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A B S T R A C T

SERMS like Tamoxifene, 5-hydroxy tamoxifene, raloxifene and endoxifene has been used for the treatment of
hormonal imbalances and dependent cancers owing to their action via Estrogen receptors as in the treatment of
estrogen sensitive breast cancers. Due to the adverse side effects, modifications and development of the existing or
newer SERMS has always been of immense interest. Ormeloxifene, a SERM molecule manufactured by HLL
Lifecare Ltd, India as birth control under the trade names Saheli, Novex, and Novex-DS which is also investigated
against mastalgia, fibro-adenoma and abnormal uterine bleeding. Anti-cancer effects have been reported in es-
trogen dependent and independent cancers which shows its wide scope to be implemented in cancer therapy.
Current investigation is a comprehensive effort to find the cytotoxic potential of Ormeloxifene in comparison with
clinically used four SERMS in twenty six cancer cell lines of different origin using Adriamycin as positive control.
Also the computational studies pertaining to selected target/ligand with respect to tumor progression, develop-
ment, treatment responses and apoptosis. The studies proved effective cytotoxicity of Ormeloxifene on cancer cell
lines with lower TGI, GI50 and LC50 values which are significantly comparable. Also the in silico studies proved
that the docking score of the compound suggests the interaction of the compound which could tightly regulate key
target genes controlling cancer like ER, EGFR kinase, EGFR-cSRC, HDAC-2, PARP-1 and BRAF. This study brings
out the superior efficacy of Ormeloxifene compared to other SERMS with proven safety profile to be repositioned
as an anti-cancer drug to treat diverse cancer types.
1. Introduction

The selective estrogen receptor modulators (SERMs) are a group of
drugs which exert selective agonist or antagonist effects on various es-
trogen target tissues. In estrogens, there are two receptors such as es-
trogen receptor α and β (ER-α&β). These two receptors are coded by
different genes and their tissue expression varies in organs. ER-α is
expressed mostly in reproductive tissues, liver and central nerve system
(CNS) whereas ER-β is expressed in tissues, bones, urogenital tract,
ovaries, prostrate and CNS (Mirecki-Garrido et al., 2012, 2016; Lee et al.,
2012). SERMs are currently used in the treatment of various
estrogen-related diseases like ovulatory dysfunction for managing
infertility prevention and treatment of postmenopausal osteoporosis and
treatment for reducing the risk of breast cancer (Tang et al., 2019;
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Kauffman et al., 2021). Recently, this chemical group of SERMs are being
exploited for the development of new target molecules for the treatment
of estrogen dependent as well as estrogen independent cancers, abnormal
uterine bleeding and other hormone related disorders. In this context,
major efforts are needed to develop a new SERM with better therapeutic
profile and lesser side effects and cost-effective (Jordan and Brodie,
2007).

The International Agency for Research on Cancer estimates that
globally, 1 in 5 people develop cancer during their lifetime, and 1 in 8
men and 1 in 11 women die from the disease. These new estimates
suggest that more than 50 million people are living within five years of a
past cancer diagnosis. Breast cancer represents 1 in 4 cancers diagnosed
among women globally. Colorectal, lung, cervical, and thyroid cancers
are also common among women. Lung cancer and prostate cancer are the
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Table 1
Different cell lines and its tissue of origin.

Sl.
No

Cell line Tissue of
origin

Sl.
No

Cell line Tissue of
origin

1 MCF7 Breast 14 Jurkat Leukemia
2 MDA-MB-

435
Breast 15 HL-60 Leukemia

3 T47D Breast 16 RPMI-8226 Myeloma
4 ME-180 Cervix 17 U937 Lymphoma
5 HeLa Cervix 18 SKMEL-2 Melanoma
6 A2780 Ovary 19 Haca T Keratinocyte
7 SK-OV-3 Ovary 20 T-24 Bladder
8 DU145 Prostate 21 NCIH226 Lung
9 PC- 3 Prostate 22 MIA-PA-

CA2
Pancreas

10 PLC-PRF-5 Hepatoma 23 SCC-29B Head & neck
11 Hep G2 Hepatoma 24 HEK-293 Kidney
12 Vero kidney 25 SCC-40 Esophageal
13 COLO-205 Colon 26 U-373MG Glioma

L. S et al. Current Research in Pharmacology and Drug Discovery 3 (2022) 100080
most common amongmen, together accounting for nearly one-third of all
male cancers (Bray et al., 2018). In this paper, the cytotoxicity of clini-
cally approved SERMS presently used for treatment of estrogenic
dependent breast cancer were administered and compared on multiple
cancer cell lines of different origin to observe the cytotoxic responses and
estrogen independent effects.

Tamoxifen is one of the first generation SERM used as first-line
therapeutic drug for all stages of estrogen-dependent breast cancers. It
has also been reported to reduce breast cancer incidence in high-risk pre
and postmenopausal women. It was found to exert estrogenic effects in
other tissues like uterus at the same time (Nabholtz et al., 2000; Kyver-
nitakis et al., 2018). However the use of tamoxifen could cause resistance
after two to five years of therapy, and also threefold increase in incidence
of endometrial cancer. The other complications reported include the
occurrence of deep vein thrombosis, pulmonary embolism, DNA adducts
formation and liver cancer risk (Hemminki et al., 1996). In addition, the
occurrence of DNA adducts in leukocyte and endometrial samples from
women treated with tamoxifen suggest that it may be genotoxic to
humans (Hemminki et al., 1997Hemminki et al., 1997; Shibutani et al.
1998; Beland et al., 1999). The antiestrogen tamoxifen is effective in
therapy for breast cancer. However, its use is limited by the eventual
development of acquired tamoxifen resistance in many patients. The
mechanisms responsible for tamoxifen resistance remain unknown; loss
of estrogen receptor (ER), selection of hormone-independent breast
cancer clones, or alterations in serum tamoxifen levels after long-term
use might be some reasons.

The antagonistic and agonistic properties inherent to TAM are also
present in its numerous metabolites, specifically 40-hydroxy-tamoxifen
(4-OH-TAM). With the addition of a hydroxyl group, 4-OH-TAM has been
shown to have a higher potency than TAM both in vitro and in vivo cor-
responding to a higher affinity for the ER (Lim et al., 2005).

Raloxifene hydrochloride is another SERM, chemically distinct from
tamoxifen and estradiol, that binds to estrogen receptors to competitively
block estrogen-induced DNA transcription in the breast and endome-
trium (Sato et al., 1998; Park and Jordan, 2002).Also, a
second-generation SERM, approved by Food and Drug Administration
(FDA) to decrease the risk of invasive breast cancer in postmenopausal
women is reported to be a teratogenic drug (Adomaityte et al., 2008).
Both tamoxifen and raloxifene increase hot flashes and, therefore, may be
best tolerated by women who are no longer having hot flashes after
menopause. Raloxifene is reported to induce deep vein thrombosis (DVT)
risk and pulmonary edema (Jacobs et al., 1999). Endoxifen is a major
active metabolite of tamoxifen that is being investigated for clinical use.

Endoxifen is known to elicit greater anti-estrogenic effects in breast
cancer models compared with its parent compound tamoxifen (Lim et al.,
2006; Wu et al., 2011) and in tamoxifen-treated breast cancer patients,
endoxifen concentrations were reported to positively associated with
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disease-free survival (Moyer et al., 2011; Thoren et al. 2021). For these
reasons, endoxifen is currently being investigated as a novel endocrine
therapy for the treatment of estrogen receptor (ER)α–positive breast
cancers and phase I and II clinical trials (NCT02311933, NCT01327781,
and NCT01273168) have been done.

