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Abstract: The fatty liver disease known as steatohepatitis is characterized by liver inflammation. De novo
lipogenesis and mevalonate pathway have been identified as contributing to the development of fatty liver.
Rheum genus has pharmacological properties such as antioxidant, anti-inflammatory, hepatoprotective, and
hypolipidemic. Consequently, the current study investigated bioactive compounds from Rheum genus using
in-silico method. The 109 compounds and their natural inhibitors against the enzyme targets ATP-citrate
lyase (ACLY), Acetyl-CoA carboxylase (ACC), Fatty Acid Synthase (FASN), Stearoyl-CoA desaturase
(SCD1), and HMG-CoA reductase (HMGCR) were performed. The results obtained are in the form of a re-
rank score, with the best compound results for each enzyme is Catechin 7,3'-di-O-p-D-glucopyranoside (Al)
(-148.73), 4' - Methoxy - 3, 3',5 - trihydroxystilbene' - O - f — D (2"-O-p-coumaryl) - glucopyranoside (A2)
(-136,808), 2-Cinnamoyl-1,6-digalloyl glucose (A3) (-149,589), 3-O-Galloyl Epicatechin (A4) (-160,018),
and 6-C-Glucopyranosyl Procyanidin B2 (A5) (-84,843) as ACLY, ACC, FASN, SCD1 and HMGCR
inhibitors, respectively. Analyses using the ADMET and Lipinski rules revealed that A4 has the potential to

be a lead compound for oral drug use, but more research is required.

Keywords: Fatty liver, de novo lipogenesis, mevalonate pathway, rheum genus, in-silico.

Highlight

e Steatohepatitis is a disorder in which the liver is inflamed and fat accumulates (steatosis). It
indicates a more advanced stage of fatty liver disease, in which simple fat buildup leads to

inflammation and liver cell damage.

e Rheum is a genus of plants in the Polygonaceae family that includes numerous species usually
known as rhubarb. Its bioactives exhibit antioxidant and anti-inflammatory properties.
e Anin-silico study is research that uses computer simulations or computational models.

1. Introduction

The liver regulates fatty acid and cholesterol
metabolism, and disruptions in intrahepatic activity
can affect metabolic health [1]. Each year, around
two million people suffer deaths from liver disease.
Fatty liver disease is developing worldwide and is
predicted to be a factor in liver transplantation by
2030. Extra fat in the liver is a risk factor for
developing liver disease [2,3]. Non-alcoholic fatty
liver disease (NAFLD) is an early-stage liver
disease that requires inflammation or intake of
alcohol. Non-alcoholic steatohepatitis (NASH) is a
more advanced type of hepatocyte inflammation
[4]. This is due to its tight correlation with other
metabolic diseases, such as type 2 diabetes, in
which about 75% of the population has liver fat
accumulation [5].

De novo lipogenesis (DNL) is a process of
metabolism in the liver that produces fatty acids
from glucose. Excessive development of this
pathway contributes to the accumulation of fat in
the liver [6,7]. Inhibiting DNL enzymes such as
ACLY, ACC, FASN, and SCD1 activity can reduce
fat accumulation in the liver [8,9]. There are
multiple inhibitors of these DNL enzymes, such as
NDI-091143, ND-646, TVB-2640, and aramchol,

respectively. The mevalonate pathway is an
essential process in cholesterol synthesis. Inhibiting
mevalonate pathway enzymes such as 3-hydroxy-
3-methylgluratyl coenzyme-A reductase
(HMGCR) can reduce cholesterol biosynthesis,
making it a primary target for cholesterol-lowering
medications, such as statins [10]. However, statins
can improve liver serum and induce muscle pain
[11].

The Rheum genus contains the most beneficial
substances. In recent years, scientific and clinical
studies have revealed various biological effects in
Rheum genus plants [12]. These effects include
hypolipidemic, antimicrobial, anti-inflammatory,
and antioxidant properties. Rhubarb is a plant
belonging to the Rheum genus. The
pharmacological of Rhubarb can lower serum
triglyceride levels and liver steatosis [13]. The roots
of Rheum emodi have been shown to perform
hepatoprotective and antioxidant activities [14].
Rheum officinale Baill is also reputed to have
hepatoprotective  bioactivity  [15].  Rheum
turkestabucyn rhizome extract can decrease serum
triglyceride and has antioxidant activities [16]. The
discovery of several Rheum species plants with the
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potential for reducing fatty liver led to research into
the Rheum genus bioactive compounds.

