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Abstract — In recent times, the emergence of Clostridium perfringens has posed a significant challenge to
public health due to its antibiotic resistance and the formation of biofilms. It is the neuraminidase enzyme
that supplies toxin secretion from C. perfringens. Since the sialic acid bond is a target recognition point for
bacteria, new molecules are needed to treat infections caused by dangerous pathogens such as C. perfringens.
The present work focused on an alternative strategy using compounds from Polygonum cuspidatum Sieb. et
Zucc. Nine bioactive compounds derived from this plant emodin, physcion, emodin-1-O-f-D-glucopyranoside,
emodin-8-0-f-D-glucopyranoside, physcion-8-O-f-D-glucopyranoside, 2-methoxy-6-acetyl-7-methyl
juglone, torachrysone-8-O-f-D-glucoside, polydatin and resveratrol were used as ligands and coupled. The
neuraminidase enzyme from C. perfringens was chosen as the target protein. The optimal ligand insertion score
and ADMET parameters were determined by employing the Lipinski rules as selection criteria. Emodin-8-O-
[-D-glucopyranoside and physcion-8-O-f-D-glucopyranoside exhibited drug-like characteristics in their ability
to inhibit neuraminidase, as evidenced by a chelation score of —11.9. A comparison was conducted between
emodin-8-0-f-D-glucopyranoside and physcion-8-O-f-D-glucopyranoside, and the positive control quercetin.
A comprehensive analysis of the drug-like properties of emodin-8-O-f-D-glucopyranoside and physcion-8-O-f-
D-glucopyranoside revealed that exhibited superiority over quercetin across multiple aspects. Quercetin showed
a binding affinity of —9.9, while emodin-8-O-f-D-glucopyranoside and physcion-8-O-f#-D-glucopyranoside
showed a binding affinity of —11.9. The results showed acceptable differential kinetic properties of emodin-8-
O-f-D-glucopyranoside and physcion-8-0-f-D-glucopyranoside compared to quercetin. It has been shown to
inhibit the neuraminidase enzyme from C. perfiringens.

Keywords — Pharmacokinetics, Multidrug resistance, Molecular docking, Polygonum cuspidatum, Clostridium
perfringens, Quercetin

Introduction

The incidence of bacterial diseases is steadily rising,
primarily due to the bacterial strains’ diminishing efficacy
resulting from their evolving variants and resistance
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to currently available antibacterial and antiviral drugs.
C. perfringens is a common pathogen in humans and
livestock, causing wound infections, enteritis, and
enterotoxemia, and can damage organs like the brain due to
excess toxin production.’

Neuraminidase (EC 3.2.1.18) is a family of exo-sialidase
enzymes that catalyze the hydrolysis of sialic acid residues
from glycoproteins.” The classification of exo-sialidases, as
proposed by Henrissat in 1991, is based on their sequence
and can be divided into three families: GH-33, GH-34,
and GH-83.” The glycoside hydrolase family 33 (GH-33)
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includes most bacterial and simple eukaryotic and trans
sialidases.” This enzyme is strictly specific according to
the configuration of the glycosidic bond and relative to the
position of this bond in the molecule. Generally, it cleaves
a—2 — 3 and a—2 — 6 galactose, thereby specifically
cleaving N-acetyl neuraminic acid (NeuSAc) from cell
surface glycoproteins.” To escape the host’s immune
system, many pathogenic bacteria attach sialic acid
fragments (sialylate) to their outer surface. Thus, bacterial
neuraminidase (BNA) disrupts cellular homeostasis,
leading to increased production of inflammatory cytokines
and ultimately to inflammation and sepsis.*’

It was discovered that certain microbes possess
neuraminidase, an enzyme that controls various factors
that are very important. For instance, the pathogenic effect
that C. perfringens is capable of producing can only be
achieved in the presence of neuraminidase. This is due to
the fact that the sialic acid bond is a target identification
point for bacteria. Without it, enzyme infection would be
limited to one round of replication rare enough to cause
disease.® Thus, BNA regulates the release of toxins from
intestinal infections and the substrate formation necessary
for the metabolism of bacteria as an energy source for
growth.

