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a b s t r a c t

Uterine fibroids (UF), most prevalent gynecological disorder, require surgery when symptomatic. It is
estimated that between 25 and 35 percent of women wait until the symptoms have worsened like
extended heavy menstrual bleeding and severe pelvic pain. These UF may be reduced in size through var-
ious methods such as medical or surgical intervention. Progesterone (prog) is a crucial hormone that
restores the endometrium and controls uterine function. In the current study, 28 plant-based molecules
are identified from previous literature and docked onto the prog receptors with 1E3K and 2OVH.
Tanshinone-I has shown the best docking score against both proteins. The synthetic prog inhibitor
Norethindrone Acetate is used as a standard to evaluate the docking outcomes. The best compound,
tanshinone-I, was analyzed using molecular modeling and DFT. The RMSD for the 1E3K protein–ligand
complex ranged from 0.10 to 0.42 Å, with an average of 0.21 Å and a standard deviation (SD) of 0.06,
while the RMSD for the 2OVH protein–ligand complex ranged from 0.08 to 0.42 Å, with an average of
0.20 Å and a SD of 0.06 showing stable interaction. In principal component analysis, the observed eigen
values of HPR-Tanshinone-I fluctuate between �1.11 to 1.48 and �1.07 to 1.25 for PC1 and PC2, respec-
tively (1E3K), and the prog-tanshinone-I complex shows eigen values of �38.88 to �31.32 and �31.32 to
35.87 for PC1 and PC2, respectively (2OVH), which shows Tanshinone-I forms a stable protein–ligand
complex with 1E3K in comparison to 2OVH. The Free Energy Landscape (FEL) analysis shows the Gibbs
free energy in the range of 0 to 8 kJ/mol for Tanshinone-I with 1E3K and 0 to 14 kJ/mol for
Tanshinone-I with the 2OVH complex. The DFT calculation reveals DE value of 2.8070 eV shows
tanshinone-I as a stable compound. 1E3K modulates the prog pathway, it may have either an agonistic
or antagonistic effect on hPRs. Tanshinone-I can cause ROS, apoptosis, autophagy (p62 accumulation),
up-regulation of inositol requiring protein-1, enhancer-binding protein homologous protein, p-c-Jun N-
terminal kinase (p-JNK), and suppression of MMPs. Bcl-2 expression can change LC3I to LC3II and cause
apoptosis through Beclin-1 expression.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
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1. Introduction DNA promoter transcription and modulate the downstream genes
Tumors of the uterine lining, sometimes called leiomyomas
(UFs), are frequent benign gynecological tumors that develop from
the proliferation of smooth muscle cells in the uterus (Fig. 1A)
(Okesola et al., 2022). It’s estimated that 70–80% of women will
be affected by them at some point in their lives and vast majority
of those cases will show no symptoms at all (Don et al., 2022).
Abnormal bleeding, pelvic discomfort, menorrhagia, infertility,
miscarriages, and other obstetric difficulties are all clinical indica-
tions of UF that contribute to poor quality of life (Keizer et al.,
2022; Piriyev and Römer, 2023; Yudha Pratama Putra et al., 2021).

Although the precise origin of UF is unknown, several variables
have been linked to its pathogenesis, including genetics, cytokines,
growth factors, hormones including estrogen and prog and/or their
receptors, the environment, epigenetics, and the overproduction of
extracellular matrix (ECM) (Al-Hendy et al., 2021; Czarnik et al.,
2023).

There are several therapies that may be employed, i.e., pharma-
cological, surgical, and radiological techniques, including uterine
embolization or magnetic resonance targeted ultrasound. Hys-
terectomy, meanwhile, continues to be the standard, one-size-
fits-all approach for fibroids. Nevertheless, numerous women
require a successful substitute to a hysterectomy due to numer-
ous reasons, namely quicker healing and the preservation of repro-
ductive ability. As a result, conservative solutions are required, and
secure and efficient pharmacological intervention is one of them.

Tranexamic acid, oral contraceptives, oral and injectable prog,
Prog-releasing intrauterine systems, antiprogesterone,
gonadotropin-releasing hormone (GnRH) agonists and antagonists,
selective prog receptor modulators (SPRMs), selective oestrogen
receptor modulators (SERMs), aromatase inhibitors, danazol, and
gestrinone are some of the medical interventions currently avail-
able. The majority of these treatments do not particularly target
UF; rather, they are employed to regulate irregular UF. Prog. is
among those employed most frequently.

Prog is a vital hormone, regulates uterine function, principally
involved in the restoration of the endometrium. Prog interaction
with the human prog receptor (HPR), comes under the nuclear hor-
mone receptor superfamily, represents the joint functions of PR-A
and B. Upon ligand binding, these may affect cellular physiology
and alter gene expression through two methods: (i) PRs act as
ligand-activated transcription factors to directly interact with
Fig. 1. Interrelation of Prog and growt
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expression (ii) PRs interact through Src tyrosine kinases and trigger
MAPKs, which affect gene functioning (Boonyaratanakornkit et al.,
2001; Boonyaratanakornkit and Edwards, 2007; Leonhardt et al.,
2003; Patel et al., 2015).

It has been shown that Prog promotes UFs growth by increasing
the number of cells, size as well as ECF amount. Proteins called PR-
A and PR-B were also found to be higher in fibroids than in healthy
myometrium. Both Prog and growth factor are linked to several
processes, such as cell growth and death (apoptosis) (Fig. 1). There-
fore, Prog blockers may play an effective role in the treatment of
UFs. Phyto-constituents possess enormous potential in the man-
agement of life threatening diseases. Many phytoconstituents
e.g., curcumin, quercetin, rutin etc are reported to possess anti-
cancer potential.