Virtual screening has been a standard assay in drug
development [17]. Molecular docking also aims to
find the most stable conformation of protein and
ligand, then analyze the docking complex that gives
the lowest re-rank score to predict the interaction
and the resulting energy [18]. The requirements for
a good drug are that it must be easily absorbed by
the body and bind to target molecules, such as
proteins. These properties are called ADMET
(absorption, distribution, metabolism, elimination,
toxicity). The principle commonly used is the
Lipinski rule of five, which looks at molecular
weight, donor-acceptor H-bonds, and Log P [19].
In this study, we used virtual screening molecular
docking to examine the potential of the Rheum
genus bioactive compounds based on the re-rank
score as inhibitors of steatohepatitis. After that, the
Lipinski rule of five and ADMET were tested to see
if the compound could be used as an oral drug
predicted to inhibit de novo lipogenesis and
mevalonate pathway.

2. Computational Method

The website www.knapsackfamily.com provided
information on 109 Rheum compounds. The
resources utilized in this work were 3D structures
of the enzymes ACLY (PDB ID: 600H), ACC
(PDB ID: 5KKN), FASN (PDB ID: 8GKC), SCD1
(PDB ID: 4ZY0), and HMGCR (PDB ID: 1THW9)
obtained from the website https://www.rsch.org.
Molegro Virtual Docker 6.0.0 was used for
molecular docking, and the Discovery Studio 2024
client was used for compound visualization. ADME
and toxicity were tested using the websites
www.swissADME.com and www.scfhio-iitd.res.in
, respectively.

2.1. Enyzmes and ligand preparation

The three-dimensional (3D) structures of enzymes
utilized in the study were retrieved from
https://www.rscb.org and stored in PDB format.
The enzymes were isolated by eliminating water
and cofactors from the protein structure. The
ligands' 3D structure was modeled using the
ChemOffice software tool (PerkinElmer) and
optimized for energy using the Merck molecular
force field 94 (MMFF94), saved in mol2.format
[20].

2.2.  Molecular Docking Simulation
First, the molecular docking study is validated by
re-docking the enzymes with the natural ligand.
Based on the literature, we determined the chain
structure and native ligand to use. Grid Box
Docking can enhance the docking process time
while decreasing the selectivity of docking on
specific target pocket binding sites [21]. After
validation, docking of the developed test ligand was
done. The test ligand is added to the program, and
alignment is performed with the reference ligand.
Following that, docking simulations were run on
each chemical, which was then changed into active
ligands (set as active ligands), and the results were
examined. Docking results were visualized using
Discovery Studio, amino acid interactions were
analyzed, and scores were re-ranked.
2.3. Lipinski and ADMET
calculations
The structure of the five compounds from the
Rheum genus with the highest re-rank score for
each enzyme was investigated further using the
ADMET and Lipinski rule of five. SWISSADME
assessed the  compounds  physicochemical
limitations, pharmacokinetics, and drug-likeness.
In addition, the toxicity prediction for oral
administration was calculated using Protox Il
(tox.charite.de). This toxicity prediction is used to
analyze hepatotoxicity and cytotoxicity [22]. This
toxicity prediction helps assess hepatotoxicity and
cytotoxicity. Following that, the Lipinski Rule of
Five test was performed.

properties

3. Results and discussion

3.1. Validation methods

First, wvalidation docking or re-docking is
performed, and the native ligand is tethered to the
protein binding site. Grid size and radius obtained
via re-docking were employed as a reference for the
docking stage of the compound of the Rheum
genus. RMSD is the similarity of two atomic
coordinates used for docking validation [23]. An
RMSD value of less than 2 A is considered
acceptable. The smaller the RMSD, the closer the
ligand site is to its original form [24]. Intable 1. The
re-docking results are < 2 A, except for SCD1,
which has an RMSD value of 3.2 A. This refers to
the complicated structure of SCD1's native ligand,
Stearoyl-CoA, which has a long carbon chain and
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is difficult to position in its native conformation, as
well as the unpredictability of its structure.