C. perfringens releases terminal sialic acid from
glycans, secreting multi-modular sialidases that function
as virulence factors, resulting in severe infections for
humans, such as potentiation of a-toxin and hemolysis
during blood transduction.” It is also reported that bacterial
neuraminidase (BNA) plays a crucial role in biofilm
development and promotes mucosal infection.'’ Thus,
developing BNA inhibitors is critical to suppress bacterial
pathogenic diseases and inflammation. At the same time,
a variation of BNA allows the condition to evade human
immune responses and thus requires the formulation of
new inhibitors.

Polygonum cuspidatum (Polygonaceae) is a traditional
Chinese herb that grows in Asia and North America.
The roots of P. cuspidatum are listed as Huzhang in
the Pharmacopoeia of the People’s Republic of China.
Resveratrol, polydatin, quercetin, emodin, and their
derivatives are the active phytochemical components of

P. cuspidatum."™"

These phytochemical components of
this have undergone extensive research and are considered
essential for the medical functions.” In addition, anti-

. . . 14 .. 1 . . . 1
inflammatory, antioxidant,'* antiviral," antimicrobial,'

149

and neuroprotective'” effects of this plant were figured out
previously.

Bacteriostatic effects were seen in previous studies with
different extracts from P. cuspidatum. The methanol extract
of P. cuspidatum root can significantly suppress bacterial
neuraminidase activity and alleviate the host’s symptoms.
In particular, the active ingredient emodin-1-O-f-D-
glucopyranoside in P. cuspidatum extract showed a potent
inhibitory effect on bacterial neuraminidase activity. The
ethanol extract of P. cuspidatum has inhibitory effects on
Bacillus subtilis, Staphylococcus aureus, and Pseudomonas
aeruginosa with minimum inhibitory concentration (MIC)
values of 100, 50, and 100 pg/mL."*"

Materials and Methods

Ligand preparation and selection — The 3D structures of
the previously reported compounds from the P. cuspidatum
plant were obtained from the PubChem chemical compounds
database (https://pubchem.ncbi.nlm.nih.gov/) on 8.03.2023.
Subsequently, all compounds were subjected to energy
optimization using the Spartan 14 software (Version 1.1.4).

Bioactivity analysis and toxicity measurement of ligands —
The SwissADME database (http://www.swissadme.ch) was used
to obtain the Lipinski properties of the compounds.

pPkCSM — Absorption, distribution, metabolism,
excretion, and toxicity of ligands were calculated using
the pkCSM online software, available at https://biosig.lab.
uq.edu.au/pkesm/.

Target protein selection and primary sequence acquisition
— 1.24 was obtained from the protein database (http://www.
resb.org) on 10.03.2023 (PDB ID:5TSP). Before the docking
analysis, the enzyme structure was prepared by removing
excess ligands and water molecules using the BIOVIA
Discovery Studio 2021 program. Polar hydrogens were added
to the protein using the AutoDock vina 1.5.7 tool, and Kollman
charges were figured out. The partial charge of compounds was
calculated using Compute Gasteiger.

Physiochemical properties and 3D structures of proteins
optimized — To predict the properties of the selected protein
target, ProtParam (https://web.expasy.org/protparam/) was
used (Accessed on 10.03.2023). The number of positively
charged residues (Arginine andLysine) and negatively
charged residues (Aspartate and Glutamine), theoretical
pl, molecular weight, ext-coefficient (including Cysteine),,
instability index, aliphatic index and grand average
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hydrophobicity™ were calculated.

Structural analysis and functional area identification
— Structural analysis BIOVIA Discovery Studio 2021
program was used.”

Active site identification — Amino acids are crucial in
forming ligand-protein complexes, with protein binding
pockets determined through literature searches and the
CASTp database http://sts.bioe.uic.edu/castp/ (accessed
8.03.2023).”

Molecular docking of targeted proteins — AutoDock
Vina (1.5.7 tool) was used to evaluate docking and binding
affinities. The best ligands were characterized according
to their binding affinity. To visualize the embedded protein
complexes and to understand in detail the interactions that
contribute to the binding of ligands, LIGPLOT (version
2.2.8)** and Discovery Studio (D.S.) Visualizer 2021 was
used.”

AutoDock Vina is a docking program that clamps a
partially flexible ligand to a partially flexible protein. It
implements a genetic algorithm and is approximately 71%
successful in identifying docked ligand binding modes,
the same as experimental identification.” In the current
work, an AutoDock Vina function is used to describe van
der Waals interactions and hydrogen bonding in terms of
energies.