Therefore, the present study has been designed to explore the
potential of 28 phytochemicals from different plants to block the
human prog receptor as a therapy for uterine fibroids using in-
silico methods. Fig. 2 shows the schematic illustration of the pre-
sent study for the discovery of potential prog receptor inhibitors.

CAM therapy may turn out to be a good way to treat UF. Liter-
ature shows that Gui Zhi Fu Ling Tang, Ramulus cinnomomi, and
Poriae cocos decoction, Danshen Gegen decoction (Salviae Miltior-
rhizae Radix, Purariae Lobatae, Radix decoction), Genistein, Green
Tea (Camellia sinensis), and Tanshinone-I are effective against UF.

Tanshinone-I is obtained from Salviae miltiorrhizae and
employed in the treatment of atherosclerosis, downregulation of
adhesion molecules, and enhancement of microcirculation by
stimulating endothelium-dependent vasodilatation (EDVD) in
coronary arterioles through the neuromodulators endothelial nitric
oxide synthase (eNOS) and angiotensin II. Interestingly, it also
stops the growth of vascular smooth muscle cells (VSM) and thins
the intima. It does this by cleaving caspase-3 to promote cell death
and blocking the PI3K/AKT/mTOR pathway to cause autophagy
(Ansari et al., 2021; Dalton-Brewer, 2016).

2. Materials and methods

2.1. Molecular docking study

The molecular docking studies of the identified compounds
were performed on a 5950 X 16-Core Processor (3.40 GHz); AMD
Ryzen-9; Windows 10 (64-bit); and 64-GB RAM.
h factors in fibroid management.



Fig. 2. Schematic illustration of the present study for the discovery of potentialprog receptor inhibitors.

Table 1
Human prog receptors from PDB 2 database.

Category PDB Ligand Resolution (A0)

GROUP-1
Steroidal antagonist

2W8Y Mifepristone (MT) 1.8
4A2J Asoprisnil (AS) 2.0
4OAR Ulipristal acetate (UA) 2.41
2OVH Asoprisnil 2.0
2OVM Asoprisnil 2.6

GROUP-2
(Non-steroidal SPRM)

4APU A2K 1.9
3G8O 30X 1.90
3ZR7 OR8 1.65
3HQ5 GKK 2.1
3KBA WOW 2.0

GROUP-2
Steroidal Agonist

1A28 PROGESTERONE (STR) 1.8
1E3K Metribolone (R18) 2.8
1SR7 Mometasone furoate 1.46
3D9O Levonorgestrel 2.26

GROUP-2
Non-steroidal Agonist

1ZUC Tanaproget (T98) 2.0

Table 2
Grid Parameters.

S. No. Parameters 1E3K 2OVH

1) Exhaustiveness 8 8
2) center_x 28.6348 30.6727
3) center_y �7.7984 0.7615
4) center_z 9.5311 28.3292
5) size_x 16.0747 16.0146
6) size_y 16.1977 16.1716
7) size_z 16.1712 16.1487
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2.2. Selection and protein receptors from PDB:

We have collected all reported structures from PDB (https://
www.rcsb.org) and compared them to one another in order to
explore the variability in the ligand binding patterns in different
crystal structures of human PR. Their receptors were thoroughly
examined as well. In order to examine SPRMs and human PRs,
we have selected two PDBs i.e., 1E3K and 2OVH from the RCSB
database. Protein preparation was carried out using the Autodock
Wizard by deleting attached water molecules, bound heteroatoms
or ligands, adding polar hydrogens, Kollman charges, spreading
charge equally over all atoms, and checking for missing atoms on
residues. The PDB files were then converted to the PDBQT format
for executing the next step. Table 1 shows the details of all human
prog receptor structures retrieved from the PDB 2 database
(Saritha et al., 2023).

2.3. Molecular docking procedure

2.3.1. Grid generation
For carrying out docking between prepared receptors and

ligands, grid was generated by taking the center on the attached
ligand. The grid dimensions are given in Table 2.

2.3.2. For PDB 1E3K
The crystallographic 3D structure of the Human Prog Receptor

(HPR) Ligand Binding Domain in complex with the ligand metri-
bolone (R1881) was accessed from Protein Data Bank (PDB ID code
1E3K) with unit cell (Å) a = 58.402, b = 65.011, c = 71.181, and
angles (�) a = 90, b = 95.65 and c = 90 respectively. The resolution
of the X-Ray Diffraction (XRD) structure of this model enzyme is
2.80 Å. After optimizing hydrogen bonds, OPLS-2005 was used as
1063
the force field to refine the structure minimization to an RMSD
constraint value of 0.3 Å. Grid box dimensions were 16.0747 X
16.1977 X 16.1712 (all in Å) with a 0.375 Å grid point spacing.

https://www.rcsb.org
https://www.rcsb.org
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Protein residues that include ligand-restricting sites are logically
expected to contain certain ligands that can bind reversibly. The
correct orientation for other protein-affirming amino acid residues
was provided.

2.3.3. For PDB 2OVH
Protein Data Bank (PDB ID code 2OVH) provided access to the

crystallographic 3D structure of the prog receptor with bound Aso-
prisnil and a peptide from the co-repressor SMRT, with unit cell
(a) = 87.475, b = 87.475, c = 90.599, and angles (�) a = 90, b = 90,
and c = 120, respectively. This model enzyme’s XRD structure
has a resolution of 2.00 Å. After optimizing hydrogen bonds, the
structural reduction was further refined using the OPLS-2005 force
field to achieve the 0.20 Å RMSD constraint value. The grid box
measures 16.0146 � 16.1716 � 16.1487 (all in Å) with a grid point
spacing of 0.375 Å. It stands to reason that certain ligands with
reversible binding capabilities would be present in protein resi-
dues with ligand-restricting sites. Other protein-affirming amino
acid residues were given the proper orientation.