3.2.  Virtual screening of Rheum genus

Flavonoid and phenolic compounds that inhibit
lipogenesis enzymes can decrease the evolution of
steatohepatitis by reducing inflammation, oxidative
stress, and lipid metabolism [25,26]. Following re-
docking and compound collection, docking was
applied to these compounds. This docking

generates a re-ranking score. The re-rank score is a
figure that reflects the bond energy required to form
a bond with the enzymes, from which the activity
or compound can be anticipated. To see and select
the best inhibitor from the Rheum genus, molecular
docking was performed on the specific active site
of the enzymes. The lower the re-rank score, the
stronger the bonding connection between the ligand
and the protein [27].

Table 1. Validation Docking and Grid Box

Enzyme PDB Code

Radius

Center Grid Box RMSD

ACLY 600H 15

X:128.27 0.8 A
Y:156.19

Z:182.66

ACC 5KKN 10

X:54.00 11A
Y: 38.96

Z:43.99

FASN 8GKC 15

X:105.78 11A
Y:180.15

Z:133.21

SCD1 472Y0O 15

X:17.43 32A
Y:70.83

Z:47.03

HMGCR 1HW9 15

X:-12.68 13A
Y: -28.69

Z:22.65

Table 2. Docking Results Between Enzyme and Compounds

Enzyme Compound Re-rank score Conventional Hydrogen Bond
ATP-citrate lyase NDI-091143 -126.569 Gly380, Thr353, Arg378, Gly380
PDB ID: (600H) Bempedoic Acid | -97.358 Gly380
Al -148.731 Ala280, Gly309, Ala310, lle344,
Asn349, Asn346, Met278, Gly342,
Gly380, Arg378, Asn346
Acetyl-CoA ND-646 -145.16 Arg277
carboxylase Firsocostat -98.854 Arg281
PDB ID: (5KKN) A2 -136.808 Arg281, Trp681, Asn679, Phe704,
Pro590, Glu671, Glu593
Fatty Acid Synthase TVB-2640 -89.489 -
PDB ID: (8GKC) Orlistat -92.552 Ser2081, Asn2028, Asn2028
A3 -149.589 11e2079, Asn2028, GIn2031, Asp1977,
Ser2023, Thr2083, Asn2028
HMG-CoA reductase | Simvastatin -68.440 Asn755, Glu559
PDB ID: (1HW9) A5 -84.843 Ala751, Glu559, Glu559, Gly560,
Ala856,
In table 2. shows some compounds such as native  R.officinale, and Rheum rhaponticum [28].

ligands, compounds that have been determined as
inhibitors clinical of each enzyme, and docking
results of rheum genus compounds with the highest
re-rank score targeted at each enzyme ACLY,
ACC, FASN, SCD1, and HMGCR. Compound Al
is found in Rhubarb from Rheum palmatum,

Compound A2 was discovered in Rhubarb from
Rheum rhaponticum [29]. The roots of the
Rhubarb-type  Rheum  officinale  contained
compound A3 [30]. Compound A4 is found in
Rhubarb from Rheum tanguticum [31]. Compound
A5 is also found in Rhubarb from the epidermis of
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Cinnamomum cassia and C.abtusi folium [32].
Flavonoid compounds and stilbene glycosides are
among the five compounds. Based on docking
results of 109 compounds in each enzyme, it can be
determined that flavonoid glycoside compounds
always present and have the best re-rank score are
catechin-5,3'-di-O-B-D-glucopyranoside. Catechin
glycosides include catechin-7,3"-di-O-B-D-
glucopyranoside, catechin - 3,4'—di— O — p — D-
glucopyranoside, catechin - 5 - O — B - D -
glucopyranoside, 7-O-B-D-
glucopyranosylcatechin. Catechin glucopyranoside
is a flavonoid compound of the flavan-3-ol group
bound to glycosides. Flavan-3-ols exert their
antioxidant effects [33]. In the report, Catechin-5-

O—B-D-glucoside from Bauhinia pentandra showed
anti-inflammatory activity with an inhibition rate of
33.0% + 40 [34]. 7-O-p-D-
glucopyranosylcatechin isolated from the seed of
Phaseolus calcaratus has beneficial roles in the
scavenging of ROS and treatment of oxidative
stress [35]. (+)-Catechin 3-O-B-D-glucopyranoside
isolated from Trichilia emetica whole seeds has
beneficial antioxidant activity at 80% DPPH %
inhibition [36]. Flavonoid glycosides have
antioxidant properties that may counteract hepatic
fat accumulation by activating the PPAR-a-FGF21-
AMPK-PGC-1a signaling cascade associated with
DNL reduction [37]. There have been no further
study reports for the other top-ranked substances.