Lead compound identification — The two most active
inhibitors were identified after a detailed analysis of the
physicochemical and pharmacokinetic properties of the
proteins and ligands and a comparison of the insertion
score. The selected compounds were precursor compounds.

Reference antibacterial drug identification and
selection — In this phase, we sought drugs that could be
used to treat bacterial diseases. The Drug Bank (https://
go.drugbank.com/ accessed 10.03.2023) database was used
for drug identification due to its comprehensive analysis of
medications, including their respective routes.

Reference drug and lead compound comparison —
The reference antibacterial drug and the proposed lead
compound were compared by comparing insertion scores

Table 1. Physiochemical properties of target protein
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and physicochemical and ADMET properties.
Results and Discussion

The sequence of the selected protein was obtained from
UniProt with the accession number A 0AOH2YQRI1. The
protein is 694 amino acids long. A molecular docking
approach followed by molecular dynamics simulations
was used to block the biosynthetic pathways of this protein
target. This protein is critical for C. perfringens to exert
its pathogenic effect. The bacterial neuraminidase of C.
perfringens is an important therapeutic target because of
its pathogenic impact and role in biofilm development.
The catalytic domain of neuraminidases has hydrophilic
residues (an arginine cluster having three arginine residues
and one catalytic aspartate residue) and a hydrophobic
pocket.”® Cp Nani, a secreted exo-sialidase, is thought to be
a potential drug target for the inhibition of human infections
caused by C. perfringens.

The selected protein in UniProt (https://www.uniprot.
org/) (5.03.2023) reached) Protparam was used using the
identity name AOAOH2YQRI1, and values were obtained.
The ProtParam database was used for the estimation of
both physical and different parameters. The chemical
properties of the selected protein were figured out;
these properties were used to calculate and evaluate the
molecular weight, composition of amino acids, theoretical
protein index value, atomic protein composition, extinction
coefficient, the estimated half-life of protein instability,
aliphatic index, and overall hydropathic mean. A PI more
significant than 7 indicates that a protein is basic, while a P1
less than 7 suggests it is acidic. The extinction coefficient is
light absorption. An index below 40 shows protein stability,
while an above 40 shows protein instability (Table 1).

The protein from the protein data bank (https://www.
resb.org/ ) (accessed on 03.03.2023) 5STSP encoded protein
was obtained from the protein data bank at 1.24 resolution.
Ligands and other atoms, missing polar hydrogens, were
added. Energy minimization was done to receive stable

Target

. MW PI NR PR
proteimn

Instability
index

Aliphatic

Ext.Col index

Ext.Co2 GRAVY

Sialidase 21077.54 5.50 24 22

1.615 1.609 26.18 74.10 —0.679
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Table 2. Structures of ligands with molecular formulas and molecular weights
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Molecular

Molecular

No Ligand Name Formula Weight (g/mol) Structure
OH O O©H
1 Physcion C,¢H},05 284.26 e O‘O o-CHs
o]
OH O OH
2 Emodin C,sH,,05 270.24 O‘O
HaC OH
0
OH
Physcion-8-O-f-D- OH O 0 o OH
3 C,H,,0,, 446.4
glucopyranose O‘O
HiCoq CHy
o
OH
HO OH
. HO
Emodin-8-0O-f-D- 432.4 o070 O OH
4 l d CZIHZOOIO
glucopyranoside O ‘ O
HO CHs
0
OH
Emodin-1-O-f-D- C,H,,0 OH 0O 07O oH
5 . 215720710 4324
glucopyranoside O ‘ O
HO CHy
o
o]
HaC o.
2-methoxy-6-acetyl-7- O‘ CHs
6 methyljuglone CuaH,Os 260.24 HsC
O OH O
OH
HO OH
Torachrysone-8-O-f-D- s
7 glucoside C,H,,0, 408.4 0”0 OH O
HCo CHs
OH
oo
8 Polydatin CyHyO, 390.4 O
0" “'OH
OH OH
OH
o N
9 Resveratrol C,,H,,0, 228.24 O
OH
i OH
10 Quercetin (control) C,sH,,0, 302.2357 OH




152

conformation; BIOVIA Discovery Studio 2021 water
molecules in the protein were cut from the structure, and
bound ligand residues were removed. Polar hydrogens were
added to the protein using the AutoDock vina 1.5.7 tool,
and Kollman charges were figured out. The 3D structure of
the protein was obtained from (https://alphafold.ebi.ac.uk/)
(provided on 5.003.2023).

