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ARTICLE HISTORY ABSTRACT

Received on: 17/08/2023 Saraca asoca (Roxb.) Willd. [Family: Fabaceae (Caesalpiniaceae)], commonly known as Ashoka, is a
Accepted on: 30/12/2023 medicinal plant used for many gynecological disorders, including polycystic ovary syndrome (PCOS). PCOS
Available Online: 05/02/2024 is a common gynecological disorder affecting the ovarian steroidogenesis pathway, leading to hormonal

imbalance. In this study, 56 ligands reported from S. asoca were selected and computationally analyzed
for their binding affinity to the targets from the ovarian steroidogenesis pathway- aromatase, 17beta-
hydroxysteroid dehydrogenase type 1 (17B-HSD1), androgen, and estrogen receptors (o and f). Molecular
docking was performed by Autodock Vina, density functional theory (DFT) was performed by Gaussian
software, and absorption, distribution, metabolism, excretion, and toxicity (ADMET) properties were checked
using ADMETLab. Among the 56 compounds, higher docking scores were obtained for procyanidin B2 with
—11.7 and —10.4 kcal/mol against aromatase and 17p-HSD1, respectively, and leucopelargonidin with —10 and —9.1
kcal/mol against androgen receptor and estrogen [} receptor followed by epicatechingallate, amyrin, procyanidin B1,
leucocyanidin and ellagic acid. ADMETLab prediction showed that all the top seven compounds fulfilled the criteria
for drug-likeness. DFT analysis showed improved chemical and biological reactivity with a substantial transfer of
charge between electron-donor to electron-acceptor groups for all seven compounds. Here, we put forth procyanidin
B2 and leucopelargonidin with high binding energy scores against aromatase and 173-HSD1 as potential inhibitors
of excess estrogen and testosterone biosynthesis in PCOS women.
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INTRODUCTION women. The National Institute of Health and Androgen

Polycystic ovary syndrome (PCOS) is a common Excess PCOS Society has included an additional diagnostic
factor—hyperinsulinemia, which shows a link to metabolic
dysfunction in PCOS [1].

Although the etiopathogenesis of PCOS is not
yet clear, one of the main reasons deciphered is hormonal
imbalance. High levels of androgens have an effect on the
hypothalamus-pituitary axis that leads to changes in the
ovulation, and polycystic ovaries to be manifested in PCOS production of luteinizing hormone (LH) and estrogen. These
changes cause the symptoms of PCOS, such as anovulation and
hyperandrogenism, and might lead to infertility [2]. In most
PCOS women, the LH: follicle stimulating hormone ratio is
Usha Balasundaram, Department of Genetic Engineering, School of imbalanced, causing high proliferation of theca cells that leads
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gynecological endocrine disorder affecting reproductive-age
women. It was first reported in 1935 and was called Stein
Leventhal syndrome. In 2003, a diagnostic criterion named
Rotterdam criteria was proposed. This includes atleast two
of the following three symptoms—hyperandrogenism, oligo-
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hydroxysteroid dehydrogenase type 1 (17B-HSD1) converts
androstenedione to testosterone [5]. Many PCOS women
suffer from hyperandrogenism because of excess production
of androgens and altered androgen receptor (AR) signaling
pathways [6]. Some PCOS women manifest high estrogen
levels, and their actions will be mediated by estrogen alpha and
beta receptors [7]. Currently, letrozole, abiraterone, flutamide,
and tamoxifen are used as effective antagonists for aromatase,
17B-HSD1, androgen, and estrogen receptors for reducing the
estrogens and androgens in PCOS women [8-10].

Considering the side effects of allopathic drugs, it is
important to identify an alternative treatment [11]. In recent years,
green medicine or herbal medicine implicated in PCOS treatment
showed less toxic side effects and are effective due to the presence
of various bioactive compounds. In a recent study, the use of Apium
graveolens supplements and Fucalyptus globulus essential oil
showed a significant reduction of stress in reproductive women and
improved their folliculogenesis [12]. These bioactive compounds,
useful in the creation of novel medications, have the advantage of
being low-cost and high-efficiency [13].

Saraca asoca (Roxb.) Willd.,, commonly known as
Ashoka, is the most widely found ancient medicinal plant in
India belonging to the Family Caesalpiniaceae [14]. In India,
Ashoka is one of the typical medicinal plants for treating
gynecological diseases because of its stimulating effect on the
endometrium [15]. Saraca asoca has many pharmacological
properties such as anti-cancer, anti-bacterial, anti-diabetic,
hypolipidemic, anti-inflammatory, estrogenic, and anti-
mennorhagic [14]. As Ashoka is used for many gynecological
issues, ayurvedic practitioners recommend this plant for PCOS.
Ashokarishta, one of the ayurvedic formulations used for PCOS
treatment, contains bark as the main ingredient [16].

