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Abstract

Introduction: Isoflavones are plant derived chemical substances and are called as phytoestrogens. These are present in different parts of
the plants belongs to legumes family and chemical structures are resembled with endogenously available female reproductive hormone
estradiol. Isoflavones exerts their biological actions by activates estrogen receptors as estradiol.

Methods: The in-silico docking studies were performed for isoflavone compounds as ERa (Estrogen Receptor Alpha) (PDB ID- 210G)
activators targeting cardiovascular diseases using Schrodinger suite 2019-2, Maestro 9.6 version. Docking against ERa was performed using
glide module, in silico ADMET screening by gikprop module and free binding energy by prime MMGBSA module.

Results: The binding affinity of the compounds towards ERa was selected by glide score and interaction patterns. Many compounds showed
strong hydrophobic interactions and hydrogen bonding interactions to activate ERo as standard substance estradiol. The compounds
sissotrin, artocarpin, warangalone, puerarin, alpinum and luteone have good binding affinity with glide scores -11.91, -11.68, -11.55, -11.43,
-11.26 and -11.10 respectively when compared with standard compound i.e estradiol glide score was -9.85. The ADMET properties are
with in recommended values. MMGBSA binding results of the most potent activators are favourable.

Conclusion: The compounds sissotrin, artocarpin, warangalone, puerarin, alpinum and luteone with good glide scores may produce
significant cardioprotective activity like estradiol and further in in vitro and in vivo investigations.
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INTRODUCTION

Cardiovascular diseases (CVDs) are the number one cause of death globally, taking an estimated 17.9 million lives each year.
[1,2] The structural and functional changes in heart and blood vessels may leads to CVDs such as coronary heart disease,
cerebrovascular disease, rheumatic heart disease and other conditions. Oxidative stress is the most common cause of ischaemic
injury leads to CVDs due to the failure of antioxidative mechanism in a cell and apoptosis is another factor causes myocardial
ischaemia and heart failure. [3,4]

According to epidemiological studies premenopausal women are less predisposed to cardiovascular risks compared to age
matched men. Female protection against CVD is associated with sex hormone levels, as the incidence and severity of CVD
increases in postmenopausal women. Worldwide women are suffering with reduced quality of life by menopausal symptoms.
Estrogen levels are declined in postmenopausal condition leads to vasomotor symptoms combine with increased probabilities
of bone fractures, cardiovascular problems and changes in blood cholesterol levels. Modern treatment for vasomotor symptoms
is hormone replacement therapy (HRT) but this therapy causes risk of cancer in uterus, breast and ovaries because of the tissues
were rich in ERa. [5] Estrogen and estrogen receptors are mediating this cardio protection but the complex mechanism is
unclear. Activation of estrogen receptors mediates genomic and nongenomic actions induces cardioprotection in myocardial
cell in ischaemic reperfusion injury. [6-9]

There are two types of estrogen receptors such as estrogen receptor oo (ERa) and estrogen receptor  (ERp) are localized in
human cardiac cells of male and females. ERa and ERp both are play an important role in CVDs modulation through the
activation of kinases such as PI3K, MAPK and eNOS activation results in NO production. Excessive NO released in heart and
blood vessels exerts cardiovascular protective mechanisms such as vasodilation, platelet inhibition and survival of endothelial
cells. Estrogen exerts cardio protection by multiple signaling pathways through the activation of ERa and ERp receptors. [8,10-
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16]

Some pathological conditions raised in cardiovascular system like myocardial infarction, ischaemic reperfusion injury and heart
failure occurs due to oxidative stress, to counteract this therapeutic approach is either administration of antioxidant substance
or increase the availability of endogenous antioxidants. [4,17]

Isoflavones are one of the class of phytoestrogens and are obtained from plants belongs to legumes. Phytoestrogens produce
estrogenic and antiestrogenic actions interact with estrogen receptors based on endogenous estrogen levels. [4,18,19]

Docking predicts the preferred orientation of one molecule to a second when bound to each other to form a stable complex.
[20,21] Docking of isoflavones into the binding site of an estrogen receptor reveal the binding affinity of the complex which is
a key part in structure-based drug designing. [22] The present investigation aims to determine the interaction pattern of
isoflavones with human estrogen receptors (ERa and ERp) using Schrodinger suite 2019-2.