over

OH o, O
oH

Figure 1. Structure of the compound with the lowest bond energy (1) Catechin 7,3” di-O-B-glucopyranoside
(A1), (2) 4—methoxy-3,3’,5-trihydroxystilbene 3’—~O—p—D-(2-O-p-coumaryl)-glucopyranoside (A2), (3)
2—cinnamoyl-1,6-digalloylglucose(A3),(4)3-0O-galloylepicatechin(A4), (5) 6 - C

glucopyranosylprocyanidin B2 (A5).

Enzyme ACLY generates acetyl-CoA and
oxaloacetate which is a key lipogenesis regulator
and is considered a therapeutic target for the
treatment of hyperlipidemia since it can impact
lipid and cholesterol production [38][39]. The re-
rank score of Al with ACLY is -148.731, while
those for NDI-091143 and bempedoic acid is -
126.569 and -97.358, respectively. NDI-091143 is
a compound that bind allosterically to the ACLY

enzyme and forms a hydrogen bond with Gly380
and is effective in inhibiting ACLY enzyme
function [40]. Bempedoic acid is a prodrug that is
converted to an active form ETC-1002 CoA by
acyl-CoA synthetase and is known to affect
adenosine monophosphate-activated protein kinase
(AMPK) activation and ATP citrate lyase (ACLY)
inhibition [41]. The docking result compound, a
flavonoid glycoside compound on ACLY enzyme,
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is catechin. Catehin-5-O-B-glucopyranoside with
re-rank score -131.005. It can be predicted that the
Catehin-5-0 glucopyranoside compound has better
binding energy than NDI-091143 and Bempedoic
acid, so Al and Catehin-5-O-glucopyranoside,
predicted that can inhibit ACLY.

Enzyme ACC catalyzes the carboxylation of acetyl-
CoA and produces malonyl-CoA [42]. Targeting
this ACC enzyme may decrease de novo fatty acid,
which is linked to NASH, diabetes, and other
metabolic disorders [43]. Previous research found
that the ACC inhibitor firsocostat reduced hepatic
DNL after 4 and 12 weeks, using a residual label
correction approach that accounts for hepatic
triglyceride turnover [44]. A2 with ACC was
compared to the ND-646 and firsocostat with re-
rank score of -145.16, -98.854, and -136.808,
respectively. The A2 re-rank score is higher than
Firsocostat but slightly lower than the ND-646.
ND-646 is an allosteric inhibitor of ACC that has a
distinctive mechanism of action. It binds to the BC
domain of ACC, where the AMPK phosphorylation
serine of ACC interacts to prevent ACC
dimerization and activation [45]. Firsocostat is a
liver-targeted, small molecule allosteric inhibitor of
both ACC1 and ACC?2 that binds to the BC domain,
preventing dimerization and reducing enzyme
activity [46]. This might show that A2 has a high
capacity to inhibit ACC. The flavonoid glycoside
compound with a good re-rank score on the ACC
enzyme is Catechin 5,3'-di-O-f-D-glucopyranoside
with a re-rank score of -134.752. This result is
higher than ND-646 and Firsocostat but lower than
A2,

The enzyme FASN converts malonyl-CoA to
palmitate. Palmitate generated by FASN has
numerous potential destinations in the liver of
persons with NAFLD since it is a building block for
synthesizing fatty acids and more complex lipids,
such as triglycerides, which induce steatosis. FASN
catalyzes fatty acid synthesis. In a previous study,
FASN inhibition acted directly on the primary cell
types of NASH [47][48]. A3 with FASN has a
higher re-rank score than the TVB-2640 and
orlistat, which is -149.589. TVB-2640 is a small-
molecule human FASN inhibitor. TVB-2640 is the
first highly selective FASN inhibitor to reach
clinical trials [49]. Orlistat is a new inhibitor of the
thioesterase domain of fatty acid synthase [50]. The
lower re-rank score, the higher the binding energy.