2.4. Selection and preparation of phytoconstituents

28 phytochemicals are selected on the basis of a review of the
literature from search engines and the IMPPAT 2.0 database, which
provides extensive informationwith 100 books and 7000 + research
articles on Indian medicine. The phytoconstituents are selected on
the basis of their antitumor effects. In order to virtually test the
ability of phytoconstituents to bind to specific proteins, this data-
base provides information regarding phytochemicals, medical
applications, as well as 2D and 3D chemical structures. Table 3
shows the phytoconstituents selected for the study with their
IMPPAT-ID (https://cb.imsc.res.in/imppat/). All the phytocon-
stituents were downloaded in SDF format from PubChem, their
energy reduced by the MMFF94 Force Field, and then opened in
the PyRx program, which converted them to PDBQT format. The
LigPrep application (the trial version of Schrödinger) was used to
prepare the ligands. Energy optimization for all ligands was done
using the OPLS 2005 force field, but the 0.01 Å RMSD cut-off was
not reached. At the desired pH of 7 ± 2, Epic was used to produce
tautomers, all conceivable ionization states, and low energy ring
conformations for each ligand. The output format of the Schrodin-
ger Maestro was used to save the prepared ligands.

2.5. Docking and visualization of results

Docking was used to collect a set of ligand-binding site confor-
mations and orientations. PyRx, AutoDock-Vina scoring-function-
based analysis of binding sites, and docking runs of target proteins
with ligands. Each ligand’s conformations were analyzed, and the
ones with the highest binding affinities were selected. Maestro
Visualizer was used to generate the 3D and 2D interaction
diagrams.

2.6. Molecular dynamics simulations

The Desmond tool from Schrödinger’s suite was used to do
molecular dynamics simulations on the ligand–protein combina-
tion (Bowers et al., 2006).The best chemical from those that passed
screening was chosen for MD simulations using criteria including
the number of hydrogen bonds, binding energy, and glide score.
Tanshinone-I, the best docked chemical, was chosen for simulation
analysis in this investigation. We neutralized the charge and
adjusted the salt content to 0.15 M of Na+ and Cl- ions to create
the physiological condition of the simulation box. Aligning the
major axes of the solute along the box vectors or the diagonal
reduces the volume of the simulation box. Proteins, protein com-
1064
plexes, protein–ligand complexes, proteins embedded in a mem-
brane bilayer, etc. make up the solute in the solvated system. By
doing a 100 ps low-temperature (1000K) Brownian motion MD
simulation (NVT ensemble), we were able to remove steric con-
flicts in the complex and reduce the energy of the ligand–protein
interaction. From the MD tab’s work space, we loaded the pre-
processed ligand protein complex, and then we adjusted the tem-
perature to 3000 K and the pressure to 1.01325 bar in the NPT
ensemble. The ligand–protein complex’s trajectory was measured
at 4.8 ps after 100 ns of simulations, which were run after the
model system was relaxed. The conformational behaviour and sta-
bility of the complex were examined by calculating and analyzing
energy, ligand–protein RMSD, RMSF, protein–ligand interactions,
and ligand characteristics throughout the course of a 100 ns
simulation.

2.7. Analysis of simulation data

After analyzing the MD trajectories, the root-mean-square devi-
ation (RMSD), root-mean-square fluctuation (RMSF), and other
measures for the distance between residues and inhibitors were
computed using the VMD (version: 1.9.1) or in-house Perl scripts.

2.8. Principal component analysis (PCA)

The large-amplitude movements were analyzed with a princi-
pal component analysis (PCA). The eigenvalues and eigenvectors
were analyzed with the covariance matrix that was constructed
from the diagonalized covariance matrix. The principal compo-
nents (PCs), also known as eigenvectors, reveal the motional orien-
tation of the ligand and receptor atoms, while the corresponding
eigenvalues characterize the mean square fluctuations of the com-
plex. Using calculations and graphs, PC1 and PC2 were used to val-
idate their motions (Dalal et al., 2021).

2.9. FEL analysis

The FEL along the PC was postulated in order to better under-
stand the energy distribution of the protein folding route during
molecular dynamics. The formula for calculating the free energy
of a protein is (Eq. (1):

DG ¼ R� KTB ln ðPA� PBÞ ð1Þ
-where 4G represents the Gibbs energy landscape, TB is the gas

constant, and K is the equilibrium constant. PA and PB represent
the two protein probabilities along the dynamic pathway. Using
the eigenvector values obtained from the PCA, 3D FEL plots of pro-
tein–ligand complexes were created. To analyze the maximum and
minimum energy of drug complexes, a FEL plot with different con-
tour maps of various color patterns, such as red, yellow, green,
orange, and blue, was generated (Dalal et al., 2021).

2.10. Density functional theory (DFT) analysis

The phytochemical reactivity was analyzed with DFT. The anal-
ysis used the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO) energies. The expres-
sion was used to figure out the band energy gap. All of these labels
come straight from the calculations of quantum physics. This for-
mula was used to determine the HOMO–LUMO energy difference
(Eq. (2):

DE ¼ ELUMO � EHOMO ð2Þ
The HOMO and LUMO energies to get the chemical potential

(l) (Eq. (3), chemical hardness (g) (Eq. (4) and chemical softness
(r) (Eq. (5) of the system:

https://cb.imsc.res.in/imppat/


Table 3
Phytochemicals isolated from fruits and vegetables for Fibroid treatment and their mechanisms of action.

