levels
and additionally induced a pleiotropic effect by
hampering other downstream products of the
mevalonate pathway, improving endothelial
function, inducing an anti-inflammatory effect,
immunomodulatory properties, and, along with
other factors, an anti-thrombotic effect. (5) De-
spite the various positive effects of statins, there
are certain concerns with respect to their use.
Studies have shown that they may cause either
self-limited myotoxicity or an autoimmune my-
opathy. (6) It was revealed that certain patients
on statin administration showed an increased
risk of developing diabetes mellitus during large
randomized clinical trials, with the risk propor-
tional to the dose. Also, some patients exhibited
an enhanced risk of hemorrhagic stroke. (5, 7)

To minimize the side effects of any
chemical drug, the research community is per-
sistent in discovering novel natural compounds
from various sources that can be of therapeutic
benefit. Natural products have been used for
therapeutic purposes since time immemorial
by humans. The active principles in medicinal
plants are generally the secondary metabolites,
which are called Natural Products (NPs), which
are basically small molecules that are encoded
genetically, usually from plants, microbes, and
animals. Their pharmaceutical activity is attribut-
ed to their structural diversity, which enables
them to effectively interact with target proteins.
Owing to the expensive experimental studies in-

volved in NP analysis, In-silico predictions have
come in handy in recent times to decode their
interactions with targets prior to experiments,
thus making this approach time-saving and
cost-effective. (8)

Therefore, this study aimed to identify
NPs from various edible sources and screen
them for their efficiency in binding to HMGR
through computational methods, as this would
provide cues for experimental validations.

Materials and Methods

Selection of targets and retrieval of structur-
al information

The target protein was identified based
on the mechanism of cholesterol synthesis and
a literature study and has been verified as a
WHO-approved drug target. Target molecule
structure and sequence were retrieved from the
PDB (Protein Data Bank), which is also a freely
available online structure database.

Ligand identification

The primary clause to select ligands
was to look out for natural, edible plant com-
pounds, and hence the PhytoHub database was
used, which is a repository of all dietary phy-
tochemicals and their human and animal me-
tabolites. The basic information on the selected
compounds was obtained from Phytohub, which
includes monoisotopic mass, molecular formu-
la, family, and class. Ligands were also obtained
through virtual screening to explore all possible
small molecules that could effectively bind to
the target. MTiOpenScreen, an online virtual
screening tool, was used to identify compounds
that could interact with the target.

Toxicity analysis of selected compounds

The screened compounds were initially
checked for their toxicity, as any candidate lead
molecule should be biologically safe. This was
carried out using Osiris, which gives information
regarding toxicity, mutagenicity, irritant effect,
and reproductive effect. The result will be in the
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form of colors ranging from green (safe to use),
yellow (may have a harmful effect), and red
(harmful). Apart from toxicity, Osiris also gives
information regarding log-p value, drug score,
and drug likeliness.

Pharmacokinetics assessment

ADME properties for the given ligands
were analyzed using SWISSADME, which en-
ables them to calculate physicochemical prop-
erties along with ADME and pharmacokinetic
properties, drug likeliness, and biochemical
friendliness to assist drug discovery. SwissAD-
ME gives various information regarding the li-
gand, such as the log-p value, number of hy-
drogen donors and hydrogen acceptors, relative
molecular mass, consensus value, Lipinski’s
rule of 5, etc.

Identification of binding sites and Interac-
tion studies

The binding sites within the target were
predicted to understand the locations where the
ligands can bind and analyze the possible ef-
fects of that interaction. Primary details of bind-
ing sites would be collected based on structur-
al information available in the PDB database.
Docking was performed using Biovia Discovery
Studio, and the interactions are visualized in 2D
and 3D formats.