Material And Methods

Protein preparation

The Estrogen Receptor o (ER a) protein with co crystallised ligand (PDB ID: 210G) was retrieved from the RCSB protein data
bank (www.rcsh.org). The above protein was prepared by protein preparation wizard module of Schrodinger suite 2019-2.
Water molecules without hydrogen bonds are deleted. Missing chain atoms are added by using prime module of Schrodinger
suite 2019-2. The possible ionisation states were generated for the heteroatom present in the protein structure and the most
stable state was chosen. Finally, a restrained minimisation of the protein structure was carried out using OPLS3 force field to
reorient side-chain hydroxyl groups and alleviate potential steric clashes. A grid box was generated to defined the centroid of
the active site for docking studies.[23]

Receptor Grid Generation

The co-crystallized ligand was held in the gem structure of the protein arranged from protein planning wizard and it was utilized
for the receptor lattice development. A Gride box was produced to characterize the centroid of the dynamic site which is utilized
for docking. The Grid box is produced by utilizing the Glide grid generation wizard. The Glide grid box measurements (the
centroid of a docked posture) of the protein were set to 14A0 x 14A0 x 14 Ao.

Ligand preparation

The structures of the ligands were generated and subjected to LigPrep module of Schrodinger suite 2019. They were converted
from 2D to 3D structures by including stereo chemical, ionisation, tautomeric variations, as well as energy minimisation and
optimised for their geometry, desalted and corrected for their chiralities and missing hydrogen atoms. The ionisation and
tautomeric states were generated between pH of 6.8 to 7.2 using Epik module. In the final stage of LigPrep, compounds were
minimised using optimised potentials for liquid simulations 3 (OPLS3) force field in impact package of Schrodinger until a
root mean square deviation of 1.8A0 was achieved. A single low energy ring conformation per ligand was generated and the
optimised ligands were used for docking analysis.

Glide ligand docking

The designed compounds were docked into the catalytic pocket of ER a protein (PDB ID: 210G) by using Glide module of
Schrodinger suite 2019-2. The best docked compounds were selected by using the Glide score function. The favourable
interactions between ligand molecules and the receptor were scored using Glide ligand docking program. All the docking
calculations were performed using extra precision (XP) mode and OPLS3 force field. The above docking process was run in a
flexible docking mode which automatically generates conformations for each input ligand. This algorithm recognises
favourable hydrophobic, hydrogen-bonding and metal-ligation interactions, and penalises steric clashes. Finally, the minimised
poses were re-scored using Glide Score scoring function. The XP-Glide score of active compounds were summarised and
compared with the Glide score of standard compound estradiol.

The in-silico ADME properties of the proposed compounds were determined by gikprop of Schrodinger suite 2019-2.
Binding free energy calculation by using prime/MM-GBSA approach
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The binding free energies of the complex were computed by molecular mechanics generalised born surface area (MM-GBSA)
using the Prime module of Schrodinger suite 2019-2 which incorporate the OPLS3 force field and VSGB solvent model to
search algorithms.

Results And Discussion

The molecular docking studies of the isoflavone compounds to protein active sites were performed by using an advanced
molecular docking program in Schrodinger suite 2019-2 for determining the binding affinities of the ligands. The selected
isoflavones were docked in to the estrogen receptor a (PDB ID: 2I0G) in order to ascertain their potential ERo stimulation
activity against cardiovascular risks. G- score was used to access the binding affinities of the studied compounds and standard
compound to the target receptor and the results are depicted in Table 1. The G-scores of selected isoflavones range from -11.91
to -7.72 and standard compound estradiol G-score was -9.85. Out of 55 compounds 27 compounds showed good affinity to the
receptor when compared to the standard. The G-scores of the 27 compounds range from -11.91 to -9.89 and six compounds
affinity score was above 11.0 compared to standard molecule estradiol was shown in Figure 1a to 1g. The docking results reveal
that the interactions are mainly due to the lipophilic factors due to the presence of phenyl ring and chromen-4-one ring.