From the Interpro database (https://www.ebi.ac.uk/
interpro) (accessed 03/2023). Protein has 694 amino acids.
The C-terminal region is between 17-24 amino acids. The
hydrophobic part of the signal peptide is between amino
acids 5-16. The N-terminal region of a signal peptide is
between amino acids 1-4. The 3D structure of the protein
was obtained from (https://alphafold.ebi.ac.uk/) (provided
on 5.003.2023).

3D structures of compounds isolated from the P.
cuspidatum plant were collected from the PubChem
chemical compounds database (http://pubch em.ncbi.
nlm.nih.gov). Selected compounds: emodin, physcion,
emodin-1-O-f-D-glucopyranoside, emodin-8-O-f-D-
glucopyranoside, physcion-8-0O-f-D-glucopyranoside,
2-methoxy-6-acetyl-7-methyljuglone was figured out as
torachrysone-8-O-f-D-glucoside, polydatin and resveratrol.

A suitable crystallographic structure of the neuraminidase
enzyme (PDB ID:5TSP) from C. perfringens with a
resolution of 1.24 was obtained from the protein database
(http://www.rcsb.org). The SwissADME database (http://
www.swissadme.ch/ index.php) was used to obtain the
Lipinski properties of the compounds. Table 2 shows the
molecular weight, molecular formula, and 2D structure of
ligands from Pubchem.

This study used Autodock vina tools (version 1.5.7)
to investigate the molecular interaction between
neuraminidase enzyme and selected ligands. Before the
docking analysis, the enzyme structure was optimized
by removing excess ligands and water molecules using
the BIOVIA Discovery Studio 2021 program. Then, all
compounds were optimized for energy using the Spartan
14 (Version 1.1.4) program.

Polar hydrogens were added to the protein using the
AutoDock vina 1.5.7 tool, and Kollman charges were
figured out. The partial charge of compounds was
calculated using Compute Gasteiger. To enable the protein
to bind to its catalytic site, the x, y, and z coordinates were
figured out), and the angstrom was set to 1.000. Finally,
the Discovery Studio visualizer and Ligplot Molecular
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interactions and binding types between selected compounds
and neuraminidase enzymes were investigated using
(version 2.2.8) programs.”’

(http://sts.bioe.uic.edu/castp/index.html?5tsp) (accessed
8.03.2023) was used to identify active sites of proteins.
This software estimates available pockets for binding and
gives an idea of the surface area and volume of the pockets.
The active sites of the enzyme are shown in red in Fig. 1.

The interactions of ligands and functional pockets of
proteins were calculated. To interpret the docking results,
the molecular interactions and binding types between the
selected compounds and the neuraminidase enzyme were
investigated using the Hydrogen bond and hydrophobic
bond interactions, Discovery Studio visualizer, and Ligplot
version 2.2. (Table 3). Overall our results showed the
bonding strengths between the residues and atoms of the
ligands. The results obtained by the molecular coupling
test of the molecular interaction between the selected
compound and the neuraminidase enzyme are given in
Table 1. The binding energy, hydrogen, and hydrophobic
interactions between the compounds and the enzyme are
also presented in Table 4.

In addition, according to the results of Molecular
Docking analysis, the binding energies of the studied
compounds are different, therefore, the amount of binding
energy ranges from —11.9 to —8.1 kcal/mol. The lower the
binding energy level (negative), the stronger the binding
between the receptor (enzyme) and ligands (compound or
inhibitor). Among the selected P. cuspidatum compounds
—11.9 kecal/mol, physcion-8-0-f-D-glucopyranoside, and
emodin-8-O-f-D-glucopyranoside is predicted to supply
the highest inhibitory effect since it has the lowest binding
energy.