In this study, in-silico tools were used for screening
potential anti-androgen and anti-estrogenic compounds from the
bark and flowers of S. asoca. For this, 56 compounds previously
reported from this plant were docked against targets, such as
aromatase, 17B-HSD1, androgen, and estrogen receptors (o and f3),
to find the potential bioactive compounds for use against PCOS.

MATERIALS AND METHODS

Selection of proteins

Five targets (aromatase, 173 hydroxysteroid
dehydrogenase type 1, androgen, and estrogen o and estrogen
[ receptors) that have a direct effect on androgen and estrogen
biosynthesis and signaling were chosen from the ovarian
steroidogenesis pathway.

Preparation of proteins

3-D crystallographic protein structures for the
respective proteins of human origin were retrieved from
the protein data bank (PDB) (https://www.rcsb.org/) and
downloaded in the PDB format. Five proteins chosen were (1)
human aromatase (CYP19A1) (PDB ID: 3S79), (2) human 173-
hydroxysteroid dehydrogenase type 1 (178-HSD1) (PDB ID:
1FDS), (3) human AR (PDB ID: 1E3G), (4) human estrogen o
receptor (PDB ID: 3ERT), and (5) human estrogen 3 receptor
(PDB ID: 2QTU).

PyMol is an open-source molecular visualization
software used to 3-D structures of macromolecules and to check
the interactions of hydrogen bonds between the target and
ligand [17]. With the help of Auto Dock, the water molecules
and other ligands present in each target structure were removed,
and additional charges, such as Kollman charges, were added
to the proteins. Then, the structures were downloaded in pdbqt
format for use in future docking operations [18,19].

Ligand selection

Research articles published in PubMed and SCOPUS
were screened for the bioactive compounds (ligands) from S. asoca.
Previously documented bioactive compounds from various parts
of S. asoca identified by different chromatographic techniques
were chosen and screened for molecular docking. Fifty-six
compounds found in the bark and flowers of S. asoca were chosen
for further investigation. For each target, the top commercially
available inhibitors used were obtained and chosen for docking.
A comparison of bioactive compounds and commercial inhibitors
was checked to see the interaction of protein and ligands in terms
of binding score, hydrogen, and hydrophobic interactions.

Preparation of ligands

PubChem database (https://pubchem.ncbi.nlm.nih.
gov/) was used to retrieve the 3-D structures of the selected
compounds. Open Babel is a free chemical toolbox that converts
the spatial data file format files to PDB format files [20]. The
angles, charges, force field, and torsion roots for each ligand
were determined and prepared based on these parameters. The
ligand structures were finally converted to pdbqt format for the
docking process.

Active site prediction

Prior to docking, a suitable active site for each protein
must be identified since ligands will bind near active sites,
and they are identified using the coordinates of native ligands
present in the target protein that is retrieved from the PDB.
The active site residues were discovered to be atoms at less
than 25 A°, admitting the ligand to bind in that position [21].
Supercomputing Facility for Bioinformatics and Computational
Biology at the Indian Institute of Technology, Delhi (http://
www.scfbio-iitd.res.in/dock/activesite.jsp), was used to find the
active sites of the chosen targets.

Molecular docking

Molecular docking was performed by PyRx’s
AutoDock Vina. To select the targeted protein and ligands,
Vina wizard control was used, and a grid was displayed on the
selected target [22], and to consider the active sites, the grid was
adjusted to get better docking sites. Autodock Vina performed
the docking after the grid was selected. As a result, the binding
affinity of each ligand was determined.

Density functional theory (DFT)

DFT is a computational quantum mechanical modeling
tool that is mainly used to check the chemical activity and correlate
the calculated energies. Gaussian 09 6-31G (d, p) basis set and
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B3LYP method were used to calculate the highest occupied
molecular orbital (HOMO), lowest unoccupied molecular orbital
(LUMO), total energy, energy gap, and chemical potential. Global
descriptors, including electrophilicity index, electronegativity,
absolute hardness, and softness, describe the chemical behavior
of the molecules were calculated [23].

Absorption, distribution, metabolism, excretion, and toxicity
(ADMET) properties

Drug discovery with novel targets and effective
biologically active compounds is aided by ADMET properties.
In addition, physiochemical and pharmacokinetic parameters
are also predicted [24]. ADMET properties of the chosen ligands
were predicted using the ADMET Lab server 2.0 tool (https://
admetmesh.scbdd.com) This program performs numerous drug-
likeness evaluations and finds ADMET-related features [25].