Results and Discussion
Target selection

Cholesterol is one of the most press-
ing problems of the current generation due to
changes in the food habits, physical activities
etc. Hypercholesterolemia is a condition that
has been treated successfully for 15 years, us-
ing statin family of drugs that target HMG-CoA
reductase (HMGR) which is a rate-limiting en-
zyme in the mevalonate pathway. HMGR cata-
lyzes the conversion of HMG-CoA to mevalonic
acid, a very important step in the biosynthesis
of cholesterol. Statins competitively bind to the
catalytic domain of 3-hydroxy-3-methylglutaryl
coenzyme A reductase and block the conver-

sion of HMG-CoA to mevalonate. (9) Statins are
found to reduce plasma low-density lipoprotein
cholesterol levels and also impair the progres-
sion of atherosclerosis and coronary artery dis-
ease (10). Therefore, HMGR is used as a target
to identify natural compounds that can bind to
it and inhibit its activity. The preliminary data
related to HMGR is identified from UniProt and
the structural information is obtained from PDB
(PDB ID: 1THW8) which is a complex between
HMGR and mevastatin and the structure is giv-
enin Fig 1.

Figure 1. Complex of the catalytic portion of hu-
man HMG-COA reductase with compactin (also
known as mevastatin)

Ligand identification

Edible plants and foods in natural form
are a source of many phyto components that are
known to show great potential in treating various
medical conditions. Also, they are the primary
cue to development of drugs. Therefore, this
study focused on identifying edible foods with
such phytochemicals that can effectively inter-
act with the selected target and inhibit its effect.
Based on the literature and newly evolving the-
ories of food-based management, the following
foods were selected as a phytochemical source.
The foods include spices, edible plants, and cit-
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rus fruits which in the recent past have become
most prominent in weight management.

The various phytocompounds are re-
trieved from the database Phyto Hub which is
the first online database to inventory all phyto-
chemicals present in food commonly consumed.
(11) It compiles data scattered in more than 20
databases as well as data manually extracted
by experts from the literature, or experimental-
ly obtained in collaborative platforms. A total of
45 edible foods were used for the study from
Phytohub with a total of 558 compounds. Addi-
tionally, virtual screening was performed for the
target HMGR to identify the possible small mol-
ecules that can bind using MTI OpenScreen.
MTI OpenScreen houses five different small
molecule libraries namely a diverse chemical
compound collection (Diverse-lib) and a focused
chemical compound collection (iPPI-lib) to tar-
get protein-protein interactions (PPI), a collec-
tion of purchasable approved drugs (Drugs-lib),
a food constituent compound collection (FOOD-
lib) and a natural product compound collection
(NP-lib) from which screening for the target
is being carried out based on docking shows
binding. (12) The results of virtual screening
presented a total of 183 compounds that can
potentially bind to HMGR via MTI Openscreen.
Therefore, a total of 741 compounds were ini-
tially identified as possible ligands that can bind
to the target and they were further assessed for
other properties like toxicity, drug likeness to
recognize the best possible compounds. The
list of spices and edible foods considered for
the study included black Cumin, Cumin, Fen-
nel, Cardamom, Ginseng, Peppermint, Lemon
Grass, Coriander, Cinnamon, Fenugreek, Gin-
ger, Pepper, Rosemary, Cloves, Mint, Parsley,
Sweet Bay, Cucumber, Celery Stalks, Bitter
Guard, Olive Green, Basil, Almond, Broccoli,
Cauliflower, Flaxseeds, Green Tea, Watermel-
on, Cocoa, Oat, Kale, Walnut, Tomato, Apple,
Banana, Grapefruit, Lemon, Lime, Mandarin Or-
ange, Mikan, Sour Orange, Sweet Orange and
Pummelo as in the current times, food-based
approaches to weight management has gained

enormous interest.
Toxicity analysis and drug-likeness

One of the key steps in drug develop-
ment is understanding the absorption, distribu-
tion, metabolism, excretion, and toxicity of the
candidate drug molecule. Most of the exper-
imental failures in the drug discovery process
are attributed to ADME issues. Sub-significant
results for ADME and toxicity could eventually
lead to failures leading to unfruitful investment
of money and time. (13) Toxicity analysis was
carried out using the Osiris software tool, to find
out whether the compounds that were retrieved
were mutagenic, toxic, and irritant or have a re-
productive effect. OSIRIS tries to generate data
with more reliability and that which minimizes
the need for animal testing. The compounds se-
lected from Phytohub and Virtual screening are
analyzed using OSIRIS to ensure the non-toxic
nature of these compounds and the results pre-
dicted 114 compounds to be safe based on all
negative results for mutagenicity, toxicity, irritant
nature and reproductive effect. These com-
pounds were further analyzed for their pharma-
cokinetic properties to understand their drug like
properties