S.
No.

Name IMPPAT ID Biological sources Uses References

1. Apigenin IMPHY004661 Lonicera gracilipes var.
glandulosa

Anticancer (Si et al., 2009; Wu et al., 2005)

2. Equol IMPHY005820 Pueraria mirifica and
Cordyceps militaris

Cancer (Axelson et al., 1982; Setchell et al., 2005;
Wang et al., 2014)

3. Daidzein IMPHY004566 Pueraria mirifica and
Cordyceps militaris

Anti-oxidant, anti-
carcinogenic

(E. Kim et al., 2015; Sakamoto et al., 2016)

4. Genistein IMPHY004643 Flemingia vestita Anticancer (Choi et al., 2020; Hwang et al., 2020; Liang
et al., 2018)

5. Catechin IMPHY014854 Camellia sinensis Anticancer (Alshatwi, 2010; Cheruku et al., 2018;
Waffo-Téguo et al., 2001)

6. Myricetin IMPHY005471 Tibouchina paratropica Antimicrobial (Jinwal et al., 2009; Phillips et al., 2011;
Semwal et al., 2016; Tzeng et al., 1991; Xu
et al., 2016)

7. Isorhamnetin IMPHY008724 Pollen typhae Anti-cancer (Hu et al., 2015; Kim et al., 2011)

8. Fisetin IMPHY005433 Galeditsia triacanthos Antioxidant, Anticancer,
Neuroprotection

(S. C. Kim et al., 2015; Mukhtar et al., 2015)

9. Eriocitrin IMPHY012252 Citrus limon Anticancer (Wang et al., 2016)

10. Tanshinone-I IMPHY010828 Salvia miltiorrhiza Anticancer (Su and Chiu, 2016; Xie et al., 2015; Zhang
et al., 2016)

11. Naringenin IMPHY010550 Aglaia duperreana Anticancer (Saponara et al., 2006)

12. Taxifoline IMPHY011967 Silybum marianum Anticancer (Angelis et al., 2016; Ren et al., 2020)

13. Myricetin IMPHY005471 Myrica nagi Thunb. Anti-oxidant, anticancer,
antidiabetic and anti-
inflammatory

(Du et al., 2012)

14. (-) Gallocatechin IMPHY011735 Saxifraga cuneifolia, Quercus
dentata

Antioxidant, anti-obesity
activity

(Waffo-Téguo et al., 2001)

15. (�)-Epicatechin IMPHY014854 Camellia Sinensin Anticancer (Nogueira et al., 2011; Shay et al., 2015;
Wang et al., 2015)

16. (�)-Epigallocatechin IMPHY011735 Camellia Sinensin Anticancer (Chung and Vadgama, 2015; Lee and Tan,
2015; Waffo-Téguo et al., 2001)

17. (�)-Epicatechin 3-
gallate

IMPHY011874 Camellia Sinensin Anticancer (Takizawa et al., 2003; Wang et al., 2013)

18. (�)-Epigallocatechin
3-gallate

IMPHY011671 Camellia Sinensin Anticancer (Chiou et al., 2012; Ignasimuthu et al., 2019;
Kannen et al., 2013)

19. Flavone ————————————— Apium graveolens,
Petroselinum crispum,
artichoke Cynara scolymus

Anticancer, Antioxidant (Kellis and Vickery, 1984)

20. Dihydrodibenzoxepin IMPHY006809 Bauhinia variegate Anti-cancer (Lee et al., 2010)

21. Glicentin MPHY015706 Monoclonal anti-glucagon Stimulation of insulin
secretion, inhibition of gastric
acid secretion

(Raffort et al., 2017)

22. Kaemferol IMPHY004388 Lotus ucrainicus Antitumor (An and Kim, 2015; Luo et al., 2012, 2011;
Shin et al., 2015)

23. Quercentin IMPHY004619 Camellia sinensis Anti-oxidant
Atherosclerosis

(Liu et al., 2020; Navarro-Núñez et al., 2010;
Yang et al., 2015)

24. Cyanidin IMPHY008945 Rhododendron cv. Anticancer (Cheng et al., 2009; Kannan and
Kolandaivel, 2018; Lee et al., 2013)

25. Pelargonidin IMPHY003437 Philodendron Anticancer (Khandelwal and Abraham, 2014)

26. Norethindrone
Acetate

IMPHY013743 Synthetic second-generation
progestin

Heavy periods, Breast cancer (Cheng and Wolfe, 1983; Muneyyirci-Delale
and Karacan, 1998)

27. Eriodictyol IMPHY004038 Eriodictyon californicum Anticancer (Zhang et al., 2020)

28. Quercitrin IMPHY015054 Citus families, berries Anticancer (Vafadar et al., 2020)
29. Gnetol IMPHY000794 Genus gnetum Anticancer (tyrosinase

inhibitor)
(Ohguchi et al., 2003)
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l ¼ ELUMO � EHOMO

2e
ð3Þ
g ¼ ELUMO � EHOMO

2
ð4Þ
r ¼ 1
g

ð5Þ

The electron affinity (A) is equal to the LUMO energy level,
while the ionization potential (I) is defined as the � EHOMO

energy level. The following equations can be used to determine
the electronegativity (v) (Eq. (6), electrophilicity (x) (Eq. (7),
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maximum charge transfer (Eq. (8), and nucleophilia (Eq. (9) of
a substance:

v ¼ Iþ A
2

ð6Þ

x ¼ l2

2g
ð7Þ

DNmax ¼ v
g

ð8Þ

ðNÞ ¼ ELUMO � EHOMOðTCEÞ ð9Þ



Table 4
Molecular Docking Results.