The ligand and protein molecule interactions were depicted was shown in figure 2a to 2g. Ligand 5280781 (Sissotrin) two
hydroxyl groups of glycan moiety formed two hydrogen bonds with Glu353 and Leu387. The p-hydroxy group on the phenyl
ring of 5458461 (Artocarpin) attached to the 2nd position of chromen-4-one ring formed one hydrogen bond with Glu353, the
phenyl ring formed hydrophobic interaction with Phe404. The p-hydroxy group on the phenyl ring of the compound 5379679
(Warangalone) attached to the 3rd position of chromen-4-one ring formed two hydrogen bonds with Leu387 and Arg394, the
phenyl ring formed hydrophobic interaction with Phe404. The ligand 5281807 (Puerarin) showed the two hydroxyl groups of
glycan moiety formed two hydrogen bonds with Glu353 and Leu387. In case of the ligand 5490139 (Alpinum) the p-hydroxy
group on the phenyl ring attached to the 3rd position of chromen-4-one ring formed two hydrogen bonds with Leu387 and
Arg394, the phenyl ring formed hydrophobic interaction with Phe404 and the ligand 5281797 (Luteone) p-hydroxy group on
the phenyl ring attached to the 3rd position of chromen-4-one ring formed two hydrogen bonds with Glu353 and Arg394. The
7th hydroxyl group interacted with Gly521. The phenyl ring formed hydrophobic interaction with Phe404. The 3rd hydroxyl
group of estradiol formed two hydrogen bonds with Arg394 and leu387. The aromatic ring formed n-7 stacking interaction with
Phe404.

The isoflavones are oriented so that the phenyl ring attached to the 3rd or 2nd position of chromen-4-one to form hydrogen
bonds with Glu353, Leu387 and Arg394 and also the hydrophobic interaction with Phe404 also stabilizes the phenyl ring as
estradiol. Whereas, isoflavones bound to glycone moiety are oriented so that glycone hydroxyl groups formed hydrogen bonds
with Glu353, Leu387 and Arg394.

Physicochemical properties and pharmacokinetic (ADMET) parameters provide druglike properties of selected molecules.
Pharmacokinetics and to studies of selected compounds by using computational analysis results depicted in Table 2. The
predicted parameters are QP log Po/w, QP log HERG, QPP Caco, QP log BB, QPP MDCK, QP log Kp, QP log Khsa and
Percent Human Oral Absorption (PHOA). All values of tested compounds are compared with known isoflavones present in the
group such as daidzein, formononetin and genistein. Except iridin all molecules percentage of bioavailability with in the normal
range.

Molecular docking was additionally assessed with MM-GBSA free restricting vitality which is identified with the post scoring
approach for estrogen receptor o (PDB ID: 210G) target. The accuracy of docking is confirmed by examining the lowest energy
poses predicted by the scoring function. The Glide scores almost resemble the experimental binding mode as determined by X-
ray crystallography. The Glide score and MM-GBSA free energy esteems are obtained by the docking of ligands into the
coupling pocket. The subtleties of the MM-GBSA free restricting vitality for the compounds are shown in Table 3.

Conclusion

Nature providing so many beneficial phytochemicals to the living organisms in the form of plants, animals and others.
Traditionally these plants are widely used in different health disorders as remedies. Worldwide population consuming medicinal
plants and plant materials as part of their diet living healthy. Isoflavones are a class of phytoestrogens widely present in plants
belongs to the family of Leguminosae. Say is the one of the richest sources of isoflavones includes genistein, daidzein and
glycitein. Epidemiological studies showing that administration of soy isoflavones protects human health from various diseases
like endogenous estrogen hormone includes menopausal symptoms, osteoporosis, cardiovascular risks diabetes and cancer.
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Western population are more prone to cardiovascular diseases compred to Asian population due to less consumption of soy
food. This study has revealed potent estrogen receptor activators with good receptor binding affinity and predicted
pharmacokinetic profiles that may be further investigated for their in vitro as well as in vivo activity towards estrogen receptor
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mediated cardioprotection.