RESULTS AND DISCUSSION

Selection of ligands

Fifty-six bioactive compounds from the bark and
flower parts of S. asoca reported in the literature were selected
for molecular docking [26-35] (Supplementary Table 1).
Commercial ligands, such as letrozole, abiraterone, flutamide,
and tamoxifen, were docked against aromatase, 173-HSDI,
androgen, and estrogen receptors, respectively.

Active site prediction

SCFBio tool predicted the active sites of human
aromatase (PDB ID: 3S79), human 17B-hydroxysteroid
dehydrogenase type 1 (PDB ID: 1FDS), human AR (PDB ID:
1E3G), human estrogen a receptor (PDB ID: 3ERT), and human
estrogen [ receptor (PDB ID: 2QTU). Table 1 shows the amino
acid residues present at the predicted active sites.

Molecular docking

All five receptors were docked against 56 selected
compounds reported from S. asoca bark and flower to check the
inhibitory activity. Docking parameters are value-root-mean-
square deviation value, ligand and protein complex, hydrogen
and hydrophobic interaction, and mainly binding energy of each
compound docked against individual proteins. From the docking
results, the top three ligands for each protein were chosen and
further analyzed. The binding energy of all the fifty-six docked
compounds against each protein is given in Supplementary
Table 2. The results of docking calculation in terms of binding

affinity (kcal/mol) and hydrogen and hydrophobic interactions
of the top three compounds are shown in Table 2.

Aromatase (PDB 1D-3S79) bound procyanidin
B2 (—11.7 kcal/mol), procyanidin Bl (=11 kcal/mol), and
B-sitosterol (—9.8 kcal/mol) with high binding affinity. All these
compounds showed hydrogen bond interaction with amino acid
residues—ILE-133, THR-310, and SER- 314. The docking
poses of the top three ligands are shown in Figure 1; each ligand
is represented in different colors to get better visualization.
Letrozole, one of the most commonly used aromatase inhibitors,
showed —8.2 kcal/mol binding energy against aromatase. TRP-
141, THR-310, CYS-437, and ALA-438 exhibited hydrogen
bond interaction between letrozole and aromatase. This was also
observed in another study, wherein, aromatase (PDB ID-3EQM)
docked against letrozole showed —8.7 kcal/mol binding affinity
[36]. Thus, letrozole has less binding affinity when compared to
the bioactive compounds procyanidin B2, procyanidin B1 and
B-sitosterol. B-sitosterol, a phytoestrogen present in flowers of'S.
asoca, has the potential to regulate estrogen synthesis, implying
its role in aromatase [34]. These results show that the bioactive
compounds have a good binding affinity and, hence, might have
more significant aromatase inhibitory activity than letrozole. A
balance in the aromatase activity will induce ovulation in PCOS
women and also result in normal androgen levels [4].

17B-HSD1 protein (PDB ID-1FDS) showed highest
binding energy of —10.4, —10.1, and —9.2 kcal/mol, respectively,
with procyanidin B2, amyrin, and procyanidin Bl interacting
at ILE-14, LEU-95, CYS-185, ASN-152, THR-190, TYR-218,
and SER-222 amino acids residues. The docking poses of the
top three ligands when docked with 178-HSD1 are shown in
Figure 2. Abiraterone, a commercial inhibitor for HSD, when
docked against 17B-HSDI, showed a binding score of —9.3
kcal/mol and the interaction of hydrogen bonds with amino acid
residue-HIS-221. 17B-HSDI facilitates the reduction of estrone
to estradiol [37]. Thus, the inhibitory action of 173-HSDI has an
effect on estradiol production. From the results, it is evident that
procyanidins and amyrin from S. asoca have the highest binding
affinity to 17B-HSD1compared to that of the commercial ligand.

After docking, the AR, (PDB ID- 1E3G) showed
good binding energy with leucopelargonidin (—10 kcal/mol),
leucocyanidin (—9.8 kcla/mol), and kaempferol (—9.6 kca/
mol). ASN-705, GLN-711, MET-745, and ARG-752 amino
acids showed hydrogen bond interactions with all the top three
binding energy compounds. The hydrogen bond interactions of
the top three ligands are represented in Figure 3. Flutamide, a
commercial inhibitor of AR, bound with a binding score of —8.1

Table 1. Active sites of each target protein are selected from the ovarian steroidogenesis pathway.

S.No. Protein name (PDB ID) Active site residues

1 Aromatase (3S79)
Gly439 and Leud77

2 17B-HSDI (IFDS)
3 AR(IE3G)

4 Estrogen o receptor (3ERT)
Met421, Leud28 and Leu525

5 Estrogen f receptor (2QTU)

Argl15, Tle133, Asp309, Thr310, Ser314, Val370, Leu372, Val373, Met374, Arg375, Phe430, Arg435, Ala438,

Ser142, Val143, Leul49, Prol87, Tyr218, His221, Ser222, Phe226 and Phe259
Leu701, Leu704, Asn705, Leu707, GIn711, Met742, Met745, Met749, Arg752, Thr877 and Met895
Met343, Leu346, Thr347, Ala350, Glu353, Trp383, Leu384, Leu387, Arg394, Phe404, Glu419, Gly420,

PHE-356, LEU-380, PHE 377, LEU-343,ARG-346
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Table 2. Docking score, hydrogen and hydrophobic interactions of top three ligands.