S. No. Binding Affinity
(kcal/mol)

Compound Name

1E3K 2OVH

1. �9.2 �8.8 Apigenin
2. �9.4 �8.9 Equol
3. �9.5 �8.9 Daidzein
4. �8.9 �9 Genistein
5. �8.5 �8.5 Catechin
6. �8.3 �8.7 Myricetin
7. �8.3 �8.8 Isorhamnetin
8. �9.3 �8.5 Fisetin
9. �10.2 �9.9 Tanshinone-I
10. �9 �8.7 Naringenin
11. �8.9 �9 Eriodictyol
12. �8.8 �8.8 Taxifoline
13. �8.3 �8.9 Quercitrin
14. �8.3 �8.7 Myricetol
15. �8 �8.4 (+)-Gallocatechin
16. �8.5 �8.5 (�)-Epicatechin
17. �8 �8.4 (�)-Epigallocatechin
18. �4.3 �9.5 (�)-Epicatechin 3-gallate
19. �3.7 �9.2 (�)-Epigallocatechin 3-gallate
20. �9 �8.6 Flavanone
21. �8.1 �7.6 Dihydrodibenzoxepin
22. �9 �8.8 Glycitein
23. �8.8 �8.6 Kaemferol
24. �8.3 �8.9 Quercetin
25. �8.7 �8.6 Cyanidin
26. �8.5 �8.4 Pelargonidin
27. �8.1 �7.6 Gnetol
28. �8.5 �7.8 Pterostilbene
29. �10.7 �10.1 Norethindrone Acetate
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3. Results

3.1. Docking results

The docking results are shown in Table 4. The docking interac-
tion of 1E3K showed Tanshinone-I is the best docked compound
when compared with the standard drug, as shown in Figs. 3 and
4. Other compounds like Equol, Fisetin, Genistein, Myrecetin, and
Apigenin have showed good results and illustrated in the supple-
mentary file Fig. 1a–5a. Table 5 shows the interacting amino acids
with 1E3K, whereas Table 6 shows the interacting amino acids
with the 2OVH receptor protein. The docking interaction of
2OVH showed Tanshinone-I is the best docked compound when
compared with the standard drug, as shown in Figs. 5 and 6. Other
Fig. 3. 3d-&2d Docking interaction
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compounds like (-)-Epicatechin 3-gallate, (-)-Epigallocatechin 3-
gallate, Eriodictyol, Genistein, and Quercetin have shown good
results and are shown in the supplementary file Fig. 6a–10a.
Fig. 10a. 3d&2d- Docking interaction on 2OVH with Genistein has
been showed below (Tiwari et al., 2022).

3.2. Prediction of ADMET analysis

The Swiss ADME software (https://www.swissme.ch) was used
to estimate each ADME analysis (physicochemical properties,
water solubility, lipophilicity, pharmacokinetics, and drug similar-
ity). The results of the physicochemical properties of some phyto-
chemicals are shown in supplementary table 1a. The results of
lipophilicity, water solubility, pharmacokinetics, and drug-
likeness are shown in supplementary tables 2a, 3a, 4a, and 5a,
respectively, and included in the supplementary files. The lipophi-
lic properties were put into three main groups: fragmental (based
on fragments, wLog P), topological (based on descriptors, mLog P),
and 3D physics-based (iLog P and xLog P, based on solvent free
energy in octanol). The pink area represents the optimal range
for each property (lipophilicity: MLOGP less than 4.15, XLOGP
between �0.7 and + 5.0, size: MW between 150 and 500 g/mol,
polarity: TPSA between 20 and 130 Å2, solubility: log S not higher
than 6, saturation: the fraction of carbons in the sp3 hybridization
not less than 0.25, and flexibility: no more than 9 rotatable bonds).
From these results, the compound can be predicted not to be orally
bioavailable, but to be too flexible and polar. Figs. 7-9 depict the
protein–ligand RMSD, RMSF, and secondary structure of proteins,
Ligand RMSF, and Protein Ligand Contacts for 1E3K and Figs. 10–
12 for 2OVH, respectively. Results of (a) principal component anal-
ysis (b) FEL 3D, are shown in Fig. 13 for 1E3K and Fig. 14 for 2OVH.
Fig. 15 depicts the HUMO and LUMO analyses of Tanshinone-I.

Results of Principle compnent analysis and FEL 3D for IE3K

3.3. Results from DFT analysis

The energy gap DE (eV) between EHOMO (eV) and ELUMO (eV)
and other parameters are shown in Table 7.

4. Discussion

The development of synthetic prog ligands with either prog
receptor (PR) agonist (progestins) or mixed agonist/antagonist
action has been stimulated by the apparent, if uncertain,
contribution of prog lead to the formation of fibroids. It has been
on 1E3K with Tanshinone-I.

https://www.swissme.ch


Fig. 4. 3d&2d- Docking interaction on 1E3K with Norethindrone Acetate.
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demonstrated that prog and PR complexes decrease apoptosis and
encourage fibroid cell growth. hPR-A and hPR-B are the two main
isoforms of PRs. By means of two distinct promoters, the same gene
can produce both isoforms. Another PR isoform, PR-M, is assumed
to contribute to cellular respiration and provide shielding from
apoptosis. It has nongenomic action. Recently, it was discovered
that the fibroid edge has higher levels of PR-M expression and
mitochondrial density than the myometrium. Thus, a non-
genomic progestin-induced rise in cellular respiration may play a
significant role in the development of fibroid.