ADME and drug likeness properties
were assessed using SWISSADME which will
calculate the physicochemical descriptors and
predict ADME parameters, pharmacokinet-
ic properties, drug-like nature, and medicinal
chemistry friendliness. As natural products are a
valuable source of drug candidates, their ADME
profiling is crucial in obtaining critical data. The
plant-based compounds and those selected af-
ter the initial virtual screening were analyzed for
their toxicity and pharmacokinetic properties us-
ing OSIRIS and SWISSADME. Based on the
values obtained for molecular weight, drug-like-
ness, H-bond acceptors, H-bond donors, TPSA
value, log-p value, Lipinski's violation, Veber
rule, Gl absorption a total of compounds were
finalized as they displayed no violation for
drug-likeness (Table 1)
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Of the 73 compounds, 46 compounds
are of natural origin while 27 compounds were
found to be chemical compounds (CCs) ob-
tained via MTI Openscreen virtual screening.
Despite being chemical compounds, they dis-
played the required drug-like properties and
hence they were also analyzed for their inter-
actions. The values for the natural compounds
clearly indicate the possibility that these can be
potential bioactive candidates and hence these
were further used for docking studies to com-
prehend the nature of interactions with HMGR.
The results are provided as a table with the in-
teraction parameters and figures which contain
the 2D images of the interaction clearly specify-
ing the list of amino acids involved in the inter-
action.

Binding site analysis and Interaction studies

The effectiveness of the ligands in in-

ducing an inhibitory effect depends on the site
of interaction and hence a detailed study was
carried out to understand the active site of HMG
CoA reductase and nature of interactions be-
tween statins with that of HMG CoA reductase
(Fig 2). The active site of HMGR includes the
following amino acids in the pocket region: Cys
561, Ser 565, Ser 661, Leu 562, Leu 853, Asn
755, Glu 559, Val 683, Met 657, Lys 691, Ala 751,
Arg 590, Asp 690, Leu 857, Lys 735, Ser 684,
His 752, Lys 692, Asn 686, His 861. Statins-
HMG CoA reductase interactions involve hydro-
gen bonds between four oxygen atoms of statin
and Asn 755, Glu 559, Lys 691, Arg 590, Asp
690, Lys 735, Ser 684, Lys 692 while two wa-
ter hydrogen bonds are formed with HOH 1268
and HOH 1003. Moreover, non-covalent inter-
actions were observed between statin and Cys
561, Leu 562, Leu 853, His 752, Val 683, Leu
857. (14)
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Figure 2. Statins-HMG CoA reductase interactions a) 3D image b) 2Dimage - Blue - water hydro-
gen bonds, Green - conventional hydrogen bonds, Pink - non-covalent bonds (alkyl, alkyl pi bonds)

Interaction analysis

The present investigation tried to iden-
tify natural compounds that could effectively
interact with HMG CoA reductase in the active
site by using the Libdock software of Discovery
studio after removing the ligands. Analysis of
the docking results was based on the number

of interactions and hydrogen bonds formed be-
tween the ligand and the protein. Dock score
was used to evaluate the efficiency of docking.
A comparison was made between drug-protein
interaction and ligand-protein interactions to un-
derstand the nature of binding and the results
were provided in Table 2.
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The compounds that effectively bound
to HMGR were selected based on LibDock
score as high Libdock score indicates a higher
chance of ligand binding with the protein, along
with number of hydrogen bonds and binding
energy in the interaction. These results may
provide information at the molecular level to
understand the probable mode of action for the
best compounds. (15) Moreover, understand-
ing the presence of unfavourable bonds in inter-
actions is equally important as they are known
to disturb the stability and activity of the drug as
these may cause a repulsive force between the
two molecules. (16) This may not be the case
always but considering these would provide an
idea regarding the efficiency of interactions.