This study showed that compounds derived from P.
cuspidatum can bind to the active site of the neuraminidase
enzyme from C. perfringens and inhibit the activity of
this enzyme. In addition, compounds named physcion-
8-0-f-D-glucopyranoside and emodin-8-O-f-D-
glucopyranoside, which binds with higher affinity, were
detected among the isolated compounds when compared
with the neuraminidase inhibitor quercetin. Hydrophobic
interactions were recorded with Arg615 amino acid. The
bond lengths between Tyr 652, Glu 445, and Arg615 amino
acids were recorded as 2.38 , 4.54 , and 3.17 , respectively,
and the bond length was recorded as 3.17 . When looking
at physcion-8-O-f-D-glucopyranoside, it was seen that
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(A) ®)

Fig. 1. The 3D structural image of the selected protein from AlphaFold (A). Binding pockets of target proteins of C. perfiingens neuraminidase (B).

Table 3. Interactions of ligands with target protein.
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the number of hydrogen bonds formed with amino acids
increased; these are Thr442, Arg615, Asp328, Tyr655,
Tyr587 amino acids, and their bond lengths are 2.07 , 3.16 ,
3.62,3.61 , respectively, was recorded as 4.02 . At the same
time, hydrophobic interactions were seen with Tyr587,
Tyr655, Phe353, Trp354, and I1e267, with bond lengths
recorded as 4.02 , 3.86,5.77,4.35,4.99 , respectively.

Emodin-8-O-f-D-glucopyranoside, the bond lengths
between Asn386, Pro446, Asn448 and GIn447 amino acids
were recorded as 2.99 , 2.49 , 3.89 and 3.76 respectively.
Hydrophobic interactions were seen between Ala402,
His346, Leu371, and Ile416, and the bond lengths were
recorded as 5.04 ,5.33,5.17 , and 5.26 respectively.

In the molecular chelation analysis, it was observed that
the compounds interacted with more amino acids in the
catalytic region of the protein when compared to quercetin,
which was used as a control, and this showed that
especially physcion-8-O-f-D-glucopyranoside and emodin-
8-0-p-D-glucopyranoside compounds showed interactions
with the protein’s catalytic region. It shows that it is better
placed in the quercetin domain, and its inhibitory effect is

more effective. It is proof that it settles in the region very
well, especially since the bond lengths in the emodin-8-
O-p-D-glucopyranoside hydrogen bond interactions are
shorter than the bond lengths in quercetin. The p compound
was another vital interaction in the study; the binding affinity
value was recorded as —11.2 on the docking server.

Drug similarity and ADMET properties of ligands were
calculated using the online software pkCSM to qualitatively
evaluate the chance of being an oral drug in terms of
bioavailability and the structural or physicochemical
properties of the compounds. It was found that water
solubility and skin permeability were low for all ligands,
and CaCO, permeability was normal. Intestinal absorptions
were more than 90% for physcion, 2-methoxy-6-acetyl-7-
methyljuglone, and resveratrol ligands, while this ratio was
normal for emodin and low for other ligands. All ligands
show a positive P-gp substrate value except 2-methoxy-6-
acetyl-7-methyl juglone, while all ligands show a negative
P-gp I inhibitor value except polydatin. All ligands show
negative values in the P-gp II inhibitor (Table 5).

In distribution, steady-state volume of distribution
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Table 4. The binding energy, hydrophobic, and hydrogen bonds of the compounds derived from the P. cuspidatum plant with the enzyme
neuraminidase.

Binding energy (kcal/ Hydrogen bond Hydrogen bonding . .
Compounds . . - Hydrophobic interaction
mol) interactions distance
Physcion -9.5 Asn401 2.51 Leu371
Asn386 2.97 Alad02
Thr400 3.02 Val383
His346
Emodin -9.3 Asn386 3.05,2.81 Val383
Thr400 2.03 Leu371
Physcion-8-O-f-D- -11.9 Thr442 2.07 ,3.02 Tyr587
glucopyranoside Arg615 6.18,3.16 Tyr655
Asp328 3.62 Phe353
Tyr655 3.61,5.14 Trp354
Tyr587 4.02 11e267
Emodin-8-O-f-D- -11.9 Asn386 2.99,3.10, Alad02
glucopyranoside 3.78,3.18 His346
Pro446 2.49 Leu371
Asn448 3.89 Ile416
Gln447 3.76
Emodin-1-O-$-D- -10.9 Asn386 3.38 Alad02
glucopyranoside Asn448 3.36 Leu371
Asn417 3.08
Tyr370 343
2-methoxy-6-acetyl-7- -8.1 Asn448 2.90 Leu371
methyljuglone Asn386 3.00
Ala402 3.52
Torachrysone-8-O-f3-D- -89 Tyrd35 3.70 Tyr652
glucoside Glu445 3.63
Tyr652 3.96
Asp437 1.86,2.05
Polydatin -11.2 Pro674 2.52 Pro674
Asp437 1.64 Ala402
Tyr652 3.95
Resveratrol -8.2 Val383 2.64 Leu371
Leu371 3.14
Quercetin (control) -9.9 Tyr652 3.18,2.38 Arg615
Glu445 4.54
Arg615 3.17