A3 is anticipated to inhibit the FASN enzyme more
effectively than the TVB-2640 and Orlistat. The
best flavonoid glycoside compounds from FASN
enzyme docking results are Catechin 5,3'-di-O-p-
D-glucopyranoside and Catechin  3'-O-B-D-
glucopyranoside with a re-rank score -147.059 and
-141.006. These results predict that these flavonoid
glycoside compounds have better inhibitory
activity than orlistat and TVB-2640.

Enzyme SCD1 is a lipid biosynthesis stimulant that
produces new phospholipids for cell membrane
biogenesis by converting palmitic acid to
palmitoleic acid. Aramchol has been shown in a
prior study to decrease SCD1 and enhance PPARG
mRNA expression, which may have antifibrotic
effects in individuals with NASH and fibrosis
[51][52]. Stearoyl-CoA is a substrate that can be the
active binding site of SCD1. Stearoyl-CoA is a
substrate that can be the active binding site of SCD1
[53]. Aramchol is a drug currently in clinical trials
for fatty liver disease that works to suppress the
SCD1 enzyme thereby reducing the expression of
genes and proteins associated with liver fibrosis
[54]. A4 with SCD1 has a high ability to inhibit the
SCD1 enzyme. Flavonoid glycoside compounds
that have the best docking results against the SCD1
enzyme are catechin 5,3'-di-O-p-D-
glucopyranoside and catechin  5,4'-di-O-B-D-
glucopyranoside with re-rank score -157,225 and -
150,285. These results predict that these
compounds have better inhibitory activity than
native ligand and aramchol. A4 has a strong and
substantial re-rank score of -160.018, whereas the
Stearoyl-CoA and aramchol have scores of -70.023
and -78.004, respectively.

De novo lipogenesis and lipid metabolism in the
liver can be targeted to minimize fatty livers. The
imbalance in triglyceride (TG) synthesis can be
used to predict fat gain. DNL products, which are
fatty acyl chains connected to coenzyme A, can
accumulate and be integrated into various of lipids.
Lipids perform a metabolic function and can be
harmful if DNL levels grow [55].

The function of the enzyme HMGCR s to prevent
HMG-CoA from converting mevalonate acid, the
primary substrate for cholesterol synthesis, which
can lead to inflammation and fatty liver. These
pathways cause the liver to accumulate cholesterol,
which may lead to inflammation and hepatocellular
death [56][57]. A5 with HMGCR has a higher re-
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rank value of -84.843 than the native ligand, which
is -68.440. This suggests that compound A5 has
more inhibitory efficacy than its native ligand
(simvastatin). Flavonoid glycoside compounds that
have the best docking results on HMGCR enzyme
are Catechin 5,3-di-O-B-D-glucopyranoside and 7-
O-B-D-Glucopyranosylcatechin with re-rank score
-77.4605 and -76.7536. These results predict that

these compounds have better inhibitory activity
than the simvastatin.

The mevalonate pathway generates isoprenoids,
which are required for various cellular processes
ranging from cholesterol synthesis to growth
control. The enzyme 3-hydroxy-3-methylglutaryl-
coenzyme A reductase (HMGCR), which converts
HMG-coenzyme A to mevalonate, is the rate-
limiting enzyme in the mevalonate pathway [58].

Interactions
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Figure 2. 2D and 3D ligand (Al)-target interactions at binding site of ACLY (600H)
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Figure 3. 2D and 3D ligan (A2)-target interactions at binding site of ACC (5KKN)

Al binding ACLY forms 14 hydrogen bonds with
ALA280, GLY309, ALA310, ILE344, ASN349,
ASN346, MET278, GLY342, GLY380, ARG378,
ASN346, SER308, ARG379, and ARG378 at
distances of 2.78, 2.24, 2.19, 2.21, 2.59, 2.32, 2.09,
2.15, 2.18, 2.62, 2.22, 2.93, 2.63, and 2.30 A,
respectively. The hydrophobic bonds between
ALA280, ILE344, ALA310, ILE344, and ALA280
have distances 0f4.76, 4.70, 3.77, 3.66, and 3.46 A,
respectively. The results show a resemblance in
hydrogen bonding between Al and the native

ligand and bempedoic acid, representing GLY380
and ARG378. Al is connected to the binding side
by 14 hydrogen bonds. The NH group on the
residue acts as a hydrogen donor, binding to the O
atom on Al as a hydrogen acceptor, specifically
ALA280, GLY309, ALA310, ILE344, and
ASN349. The H atom on Al acts as a hydrogen
donor, binding to the O atom on the residue as a
hydrogen acceptor, which is ASN346, MET278,
GLY342, GLY380, ARG378, ASN346, ARG378.
The H atom on the residue acts as a hydrogen donor,
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binding to the O atom on Al as a hydrogen
acceptor, especially SER308, and ARG379.
A2 binding ACC forms 10 hydrogen bonds:

ASN679, PHE704, TRP681, GLU671, ARG281,
ARG277, ARG277, ASN599, GLU593, PRO590.
The bond lengths are 2.39, 2.24, 1.76, 1.69, 2.31,
227, 2.95, 3.00, 2.84, 1.84 A, respectively.
Hydrophobic bonds between VAL648, PHE704,
TRP681, ILE270, VAL273, LYS274, LYS274, and
MET594 have distances of 5.28, 5.13, 4.38, 4.73,
4.46, 4.59, 5.12, and 4.67 A, respectively. The data

a
- GLN2031
Yean
” 77

P,

obtained show a similarity of hydrogen bonds
between the natural ligand and A2, namely at
residue ARG277, and with Firsocostat, which is
ARG 281. A2 is linked via a binding site with ten
hydrogen bonds. The hydrogen donor H atom on
A2 binds to the hydrogen acceptor O atom on the
residue, which is ASN679, PHE704, PRO590,
GLU671, and GLU593. The O atom on A3 acts as
a hydrogen acceptor, binding to the H atom on the
residue as a hydrogen donor, especially ARG281,
TRP681, ARG277, ARG277, and ASN599.

THR
Ao

e
A2079 ‘\ VAL
A2022

N

Q
\8 Bl {11

ASN b 4 A2069 ne

A2028 /’\\\ Azoes

Interactions
F Conventonal Hydrogen Bond
Carbon Hydrogen Bond

Figure 4. 2D and 3D ligan (A3)-target interactions at binding site of FASN (8GKC)

A3 binding FASN has ten hydrogen bonds from
ILE2079, VAL2080, ASN2028, ASP1977,
GLN2031, GLN2031, SER2023, and THR2083
with sequential bond distances of 2.70, 2.45, 2.30,
2.38, 229, 2.97, 1.84, 2.74, 239, 1.94 A,
repsectively. The hydrophobic bonds from
VAL2022, LEU2069, ILE2068, and ILE2063 have
subsequently bond distances of 4.48, 5.04, 4.50,
and 4.26, respectively. The results show that amino
acid residues in A3 are comparable to those in the
native ligand (GLN2031), orlistat (ASN2028). A3
is coupled to the binding site via ten hydrogen
bonds. The H atom of the OH group on A3 works
as a hydrogen donor, whereas the O atoms of
residues 1LE2079, ASN2028, THR2083, and
ASP1977 serve as hydrogen acceptors. The O atom
on A3 works as a hydrogen acceptor, connecting
with the H atoms of ASN2028, SER2023,
GLN2031, and VAL2080, which act as hydrogen
donors.

A4 binding SCD1 contains nine hydrogen bonds
with GLN147, THR261, ASN265, ASN148,
TRP153, PHE146, PHE146, HIS157, and THR261
bond distances of 2,91, 2.35, 2.20, 2.25, 1.97, 2.75,
298, 2.62, 2.54 A, respectively. There are 12
hydrophobic bonds: GLN147, TRP153, TRP153,
HIS120, TRP153, TRP184, LEU185, TRP153,
TRP184, TRP262, LEU185, VAL264 with bond

distances of 2.85, 3.84, 4.98, 5.49, 5.08, 4.91, 5.37,
5.11, 4.85, 5.37, 4.84, 4.13 A, respectively. The
results show a residue similarity between A4 and
the native ligand, ASN148. The H atom of the
hydroxyl group on A4, as a hydrogen donor, binds
to the O atom, acting as a hydrogen acceptor on
residues PHE146, PHE146, ASN148, and TRP153.
As a hydrogen acceptor O atom on the C=0 group
binds to the H atom of residue THR261, GLN147
as a hydrogen donor. The H atom on residues
ASN265 and HIS175 acts as a hydrogen donor and
binds to the O atom on A4, which acts as a
hydrogen acceptor.