Ormeloxifene (1-[2-[4-[(3R, 4S)-7-Methoxy-2, 2-dimethyl-3-phenyl-
chroman-4yl]phenoxy]ethyl]pyrrolidine. Hydrochloride) an orally
active non-steroidal and non-hormonal contraceptive agent developed by
the Central Drug Research Institute, Lucknow, India and marketed by
HLL Lifecare limited, India under the brand name of Saheli, Novex-DS
(60 mg), and Novex (30 mg) may be a better alternative against these
cancer therapies (Lal et al., 1995; Kaushik et al., 2018). Drug reposi-
tioning is considered as a cost-effective mode for drug development and
circumvents safety concerns of FDA-approved known drugs for other
novel indications (Pillaiyar et al., 2020). Ormeloxifene was tested for its
therapeutic efficacy against various cancer cell line models and in vivo
animal model for breast cancer. Ormeloxifene is now at early stages of
clinical development for the treatment of breast cancer, Osteoporosis and
mastalgia (Hafiz et al., 2018). In one clinical trial, breast cancer patients
were treated with ormeloxifene (60 mg, three times a week) for 4–6
weeks. It was reported that about 38.5% of breast cancer patients
responded to the ormeloxifene therapy and older postmenopausal fe-
males patients showed relatively better anticancer activity. The re-
sponses to ormeloxifene treatment were more promising for bone,
pulmonary, soft tissue, skin, and lymph-node metastases than for visceral
metastases. However, there was no correlation between the number of
lesions or estrogen receptor positivity and response to ormeloxifene
therapy (Pillai et al., 2018). Ormeloxifene is a potent agent that has been
widely shown to act upon several important molecular targets in cancer
in-vitro. Another reason for effectiveness against cancer treatment is that
this molecule possess excellent therapeutics index with no systemic
toxicity even at chronic administration. Studies indicated that ormelox-
ifene has potential to treat both ER positive and negative breast cancer
and provide a strong basis for repurposing its use from current usage in
contraception and treatment of abnormal uterine bleeding to chemo-
therapeutics (Agrawal et al., 2016). Also the wide clinical scope of this
SERM as a therapeutic intervention for a broad range of disease condi-
tions is yet to be intensively explored. Major efforts are needed to
develop a new non-hormonal SERM with better therapeutic profile and
lesser side effects. This study comprehensively investigates the scope of
potential of Ormeloxifene to be developed as a better effective and pro-
spective SERM, in comparison with other SERMS against ER dependent
as well as ER independent cancers by in-vitro cytotoxicity assay on twenty
six different cancer cell lines of different origin and predictive molecular
docking studies on various important target genes involved in cancer
progression and treatment responses. Molecular Docking was used in this
study to position the computer-generated 3D structure of small ligands
into a receptor structure in a variety of orientations, conformations and
positions which could be useful in providing insights into molecular
recognition.

2. Materials and methods

2.1. Chemicals and consumables

RPMI-1640 Medium, DMEM medium and Fetal Bovine Serum (FBS)
were purchased from Invitrogen, USA. Trypsin was purchased from
Sigma-Aldrich, USA. Adriamycin was purchased from Pfizer Ltd, Italy.
Plastic wares were purchased from Eppendorf, Germany. All the other
chemicals and consumables required for the study were procured from
local suppliers throughout the experimentation.

2.2. Cell culture

The twenty-six cancer cell lines used for this study were procured
from National Cancer Institute (NCI), USA and National Centre for Cell



Fig. 1. Phase contrast microscopic images of cells showing the morphological differences in control Vs treated cells on different cell lines: (I.MCF-7, II.
MDAMB-231, III. T-47D) cancer cell lines (A) Untreated Control cells, Cells treated with (B) Endoxifene, (C) Hydroxy tamoxifene), (D) Tamoxifene, (E) Ormeloxifene
HCL, (F) Raloxifene, (G) Adriamycin treated positive control.
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sciences (NCCS), Pune and maintained as per standard testing guidelines.
Cancer cell lines from diverse tissue origin (breast, cervix, ovary, pros-
tate, liver, colon, kidney, lung, brain, oral, bladder, blood, pancreas, and
skin) were employed for the drug screening assay to study and compare
the efficacy of the selected SERMS (Table 1). The sub-clones used for the
3

experiment include Breast cancer cell lines: T47D:C4:SW, MDA-MB-435/
β4, MCF-7A3, Cervical cancer cell lines: ME-180/TNF, HeLa–S3-5,
Ovarian cancer cell lines: SKOV3-PM2, A2780/E6, Prostate cancer cell
lines: DU-145-C1-I, PC3-M1, Leukemia: U937 PLUS, JURKAT E6, HL-60/
MX1, Hepatic cancer cell lines: HePG2-C12E1-43, Pancreatic cancer cell



Fig. 1. (continued).
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line: MIA-BCL2, Bladder: T24M, Kidney: Vero E6, HEK 293-G, Kerati-
nocyte: Haca T ras.

2.3. Cytotoxicity assay using sulforhodamine B (SRB)

Based on Skehan P et al. (1990) the sulforhodamine B (SRB) assay is a
rapid, sensitive and inexpensive method used for the quantification of
cellular proteins and was subsequently adopted by the National Cancer
4

Institute for in-vitro anti-tumor screening (Skehan et al., 1990; Vichai and
Kirtikara, 2006).This method provides a sensitive measurement of
drug-induced cytotoxicity and its active concentration ranges. In the
present study, the cell lines were grown in RPMI 1640 or DMEMmedium
containing 10% FBS supplemented with antibiotic solution and 2 mM
L-glutamine. For the screening experiment, cell lines in their 24th to 35th
passage were taken. Jurkat,U-373MG, HEK-293, U937 and RPMI-8226
(24th passage), HL-60, SKMEL-2, ME-180, DU145, HeLa and SCC-29B



Fig 2. Prostate (PC-3, DU-145) and ovarian (SK-OV-3, A-2780) cancer cell lines (A) PC-3 (B) DU-145 (C) SK-OV-3 (D) A-2780 cell lines treated with 10,20,40 and 80
μg/ml of ormeloxifene, hydroxy tamoxifene, raloxifene, tamoxifene, enoxifene and adriamycin.
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Fig 2. (continued).
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(25th passage), Haca T, T47D, Hep G2 (26th passage), COLO-205, MCF7,
SCC-40, NCIH226 (27th passage), PLC-PRF-5, A2780 and T-24 (29th
6

passage), MIA-PA-CA2 and PC- 3 (31st passage) and MDA-MB-435,
SK-OV-3 and Vero (35th passage). The mycoplasma contamination of



Fig 2. (continued).
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the cell line was ruled out by Hoechst staining in the previous passages.
Mycoplasma negative cultures were only used for the experiments. Cells
were inoculated into 96-well microtiter plates in 100 μL at plating den-
sities depending upon the doubling time of individual cell lines. After cell
7

inoculation, the microtiter plates were incubated at 37 �C, 5% CO2, 95%
humidified air for 24 h prior to addition of experimental drugs. Different
SERMS namely, Ormeloxifene HCL, Hydroxy Tamoxifene, Raloxifene,
Tamoxifene, Endoxifene and Adriamycin (Positive control) were initially



Fig 2. (continued).
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solubilized in Dimethyl sulfoxide (DMSO) and added to cells at final
concentrations of 10, 20, 40 and 80 μg/ml and plates were incubated for
48 h. Each experiment was performed in triplicates. To record morpho-
logical changes in cell cultures after 48-hrs of incubation, cells treated at
highest drug concentration were imaged using Phase Contrast Inverted
Microscope (Model Eclipse Ti–S, NIKON Co., Japan) fitted with digital
camera to the computer. Further, the cells were fixed using 10% or 16%
Tricholoro acetic acid for adherent and non-adherent cultures, respec-
tively. Then cells were stained with SRB dye and bound stain in the cells
was subsequently eluted with 10 mM Trizma base. The absorbance was
read on a plate reader (Model Sunrise, Tecan Inc., USA), at a wavelength
of 540 nm with 690 nm reference wavelength. Percentage growth was
calculated on a plate by plate basis for test wells relative to control wells.
Percentage growth was expressed as the ratio of average absorbance of
the test well to the average absorbance of the control wells.