(VDss), unbound fraction (Fu), blood-brain barrier  physcion-8-O-f-D-glucopyranoside, Torachrysone-8-O-4-
permeability (Log B.B.), and central nervous system  D-glucoside, and polydatin ligands values less than —1; log
permeability (Log P.S.) parameters were examined. It was  P.S. values were found to be less than —3 (Supplementary
found that the VDSS values of all ligands were low, and  Table S1). Some isoforms of P450 enzymes involved in drug
the Fu values were positive. Log B.B. in emodin-1-O-f-  metabolism (CYP1A2, CYP2C19, CYP2C9, CYP2D6,
D-glucopyranoside, emodin-8-O-f-D-glucopyranoside,  and CYP3A4) are among the metabolic parameters. No/
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Table 5. Absorption properties of ligands
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INTESTI-

WATER SO- CACO2 PER- NAL AB SKIN PER- P-GLYCOPRO- P-GLYCOPRO- P-GLYCOPRO-
S.NO LIGAND NAME LUBILITY MEABILITY S ORPTT(-)N MEABILITY TEIN SUBST- TEINIINHIBI- TEIN IL INHi-
(MOL/L)  (CM/S) (HUMAN) % LOG/KP RATE TOR BITOR
1 Physcion —3,143 1,438 96,356 -2,808 Yes No No
2 Emodin -3.192 0.055 74,485 -2,737 Yes No No
Physci- -2.91 0.369 50.546 -2,736 Yes No No
on-8-0-f3-D-glucop-
yranoside
4 Emo- —2.633 0.349 46,079 -2,735 Yes No No
din-8-0O-4-D-glu-
copyranoside
5 Emo- —2.564 0.315 42.38 -2,735 Yes No No
din-1-O-p-D-glu-
copyranoside
6 2-methoxy-6-a- -3.114 1.285 96,076 —-3,266 No No No
cetyl-7-methyljug-
lone
7 Torachryso- —2.503 0.02 37,919 —2,738 Yes No No
ne-8-0-f-D-gluco-
side
8 Polydatin -2.575 —-0.077 51.086 —2,735 Yes Yes No
9 Resveratrol -3.178 1.17 90.935 —2,737 Yes No No
Table 6. Applicability of Lipinski’s rule to ligands
S.NO LIGAND NAME LOGP VALUE MOLECULAR WE- H-BOND ACCEP- -y b\ poNOR
IGHT TOR
1 Physcion 2.19022 284.267 5 2
2 Emodin 1.88722 270.24 5 3
3 Physcion-8-O-f-D-glucopyranoside —0.33668 446.408 10 5
4 Emodin-8-O-f-D-glucopyranoside —0.63968 432.381 10 6
5 Emodin-1-O-f-D-glucopyranoside —0.63968 432.381 10 6
6 2-methoxy-6-acetyl-7-methyljuglone 1.81252 260.245 5 1
7 Torachrysone-8-O-f-D-glucoside 0.24372 480.403 9 5
8 Polydatin 0.4469 390.388 8 6
9 Resveratrol 2.9738 228.247 3 3

yes answers are given for these parameters (Supplementary
Table S2). In excretion, organic cation transporter 2 (renal
OCT?2 substrate) was calculated with yes/no responses,
while the total clearance log (CL tot) was calculated
(Supplementary Table S3).

The most considerable tolerated dose amounts (MRTD)

of 2-methoxy-6-acetyl-7-methyljuglone and polydatin
were found to be greater than 0.477. The prime tolerable
doses of these ligands are high. All ligands were found to
show no inhibition of either hERGI or hERGII. None of
the ligands showed hepatotoxicity and skin sensitization. In
addition, no ligand showed T. pyriformis activity less than
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—0.5 log pg/L. Minnow toxicity values of all ligands are
greater than 0.5mM, considered safe (Supplementary Table
S4).