Binding energy

PDB CODE Compound name (keal/mol) Hydrogen bond interactions Hydrophobic interactions
3879 Procyanidin B2 -11.7 ILE-133, TRP-141, ILE-132,
THR-310, SER-314 LEU-152, THR-310
Aromatase
Procyanidin B1 —-11 ILE-133, ARG-145, ILE-132,
TRP-141,THR-310, LEU-152, THR-310
SER-314
B-sitosterol -9.8 - ILE-133,PHE-148,
VAL-370,ALA-443,
LEU-477
1FDS Procyanidin B2 -10.4 ILE-14, LEU-95, LEU-96, PHE- 226
17B-HSDI CYS-185
Amyrin —-10.1 - SER- 142, LEU-149, LYS-159, PRO-187
Procyanidin Bl -9.2 ASN-152, THR-190, LEU-149, PHE-226
TYR-218, SER-222
1E3G Leucopelargonidin -10 MET-745, ARG-752 LEU-704, LEU-707,
AR MET-745, MET- 749, PHE-764, LEU-873,
PHE-876
Leucocyanidin -9.8 ASN-705, GLN-711, MET-745 LEU-704, LEU-707, LEU-873,PHE-876
Kaempferol —9.6 ASN-705, GLN-711, ARG-752 LEU- 707, MET-745, MET-749, LEU-873,
PHE-876
3ERT Epicatechingallate -8.9 HIS-524, GLU-419, GLY-420, LEU-387 LEU-346, ALA-350, TRP-383, LEU-391,
Estrogen receptor o ILE-424, LEU-525
Ellagic acid —8.4 ARG-394 LEU- 525
Catechin -84 GLU-419, GLU-353, LEU-346, LEU-387,
HIS-524 LEU-391, LEU-525
2QTU Leucopelargonidin -9.1 GLU-305, ARG- 346, GLY-472 LEU-476
Estrogen receptor B Leucocyanidin -9 GLY-472, ARG-346 LEU-339, LEU-343,
LEU-476
Luteolin -9 GLU-305, ARG-346 LEU-339, LEU-343, LEU-476

kcal/mol with the amino acid residues—MET-745 and ARG-752.
In other studies, flutamide presented a score of —8.69 kcal/mol
against the AR [38]. Androgen excess causes hyperandrogenism,
hirsutism, acne, and androgenic alopecia in PCOS women [39].
Thus, to reduce these symptoms, androgen-inhibitory drugs with
fewer side effects should be used. Hence, anthocyanidins, such
as leucopelargonidin and leucocyanidin, might be potential drugs
for blocking ARs and hence further downstream signaling.
Amongst the 56 compounds, epicatechingallate (—8.9
kcal/mol), ellagic acid (—8.4 kcal/mol), and catechin (—8.4 kcal/
mol) revealed good binding affinity against estrogen alpha
receptor (PDB ID-3ERT). GLU-419 and HIS-524 amino acids
showed hydrogen bond interactions with the estrogen alpha
receptor. The docking poses of the top three ligands when docked
with estrogen alpha receptor are shown in Figure 4. Estrogen
beta receptor (PDB ID-2QTU) had greater binding affinities with
leucopelargonidin (—9.1 kcal/mol), leucocyanidin (=9 kcal/mol),
and luteolin (=9 kcal/mol). GLU-305, ARG-346, and GLY-472
amino acids showed greater hydrogen bonding with the bioactive
compounds. The hydrogen and hydrophobic interactions of the top
three ligands of estrogen beta receptor are displayed in Figure 5.
Tamoxifen, a commercial ligand for estrogen, revealed a binding
score of —9.7 kcal/mol. Leucopelargonidin, leucocyanidin, and
luteolin compounds showed a closer binding affinity with the

commercial ligands after docking with estrogen receptors. PCOS
women have estrogen dominance that occurs because of the
abnormal function of estrogen and estrogen receptors [40]. Thus,
the natural compounds might be helpful in addressing estrogen
dominance with fewer side effects.

From these docking results, seven compounds
(procyanidin B2, leucopelargonidin, epicatechingallate,
amyrin, procyanidin B1, leucocyanidin, and ellagic acid) with
high binding energy were selected for further analysis.