Table 1: Docking studies for selected compounds with Estrogen Receptor a (210G.pdb)

S. Ligand GScore Lipo Phob H El Low Pe Rot
N phili En Bo ect MW na Pen
O c nd ro Iti al
Evd es
wW
Sissotrin -11.91 - -1.62 - - -0.01 0 0.1
6.45 3.2 0.8 7
Artocarpin -11.68 - -2.4 - - -0.05 0 0.1
7.72 1.2 0.4 6
8
Warangalone -11.55 - -2.18 - - -0.15 0 0.1
7.57 15 0.2 5
5 5
Puerarin -11.43 - -1.95 - - -0.11 0 0.1
6.48 2.4 0.5 5
8 6
Alpinum -11.26 - -2.7 - - -0.38 0 0.0
6.53 1.5 0.1 7
5 7
Luteone -11.1 - -1.94 - - -0.32 0 0.1
6.43 1.6 0.8 4
8 6
Gancaonin L -10.98 - -2.26 - - -0.32 0 0.1
6.02 1.6 0.8 4
4 8
Neobavaisoflavo -10.96 - -2.55 - - -0.43 0 0.1
ne 6.23 1.1 0.7 6
8 4
Orobol -10.95 - -2.31 - - -0.5 0 0.0
4.67 2.3 1.1 7
8 6
Lachnoisoflavon -10.89 - -2.7 - - -0.33 0 0.0
B 6.47 0.9 0.4 5
8 5
Glabrone -10.79 - -2.7 - - -0.38 0 0.0
6.21 1.4 0.1 7
7
Dalparvone -10.79 - -2.17 - - -0.4 0 0.0
5.99 2.0 0.2 7
3 8
Isowighteone -10.65 - -1.78 - -1 -0.37 0 0.1
6.14 15 5
1
Bavachinin -10.52 - -2.56 - - -0.37 0 0.1
6.25 0.6 0.5 5
9 3
Pomiferin -10.51 - -2.08 - - -0.1 0 0.1
6.15 1.7 0.5 4
6 6
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Glabranin -10.45 - 2.7 - - -0.42 0 0.2
6.37 0.7 0.1 3
1 6
Koparin -10.44 - -2.7 - - -0.5 0 0.0
5.51 1.6 0.1 9
9 2
Albanin A -10.41 - -1.54 - - -0.32 0 0.2
6.93 1.1 0.6
5 6
Iridin -10.26 - -0.32 - - 0 1 0.1
6.66 3.6 0.5 3
6
Irigenin -10.23 - -2.08 - - -0.3 0 0.0
6.42 1.4 0.0 6
4 5
Calycosin -10.18 - -2.7 - - -0.5 0 0.1
5.48 1.3 0.2
8 1
Irisflorentin -10.16 -6.9 -2.66 0 - -0.21 0 0.0
0.0 6
4
Morusin -10.04 - -2.7 - - -0.1 1. 0.1
7.14 1.3 0.4 5 4
1 4
Genistein -10.03 - -2.6 - - -0.5 0 0.0
4.85 15 0.5 7
9 6
Biochanin A -9.99 - -2.47 - - -0.5 0 0.1
5.65 1.3 0.1
1 6
Tectorigenin -9.96 - -2.41 - - -0.5 0 0.0
5.09 15 0.5 6
3
Pinostrobin -9.89 - -2.7 - - -0.5 0 0.1
5.21 0.9 0.3
6 9
Pratensein -9.83 - -1.73 - - -0.5 0 0.0
5.38 1.6 0.7 9
2
Licoflavanone -9.83 - -1.66 - - -0.37 0 0.2