Percentage of control cell growth ¼ Mean OD sample- Mean OD day 0 X 100

Mean OD negative control- Mean OD day 0

Percentage growth inhibition ¼ 100 - % of control cell growth

It is possible to use the SRB assay to determine the LD50 values of
compounds from the dose response relationship between the compound
concentration and the percentage of cells killed, which is calculated using
the formula below.

Percentage of cells killed ¼ 100 - Mean OD sample X 100

Mean OD day 0

The following values which implicates the cytotoxicity of each drug
on each cell line namely LD50 (Concentration of drug causing 50% cell
kill), GI50 (Concentration of drug causing 50% inhibition of cell growth)
and TGI (Concentration of drug causing total inhibition of cell growth)
were calculated. GI50 value of �10 μg/ml is considered to demonstrate
good cytotoxic activity.
2.4. Statistical analysis

Data were expressed as mean of independent experiments in the in
vitro cytotoxicity experiments. The data was analyzed by the mean graph
technique to investigate the individual sensitivity to different SERMS of
each cancer cell line. In this method the most active and less toxic SERMS
were observed. For the in vivo experiments, results were expressed as
Mean � Standard deviations. Statistical analysis were done using one
way Anova followed by Tukey multiple comparison tests using SPSS. P
value < 0.05 was considered statistically significant.
8

2.5. In-silico studies

In silico studies were done using the protocols and methods obtained
from the references (Pang et al., 2018; Hung et al., 2014; Nasab et al.,
2018; Chen et al., 2020; Abbasi-Radmoghaddam et al., 2021; Sherstyuk
et al., 2020; Luo et al., 2008; Dong et al., 2013; Nastasa et al. 2019;
Nurhayati et al., 2015). The molecular mechanism of the SERM class of
compounds such as Bazedoxifene, Raloxefene, Tamoxifene and Orme-
loxifene were compared against selective drug targets with Adriamycin
and standard drug for each target by molecular docking studies. The
computational approach helps to understand the binding affinity and
interaction of the drugs with critical amino acid residues of the target
proteins. The preprocessing step of molecular docking included prepa-
ration of both target proteins and ligands. The crystal structure of each
target protein was retrieved from Protein Data Bank. The protein struc-
tures were preprocessed by removing the bounded ligands and convert
into a most minimized and energy stable conformation. The active sites
for docking was selected based on inhibitor binding site and also from
receptor cavities of the protein. The drug models were retrieved from Pub
Chem and preprocessed by generating its conformers and converted into
most minimized structures for docking. The molecular properties of the
ligands like number of Hydrogen bonding donor, number of hydrogen
bonding acceptor, A Log P value, molecular weight (Daltons) and toxicity
were screened under Lipinski's rule of five, to validate whether they are
druggable compounds or not and toxicity of the ligands were calculated.
The octanol/water partition coefficient is defined as the ratio of a
chemical's concentration in the octanol phase to its concentration in the
aqueous phase of a two-phase octanol/water system and hence A Log P
value does not have a specific unit. Molecular docking of each target with
Bazedoxifene, Adriamycin, Raloxefene, Tamoxifene, Ormeloxifene and
standard drugs was performed by Lib dock module of Discovery studio.
The binding site of proteins were selected based on the antagonistic ac-
tion of drugs. After docking, the bound protein ligand complex were
analyzed by considering the active site amino acids bounded with drug
molecule. Docking score, number of hydrogen bonds made by the ligands
with target active site amino acid residues and bond distance were
calculated. The target proteins with its PDBIDs and the criteria for se-
lection of target proteins based on its importance in cancer studies are
listed below with references.

Estrogen receptor alpha (3ERT) a transcription factor that regulates
gene expression events that culminate in cell division and contributes to
its critical role in mammary gland development (Allred et al., 2004) ER
alpha promotes breast cancer initiation and proliferation as well as
oncogenic protein expression, such as Cyclin D1 and c-Myc, while it in-
hibits the level of cell cycle inhibitors, including P21 (Wong et al., 2001;
Cariou et al., 2000).



Table 2
Chemosensitivity response parameters GI50 (50% growth inhibition), TGI (total growth inhibition) and LC50 (50% lethal concentration of different SERMS in different cancer cells.

Cell lines Ormeloxifene HCL Hydroxy Tamoxifene Raloxifene Tamoxifene Endoxifene Adriamycin

LC50 TGI G150* LC50 TGI G150* LC50 TGI G150* LC50 TGI G150* LC50 TGI G150* LC50 TGI G150*

MCF-7 <10 <10 <10 <10 <10 <10 46.8 <10 <10 71.8 42.5 13.1 <10 <10 <10 <10 <10 <10
MDA-MB-435 <10 <10 <10 <10 <10 <10 23.2 <10 <10 66.4 45.8 25.3 <10 <10 <10 <10 <10 <10
T47D NE 52.9 <10 NE NE <10 NE 55.7 <10 NE NE <10 NE NE <10 NE <10 <10
ME-180 39.3 <10 <10 NE <10 <10 >80 42.9 <10 69.6 44.0 18.4 10.1 NE <10 <10 <10 <10
HeLa <10 <10 <10 <10 <10 <10 58.9 16.3 <10 88.2 57.0 25.9 <10 <10 <10 <10 <10 <10
A-2780 NE <10 <10 NE <10 <10 63.6 20.8 <10 62.1 32.2 <10 77.0 <10 <10 NE NE <10
SK-OV-3 46.2 <10 <10 NE <10 <10 55.1 24.4 <10 58.1 34.4 10.6 NE NE <10 >80 <10 <10
DU-145 <10 <10 <10 NE <10 <10 >SO 45.3 6.5 68.1 43.9 19.8 NE <10 <10 NE NE <10
PC-3 <10 <10 <10 <10 <10 <10 66.0 35.2 <10 66.0 40.8 15.7 <10 <10 <10 <10 <10 <10
PLC-PRF-5 <10 <10 <10 NE 70.6 <10 >80 20.0 <10 >80 >80 >80 >80 <10 <10 >80 <10 <10
Hep G2 NE >80 <10 NE >80 56.4 NE 56.2 <10 NE >80 >80 NE NE <10 NE NE <10
VERO <10 <10 <10 65.1 32.6 <10 66.0 32.9 <10 >80 54.9 28.9 <10 <10 <10 <10 <10 <10
COLO-205 >80 <10 <10 72.4 10.6 <10 85.8 33.4 <10 82.4 41.7 <10 >80 <10 <10 >80 <10 <10
JURKAT NE NE <10 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 >80 NE NE <10
HL-60 >80 <10 <10 >80 24.1 <10 >80 32.9 <10 >80 45.4 <10 >80 <10 <10 >80 <10 <10
RPM1- 8226 NE <10 <10 NE NE <10 NE NE <10 NE NE <10 NE NE <10 NE NE <10
U-937 NE <10 <10 NE <10 <10 NE <10 <10 >80 63.9 30.6 NE <10 <10 NE <10 <10
SK-MEL-2 <10 <10 <10 53.9 14.5 <10 71.0 14.2 <10 85.5 64.1 >80 <10 <10 <10 <10 <10 <10
HaCa T <10 <10 <10 >SO >80 46.6 62.1 <10 <10 >80 >80 >SO 10.3 <10 <10 18.1 <10 <10
T24 <10 <10 <10 >80 53.0 22.5 66.7 <10 <10 >80 >80 >80 <10 <10 <10 <10 <10 <10
NC1–H226 60.3 <10 <10 55.9 19.9 <10 60.6 11.8 <10 68.7 45.0 21.2 <10 <10 <10 <10 <10 <10
MIA-PA-CA -2 <10 <10 <10 54.5 29.8 <10 54.2 25.1 <10 75.3 52.3 29.4 <10 <10 <10 <10 <10 <10
SCC-29 B NE <10 <10 69.8 43.8 17. 8 12 <10 <10 >80 >80 >80 <10 <10 <10 <10 <10 <10
HEK-293 <10 <10 <10 >80 53.0 21.4 >80 <10 <10 >80 >80 >80 <10 <10 <10 NE <10 <10
SCC-40 <10 <10 <10 >80 59.2 24.8 >80 46.2 <10 >80 >80 >80 <10 <10 <10 <10 <10 <10
U373MG <10 <10 <10 >80 52.1 19.4 63.7 <10 <10 >80 >80 >80 <10 <10 <10 <10 <10 <10
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Table 3
Molecular properties and toxicity of the each drug molecule; calculation can be done through Discovery studio 2018.