DFT calculations

DFT is a computational tool for evaluating the
compounds’ nature and molecular structures by calculating
their electron density [41]. Chemical reactivity parameters were
calculated by using the frontier orbitals such as HOMO and LUMO
[42]. Band gap represents the energy and has a direct relation with
molecular reactivity (Egap = ELUMO- EHOMO), and all these
calculations were determined using B3LYP/6-31G (d, p) basis
set. Parameters, such as chemical hardness, electronegativity,
electrophilicity index, electronic energy, and chemical potential of
the compounds, were calculated for the selected compounds [43].
The statistics of DFTtheory-based molecular descriptors for the
selected seven compounds are given in Table 3.
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Figure 1. (a) The binding poses of procyanidin B2 (blue), procyanidin
Bl (pink), and beta-sitosterol (magenta) when docked with aromatase. (b)
Procyanidin B2 interacting residues, ILE-133, TRP-141, THR-310, SER-314,
and ARG-435 (green) form hydrogen bonds (yellow) of length 2.0 A, 1.8 A,
1.8 A, 2.4 A, and 2.3A, respectively. (c) Procyanidin B1 interacting residues,
ILE-133, ARG-145, TRP-141, THR-310, SER-314, and ARG-435 (green) form
hydrogen bonds (yellow) of length 2.0 A, 2.3 A, 1.8 A, 1.8 A,2.5 A and 2.3 A,
respectively. (d) B-sitosterol did not show any hydrogen interactions.

Figure 2. (a) Binding poses of procyanidin B2 (blue), amyrin (wheat), and
procyanidin Bl (pink) in the 17B-HSDI. (b) Procyanidin B2 interacting
residues, ILE-14, LEU-95, and CYS-185 (green), form hydrogen bonds
(yellow) of length 2.4 A, 2.7 A, and 1.9 A, respectively. (c) Amyrin interacting
residues did not show any hydrogen interactions. (d) Procyanidin B1 interacting
residues, ASN-152, THR-190, TYR-218, and SER-222 (green) form hydrogen
bonds (yellow) of length 2.3 A, 2.9 A, 2.7 A, 2.1 A and 2.4 A, respectively.

Ellagic acid (0.15864¢V), epicatechingallate (0.16934
eV), and procyanidin B2 (0.19387 ¢V) compounds have
less energy gap, which shows that these compounds are soft
molecules. Procyanidin B2, with a value of —0.19527 eV,
exhibits the highest HOMO showing this compound has the
best electron donor. Ellagic acid (—0.0691 eV) has the lowest
LUMO, showing that this compound has the best electron

b)

Figure 3. (a) Binding poses of leucopelargonidin (purple), leucocyanidin
(skyblue), and kaempferol (brown) in the AR. (b) Leucopelargonidin interacting
residues, MET-745, ARG-752 (green), form hydrogen bonds (yellow) of length
2.4 A and 2.0 A, respectively. (c) Leucocyanidin interacting residues, ASN-705,
GLN-711, MET-745 (green) form hydrogen bonds (yellow) of length 1.8 A, 2.3
A,2.7A,and 2.5 A, respectively. (d) Kaempferol interacting residues, ASN-705,
GLN-711, and ARG-752 (green), form hydrogen bonds (yellow) of length 2.9 A,
2.6 A, and 1.8 A, respectively.

Figure 4. (a) Binding poses of epicatechingallate (red), ellagic acid (brown),
and catechin (cyan) in the estrogen alpha receptor. (b) Epicatechingallate
interacting residues, HIS-524, GLU-419, GLY-420, LEU-387 (green), form
hydrogen bonds (yellow) of length 2.6 A, 2.1 A, 2.4 A, and 2.4 A, respectively.
(c) Ellagic acid interacting residues, ARG-394 (green), form hydrogen bonds
(yellow) of length 2.2 A. (d) Catechin interacting residues, GLU-419, GLU-
353, HIS-524 (green), form hydrogen bonds (yellow) of length 2.2 A, 2.8 A,
and 2.2 A, respectively.

acceptor. Electronegativity determines the chemical behavior
of a compound [44]. In our study, ellagic acid showed greater
electronegativity value. The electronegativity also talks about
the inhibition effect of a molecule [45].

Procyanidin B1 (7.914611) has the greater dipole
moment, followed by procyanidin B2 and leucopelargonidin.
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Figure 5. (a) Binding poses of leucopelargonidin (purple), leucocyanidin (blue),
and luteolin (light orange) in the estrogen beta receptor. (b) Leucopelargonidin
interacting residues, GLU-305, ARG-346, GLY-472 (green) form hydrogen
bonds (yellow) of length 2.4 A,2.4 A, and 2.2 A, respectively. (c) Leucocyanidin
interacting residues, GLY-472, ARG-346 (green), form hydrogen bonds
(yellow) of length 2.3 A and 2.5 A, respectively. (d) Luteolin interacting
residues GLU-305, ARG-346 (green) form hydrogen bonds (yellow) of length
2.7 A and 2.5 A, respectively.