Six compounds namely Farnesol, Cam-
phor, Rotundone, Difemetorx, Disopyramide
and Bimethyoxycaine were found to dock with
HMGR with 1 hydrogen bond involving the ami-
noacids LYS 692, GLU 559, ASP 690, SER 684,
ARG 590 and LYS 692 which are located in the
binding site and crucial for interaction with Orli-
stat as well. Also, they showed good number of
noncovalent interactions that could play a role in
stabilizing the interaction. Of these Difemetorx,
Disopyramide and Bimethyoxycaine are drugs
whithatd a higher dock score in the range of 92
while the other three NCs are Farnesol, Cam-
phor, Rotundone were having a dock score of
82, 56 and 76 respectively. Twenty-two com-
pounds were found to interact with the target
with two hydrogen bonds and non-covalent in-
teractions of which 10 compounds were NCs
while 12 were chemical compounds. Of these,
3 CC and 4 NCs showed unfavourable bonds
with the main amino acids directly involved in
interactions. Remaining compounds namely
Delequamine, Gevotroline, Azepindole, Nesti-
fylline, Articaine, Meptazinol, Episyringaresinol,
2-(2-Oxopiperidin-1-yl)-N-[(3R)-1-(2-phenyl-
ethyl) piperidin-3-yl] acetamide are CCs while
Hyoscyamine, Fargesin, Rosmaquinone A,
Carnosic Acid, Methyl carnosate are NCs. All
these compounds mostly interacted with ASP
690, Lys 691, LYS 692, Ser 684, ASN 755,

ARG 590 and GLU 559 indicating the ability of
these compounds to bind in the exact Orlistat
site thereby possibly inducing the same inhibi-
tory effect which could be confirmed by experi-
mental studies. The dock score was higher for
Episyringaresinol, Hyoscyamine, Fargesin and
Rosmaquinone A which was 106, 109, 105 and
94 indicating a stronger binding with the target.

Twelve compounds bound to the target
with three hydrogen bonds along with non-co-
valent bonds of which 8 are NCs while 4 are
CCs. Only 3 compounds had unfavorable inter-
action of which 2 are chemical compounds and
one natural compound. The NCs formed bonds
with the target in its active site involving the key
amino acids namely ASP 690, LYS 692, SER
684, ASN 755, ARG 590 and GLU 559. Ros-
manol, Rosmaquinone B, Epirosmanol and Me-
thoxy carnosol showed good dock scores with
values 93, 89, 83 and 78 respectively. Though
Antirhine B-carbolines which is an indole alka-
loid isolated from Antirhea putaminosa (17) and
also from the root bark of Strychnos angolensis
(18), showed one unfavorable bond, the dock
score was high with hydrogen bonds with key
amino acids and hence can be considered as
a potent binder with the target. Twelve com-
pounds formed 4 hydrogen bonds with the
target of which 8 are NCs while 4 are CCs. Of
these, 4 CCs and 1 NCs were found to have
unfavorable bonds. Two chemical compounds
namely Balaglitazone and Sinitrodil are in the
clinical trials stage. Balaglitazone and Perbu-
fylline showed good dock score compared to
other chemicals but the interactions of Balagl-
itazone were more relevant in terms of amino
acids involved which include LYS 735, LYS 692,
SER 684, ARG 590 with a dock score of 108.
With respect to NCs, Homovanillic acid had 4
unfavorable bonds despite interacting with the
main amino acids and hence was not consid-
ered. Of the other NCs, Hesperetin, (+)-Pinores-
inol, (+)-Lariciresinol and Secoisolariciresinol
showed a high dock score of 102.156, 119.533,
113.749, and 111.911 respectively. The interac-
tions of these ligands with the target involved
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LYS 692 GLU 559 SER 684 ASN 755 and SER
684 though Secoisolariciresinol showed one un-
favorable interaction.