Sl No Ligands Molecular Weight (Daltons) A Log P (Water partition co-efficient) No: of H-bond donor No: of H-bond acceptor Toxicity

1. Bazedoxifene 470.60 7.22 2 4 Non-mutagen
2. Adriamycin 543.51 �0.044 6 12 Mutagen
3. Dasatinib 488.00 3.43 3 8 Non-mutagen
4. Gefitinib 446.90 4.20 1 7 Non-mutagen
5. Olaparib 434.46 2.12 1 4 Non-mutagen
6. Ormeloxifene 457.60 6.12 0 4 Non-mutagen
7. Pepstatin A 685.89 2.30 8 9 Non-mutagen
8. Raloxifene 473.58 6.46 2 5 Non-mutagen
9. Tamoxifene 371.51 6.31 0 2 Non-mutagen
10. Vemurafenib 489.92 4.95 2 4 Non-mutagen
11. Vorinostat 264.32 2.00 3 3 Non-mutagen
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HDAC 2 (5IWG) Overexpression of HDAC2 is an indicator of poor
prognosis of breast cancer patients who have elevated expression of a
multidrug resistance-associated protein. Targeted inactivation of HDAC2
is observed to restore p16INK4a activity and exerts antitumor effects on
human gastric cancer (Kim et al., 2013). HDAC2 was reported to confer
oncogenic potential to human lung cancer cells by deregulating expres-
sion of apoptosis and cell cycle proteins (Jung et al., 2012).

EGFR kinase (5UGA), EGFR is found on the surface of some normal
cells that is involved in cell growth and belongs to the receptor tyrosine
kinases. Blocking EGFR may keep cancer cells from growing (Dawood
et al., 2019; Methot et al., 2008).

EGFR C-Ssrc (4MXO), c-Src phosphorylates specific tyrosine residues
in other tyrosine kinases (Wheeler et al., 2009). It plays a role in the
regulation of embryonic development and cell growth. An elevated level
of activity of c-Src is suggested to be linked to cancer progression by
promoting other signals. Src, as a mediator of receptor transactivation,
can uniquely activate EGFR in the absence of EGFR ligand, and a Src
inhibitor is synergistic with an EGFR monoclonal antibody in vitro in
eliciting growth inhibition. Src inhibition is also reported to be acting in a
synergistic manner in in vivo experiments treated with platinum che-
motherapeutics, further increasing the potential of combination regi-
mens with Src inhibitors.

PARP1(5WS1), the most abundant isoform of the PARP superfamily,
is a chromatin-associated protein and plays a significant role in cell
proliferation, malignant transformation, transcriptional regulation,
apoptosis and DNA repair mechanisms (Am�e et al., 2004). PARP 1 is
reported to induce cell survival through DNA repair by cleaving into two
fragments by activated caspases resulting in its inactivation during
apoptosis (Ossovskaya et al., 2010). Overexpression of PARP1 is found in
different primary human tumours compared to normal tissue counter-
parts (Germain et al., 1999; Rojo et al., 2012).

PARP2 (3KJD)mediates glutamate and aspartate ADP-ribosylation of
target proteins: the ADP-D-ribosyl group of NADþ is transferred to the
acceptor carboxyl group of glutamate and aspartate residues and further
ADP-ribosyl groups are transferred to the 20-position of the terminal
adenosine moiety, building up a polymer with an average chain length of
20–30 units (Vyas et al., 2014).

BRAF (2FB8) is a Serine-Threonine protein kinase that belongs to the
highly oncogenic RAS/RAF/MEK/ERK signalling pathway (Lavoie and
Therrien, 2015).The studies pertaining to the regulation of BRAF gene
expression could contribute to a deeper understanding of the functioning
and deregulation of the gene for targeted therapy.

Cathepsin D (4OD9), gene has been reported to act as both house-
keeping gene and as a hormone-regulated gene (Cavailles et al., 1993)
Overexpression of cathepsin D is reported to facilitate breast cancer
metastasis. Procathepsin-D, a premature cathepsin-D form was reported
to be abundant in breast cancer, having autocrine properties, inducing
cell proliferation in MCF-7 breast cancer cells (Vignon et al., 1986).

HSP 90 (1UY8) HSP-90 over expression has been reported to exert
resistance in cancer cells by evolving cells to become resistant to various
stimuli and stress. So pharmacological inhibition of HSP 90 could provide
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therapeutic interventions in cancer treatment (Zagouri et al., 2012).(see
Fig. 1).