A5 binding HMGCR formed six hydrogen bonds:
ALA751, ALA751, ALA856, GLU559, GLU559,
and GLY560, with bond lengths of 1.89, 2.37, 2.01,
2.11, 1.82, and 1.961&, respectively. A5 enhanced
hydrophobic interactions with ALA856, LEU853,
and HIS752 at distance of 4.60 to 5.32 A. The
interaction between the ligand and protein produces
a single amino acid residue, GLU559, similar to
A5. This residue activates the HMGCR enzyme.
Glutamate residues can absorb hydroxyl radical
peptides and exhibit antioxidant bioactivity [59].
A5 shows six hydrogen bonds with the site. Six
hydrogen bonds connect A5 and the location. The
H atom in the ligand works as a hydrogen donor,
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interacting with the O atom in the amino acid  Lipinski's rules. This is due to the complicated
residue, which acts as a hydrogen acceptor. structures of A1, A2, A3, and A5, which result in a
3.3.  Lipinski rule of five ADMET analysis significant mass for each a compound. Moreover,
The results of the Lipinski rule of five are shownin = 0 presence of glycosides in the molecule increases
Table 3. The only compound that matches  he nymber of OH groups or hydrogen bonding. If

Lipinski's rule is A4, which has a molecular weight {54 many hydrogen bonds exist, the drug structure
of less than 500 Da and an H-bond acceptor of less may become overly reactive and unstable.

than 10. Other compounds violate the rules with

Interactions
B corvertons ragen Bad B 7o e
[ ntord ] s

Interactions
Bl Corventonal Hydrogen Bond ) reuns

] Carbon reycrogen Bond B 5T eneced
B faorabie Doner Doror B ™

Figure 6. 2D and 3D ligan (A5)-target interactions at binding site of HMGCR (1HW9)

Table 3. Lipinski rule of five

Compound  Mass H-Bond Donor  H-Bond Acceptors Log P
Al 614 Da 11 16 -2.70
A2 566 Da 6 11 2.42
A3 614 Da 8 15 1.00
A4 442 Da 7 10 2.91
A5 740 Da 14 17 -1.02

Table 4. ADMET properties

Compound  BA score Gl BBB LDsg  Toxicity Class Hepatotoxicity Cytotoxicity

Al 0.17 Low No 2500 5 Inactive Inactive

A2 0.17 Low No 4000 5 Inactive Inactive
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A3 0.17 Low No 5000 Inactive Inactive
A4 0.35 Low No 1000 Inactive Inactive
A5 0.17 Low No 2500 Inactive Inactive

In table 4. The ADMET properties show that Al,
A2, A3, and A5 compounds have the Gl of all drugs
with low activity, and all compounds lack BBB
action. There is toxicology prediction data. The
parameters evaluated include LDso, toxicity class
prediction, hepatotoxicity, and cytotoxicity. The
LDso of compounds relates to its ability to generate
adverse effects within a short time following
exposure. The lower the LDso, the more potentially
dangerous it is. The shown toxicity class is the
duration of the risk and its effect on organisms,
defined by class 1-6. The smaller the class, the
more toxic it is. Al, A2, A3, A4, and A5 have a
fairly good or non-toxic LDsp, namely >1000
mg/kg, and a predicted toxicity class in the range 4-
5. These compounds are also inactive for
hepatotoxicity and cytotoxicity, so they are safe to
use.

A4 compounds 3-O-galloylepicatechin have good
binding activity on each enzyme target. After
Lipinski rule and ADMET analysis, this compound
is predicted to be potentially safe as an oral drug.

4. Conclusions

The study accurately predicted the effectiveness of
the bioactive compounds in the Rheum genus using
molecular docking simulation. These results Al,
A2, A3, A4, and A5 are predicted to have good
binding potential to their respective targets that can
inhibit steatohepatitis., by enzyme ACLY, ACC,
FASN, SCD1, and HMGCR, respectively.
Predicted ADMET properties indicated all
compounds met some  parameters  of
pharmacokinetics and toxicity, and just 3-O-
galloylepicatechin met some parameters of Lipinski
rule. Molecular dynamics simulation needs to be
performed to validate the conclusions obtained
from the current work. Further investigations
required to advance the development of a novel
pharmaceutical or drug candidate for steatohepatitis
include in-vitro tests, in-vivo tests, and clinical
trials.
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