The dipole moment is directly proportional to chemical
reactivity. The chemical stability and reactivity of a compound
were determined by chemical hardness [42]. Procyanidin B2 and
procyanidin B1 have a lower chemical hardness which shows
these compounds have good stability. Chemical reactivity,
stability, nature, and optimized structures of compounds were
determined using a DFT study, and these results are compatible
with the docking results. The optimized and HOMO-LUMO
structures of the selected seven ligands are given in Figure 6.

ADMET prediction

In-silico ADMET analysis is a rapid way to identify if a
molecule has adequate pharmacokinetics and pharmacodynamics
properties. In the present study, seven bioactive compounds
with top docking scores were selected to predict the ADMET
properties. ADME, and physiochemical properties of the
bioactive compounds are represented in Table 4.

Compound Name

Optimized structure

Procyanidin B2

Leucopelargonidin

Epicatacchingallate

Procyanidin B1

Amyrin

Leucocyanidin

Ellagic acid

Figure 6. HOMO-LUMO and optimized structures of the selected seven
ligands.

Since cytochrome P450 (CYP) is involved in drug
metabolism, this parameter was investigated [46]. In this study,
all the compounds exhibited as substrates with better binding
results, thus showing that these compounds will be easier for
the metabolism. All seven compounds exhibited less than 3
hours of half-life in excretion properties. Of all the compounds,
procyanidin B2 showed significantly less half-life while ellagic
acid showed a higher half-life, indicating that these compounds

Table 3. DFT calculations of seven selected ligands.

Compound name nll)oi:)noel; " Band HOMO and LUMO Cp:teel:lliic:ll i:::il:liec:sl Electronegativity Ele‘ctrophilicity Electronic
(debye) gap (eV) eV) V) (eV) index (eV) energy (eV)
Procyanidin B2 6.908034  0.19387 —0.19527 and —0.0014 ~ —0.098335  0.096935 0.098335 0.00046867 —2,061.506039
Leucopelargonidin 495056  0.21158 —0.20958 and 0.02 —0.10379 0.10579 0.10379 0.000569804 —1,031.355218
Epicatechingallate 1.694252  0.16934  —0.20593 and —0.03659  —0.12126 0.08467 0.12126 0.000622493 —1,601.415599
Procyanidin B1 7914611  0.19456  —0.19775 and —0.00319  —0.10047 0.09728 0.10047 0.000490983 —2,061.505616
Amyrin 1.418062  0.24702 —0.21866 and 0.02836 —0.09515 0.12351 0.09515 0.0005591 —1,248.589238
Leucocyanidin 3.621645  0.20964  —0.20236 and —0.00728  —0.09754 0.10482 0.09754 0.000498631 —1,106.568277
Ellagic acid 2469465  0.15864  —0.22774 and —0.0691 —0.14842 0.07932 0.14842 0.00087365 —1,138.910421
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Table 4. ADMET properties of the selected ligands.

Properties Procyanidin B2 Leucopelargonidin Epicatechingallate Procyanidin Bl  Amyrin Leucocyanidin Ellagic acid
Absorption properties
Caco-2 permeability —6.774 —5.975 —6.364 —6.774 —5.034 —6.270 -5.312

(Optimal: higher than
—5.15 Log unit or —4.70
or —4.80)

Human intestinal +++ - ++ +++ — - -
absorption (HIA) >30%:
HIA+; <30%: HIA-

P-glycoprotein Substrate - --- --- - -—- - -

P-glycoprotein Inhibitor - - - - - - -
Distribution properties

Plasma protein 88.707% 86.333% 90.729% 88.707% 99.784% 89.088% 78.228%

binding:optimal-<90%

Blood-brain barrier (BBB) - - - - ++ - -
BB ratio>0.1: BBB+; BB
ratio <0.1:BBB-

Volume distribution 0.436 1.449 0.470 0.436 1.820 0.666 0.830
0.04-20 I/kg

Metabolism properties
P450 CYP1A2 inhibitor - - - - - T+
P450 CYP1A2 Substrate -- - - - - - -
P450 CYP3A4 inhibitor - - — - - -
P450 CYP3A4 substrate - - - - + - -
P450 CYP2C9 inhibitor - - + + - - -
P450 CYP2C9 substrate - +++ - +++ - ++ -
P450 CYP2C19 inhibitor -—- - - - -
P450 CYP2C19 substrate -—- - - — -+ - .
P450 CYP2D6 inhibitor --- - - - - -
P450 CYP2D6 substrate -- + - -- ++ - -