6.54 0.8 0.4 1
3 4
Formononetin -9.78 - -2.7 - - -0.5 0 0.1
5.75 0.7 0.1 1
9 5
Poriol -9.77 - -2.31 - - -0.5 0 0.0
431 1.6 0.7 7
7 6
Irilone -9.75 - -2.7 - - -0.5 0 0.0
4.84 0.9 0.3 6
8 8
Caragiside A -9.75 - -0.57 - - 0 0 0.1
7.07 1.9 0.0 6
2 8
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Morin hydrate -9.7 - -1.62 - - -0.49 0 0.0
4.46 2.6 0.5 6
4 5
Glisoflavone -9.64 - -1.48 - - -0.27 0 0.1
5.76 1.7 0.5 8
3 8
Pseudobaptigenin -9.62 - -2.7 - - -0.5 0 0.1
5.38 0.5 0.1
6 8
Cajanin -9.59 - -2.01 - - -0.5 0 0.0
5.01 1.6 0.5 6
2 2
Daidzein -9.58 - -2.53 - - -0.5 0 0.0
4,78 1.1 0.7 8
4
Glycitein -9.56 - -2.7 - - -0.5 0 0.0
5.01 0.9 0.4 7
4 8
Cladrin -9.51 - -2.7 - - -0.5 0 0.0
5.48 0.5 0.3 6
2 7
Vestitone -9.51 - -2.35 - - -0.5 0 0.0
5.21 0.7 0.4 7
9 6
Datiscetin -9.5 - -1.84 - - -0.5 0 0.0
4,72 1.7 0.7 9
6 7
Prunetin -9.48 - -2.13 - - -0.5 0 0.1
5,51 1.2 0.2
3 1
Chrysin -9.47 - 2.7 - - -0.5 0 0.1
4.77 1.1 0.4 2
8 4
Ermanin -9.44 - -1.86 - - -0.45 0 0.0
5.88 0.9 0.3 8
6 8
Pratol -9.43 - -2.54 - - -0.5 0 0.1
5.28 0.7 0.5 1
2
Icaritin -9.37 - -1.71 - - -0.27 0 0.1
6.52 0.9 0.0 8
6 8
Bowdichione -9.31 - -2.34 - - -0.5 0 0.0
5.27 0.5 0.2 9
1 1
Tectoridin -9.28 - -0.61 - - 0 1 0.1
5.95 3.1 0.5 6
3
Isosakuranetin -9.13 - -1.89 - - -0.5 0 0.0
5.15 0.8 0.4 9
3 6
Steppogenin -8.94 - -1.91 - - -0.5 1 0.0
4.34 2.1 0.7 7
8 7
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Pinocembrin -8.8 - -2.03 - - -0.5 0 0.1
4.74 0.8 0.4 2
3
Norartocarpetin -8.71 - -1.89 - - -0.5 1 0.0
4.93 2.3 0.6 5 9
3 4
Medicarpin -7.72 - -1.92 - - -0.5 0 0
4.21 0.7 0.3
9
Std.Estradiol -9.85 - -2.7 - - -0.5 0 0
5.89 0.6 0.1
1 5
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Figure 1: Best affinity mode of docked compounds with ERa (210G.pdb)
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Figure 2: 2D Ligand interaction diagram of compounds with ERa(210G.pdb)