3. Results and discussions

3.1. In vitro cytotoxicity assay

In order to evaluate in vitro cytotoxic activity of Ormeloxifene in
comparison with related SERMS, Hydroxy-tamoxifene, raloxifene,
tamoxifene and endoxifene, these compounds were tested against a panel
of 26 cancer cell lines of 17 different tissue origins (Table 1). The in-vitro
testing was conducted using four concentrations 10, 20, 40 and 80 μg/ml.
Phase contrast microscopy was done in the following cancer cell lines
(Breast-MCF-7, MDAMB-231, T47D, Cervical-ME-180, HeLa, Ovarian-A-
2781, SK-OV-3, Prostate-PC-3- DU-145, Leukemia-Jurkat, Myeloma-
RPMI-8226, Renal-HEK-293, Glioblastoma-U937). The microscopic im-
aging of the cultures at highest tested concentrations (40 μg/ml)
demonstrated cell shrinkage, membrane blebbing, cell fragmentation and
detachment from substratum (Fig. 1(A-F). There was also gross decrease
in cell numbers with increase in concentration of SERMS. Untreated cell
control exhibited intact morphology of cells while adriamycin-treated
positive control cultures showed maximum efficacy on cells. represents
the line graphs for dose response of the compounds against various
cancer cell lines, Prostate and ovarian cancer cell lines (Fig. 2A), Cervical
and Hepatic cancer cell lines (Fig. 2B), Breast cancer cell lines (Fig. 2C),
Leukemia and Myeloma cell lines (Fig. 2D), Colon, Pancreatic, oral and
Melanoma cancer cell lines (Fig. 2E), Liver, Lung, Glioblastoma and
bladder cancer cell lines (Fig. 2F), Kidney and Renal cancer cell lines
(Fig. 2G). Using these graphs, the chemo sensitivity response parameters
GI50 (50% growth inhibition), TGI (total growth inhibition) and LC50
(50% lethal concentration) were extrapolated (Table 2). Cell control was
considered as 100% cell growth, Adriyamycin was considered as positive
control and exhibited lytic effect on cells seeded i.e. �50% cell growth.
As per NCI guidelines, GI50 value of �10 μg/ml was considered to
demonstrate good inhibitory activity in case of pure compounds. The
GI50 value for compounds tested were found to be less than 10 μg/ml in
Ormeloxifene treated cancer cells which was comparable to that shown
by clinically used endoxifene, and raloxifene and standard anti-cancer
drug adriyamycin, as illustrated in Table 2. Whereas the compounds
tamoxifene and hydroxy-tamoxifene exhibited variable response and also
reduced cytotoxicity as evident from the GI50 value range in the various
cancer cell lines tested. The GI50 < 10 μg/ml in all cell lines whereas
TGI<10 μg/ml except in T47d (52.9 μg/ml),>80 μg/ml in HepG2 and
Non-effective (NE) in Jurkat cells. In Adriamycin treated cells, GI5<10
μg/ml in all cell lines and TGI was non-effective in A2780, DU-145,
HepG2, Jurkat and RPMI-8226 cell lines. Tamoxifene was active only
against five cell lines viz. T-47D, A2780, Colo-205, HL-60 and RPMI-
8226, For the rest eleven cell lines, GI50 values of tamoxifene ranged
from 13.1 to 30.6 μg/ml while for remaining 10 cell lines tamoxifene was
ineffective and GI50 values were >80 μg/ml. In Hydroxy tamoxifene
treated cells, GI50 < 10 μg/ml in all cell lines except HepG2 (56.4 μg/ml),



Table 4
Docking score in Kcal/mol of ligand Vs target of each gene and its Hydrogen bond interaction with bond distance in A0.

Table 4A Docking score, Hydrogen bond interaction, Bond distance (AO) of the ligands with ER- α, HDAC-2, EGFR kinase, EGFR, PARP-1).

Sl:No. Target with PDB ID Ligands Docking score Kcal/
mol.

Hydrogen bond interaction Bond Distance
A0

1 ER- α
3ERT

Bazedoxifene 145.70 Gly 420(CHB),
Gly521,Leu346,Leu525

2.20
2.70,3.08,2.18

Adriamycin 125.47 Trp 383,Ser 518(2),Asn 519, Glu 380, 2.31,2.80,2.13,2.45,2.73
Raloxefene 124.87 His 524 2.29
Ormeloxifene 119.24 Asp 351(SHB), Gly521(2),Gly420 2.03, 1.92,2.68,2.29
Tamoxifene (Std. drug) 105.36 Asp 351shb, Asp351whb 2.00,2.85

2 HDAC2
5IWG

Bazedoxifene 146.03 Gly 154 2.67
Adriamycin 89.19 Cys105,Gly154,Asn 100(2)
Raloxefene 133.61 Tyr308,Gly143,Asp181,Gly154 2.08,2.33,2.71,2.54
Ormeloxifene 130.76 Gly 154, Tyr 308 1.67,2.39
Tamoxifene 77.45 Gly 154 2.31
Vorinostat (Std. drug) 127.03 Gly 305, Gly 154, Gly 142 2.88,1.71,1.65

3 EGFR Kianse
5UGA

Bazedoxifene 131.00 Met 793, Phe 795 2.50,1.86
Adriamycin 137.41 Met 793, Gln 791 2.86,2.12
Raloxefene 122.17 Gln 791, Met 793 2.20,1.95
Ormeloxifene 132.25 Cys 797, Met 793 2.95,2.29
Tamoxifene 98.594 Met 790 2.50
Gefitinib (Std. Drug) 106.21 Met 793 2.67

4 EGFR cSRC
4MXO

Bazedoxifene 129.16 Asn391 2.72
Adriamycin 138.30 Met 341, Asn 391, Asp 404 2.06,1.87,2.81
Raloxefene 110.4 Ser345, Asp404, Gly279 2.03,2.31,2.48
Ormeloxifene 118.8 Met 341, Thr 338 2.23,1.69
Tamoxifene 93.43 Met341 2.44
Dasatinib (Std. Drug) 122.79 Tyr 340 Met 341, Thr 338 2.96,2.12,2.15

5 PARP-1
5WS1

Bazedoxifene 178.95 Asn 767, Gly 888, Asp 766 2.68, 2.75,2.83
Adriamycin 172.52 Glu 763, Thr 887, Glu 988 1.92,2.86, 3.03
Raloxefene 164.08 Gly 888, Ala 898 2.88,2.91
Ormeloxifene 159.29 Asn 767(2) Asp 766. 2.58,2.758,2.87
Tamoxifene 128.69 Tyr 907 2.42
Olaparib (Std. Drug) 168.07 Gly 863, Arg 878(2) 2.57,1.91,2.69

Table 4B Docking score, Hydrogen bond interaction, Bond distance (AO) of the ligands with PARP-2, BRAF, BRAF kinase, cathepsin, HSP-90).

6 PARP-2
3KJD

Bazedoxifene 178.32 Met 456, Gly 454, Arg 444 2.04,2.71,2.53
Adriamycin 167.66 Ser 470, Tyr 473(2) 2.11,2.95,2.28
Raloxefene 169.14 Ile 445, Gly 454, Arg 444. 2.30,2.51,2.30
Ormeloxifene 163.41 Met 456 1.96
Tamoxifene 131.10 Gln 332, Gln 335 2.85,2.84
Olaparib (Std. Drug) 165.86 Gly 429 2.68

7 BRAF
2FB8

Bazedoxifene 142.15 Glu 533 2.30
Adriamycin 120.39 Cys 532, Asp594, Asn581, 1.75,2.20,2.43
Raloxefene 119.83 Gln 531,Thr529 2.69,2.88
Ormeloxifene 112.54 Cys 532 1.84
Tamoxifene 99.161 Cys 532,Gly534 2.85,2.97
Vemurafenib (Std.
Drug)

138.27 Cys 532 1.59

8 BRAF Kinase
Domain
5ITA

Bazedoxifene 133.94 Ser 465, Gly 534 2.32,1.89
Adriamycin 152.39 Cys 532(3) 2.62,2.49,1.41
Raloxefene 121.01 Lys 483, Gly 466 2.98,2.05
Ormeloxifene 122.64 Lys 483 2.48
Tamoxifene 105.25 Asp 594 1.81
Vemurafenib (Std.
Drug)