LogP values, molecular weights, hydrogen acceptor, and
donor values of 9 ligands in P. cuspidatum were calculated.
These results show that the compounds are poorly absorbed
when there are two or more violations. Emodin-8-O-$-D-
glucopyranoside, emodin-1-O-f-D-glucopyranoside, and
polydatin ligands violated only one rule. All ligands obey
Lipinski rules (Table 6).

Binding score, ADMET properties, physicochemical
properties of emodin-8-0O-f-D-glucopyranoside and
physcion-8-0O-f-D-glucopyranoside were selected as the
precursor compound capable of inhibiting target proteins
according to Lipinski’s rule of five.

A comparison was made using different parameters,
including ADMET properties and the physicochemical
properties of compounds and positive controlquercetin,
against bacterial infections due to its repeated use
and efficacy, selected as the reference drug. ADMET
properties include values for Drug absorption, distribution,
metabolism, excretion, and toxicity. These values helped us
figure out the effectiveness and efficacy of the drugs.

The absorption properties of emodin-8-0-f-D-
glucopyranoside, physcion-8-O-f-D-glucopyranoside and
quercetin, were compared (Table 7A).

The distribution characteristics of emodin-8-0O-f-D-
glucopyranoside, physcion-8-O-f-D-glucopyranoside and
quercetin, were compared (Table 7B). Emodin-8-O-4-D-
glucopyranoside has a higher VDss value than quercetin.
Log B.B. and Log P.S. values for the two ligands were
almost the same as for the control.

The metabolic properties of quercetin, physcion-8-O-f-
D-glucopyranoside and emodin-8-O-f-D-glucopyranoside
were compared (Table 7C). CYP1A2 and CYP3A4
inhibitors were found to be only in quercetin.

The excretion properties of emodin-8-O-4-D-
glucopyranoside, physcion-8-O-f-D-glucopyranoside and
quercetin, were compared (Table 7D). The total clearance
value of quercetin was higher than the other two ligands,
showing that it was excreted better.

The most significant tolerated dose is 1.062, 0.232, and
0.374 for quercetin, physcion-8-O-f-D- glucopyranoside,
and emodin-8-O-f-D-glucopyranoside, respectively. In
addition, the acute oral toxicity of the two ligands is higher
than that of quercetin (Table 7E).

Natural Product Sciences

Quercetin, physcion-8-0-f4-D-glucopyranoside, and
emodin-8-0-f-D-glucopyranoside were compared
according to Lipinski’s rule of five (Table 7). The logo
value of quercetin and hydrogen bond donors and acceptors
gave better results than the other two ligands.

Antibiotics are used as the primary source in the’* ™
global management of infectious diseases. Antibiotic
resistance in pathogenic bacteria is vital because it can
cause a global health problem. Resistance to antibiotics has
forced researchers to seek alternative approaches and new
ways.’'

In the current study various computational methods
were used to discover a new non-toxic natural
antibacterial compound for treating infectious diseases
and P. cuspidatum was selected for screening in this
study. This plant was chosen because it has been shown
to have exceptional antipathogenic effects. The root
of P. cuspidatum contains several vital phytochemical
components: resveratrol, polydatin, quercetin, emodin,
and their respective derivatives. Considering the plant’s
therapeutic potential, the best nine ligands were selected
from the studies. C. perfringens remove terminal sialic
acid from glycans, thereby acting as a pathogenic effect.
The pathogenic protein Neuraminidase was chosen as the
target protein. The physiochemical properties, domain
identification, and binding pockets of this protein were
figured out by literature searches. The FASTA sequence of
this protein was from UniProt, and the 3D constructs were
from Alphafold. Ligands were prepared for their drug-like
properties. A molecular docking protocol was applied to
control the binding affinities leading to the formation of
hydrogen bonds and other linkages, including hydrophobic
interactions.

After a detailed analysis of ADMET properties
and placement scores, the two top-rated compounds,
physcion-8-O-f-D-glucopyranoside and emodin-8-O-
p-D-glucopyranoside, were selected. The two chosen
compounds were identified as lead compounds based
on their binding affinity to the neuraminidase target
protein. According to the literature, emodin-1-O-f-D-
glucopyranoside strongly inhibited bacterial neuraminidase
activity at a low concentration (ICs, = 0.43 pmol/L)."* Anti-
inflammatory, antioxidant,'* antiviral,"> antimicrobial,'® and
neuroprotective'” effects of P. cupidatum were figured out.
More research is needed to clarify the exact mechanisms
of action and determine its effect and safety on the human
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Table 7. Comparison of absorption properties (A). Comparison of distribution properties (B). Comparison of metabolic properties (C).
Comparison of excretion properties (D). Toxicity comparison (E). Lipinski rule of five (F).