Table 2: Evaluation of ADME parameters of the naturally occurring isoflavones by Quikprop molecular docking

suite.
S.No Compound QP QP QPP QP QPP QP QP PHOA
log log Caco log MDCK log log
Po/ HER BB Kp Khsa
w G
Albanin A 2.37 - 81.403 -1.798 32.876 - 0.23 75.04
4 4.845 4.26 5
8
Alpinum 3.64 - 662.35 -0.797 316.935 -2.42 0.55 100
5 5.657 4 5
Artocarpin 5.38 - 407.14 -1.536 187.3 - 1.19 92.198
6.043 8 2.78 8
9
Bavachinin 4.16 - 996.49 -0.73 492.834 - 0.71 100
6 5.555 2 2.29 3
7
Biochanin A 2.50 - 542.98 -0.864 255.675 - 0.07 90.571
7 5.061 6 2.60 5
1
Bowdichione 0.94 - 173.17 -1.25 74.344 - -0.62 72.52
1 4,751 6 3.82
5
Cajanin 191 - 240.55 -1.269 106.051 - - 80.761
2 4.989 5 3.28 0.07
6 7
Calycosin 1.91 - 391.44 -1.013 179.506 -2.91 - 84.542
1 5.097 8 0.10
6
Caragiside A 0.79 - 153.95 -2.023 65.465 - - 70.768
8 5.867 3 3.25 0.68
6 6
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Chrysin 2.37 -5.26 376.40 -0.885 172.063 - 0.13 86.925
1 9 2.92 5
4
Cladrin 2.76 - 1267.8 -0.547 639.368 - 0.05 100
4 5.252 4 1.92 7
2
Daidzein 1.75 -5.08 385.17 -0.911 176.397 - - 83.49
3 2 2.83 0.14
9 7
Dalparvone 2.13 -5.08 273.28 -1.336 121.731 - - 83.036
1 8 3.21 0.03
4 6
Datiscetin 1.12 - 75.282 -1.675 30.213 - - 67.109
3 5.042 4.29 0.20
2 4
Ermanin 2.70 - 516.12 -0.935 242.03 - 0.16 91.315
1 5.154 1 2.78 8
2
Flemiphilippinin 5.74 - 244.61 -1.681 107.987 - 141 90.362
3 5.807 5 3.09 3
8
Formononetin 2.58 - 1269.1 -0.45 640.068 - 0.02 100
7 5.143 26 1.87 1
9
Gancaonin L 2.57 - 79.654 -1.989 32.113 - 0.26 76.052
5 5.264 4.17 8
8
Genistein 1.65 -5 164.80 -1.323 70.465 - - 76.336
9 1 3.56 0.10
2 7
Glabranin 4.00 - 701.48 -0.795 337.22 - 0.70 100
2 5.125 5 2.50 2
3
Glabrone 2.85 - 624.91 -0.823 297.618 - 0.33 93.71
6 5.656 8 2.47
3
Glisoflavone 2.94 - 256.89 -1.562 113.857 - 0.26 87.335
8 5.569 2 3.22 7
9
Glycitein 2.00 - 578.81 -0.841 273.959 - - 88.132
5 5.114 7 2.52 0.12
2 5
Icaritin 3.25 - 245.99 -1.34 108.644 -34 0.46 88.794
4 4.769 1 5
Iridin 0.07 - 20.419 -3.234 7.374 - - 11.959
5 5.563 5.00 0.78
5 8
Irigenin 2.20 - 321.60 -1.303 145.154 - - 84.741
6 4.778 9 3.12 0.05
2 1
Irilone 1.96 - 525.66 -0.745 246.871 - - 87.172