10 compounds (9 natural compounds
and 1 chemical compound) were able to form 5
hydrogen bonds with the target of which a total
of 5 compounds (+)-Catechin, Caffeoyl aspartic
acid, Niaprazine, 1-Methylguanosine and Pri-
mapterin showed higher dock score of 104.775,
107.517,105.134, 101.344, 92.3171 respective-
ly interacting mainly with SER 684, ASN 755,
ARG 590, ASP 690 and ARG 590. (+)-Catechin,
Caffeoyl aspartic acid showed one unfavorable
bond but slight modifications to the structure
could possibly avoid this interaction and lead
to the formation of a more stable complex with
good dock score. Nine compounds (5 NCs and
4 CCs) were able to form 6 hydrogen bonds with
the target of which 5 compounds showed one
and more unfavorable bonds though the dock
score was high. Phloretin and Curcumin were
two natural compounds that docked with a good
score of 96 and 118 respectively while Deracox-
ib and Texacromil (CCs) docked with 96 and
101 score.

The final list of compounds that ef-
fectively bound to the target included 6 drugs
namely Difemetorx, Texacromil, Disopyramide,
Niaprazine, Bimethyoxycaine, Deracoxib and
22 NCs which are Farnesol, Camphor, Rotun-
done, Episyringaresinol, Hyoscyamine, Farges-
in, Rosmaquinone A, Rosmanol, Rosmaquinone
B, Epirosmanol, Methoxy carnosol, Antirhine,
Hesperetin, (+)-Pinoresinol, (+)-Lariciresinol,
Secoisolariciresinol, (+)-Catechin, Caffeoyl as-
partic acid, 1-Methylguanosine, Primapterin,
Phloretin, and Curcumin

We support the potential of these
compounds by performing a through literature
search highlighting the role of these compounds
in various bioactivities. Farnesol is available
in apple, plums, blueberries, apricots, raspber-
ries, peaches, tomatoes, and strawberries, and
herbs like lemon grass and chamomile. Studies
reported the efficacy of Farnesol as an antimi-

crobial agent especially an antifungal agent for
candida infection. (19) Another study reported
the efficacy of Farnesol in the treatment of En-
terococcus faecalis in endodontic infections via
photodynamic inactivation confirmed by elec-
tron microscopy (20). The ability of Farnesol
against oral candidiasis was further enhanced
by developing a novel gel-based formulation
using niosomes loaded with farnesol making it
an efficient alternative to conventional treatment
strategies. (21) Farnesol is also proven to in-
hibit the biofilm formation in ultra-filtration mem-
branes in the beverage industry in combination
with natamycin (22). Recent studies have also
pointed out that farnesol can ameliorate cardiac
hypertrophy in rats. (23)

Fargesin is another phytocompound
belonging to the lignans isolated from Magno-
lia plants and is known to be used in the treat-
ment of inflammation, sinusitis, rhinitis, and
headache. Studies have shown that fargesin
displays potential anti-inflammatory and cardi-
oprotective effects. (24-26) Interestingly anoth-
er study revealed that fargesin showed antihy-
pertensive effect in rats by reducing oxidative
stress and stimulating nitric oxide release. (27)
The role of fargesin in osteoartritis management
was also demonstrated when it was found to al-
ter the phenotypes of M1 and M2 phenotypes
which subsequently prohibited cartilage degen-
eration by regulating P38/MAPK and p65/NF-«kB
signaling pathways (28). Additionally, fargesin
was also found to inhibit the growth of colon
cancer cells through G1/S cell cycle transition
inhibition. (29) One report also examined the
role of fargesin in obesity management where
it was found to improve dyslipidemia and hyper-
glycemia in high fat induced mice by activating
Akt and AMPK in WAT. (30)