Norethindrone acetate is used for menorrhagia associated with
fibroids at a dose of 5–15 mg/day, which has been taken as the
standard drug for the study. This belongs to the class of progestins
and works by stopping the uterine lining from growing and stop-
ping proliferation. This drug is associated with numerous side
effects, namely irregular vaginal bleeding or spotting, menstrual
flow modifications, enlarged/tender breasts, nausea, blood clots,
Table 5
Hydrophobic and polar bond interaction of selected phytoconstituents with 1E3K
Protein.

S.
No.

Compound
names

Hydrophobic bond Polar bond

1. Tanshinone-I Val760; Met759; Met756; Met801;
Leu887; Tyr890; Cys891; Leu715;
Leu718; Leu721

Gln725;
Asn719;
Thr894

2. Norethindrone
Acetate

Leu763; Val760; Met759; Met756;
Met801; Leu887; Tyr890; Cys891;
Leu715; Phe905; Phe794; Leu718;
Met909

Gln725;
Asn719;
Thr894

3. Equol Leu763; Met759; Phe794; Tyr890;
Leu715; Leu718,

Asn719;
Thr894;
Thr716

4. Fisetin Phe778; Leu763; Val760; Met759;
Met801; Met756; Leu887; Tyr890;
Cys891; Val903; Leu715; Leu718;
Leu721; Polar Charged Arg719,
Gln725

Asn719;
Thr894;
Thr716

5. Genistein Leu763; Met801; Phe778; Met756;
Met759; Leu887; Val760; Met759;
Tyr890, Cys891, Met756; Leu715;
Val903; Leu718; Leu721

Asn719;
Thr894;
Thr716

6. Myrecetin Leu763; Met801; Phe778; Met756;
Met759; Leu887; Tyr890; Cys891;
Met756; Leu715; Val903; Leu715;
Leu718; Leu721

Asn719;
Thr894;
Thr716

7. Apigenin Leu763; Met759; Met756; Leu887;
Tyr890; Cys891; Leu715; Leu718;
Leu721; Tyr890

Asn719
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vomiting, difficulty falling asleep, acne, brown patches on the face,
hair loss and growth of hair on the face, etc. It works at the molec-
ular level. Progestins like norethisterone affect target cells by bind-
ing to prog receptors, which change target genes. The reproductive
system, the breast, the pituitary gland, the hypothalamus, the
skeleton, and the central nervous system all have cells that are tar-
gets. Norethisterone also causes the endometrium to change in
ways that make it unsuitable for implantation, such as shrinking,
irregular secretion, and slowed growth. Tanshinone-I, which comes
from plants, can be used instead of a synthetic standard drug.

The molecular docking studies revealed the promising potential
of Tanshinone-I among the 28 docked compounds. The binding
affinity of Tanshinone-I on 1E3K and 2OVH was found to be
�10.2 and �9.9, respectively, which is comparable with that of
standard Norethindrone Acetate on 1E3K and 2OVH, which is
�10.7 and �10.1, respectively. Further, PCA and FEL data analysis
of Tanshinone-I on the 1E3K receptor revealed a stable and strong
interaction with the receptor, proving its promising role in the
treatment of uterine fibroid.
Table 6
Hydrophobic and polar bond interaction of selected phytoconstituents with 2OVH
Protein.

S.
No.

Compound
names

Hydrophobic bond Polar bond

1 Epicatechin-3-
gallate

Leu715; Leu718; Leu721; Leu726;
Trp755; Met759; Val760; Leu763;
Phe778; Leu 887; Tyr 890; Leu 797;
Cys891

Asn719;
Gln725

2 Eriodictyol Leu721; Leu763; Phe778; Val760;
Met759; Met756; Met801; Leu887;
Tyr 890; Leu797;Cys891

Thr894;
Asn719;
Gln725

3 Genistein Leu715; Leu718; Leu721; Phe778;
Met759; Met801; Leu763; Leu797

Thr894;
Asn719;
Gln725

4 Myricetol Leu715; Leu718; Leu721; Leu763;
Phe778; Val760; Met759; Met801;
Leu887;Tyr890; Leu797;Cys891

Thr894;
Asn719;
Gln725

5 Norethindrone
Acetate

Leu718; Leu721; Leu763; Val760;
Met759; Met801; Leu797; Leu887;
Cys891

Thr894;
Asn719;
Gln725

6 Quercentin Leu715; Leu718; Leu721; Leu763;
Phe778; Val760; Met759; Met756;
Met801; Leu887; Tyr890; Leu797;
Thr890; Cys891

Thr894;
Asn719;
Gln 725

7 Tanshinone-I Leu718; Leu721; Leu763; Phe778;
Val760; Met759; Met756; Met801;
Leu887; Tyr890; Leu797; Cys891

Thr894;
Gln725



Fig. 5. 3d &2d- Docking interaction on 2OVH with Tanshinone-I.

Fig. 6. 3d & 2d- Docking interaction on 2OVH with Norethindrone Acetate.

Fig. 7. Protein Ligand RMSD, RMSF, secondary structure of protein, % SSE and residue Index with 1E3K.
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Tanshinone-I is virtually docked with 1E3K protein with a dock-
ing score of �10.2 kcal/mol and 13 rotatable bonds and affinities
with amino acids like Val 760; Met 759; Met 756; Met 801; Leu
887; Tyr 890; Cys 891; Leu 715; Leu 718; Leu 72 (hydrophobic),
Gln 725; Asn 719; Thr 894 (polar). This drug has shown a compa-
rable docking score with the standard drug Norethindrone Acetate
of �10.7 kcal/mol; 16 rotatable bonds and affinities with amino
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acids like Leu 763; Val 760; Met 759; Met 756; Met 801; Leu
887; Tyr 890; Cys 891; Leu 715; Phe 905; Phe 794; Leu 718; Met
909 (hydrophobic) and Gln 725; Asn 719; Thr 894 (polar).
Similarly, with 2OVH, Tanshinone-I with a docking score of
�9.9 kcal/mol is comparable to the standard, Norethindrone
Acetate, (-10.1 kcal/mol); 16 rotatable bonds and affinities with
amino acids such as Leu 718, Leu 721, Leu 763, Phe 778, Val 760,



Fig. 8. Ligand RMSF and Protein Ligand Contacts for 100 ns with 1E3K protein.