151.51 Lys 483, Gly 596, Phe 595, Gln 530 2.36,2.07,2.47,1.56

9 Cathepsin
4OD9

Bazedoxifene 100.83 Gly79 2.38
Adriamycin 118.98 Ser80, Ser235, Leu236, Gly233 2.33,2.26,2.79,2.76
Raloxefene 76.97 Ala128 2.08
Ormeloxifene 125.88 Val41, Asp90.
Tamoxifene 80.22 Asp 33 whb 2.36
Pepstatin A (Std. Drug) 161.49 Ser 80, Gly 233, 2.77,2.21

10 HSP-90
1UY8

Bazedoxifene 149.82 Ser 52 2.62
Adriamycin 138.51 Asn 51, Gly 137, Phe138, Asp 54, Tyr 139, Glu 47, Gly

132
1.94,2.26,2.39,1.80,2.30,
2.58,1.84

Raloxefene 135.93 Asp 93 2.62
Ormeloxifene 132.21 Gly 135 2.02
Tamoxifene 107.83 Leu 103 2.11
Ganetespib 113.90 Asp 93 2.0
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Jurkat (>80 μg/ml), HacaT (46.6 μg/ml), T24 (22.5 μg/ml), SCC-29B
(17.8 μg/ml), HEK-293 (21.4 μg/ml), SSC-40 (24.8 μg/ml) and U37MG
(19.4 μg/ml). It was evident that Ormeloxifene showed significant
cytotoxic effectiveness against all cancer cell lines tested (GI50 � 10 μg/
ml) compared to tamoxifene and hydroxytamoxifene. Also it was
11
interesting to note that Ormeloxifene exhibited significantly increased
cytotoxicity than that exhibited by standard drug adriyamycin in the cell
lines MCF-7, ME-180, A2780, SK-OV3, PC-3, DU-145, HEK-293 and
U373-MG (see Fig. 2).



Fig. 3A. 2D representation of molecular interaction of ormeloxifene and tamoxifene with targets 4MXO and 5WS1. D 5WS1 interaction with Tamoxifene. C 5WS1
interaction with Ormeloxifene. B 4MXO interaction with Tamoxifene. A 4MXO interaction with Ormeloxifene. 2D Interaction of ormeloxifene and tamoxifene with its
critical amino acid residues in the receptors with (A,B) 4MXO (C,D) 5WS1.
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3.2. Molecular docking studies

The molecular interaction studies of the selected targets with ligand
SERMS were carried out based on the genes mentioned in the materials
and methodology section. The Molecular properties and toxicity of the
each drug molecule was calculated through Discovery studio 2018 and
Adriamycin was found to be mutagen while other SERMS were non-
mutagenic (Table 3). The toxicity of each drug molecule was calculated
based on the 2D structure of the molecules through TOPKAT. The pro-
gram assess the toxicity based on Ames mutagenicity which help to
characterize the molecule as mutagenic or non-mutagenic. The molecular
properties of the drug molecule was characterized based on Lipinski's
rules. Molecular weight and A Log P of all SERMS were predicted, of
these adriamycin with 543.51 Da (>500) as its molecular weight and A
Log P for Doxorubicin was �0.044 (<5) with violations. But for the
hydrogen bond donor and acceptor, the values were equal to or less than
5 for all SERMS where for Adriamycin the value was 6 and 12
respectively.

Table 4 illustrates the docking score in Kcal/mol of each ligand with
the targets, its hydrogen bond interaction with critical residues and the
12
bond distance. The drug Ormeloxifene showed better binding interaction
with target proteins such as 3ERT (ER-alpha), 5IWG (HDAC-2), 5UGA
(EGFR kinase), 4MXO (EGFR cSRC), 5WS1 (PARP-1), and 2FB8 (BRAF)
compared to that of tamoxifene. The drug Ormeloxifene had interaction
with Asp351 residue of Estrogen receptor alpha (3ERT) with docking
score of 119.24 kcal/mol than that of tamoxifene with score of 105.36
kcal/mol. The standard drug of HDAC2 (5IWG) is vorinostat have
binding affinity with critical amino acid residues such as Gly142, and
Gly154, the drug Ormeloxifene binds at the critical amino acid residues
Gly154 with docking score of 130.76kcl/mol., Tamoxifene did not show
any interaction with critical amino acid residue of HDAC2. Ormeloxifene
showed two Hydrogen bond interaction with Met793 and one with
Cys797 critical residues of Epidermal growth factor receptors (5UGA)
with docking score of 132.25 kcal/mol higher than that of Standard drug
Gefitinib. In Poly [ADP-ribose] polymerase 1, showed better binding
with Ormeloxifene with interaction of Asp766 one of the critical residues
with score of 159.29 kcal/mol than that of Tamoxifene with 128.69 kcal/
mol. The drugs such as Ormeloxifene, Tamoxifene and standard drug
showed exact binding at critical amino acid residue of cys532 of BRAF
with docking score of 118.95, 99.161, 138.27 kcal/mol respectively. The



Fig. 3B. 2D representation of molecular interaction of ormeloxifene and tamoxifene with targets 2FB8 and 5UGA. D 5UGA interaction with Tamoxifene. C 5UGA
interaction with Ormeloxifene. B 2FB8 interaction with Tamoxifene. A 2FB8 interaction with Ormeloxifene.2D Interaction of ormeloxifene and tamoxifene with active
site amino acid residues of the receptors (A,B) 2FB8 (C,D) 5UGA.
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drug ormeloxifene was very much comparable with standard drug at its
binding amino acid and also in terms with docking score. The proteins
such as Poly [ADP-ribose] polymerase 2, Cathepsin D, and Hsp70 had no
critical amino acid interaction with Ormeloxifene. The dug Bazedoxifene
had high affinity and docking score with all the target proteins. The drug
Ormeloxifene showed better binding interaction with target proteins
such as 3ERT (ER-alpha), 5IWG (HDAC-2), 5UGA (EGFR kinase), 4MXO
(EGFR cSRC), 5WS1 (PARP-1), and 2FB8 (BRAF), 3KJD (PARP-2), 5ITA
(BRAF kinase), 4OD9 (Cathepsin) and IUY8 (HSP-90) compared to that of
tamoxifene with better docking scores (Kcal/mol) (highlighted red in
Tables 4A and 4B. But compared to the positive control the docking score
of Ormeloxifene is lower, yet comparable for the target proteins 3KJD
(PARP-2), 2FB8 (BRAF), 5ITA (BRAF kinase) and 4OD9 (Cathepsin D).
The docking scores of Ormeloxifene were comparable with Adriamycin
also for all target proteins used for the studies. The docking score of
Ormeloxifene and Tamoxifene are indicated in red colour to get a good
comparison in Table 4. Fig. 3 illustrates the comparison of 2D in-
teractions of the drug Ormeloxifene and Tamoxifene with targets 4MXO,
5WS1 (Fig. 3A) 3ERT, 5IWG (Fig. 3B), 2FB8 and 5UGA (Fig. 3C). The 3D
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images of the protein-ligand interactions of Ormeloxifene with the li-
gands is presented as 4MXO, 5WS1 (Fig. 4A), 3ERT, 5IWG (Fig. 4B),
5UGA, and 2FB8 (Fig. 4C) The interaction of drug molecules with the
targets at its active site were represented either by 2D or 3D.The drug
molecules that interacts with critical amino acids were taken, and others
were excluded. Based on these observations, ormeloxifene was found to
be an effective promising SERM which could be exploited for further
studies, compared to other SERMS especially Tamoxifene and Hydrox-
ytamoxifene currently used for treatment of breast cancer