9 4.566 5 2.76 0.10
2 2
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Irisflorentin 3.04 - 4881.5 -0.048 2745.36 -1.03 - 100
5.033 63 9 0.27
4
Isosakuranetin 2.46 -5.04 428.05 -0.934 197.719 - 0.14 88.49
7 8 3.04 7
3
Isowighteone 3.37 - 273.24 -1.411 121.711 - 0.46 90.294
1 5.566 5 3.09 4
2
Koparin 1.38 - 208.89 -1.34 91.048 - - 76.586
6 5.032 3 341 0.25
4 1
Lachnoisoflavone 3.15 - 561.54 -0.808 265.133 - 0.38 94.6
B 5.078 4 2.73 6
4
Licoflavanone 3.34 - 215.69 -1.495 94.257 - 0.54 88.282
1 5.521 7 3.52 2
9
Luteone 2.77 - 168.23 -1.63 72.054 - 0.24 83.015
2 5.266 6 3.46 2
4
Medicarpin 3.09 - 2998.1 -0.02 1620.95 - 0.20 100
2 4.483 49 8 1.49 4
3
Morin hydrate 0.39 - 22.839 -2.258 8.323 - - 53.591
8 4,935 5.35 0.35
1 2
Morusin 4.67 - 349.93 -1.326 159.021 - 1.02 100
9 5.885 6 3.01 5
7
Neobavaisoflavon 3.45 - 642.41 -0.956 306.634 - 0.41 100
e 5 5.649 4 2.36 3
4
Norartocarpetin 0.98 - 48.038 -1.883 18.591 - - 62.81
5 5.041 4,72 0.19
7 7
Orobol 0.98 - 58.918 -1.82 23.181 - - 64.388
3 4,913 4.45 0.26
9 2
Pinocembrin 2.35 - 428.05 -0.83 197.717 - 0.12 87.825
3 5.064 4 2.94 6
7
Pinostrobin 3.06 - 1413.3 -0.359 719.064 - 0.17 100
2 5.112 96 1.98 3
6
Pomiferin 4.42 -5.63 265.9 -1.441 118.179 - 0.91 96.243
3 3.12 1
2
Poriol 2.04 - 199.78 -1.258 86.762 - 0.1 80.103
6 4,969 3.75
3
Pratensein 1.81 - 167.46 -1.438 71.697 - - 77.402
9 5.014 4 3.63 0.06
3 4
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Pratol 2.59 - 885.58 -0.565 433.82 - 0.10 94.863
1 5.331 1 2.28 3
8
Prunetin 2.50 - 543.55 -0.865 255.962 -2.6 0.07 90.545
1 5.067 1 2
Psedobaptigenin 2.04 -4.54 1271.7 -0.329 641.519 - - 94.463
2 87 2.01 0.15
9 9
Puerarin - - 15.901 -2.875 5.627 - - 32.39
0.52 5.804 5.23 0.73
9 6 1
Sissotrin 0.37 - 39.888 -2.604 15.206 - - 57.785
4 5.748 4.36 0.66
8 4
Steppogenin 0.98 - 53.051 -1.835 20.696 - - 63.554
4.852 4.76 0.19
8 1
Tectoridin - - 16.305 -3.129 5.782 - -0.76 21.877
0.14 5.767 5.09
5 1
Tectorigenin 1.90 - 254.20 -1.22 112.569 - - 81.149
5 4.886 3 3.22 0.08
6 6
Vestitone 1.99 - 690.50 -0.693 331.519 - - 89.428
3 4.785 5 2.63 0.08
5 5
Warangalone 5.24 - 662.44 -0.993 316.981 - 1.18 95.205
7 5.845 3 2.39 2
2