Fig. 9. Ligand-Protein contact with 1E3K and interaction with different amino acids, Tanshinone-I torsion profile and Properties (PSA, SASA, MolSA, rGyr and RMSD).
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Met 759, Met 756, Met 801, Leu 887, Tyr 890, Leu 797, Cys 891
(hydrophobic) and Thr 894; Asn 719; Gln 725 (polar) (Si et al.,
2009; Wu et al., 2005).
4.1. Molecular dynamics simulation

It is the best method to validate the docking score. Tanshinone-I
was found to be the most potent drug against receptor 1E3K and
2OVH and showed the maximum docking score (-10.2 kcal/mol
and �9.9 kcal/mol). The complex of protein with ligand has been
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simulated for 100 ns and found stable (Basu et al., 2020; El
Ouafy et al., 2022).

RMSD and RMSF estimations have been performed to assess the
trajectory generated following simulation, as shown in Fig. 7. The
RMSD of the protein–ligand complex attained a minimum value
of 0.10 Å and a maximum value of 0.42 Å with an average value
of 0.21 Å between 100 ns and a standard deviation of 0.06. Rad
gyration (rGyr) was found to be 3.33 Å with a mean value of
3.38 Å, and a standard deviation of 0.02 (Fig. 8). RMSF values have
been estimated to assess the residue’s mobility for conformational



Fig. 10. Protein Ligand RMSD, secondary structure of protein % SSE and residue Index with 2OVH.

Fig. 11. Ligand RMSF and Protein Ligand Contacts with 2OVH.
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alterations in complex-ligand interaction. The Vander Waals sur-
face area (MolSA) was found to be 252.36 Å2 with an average value
of 256.70 Å2 and a standard deviation of 1.20. The solvent accessi-
ble surface area (SASA) was found to be 12.34 Å2 with an average
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value of 1.26 Å2 and a standard deviation of 1.79. The molecular
polar surface area (PSA) was found to be 82.10 Å2 with an average
value of 86.60 Å2 and standard deviation of 1.33. On the basis of
the above analysis, the docked protein–ligand composite of 1E3K



Fig. 12. Ligand-Protein contact with 2OVH and interaction with different amino acids, Tanshinone-I torsion profile and Properties (PSA, SASA, MolSA, rGyr and RMSD).

Fig. 13. Results of (a) Principle compnent analysis (b) FEL 3D for 1E3K.
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with Tanshinone-I was found to be stable, and the docking result
might be validated (Fig. 9). The protein secondary structure shows
57.96 % helix, 2.51 % strand, and 60.47 % protein secondary struc-
ture elements (SSE) (Fig. 7). Asn 719 and Cys 891 have shown the
most hydrogen bonding, while Phe 794, Tyr 890, Arg 841 and Asp
855 had shown the most hydrophobic bonds. H-bonds have a mean
value of 4.382 with a standard deviation of 0.974. There was no
ionic or intramolecular hydrogen bond interaction. The torsion
profile of ligands is shown in Fig. 9. This shows that there is no
bond that can rotate at 3600 angles (Basu et al., 2020; El Ouafy
et al., 2022).

Similarly, RMSD and RMSF calculations of Tanshinone-I with
2OVH are shown in Fig. 10. The RMSD of the protein–ligand com-
plex was as low as 0.08 Å and as high as 0.42 Å, with an average
value of 0.20 Å and a standard deviation of 0.06. rGyr was found
to be 3.33 Å, with a mean value of 3.38 Å and a standard deviation
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of 0.02. (Fig. 11). RMSF values have been calculated to figure out
how easily the residue can change shape if the complex and ligand
interact. The average value of the MolSA was 256.62 Å2, and the
standard deviation was 1.15. The average value of SASA was
8.83 Å2, and the standard deviation was 4.31. The average value
of PSA was 86.84 Å2, and the standard deviation was 1.33. Based
on the above analysis, the docked protein–ligand complex of
2OVH with Tanshinone-I was found to be stable, which means that
the docking result could be confirmed (Fig. 12). There is 54.04%
helix, 2.11% strand, and 56.15% SSE in the protein’s secondary
structure (Fig. 10). Most hydrophobic bonds were made by
Phe778, Phe794, Leu721, and Leu718. Most hydrogen bonds were
made by MET 759. There was no interaction between ions and
molecules through hydrogen bonds. Fig. 11 shows the ligands’ tor-
sion profiles. This proves that there is no bond that can turn 3600
degrees (Basu et al., 2020; El Ouafy et al., 2022; Miar et al., 2021).



Fig. 14. Results of (a) Principle compnent analysis (b) FEL 3D for 2OVH.

Fig. 15. Energy gap between HUMO and LUMO for Tanshinone-I.

Table 7
DFT analysis of Tanshinone-I.