4. Discussion

SERMS are drugs that activate the estrogen receptors and have
different effects on different tissues. There are two kinds of estrogen
receptors, and after binding to receptors, the drug-receptor complex
could possess various conformations. Some SERMS bind to estrogen
binding receptor and inhibit the harmful actions of estrogen in tissues
like breast thus decreasing the risk of breast cancer and other hormone
related disorders. In another case, they act estrogenic in tissues like bones



Fig. 3C. 2D representation of molecular interaction of ormeloxifene and tamoxifene with targets 3ERT and 5IWG. D 5IWG interaction with Tamoxifene. C 5IWG
interaction with Ormeloxifene. B 3ERT interaction with Tamoxifene. A 3ERT interaction with Ormeloxifene. 2D Interaction of ormeloxifene and tamoxifene with
active site amino acid residues of the receptors (A,B) 3ERT (C,D) 5IWG.
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and ovary, thus protecting these organs. Scientists are constantly in
search for SERMS that could stabilize bone mass, improve lipid profile
and reduce hot flashes, at the same time, which are anti-estrogenic for
treating breast cancer and lesser stimulation of the endometrium which
leads to endometrial cancer.

Tamoxifen is a first line SERM that is being currently used as gold
standard to treat breast cancer. It has some beneficial effects on the
bones, but its long term usage has some predisposition to endometrial
cancer and some other side effects owing to the depletion of estrogen.
Tamoxifen has been estimated to have saved the lives of about 400,000
women who have suffered with breast cancer (Y Maximov et al., 2013)
The second generation SERM, raloxifene failed as a treatment for breast
cancer but was reported to be effective for treatment of osteoporosis and
prevention of breast cancer at the same time. Also raloxifene was re-
ported to reduce invasive breast cancer risks without an increase in the
risk of endometrial cancer observed with tamoxifen (Cummings et al.,
1999). Another study suggested that raloxifenemight even be effective in
preventing endometrial cancer (DeMichele et al., 2008). Tamoxifen
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molecule is required to be hydroxylated and demethylated to form the
active metabolites 4-hydroxytamoxifen and endoxifen, mutations in the
CYP2D6 gene impair tamoxifen's efficacy to form the active metabolites
(Goetz et al., 2008). Toremifene is a chlorinated tamoxifen analogue
which has been approved in the US and several other countries for the
treatment of metastatic breast cancer. Toremifene is as effective as
tamoxifen in the treatment of ER-positive breast cancer However, there
are some reports to show toremifene induces DNA damages and hep-
atocarcinogenesis in rats (Dragan et al., 1995; Sargent et al., 1996).

Centchroman or Ormeloxifene is reported to possesses excellent
therapeutic index and has been well tolerated, without any haemato-
logical, biochemical or histopathological evidence of toxicity when
administered at many times the contraceptive dose (Kamboj et al., 2018;
Singh, 2001). Ormeloxifene is reported to treat several hormonal in-
dications. A randomized trial to evaluate effectiveness of Centchroman in
control of mastalgia in comparison with Danazol was carried out by All
India Institute of Medical Science, Delhi. Eighty one patients were eval-
uated with breast pain. Treatment with Ormeloxifene has been evaluated



Fig. 4A. 3D representation of molecular interaction of ormeloxifene with targets Interaction of ormeloxifene with receptors 4MXO and 5WS1. B 5WS1 interaction
with Ormeloxifene. A 4MXO interaction with Ormeloxifene. 3D Interaction of ormeloxifene with active site amino acid residues of the receptors (A) 4MX0 (B) 5WS1.
Ormeloxifene interacted with its active amino acids in the pockets EGFR cSRC and PARP-1respectively.

Fig. 4B. 3D representation of molecular interaction of ormeloxifene with targets Interaction of ormeloxifene with receptors 3ERT and 5IWG. 3D Interaction of
ormeloxifene with active site amino acid residues of the receptors (A) 3ERT (B) 5IWG. Ormeloxifene interacted with its active amino acids in the pockets ERα and
HDAC2 respectively.
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in 81 patients. The overall response rate was 89.7% at 12 weeks of
therapy. At 24 weeks follow up, the response rate in Centchroman and
Danazol was 71.05%, 42.42% respectively (Dhar and Srivastava, 2007;
Yasemin and Mehmet, 2019). Ormeloxifene is reported which could be
used in the management of abnormal uterine bleeding where uterus size
is not very big and could avoid many hysterectomies. Long-term study
and meta-analysis have already proved its safety and efficacy that the
drug is equally effective in premenopausal women of all age groups (Pati
et al., 2017; Mani et al., 2019; Vardaini et al., 2020). Fibro adenomas are
one of the most common benign tumours of the breast in women under
30 years of age and account for 68% of all breast masses and 44%–94% of
biopsied breast lesions in which ormeloxifene has been reported to have
good responses (Tejwani et al., 2015). Ormeloxifene is reported to be a
good candidate for treatment of osteoporosis as evidences from osteoclast
differentiation studies in rats (Murthy et al., 2006).

Ormeloxifene is reported to be a potent non-steroidal agent that has
been widely shown to act upon several important molecular targets in
cancer cell lines. The survey of literature also suggests that it has an
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excellent therapeutic index and is considered safe for chronic adminis-
tration. Moreover, the molecule is reported to exert anti-tumor activity
independent of estrogen regulation, exerting its effects via HDAC inhi-
bition, down regulation of tumor promoter genes, human telomerase
reverse transcriptase and expression of tumor suppressor genes which
explains genetic and epigenetic modes of action which is very important
in anti-cancer therapy (Nigam et al., 2010; Nigam et al., 2008; Srivastava
et al., 2011; Molinie and Georgel, 2009; Kachchap et al. 2010; Agrawal
et al., 2016a; Khan et al., 2016; Rama Raju et al., 2015; Khan et al., 2015;
Singh et al. 2016; Mishra et al., 2010; Mukhopadhyay et al., 1999;
Mukhopadhyay et al., 2001; K. Giri et al. 1999; Dewangan et al., 2018;
Bhattacharjee et al., 2018; Zhang et al., 2012; Park et al., 2008; Pati et al.,
2017).

Estrogen receptors are present at the cell membrane to be part of the
rapid phosphorylation signal transduction mechanism and part of the
mitochondrial mechanisms for cell survival (Mendez et al., 2006). The
ligand structure is also important to cause distinct ER conformations that
will in turn affect the subsequent interactions with coactivators or



Fig. 4C. 3D representation of molecular interaction of ormeloxifene with targets Interaction of ormeloxifene with receptors (A) 2FB8 and 5UGA. 3D Interaction of
ormeloxifene with active site amino acid residues of the receptors (A) 2FB8 (B) 5UGA. Ormeloxifene interacted with its active amino acids in the pockets BRAF and
EGFR kinase respectively.
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corepressors. The SERM-ER complex so modified by interaction with
coactivators could enhance gene transcription and corepressors that
could reduce gene expression (Smith and O'malley 2004). The molecular
docking studies done with the important clinically used SERMS provide a
valuable insight into the molecular interactions between the ligand and
protein. Each time these computational methods verify already estab-
lished experimental results; their validity in the drug design market has
the opportunity to go up. This is a comprehensive research work done to
identify and compare the effective concentrations of five different SERMS
in comparison with Adriamycin, a standard aromatase inhibitor class of
compound on twenty six different cancer cell lines. Ormeloxifene showed
good differential cytotoxic effects than other SERMS especially Tamox-
ifene and its active metabolite 4-hydroxy Tamoxifene and raloxifene in
almost all cell lines which proves its efficacy to be exploited further. The
GI50 value was observed to be < 10 μg/ml using Ormeloxifene whose
effects were very comparable with that of endoxifene and adriamycin.
But the concentrations for TGI and LC50 were higher for endoxifene and
Adriamycin compared to Ormeloxifene in some of the cancer cells lines.
In light of this, a predictive bioinformatics based study was done using
computational approaches in the key target genes regulated by SERMS.
The targets were selected on the basis of its regulation in cancer pro-
gression and treatment responses. Good binding score was obtained
using Ormeloxifene with estrogen receptor regulated ER-α, EGFR kinase
and EGFR-C-src and also with HDAC-2, PARP-1 and BRAF ligands
compared with Tamoxifene which shows the efficacy of the compound.