Excretion properties
T 1/2 (Half life time) (long 0.612 0.658 0.923 0.612h 0.009 0.763
half- life-3 hours, short
half- life -< 3 hours)

Toxicity properties
hERG (hERG Blockers) - - - — - - -

AMES (Ames -- - - -- — + -
Mutagenicity)

(=3

.863h

Drug induced liver injury + -- ++ + - - -+
Physicochemical property
LogsS (Solubility) —3.968 -3.190 -3.910 —3.968 —6.142 -3.174 —4.666

LogD7.4 (Distribution 1.663 1.170 1.625 1.663 5.742 0.687 0.794
coefficient D)

LogP (Distribution 1.853 0.551 2.244 1.853 7.815 0.021 1.117
coefticient P)

will easily be eliminated from the body, and all the seven a therapeutic dose. Thus, ADMET properties play a key role in
compounds showed as nonblockers of AMES and hERG. the drug development process [47].

Before drug design, the compounds should be checked
for the pharmacokinetics and toxicity. In addition to being CONCLUSION
effective against the therapeutic target, a high-quality drug PCOS is a metabolic and endocrine disorder that
candidate should also pass the required ADMET properties at affects 6%—15% of women of reproductive age. Because herbal
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medicine has fewer side effects, medicinal plants have been
used to treat PCOS symptoms. Saraca asoca, which contains a
diverse range of phytochemicals, is a commonly used plant for
treating PCOS symptoms in India. Of all the selected compounds,
procyanidin B2 and leucopelargonidin showed the highest
binding affinity with proteins, such as aromatase, 178-HSD1,
androgen, and estrogen receptors of ovarian steroidogenesis
pathway. In addition, these compounds demonstrated promising
DFT and ADMET properties. Thus, we propose procyanidin
B2 and leucopelargonidin as promising compounds in the
management of PCOS with hyperandrogenism and estrogen
dominance. Further in-vivo and in-vitro studies are needed to
determine the inhibitory and toxic effects of these compounds
for the discovery of drugs against many gynecological disorders.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1. Compounds that are selected from the literature for molecular docking.

Compound name Reference Compound name Reference
(—)-gallocatechin [26] 3'-deoxycatechin-3-O-a-L- [32]
rhamnopyranoside
(—)-epigallocatechingallate [26] Kaempferol [34]
Afzelechin-3-O-l-rhamnopyranoside [26] b-sitosterol [34]
Epiafzelechin-3-O-B-d-glucopyranoside [27] Luteolin [34]
(—)-epicatechin [26] Amyrin [33]
(—)-gallocatechingallate [26] Methyl salicylate [33]
Epicatechingallate [26] Z-lanceol [33]
Leucocyanidin [26] Cis-Decahydronaphthalene [33]
Leucopelargonidin [26] B-Caryophyllene [33]
Pinitol [26] E-B-Ionone [33]
Prunasin [28] B-Selinene [33]
Sn-Glycero-3-phosphocholine(Choline [28] Phenylethyl octanoate [33]
Alfoscerate)
Delphinidin [28] o-Muurolene [33]
O-Phosphocholine [28] Methyl p-tert-butyl phenyl acetate [33]
Procyanidin B1 [28] 5-Cadinene [33]
Gallic acid [29] a-Calacorene [33]
Ellagic acid [29] Caryophyllene oxide [33]
Quercetin [29] beta-Eudesmol [33]
Catechin [30] Cubenol [33]
Leucopelargonidin-3-glucoside [30] o-Eudesmol [33]
Gallocatechin [30] Z-a-trans-Bergamotol [33]
b-linalool [31] Lyoniside [35]
a-terpineol [31] Lyoniresinol [35]
Eudesm-4(14)-en-11-ol [31] Nudiposide [30]
Benzamide 3-methoxy-N-[3-(4- [31] 5-methoxy-9-B-xylopyranosyl-()- [27]
methoxyphenyl)-5-isoxazoyl]methyl- isolariciresinol
3'- deoxyepicatechin-3-O-f-D- [32] Icariside E3 [27]
glucopyranoside
Schizandriside [27] Procyanidin B2 [27]
Benzyl benzoate [33] epiafzelechin-(4b-8)-epicatechin [27]
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Supplementary Table 2. Binding energy of all the docked compounds against each target protein.
Binding energy (kcal/mol)