S. No. Calculation (eV) Tanshinone-I (eV)

1. EHOMO �5.9400
2. ELUMO �3.1330
3. DE 2.8070
4. l �4.5365
5. N 1.4035
6. r 0.7125
7. I 5.9400
8. A 3.1330
9. v 4.5365
10. x 7.3316
11. DNmax 3.2323
12. N 3.4286

A. Tiwari, V. Tiwari, A. Sharma et al. Saudi Pharmaceutical Journal 31 (2023) 1061–1076
4.2. Results of PCA analysis

The PCA reveals an overall increase in protein during the simu-
lation; consequently, differences in dynamics were produced along
each of the 1002 eigenvectors. PCs are responsible for a significant
portion of the global motion of a protein. Two-directional move-
ments of PCs, also known as the first eigen vector (PC1) and the
second eigen vector (PC2), were investigated. In Fig. 13A, it can
be observed that the eigen values of HPR-Tanshinone-I fluctuate
between �1.11 to 1.48 and �1.07 to 1.25 for PC1 and PC2, respec-
tively (1E3K), and in Fig. 14A, the prog-tanshinone-I complex
shows eigen values of �38.88 to �31.32 and �31.32 to 35.87 for
PC1 and PC2, respectively (2OVH). Overall, PCA results affirm that
binding of the Tanshinone-I to 1E3K forms the most stable pro-
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tein–ligand complex in comparison to Tanshinone-I to 2OVH
(Dalal et al., 2021).

4.3. Results of FEL analysis

Tanshinone-I complexes show a higher number of stable con-
formations, as shown in Fig. 13B and 14B. Additionally, the
Tanshinone-I to 1E3K complex showed Gibbs free energy in the
range of 0 to 8 kJ/mol and the Tanshinone-I to 2OVH complex
showed 0 to 14 kJ/mol. Moreover, 3D plots of free energy of
Tanshinone-I to 1E3K and Tanshinone-I to 2OVH complexes were
generated to determine the RMSD and RG for favorable conforma-
tions of the complexes. As shown in Fig. 13B and 14B. Tanshinone-I
to 1E3K complex exhibits lesser RMSD and RG as compared to
Tanshinone-I to 2OVH (Dalal et al., 2021).

4.4. DFT analysis

During molecular interactions, both the LUMO and the HOMO
absorb electrons. The energy of the LUMO is related to the electron
affinity (EA), while the energy of the HOMO is related to the ioniza-
tion potential (IP). The HOMO-LUMO energy gap is helpful for fig-
uring out how molecules can move electricity because it shows
how the final charge transfer happens inside the molecule. A high
orbital gap (HOMO-LUMO energy gap) means that it is energeti-
cally unfavorable to add an electron to the high-lying LUMO in
order to remove electrons from the low-lying HOMO. This makes
the molecule less reactive and more stable. Compounds that are
more stable, like those with a large HOMO-LUMO energy gap, are
less likely to change chemically than those with a smaller gap.
Table 7 and Fig. 15 show that tanshinone-I (4E = 2.8070 eV) is a
stable compound (Miar et al., 2021).

4.5. Possible mechanisms of selected best compound Tanshinone-I

Tanshinone I can cause ROS, apoptosis, autophagy (p62 accu-
mulation), up-regulation of inositol requiring protein-1,
enhancer-binding homologous protein, and p-c-Jun N-terminal
kinase (p-JNK), and suppression of MMPs. B-cell leukemia/
lymphoma-2 (Bcl-2) expression can change LC3I to LC3II and cause
apoptosis through Beclin-1 expression (seven mechanisms as
shown in Fig. 16). It also induced Aurora A-p53, and surviving, sig-



Fig. 16. Possible mechanism of Selected drug.
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naling pathways lead to upregulation of PARP, which further stim-
ulates p53 expression and reduces the Aurora A kinase level. Along
with this, it also regulates caspase-3 and caspase-9, which in turn
induce apoptosis in colorectal cancers. It also dissociates the
procaspase-8 and suppresses the Bid, while t-Bid stimulates
caspase-2. Through the downregulation of PI3K/Akt/m-TOR, breast
cancer triggers apoptosis. It also acts through the MAPK pathway,
which induces p38 to act as a promoter in the nucleus. Another
pathway reported is JAK2, which further effects the gene through
cyclin D1 and further stimulates the Tyr 70S. Another pathway
involved is the downregulation of Bcl2 and MMP, which further
promotes the degradation of nucleic acids in tumor cells (Naz
et al., 2020; Taylor and Leppert, 2012; Pang et al., 2016; Gao
et al., 2012; Kakisawa et al., 1969; Ma et al., 2015; Jang et al.,
2003; Xu et al., 2018).

5. Conclusions

The present this research explores 28 phytochemicals and two
different types of medicines were coupled to the 1E3K and 2OVH
proteins. Tanshinone-I has demonstrated the highest level of activ-
ity for both of the proteins. Tanshinone-I has also been demon-
strated through MD simulation research to form stable
interactions with the receptors. In addition, the DFT study demon-
strated that the molecule is not unstable. In general, these findings
suggest that tanshinone-I might be useful as a medication in the
treatment of fibroids. 1E3K is a steroidal agonist that modulates
the prog pathway and can have an agonist or antagonistic effect
on hPRs. Strong binding with 1E3K shows that it works to reduce
the size of fibroid tumors instead of reducing heavy menstrual
bleeding. Tanshinone-I with that of different ligands that bind to
PR, such as full agonists and SPRMs. Even small changes to the
structure of the parent molecule can make a big difference in
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how the derivative works. Non-steroidal SPERMs are being made
all the time, like the recently reported 3-aryl indoles. Due to the
fact that it works in different ways against different types of can-
cer, this drug has the potential to solve the problem either on its
own or in combination with other drugs. Tanshinone-I may be
the focus of future drug development strategies for fibroids.
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