QP log Po/w: Predicted octanol/water partition coefficient (-2.0 to 6.5); QP log HERG: Predicted 1C50 value for blockage of
HERG K+ channels (acceptable range: concern below -5.0); QPP Caco: Predicted apparent Caco-2 cell permeability in nm/s.
Caco-2 cells is a model for the gut-blood barrier (<25-poor, >500-great); QP log BB : predicted brain/blood partition
coefficient(-3 to 1.2); QPP MDCK: Predicted apparent MDCK cell permeability in nm/s, MDCK cells are considered to be a
good mimic for the blood-brain barrier (< 25-poor, >500-great); QP log Kp: Predicted skin permeability, log Kp. (8.0 to —1.0);
QP log Khsa: Prediction of binding to human serum albumin (-1.5 to 1.5); Percent Human Oral Absorption (PHOA): Predicted
human oral absorption on 0 to 100% scale. The prediction is based on a quantitative multiple linear regression model. This
property usually correlates well with Human Oral Absorption, as both measure the same property (>80% is high, <25% is poor).

Table 3: Binding free energy calculation using prime/MM-GBSA approach

AG

AG

) . AG AG AG
S| Ligand AG Bind Bind Bind H | Bind Bind
N Bind Coulo Coval bond Lino vdW
0 mb ent P
Sissotrin 6717 26.08 5.04 1.93 -26.88 -60.87
Artocarpin 102.3 16.84 9.02 -0.11 -32.78 -84.40
2
Warangalone 70.81 53.87 -10.80 4.78 -34.12 -57.61
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Puerarin '56.03 46.44 -4.93 2.71 -28.35 -58.14
Alpinum é&% 42.70 -10.44 4.94 -32.75 -53.25
Luteone 57.51 37.40 -4.99 4.73 -23.91 -54.51
Gancaonin L ég. 4 33.16 -2.40 2.37 -38.28 -80.22
eNe"ba"aiSOﬂa"O” aay | 422 | 746 | 295 132,29 63.86
Orobol é&zg 15.67 -15.03 2.15 -26.99 -54.76
'éa"h”"is"ﬂa"o” t1sg | 7036 | 1906 | 406 21.41 57.76
Glabrone -33. 47 95.95 -9.84 5.83 -23.03 -50.27
Dalparvone 7 484 3.13 1.86 0.63 -25.58 -57.98
Isowighteone é0.59 59.13 -5.02 4.79 -28.87 -68.42
Bavachinin él_ 69 39.92 -4.56 3.47 -35.90 -73.14
Pomiferin ;38.58 53.24 -4.16 2.60 -35.87 -67.23
Glabranin '29.03 90.13 -8.74 6.19 -23.94 -44.82
Koparin '77.27 7.29 -8.78 1.07 -25.23 -45.19
Albanin A '77.87 13.17 -11.80 3.68 -20.28 -59.34
Iridin 57.39 57.41 -6.05 1.22 -29.67 -70.54
Irigenin éo. 65 73.42 -17.75 4.94 -29.19 -61.92
Calycosin '729 A 43.67 -13.43 3.35 -27.58 -54.25
Irisflorentin ;53_ a1 72.77 -6.14 4.96 -33.37 -46.42
Morusin :%l 18 46.93 -2.35 1.88 -24.50 -65.72
Genistein 9 4.9 13.42 -20.25 1.72 -28.38 -50.22
Biochanin A 6 471 23.36 -7.28 2.05 -22.08 -46.78
Tectorigenin -101.9 17.49 -18.95 1.52 -32.81 -63.9
5

Pinostrobin '55.79 41.27 -2.78 2.84 -26.06 -66.92
Pratensein '73.30 33.50 -11.50 3.02 -24.28 -51.59
Licoflavanone ;50.23 35.22 -17.07 4.19 -18.16 -57.85
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Formononetin 69.37 35.69 -13.10 2.73 -28.27 -44.09
Poriol '19.26 59.66 8.22 4.05 -22.74 -44.21
Irilone 58.23 67.44 -10.03 2.09 -35.49 -65.52
Caragiside A '67. m 32.74 -8.43 2.61 -34.06 -72.39
Morin hydrate -39.28 27.30 -5.20 0.65 -12.07 -46.55
Glisoflavone é%G 58.15 -17.98 6.17 -31.23 -62.82
Pseudobaptigenin ;,4.91 56.23 -11.53 4.57 -23.74 -32.68
Cajanin '70. 4 34.92 -15.14 3.53 -19.20 -51.17
Daidzein é&g? -1.07 -2.98 0.68 -26.81 -47.86
Glycitein '78.57 48.44 -5.39 5.34 -41.89 -63.75
Cladrin ;36.29 74.40 -19.23 4.22 -29.19 -60.96
Vestitone 53.07 19.93 -13.51 1.39 -26.26 -65.60
Datiscetin ;11.21 31.79 -5.57 2.91 -22.12 -42.99
Prunetin é0.82 27.62 -7.28 2.72 -30.68 -51.96
Chrysin ;51.87 17.19 -10.34 2.78 -25.36 -54.35
Ermanin ;10.26 85.72 -8.65 5.59 -29.05 -62.35
Pratol ;19.70 74.08 -11.04 5.87 -28.25 -46.89
Icaritin ;37.02 21.52 -3.79 1.44 -27.54 -64.52
Bowdichione ;55.87 13.05 -6.84 1.84 -19.04 -51.93
Tectoridin 3 183 76.22 1.561 4.59 -25.33 -50.41
Isosakuranetin ;56.80 70.48 -17.46 2.67 -18.09 -67.31
Steppogenin ;15.38 30.04 -5.57 0.57 -6.695 -48.76
Pinocembrin -63.40 14.90 -11.75 1.01 -16.37 -46.47
Norartocarpetin ;17.04 25.90 -4.34 0.81 -14.76 -55.99
Medicarpin ;17.81 23.12 13.42 2.99 -34.77 -66.10
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