Rosmarinus officinalis L commonly
called as Rosemary, houses a lot of metabolites
that offers great potential in pharmacological
studies. Rosmaquinone A and Rosmaquinone
B, abietane-type diterpenoid o-quinones, iso-
lated from Rosmarinus officinalis L aerial parts
through spectroscopic analysis were found to
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possess antitrypanosomal activities against
Trypanosoma brucei rhodesiense isolated from
Salvia officinalis L. (31, 32) Though not much
research on the therapeutic ability of these com-
pounds is carried out, this study suggests the
potential they are offering as natural cholester-
ol reducing agents. Rosmanol and epiromanol
are also frequently used names in pharmaco-
logical studies. Diterpenes were found to pos-
sess significant antioxidant activities along with
oxidation of LDL. (33) Rosemary leaves and
oil has been officially approved as therapeutic
supplement in treatment of high blood pressure,
dyspepsia, and rheumatism. (34) Carnosol and
its derivatives, phenolic diterpenes, has gained
interest in recent past due to its anti-oxidant, an-
ti-inflammatory, neuroprotective and anti-cancer
properties. (35)

Rotundone is a sesquiterpene derived
from the precursor, a-guaiene, through oxida-
tion followed by biosynthetic transformation.
(36-39) basically associated with strong spicy
black pepper aroma. Till date pharmacological
studies on rotundone exclusively, plants con-
taining these compounds were found to show
certain medical properties. For instance Cyper-
us rotundus Linn a medicinal plant showed an-
ti-inflammatory properties. (40) Our study has
provided an insight into the plausible use of this
compound as an agent to inhibit the activity of
HMGR based on In-silico studies and therefore
can be experimentally studied.

Camphor from Cinnamomum campho-
ra is probably one the most common substance
used in medicine since ages as antiseptic, an-
algesic, anti-infective, antipruritic,anti-inflam-
matory, antispasmodic, expectorant and nasal
decongestant in ayurvedic medicine, unani and
modern medical science. (41) lIts effective-
ness via external and internal administration
has been well documented. Our study further
explains the mechanism through which this
can bind to HMGR which could inhibit its activ-
ity. But some animal studies have shown that
camphor in higher doses can cause toxicity.
(42) Camphor being lipid soluble can cross the

blood brain barrier and can act as neurotoxin. It
can irritate the skin and mucosa and therefore
ingesting large quantities can lead to vomiting
and diarrhea. (43) Therefore determining the
appropriate concentrations for administration
via experimental studies is mandatory.

Episyringaresinol, (+)-Pinoresinol,
(+)-Lariciresinol, Secoisolariciresinol are lignan
compounds found in edible plants like Synse-
palum dulcificum or Miracle berry plant, seeds
like flax, pumpkin etc., whole grains etc. These
lignans are found to be popular for anticancer
activity besides other positive health effects
like antioxidant, and anti-estrogenic effects.
(44) Specifically, lignans show extraordinary
antioxidant efficacy and can be used in thera-
peutics. (45) Studies have shown that lignan
secoisolariciresinol diglucoside from flax seeds
were shown to prevent certain diseases like di-
abetis and hypercholesterolaemic atheroscle-
rosis by inducing adipopectin expression by
enhancing PPARgamma DNA binding activity.
(46) Secoisolariciresinol diglucoside was also
found to improve glycaemic control partially by
enhancing insulin signaling. (47) Another study
revealed an association between high lignan
diet to reduced obesity in Spanish children (48)
though a clear mechanism of action has not
been suggested.

Catechins and polyphenols are a ma-
jor constituent in green tea and well known for
its high antioxidant activity due to the presence
of hydroxyl groups. (49) The role of catechins
in obesity management has been reported in
recent times. Research stated the role of the
catechin (—-)-epigallocatechin-3-gallate (EGCG)
showed highest biological activity among green
tea catechins (GTCs) including antiobesity ac-
tivity by suppressing the expression of tran-
scription factors and enzymes involved in lipo-
genesis and adipogenesis. (50) Many medicinal
plants were also found to show antiobesity
activity in which catechin was one of the phy-
toconstituents along with quercetin-3-rhamno-
side, catechin, kaempherol, quercetin, querce-
tin-3-glucoside, 1-caffeyolquinic acid etc. (51)
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Catechins are also known to possess significant
antimicrobial activity, anti-allergenic and anti-in-
flammatory activities, anti-viral and anti-cancer
activities. (52) Despite the bioactive potential
possessed by catechins, bioavailability of these
compounds is a major concern. This problem
is addressed by the research community using
certain functional foods as carriers, structural
modifications, and nanoparticles. (53)