S Compoundmame Aromatase  17p-HSDI AR Fatrogen - Estroger
1 (—)-gallocatechin =7.8 =74 -8.9 =7.7 —8.3
2 (—)-epigallocatechingallate =75 8.1 —6.1 =7.6 -7
3 afzelechin-3-O-l-rhamnopyranoside -9.2 -9 -1.5 -8 -5.8
4 epiafzelechin-3-O-f-d-glucopyranoside —8.8 -8.2 -3.9 -8.1 =73
5 (—)-epicatechin -9.8 —8.4 -2.2 -7.8 -33
6 (—)-gallocatechingallate -9.8 -8.4 —6.1 -7.8 -6
7 Epicatechingallate -9.4 -8.7 —4.8 -8.9 -6.5
8 Leucocyanidin -8.3 —8.1 -9.8 -7.3 -9
9 Leucopelargonidin -8 =75 -10 -7.6 -9.1
10 Pinitol -5.2 —4.8 =5.7 -5.9 =57
11 Prunasin -6.9 -6.9 —7.4 —7.6 =7.5
12 Sn-Glycero-3-phosphocholine (Choline Alfoscerate) —5.4 —4.9 =5.5 =5.1 =5.5
13 Delphinidin 7.6 7.6 -9 -7.1 -8.3
14 O-Phosphocholine —5.4 —4.1 —4.7 —4.7 —4.6
15 Procyanidin B1 —11 -9.2 13.3 -5.9 -1.1
16 Gallic acid —6.2 =5.2 —6.4 -6 =59
17 Ellagic acid -8.4 -8 -8 -8.4 —8.8
18 Quercetin -7.9 —8.2 -9.1 -8.1 —8.5
19 Catechin -8.1 -7.6 —8.6 -8.4 -7.9

20 Lyoniside -8.3 -7.8 3.8 —5.8 -35
21 Lyoniresinol =7.9 =7 1.6 -6.7 —4.7
22 Nudiposide -9.3 =7.7 5 -6.2 0.6
23 5-methoxy-9-B-xylopyranosyl-()-isolariciresinol -9.5 —8.6 2.2 -6.9 -2.9
24 Icariside E3 —8.6 =717 0.1 -8 —4.5
25 Schizandriside -9.1 —8.2 3.1 =7.1 -2.8
26 Epiafzelechin-(4b-8)-epicatechin -9.7 -8.7 344 1.7 2.7

27 procyanidin B2 -11.7 -10.4 11.2 -5.8 -1

28 Leucopelargonidin-3-glucoside —8.6 -8.5 -0.8 —6.6 -3.9
29 Gallo catechin -8 -7.7 -8.9 =17 -8.3
30 b-linalool —5.1 —5.6 —5.7 —5.8 —55
31 a-terpineol -5.8 -6 —6.2 —6.2 -6

32 Eudesm-4(14)-en-11-ol -7.4 -7.3 -8 -8.3 =7.7

Benzamide 3-methoxy-N-[3-(4-methoxyphenyl)-5-

33 isoxazoyl]methyl- =7.1 =7 =57 -6.7 —6.6
34 3’- deoxyepicatechin-3-O-B-D-glucopyranoside -9 —8.4 -1.6 —8.4 -6

35 3’-deoxycatechin-3-O-o-L-rhamnopyranoside 9.4 —8.6 =7.9 -5.9
36 Kaempferol =7.7 -8 -9.6 —8.3 —8.8
37 b-sitosterol -9.8 -8.7 0.3 -7.8 =7

38 Luteolin —8.4 -8.3 -9.5 —8.4 -9

39 Amyrin -8.9 —-10.1 16.2 -4.7 —2.4
40 Methyl salicylate -5.9 -5.8 -6 —6.2 -5.8
41 Z-lanceol -7.8 -7 -7.3 -7.2 =7.7
42 Cis-Decahydronaphthalene =57 —6.2 —6.6 -6 —6.1
43 B-Caryophyllene =7.1 =72 =73 -84 8.1
44 E-B-lonone —6.5 -6.9 —6.8 -6.9 =7.1

Continued
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Binding energy (kcal/mol)

Se- Compoundname Aromatase  17p-HSD1 AR Fatrogen - Estroger
45 B-Selinene =73 =73 =7.9 -8.1 -7.8
46 a-Muurolene —6.7 —7.4 —6.8 —7.4 =15
47 Methyl p-tert-butyl phenyl acetate -85 -7.9 3.7 -74 -5.9
48 5-Cadinene =72 -7.7 -7.6 —8.2 -8
49 a-Calacorene =72 -8.1 -8 -7.8 -8.1
50 Caryophyllene oxide -7.1 -7.1 -6.9 -8.4 -8
51 Beta-Eudesmol -7.4 -7.3 -8 -8.3 =7.7
52 Cubenol —6.8 -7.4 -7.2 7.6 =7.7
53 a-Eudesmol =72 -7.9 -8.2 -84 -7.8
54 Z-o-trans-Bergamotol —6.9 —6.4 =73 =7 =7.1
55 Benzyl benzoate -7.4 -7.4 =7.6 =72 =7.6
56 Phenylethyl octanoate =57 -6.7 -6.7 —6.6 —6.8