(A)
3 No Licand Name Water solubility CaCO2 permeabi- Intestinal Absorp- Skin Permeability P-glycoprotein ~ P-glycoprotein I P-glycoprotein
’ & (mol/L) lity (cm/S) tion (Human) % Log/Kp substrate inhibitor 11 inhibitor
1 Quarcetin —3.372 0.587 74.994 —2.735 Yes No No
Physci-
2 on-8-0-p-D-glu- -2.91 0.369 50.546 —2.736 Yes No No
copyranoside
Emo-
3 din-8-O-f-D-glu- —2.633 0.349 46.079 —2.735 Yes No No
copyranoside
(B)
S. No Ligand Name VDss (human) (L/kg) Fraction unbound (human) BBB pem];egl))lhty (Log  CNS permPeg;)lllty (Log
1 Quarcetin 0.239 0.015 —1.355 —3.432
o Physcion-8-0-4-D-glu- 0331 0.206 1352 -3.933
copyranoside
3 Emodin-8-0-4-D-glucop- 0.435 0.219 -1.328 ~3.985
yranoside
©)
CYP2D6 CYP3A4 CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
No Ligand Name substrate substrate inhibitor inhibitor inhibitor inhibitor inhibitor
1 Quercetin No No Yes No No No Yes
2 Physcion-8-0-f-D- No No No No No No No
glucopyranoside
3 Emodin-8-O--D- No No No No No No No
glucopyranoside
D)
S. No Ligand Name Total Clearance (ml/Kg) Renal OCT?2 substrate
1 Quarcetin 0.578 No
2 Physcion-8-O-f-D-glucopyranoside 0.422 No
3 Emodin-8-O-f-D-glucopyranoside 0.353 No
(E)
S. No Toxicity Properties Quarcetin ~ Physcion-8-O-f-D-glucopyranoside  Emodin-8-O-f-D-glucopyranoside
1 Max tolerated dose (human) (mg/kg) 1.062 0.232 0.374
2 hERG I inhibitor No No No
3 hERG II inhibitor No No No
4 Oral rat acute toxicity (mol/kg) 2.295 2.514 2.564
5 Oral rat chronic toxicity (mg/kg) 3.032 3.936 4.396
6 Hepatoxicity (log pg/L) No No No
7 Skin sensitization No No No
8 T. pyriformis activity (log pg/L) 0.301 0.285 0.285
9 Minnow toxicity (log mM) 1.408 5.515 5.906
(F)
S.NO LIGAND NAME LOGP VALUE MOLECULAR WE- H-BOND ACCEP- H-BOND DONOR
IGHT TOR
1 Quarcetin 1.988 302.238 7 5
2 Physcion-8-O-f-D-glucopyranoside —0.33668 446.408 10 5
3 Emodin-8-0-f-D -glucopyranoside —0.63968 432.381 10 6
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body. Neuraminidase enzyme is primarily responsible for
the pathological effect of C. perfringens. C. perfringens
can exert its pathogenic effect only in the presence of
neuraminidase because the sialic acid bond is a target
recognition point for bacteria.

Without this enzyme activity, the bacteria cannot secrete
toxic cytokines. If emodin-8-O-f-D-glucopyranoside and
physcion-8-0-f-D-glucopyranoside bind to this enzyme
and inhibit its activity, the bacteria cannot secrete toxins
and cause infection in the host.

In conclusion, this study employs computational
methodologies, specifically molecular docking and
ADMET analysis, to investigate the optimal inhibition
values against the target proteins of C. perfringens.
Emodin-8-0-f-D-glucopyranoside and physcion-8-O-f-
D-glucopyranoside bind to neuraminidase and inhibit its
activity; bacteria cannot secrete toxins and do not cause
infection in the host. Owing to the experimental validation,
the emodin-8-0O-f-D-glucopyranoside and physcion-8-O-f-
D-glucopyranoside can be defined as drug candidates due to
this effect.
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