Another phenol, Phloretin found in
apple tree leaves was found to effectively in-
teract with HMGR in this study. Studies re-
ported that Phloretin substantially diminished
excessive lipid accumulation, suppressed the
activity of transcription factors of lipogene-
sis and fatty acid synthase and enhanced lip-
olysis and fatty acid B-oxidation in mice. (54)
Guansine and its derivatives were found to
show anticancer activity in certain studies.
A study reported that of the thioguanosine
(sulfinosine) displayed anticancer effect by in-
ducing apoptosis and autophagy in glioma
cells. (55) Another derivative Isoguanosine gel
showed anticancer activity with dual-functions
as anticancer compound and delivery system.
(56) Though reports for antiobesity activity for
caffeoyl aspartic acid are unavailable currently,
Caffeoyl acid derivatives like caffeoylquinic
acid derivatives are known to display a lot of
antioxidant properties with catechol moiety
being crucial for radical scavenging activity. (57)

Curcumin, also known as diferuloyl-
methane, is a bioactive polyphenol component
found in the rhizomes of turmeric that is used as
a food additive, spice, and has been used for
centuries

in traditional Asian therapy to treat wide
range of illnesses. (58) When compared to the
commonly used drug atorvastatin, the active
pharmaceutical ingredient in curcumin exhibits
a large amount of binding energy, which allows
it to interact with the HMG-CoA reductase tar-
get protein. (59) Numerous studies in both the
pre-clinical and clinical stages have demon-
strated that curcumin has bioactivities that low-

er blood total cholesterol, fatty acids, and inhibit
the accumulation of triglycerides, aids in weight
loss, improved percentage reduction of body
fat, enhanced hip circumference reduction, in-
creased waistline reduction, and increased
Phosphatidylserine reduction. (60-62) Curcumin
can disrupt or limit numerous phases of adipo-
cyte development. This compound can modify
the adipocyte life cycle by suppressing pread-
ipocyte proliferation and mitogenesis, inhibiting
adipogenesis, and inducing mature adipocyte
apoptosis. (63)

Though not many reports exist on the
bioactive potential of primapterin, it is used as a
marker in childhood asthma and inherited met-
abolic conditions (https://www.bocsci.com/pri-
mapterin-and-impurities-list-1747.html) (64) A
study reported primapterin to display antagonis-
tic activity against Escherichia coli and Pseudo-
monas aeruginosa (65) and can be further used
to evaluate other biological activities.

Similar approach has been utilized by
other scientific community as this methodology
would help in the identification of possible lead
compounds that show effective binding and
required pharmacokinetic properties. Sugan-
ya et al (2017), Lin et al (2015) has carried
out the same protocol and were able to iden-
tify certain compounds from some foods and
medicinal plants. Our work adds to the list of
possible compounds that can act as possible
lead compounds, especially from edible foods
suggesting a natural way of managing the con-
dition. Further experimental analyses would
positively bring out a candidate lead compound
that can be later evolved into therapeutics. (66,
67) Therefore these results demonstrate the
fact that the food that is consumed on a regular
basis has potential to treat and manage several
human disorders and can therefore be experi-
mentally verified to develop a lead molecule that
in due course of time can be used as a drug.

Conclusion

The inhibition of HMG CoA reductase
using statins is the line of treatment for hyper-
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cholesterolemia. But owing to the resource of
compounds present in our edible foods, an at-
tempt has been made to identify natural com-
pounds that can effectively bind to HMG CoA
reductase through computational studies. This
study demonstrated that many natural com-
pounds were effectively binding to the target in
the precise location like that of the drug Statin
and could possibly bring similar inhibitory effect.
This report provides a cue to experimental stud-
ies which are currently deliberate by us there-
by suggesting that the foods available in house
can hold promise in providing remedy to certain
health conditions.
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