HDACs are reported to induce a range of cellular and molecular ef-
fects through hyper acetylation of histone and non-histone substrates.
HDACs is reported to either repress tumor suppressor gene expression or
regulate the oncogenic cell-signalling pathway via modification of key
molecules and have shown to regulate apoptosis by regulating expression
of pro and anti-apoptotic proteins in cancer cells (Li and Seto, 2016).
BRAF is reported to stimulate ERK signalling, induces proliferation and is
capable of promoting transformation and taken into consideration the
aberrant mutations in BRAF, efforts are underway to develop targeted
inhibitors of BRAF and its downstream effectors (Pratilas et al., 2010).
c-Src and EGFR have been shown to enhance pro-mitogenic signals upon
epidermal growth factor (EGF) stimuli (Luttrell et al., 1988) c-Src and
activated EGFR cooperate to induce cell transformation and cancer
development (Maa et al., 1995) by binding to EGFR and thus phos-
phorylating tyrosine residues on its C-terminal domain, resulting in a
variety of downstream effects. c-Src activation induced by EGFR ligands
mediates the binding of phosphatidylinositol 3-kinase (PI3K) to EGFR,
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leading to AKT phosphorylation and, in turn, induction of survival and
migration signalling pathways (Franke et al., 2003; Shien et al., 2004;
Jiang et al. 2003). PARP1 maintains cellular functions, including DNA
repair/maintenance of genomic integrity, DNA methylation, chromatin
regulation, and histone modification and helps in the recruitment of
HDAC1 and HDAC2 as chromatin modifications in cancer (De Vos et al.,
2012; Kraus, 2008).

The anti-cancer effects and the cytotoxic responses in this study in
various cancer cells by the SERM, Ormeloxifene might be due to the
regulation of these key target genes which could regulate cancer pro-
gression and apoptotic responses. More studies are warranted to identify
more target genes in the process of cancer progression and treatment
responses which are required to confirm with gene expression studies in
these cell lines.

5. Conclusions

SERM class of compounds have been used for treating breast cancer,
osteoporosis and postmenopausal symptoms, as these could act as both
an estrogen agonist and an antagonist, depending on the target tissue.
After tamoxifen, raloxifene, 5-hydroxy tamoxifene and endoxifene and
other SERMS have been developed and used for treatment. The clinically
decisive difference among these drugs mostly depends upon their
endometrial safety. Research on adverse effects of SERMS agents is being
studies throughout to determine the long-term safety of this class of
compounds for treatment. Ormeloxifene is a SERM class of compound
currently used contraception, treatment of mastalgia, abnormal uterine
bleeding and fibro adenoma. The studies prove that the compound is well
tolerated for long term safe usage without endometrial and other hor-
monal complications. Also it was found to have good cytotoxic effects on
almost twenty six different cancer cell lines irrespective of the hormonal
regulation which proves that it could act in both hormonal and hormonal
independent cancers. The computational studies also prove that the
compound could regulate the key pathways in cancer progression and
development and apoptosis. The studies put forth the efficacy of Orme-
loxifene to be repositioned as an anti-cancer drug and the need for more
studies on the mechanism of action of Ormeloxifene.

Availability of data and material

The authors declare that all data presented are publicly available
upon request.



L. S et al. Current Research in Pharmacology and Drug Discovery 3 (2022) 100080
Code availability

Not Applicable.

Authors contribution

All authors have contributed equally in the research as well the
Framing of the Manuscript.

Ethics approval

Not Applicable.

Consent to participate

Not Applicable.

Consent for publication

All authors approve of this submission for publication.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We acknowledge HLL (Fund receipt No: 1244925) and WOS-A
Scheme, Department of Science and Technology, Government of India,
(SR/WOSA/LS/639–2016) for the research funds towards the studies for
the manuscript. We gratefully acknowledge, Dr. V. Padmanabhan,
Former Vice President, CRDC and Dr. Anitha Thampi, Head, CRDC, HLL
Lifecare Ltd. for the extended support rendered for the studies. We thank
profusely the entire management team of HLL Lifecare Limited for all the
services and support. We express our sincere gratitude to Dr. Achuth-
sankar S. Nair, Professor and Head, Department of Computational
Biology and Bioinformatics for the kind consent and guidance for the
docking studies, Dr. P. Sudhakaran, Emeritus Professor for the technical
advices and Dr. Manoj G, Scientist D, SCTIMST, Thiruvananthapuram for
the extended support. We acknowledge Dr. Jyothi Kode and her team
members of Anticancer drug screening Facility of Advanced Centre for
Treatment, Research & Education in Cancer (ACTREC), Navi Mumbai,
Pune for the cell culture studies and data interpretation.

References

Abbasi-Radmoghaddam, Z., Riahi, S., Gharaghani, S., Mohammadi-Khanaposhtanai, M.,
2021. Design of potential anti-tumor PARP-1 inhibitors by QSAR and molecular
modeling studies. Mol. Divers. 25 (1), 263–277.

Adomaityte, J., Farooq, M., Qayyum, R., 2008. Effect of raloxifene therapy on venous
thromboembolism in postmenopausal women: a meta-analysis. In: Database DARE:
Quality-Assessed Reviews. Centre for Reviews and Dissemination, UK).

Agrawal, S., Ahmad, H., Dwivedi, M., Shukla, M., Arya, A., Sharma, K., Lal, J.,
Dwivedi, A.K., 2016. PEGylated chitosan nanoparticles potentiate repurposing of
ormeloxifene in breast cancer therapy. Nanomedicine 11 (16), 2147–2169.

Allred, D.C., Brown, P., Medina, D., 2004. The origins of estrogen receptor alpha-positive
and estrogen receptor alpha-negative human breast cancer. Breast Cancer Res. 6 (6),
1–6.

Am�e, J.C., Spenlehauer, C., de Murcia, G., 2004. The PARP superfamily. Bioessays 26 (8),
882–893.

Beland, F.A., McDaniel, L.P., Marques, M.M., 1999. Comparison of the DNA adducts
formed by tamoxifen and 4-hydroxytamoxifen in vivo. Carcinogenesis 20 (3),
471–477.

Bhattacharjee, A., Hasanain, M., Kathuria, M., Singh, A., Datta, D., Sarkar, J., Mitra, K.,
2018. Ormeloxifene-induced unfolded protein response contributes to autophagy-
associated apoptosis via disruption of Akt/mTOR and activation of JNK. Sci. Rep. 8
(1), 1–3.
17
Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R.L., Torre, L.A., Jemal, A., 2018. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA A Cancer J. Clin. 68 (6), 394–424.

Cariou, S., Donovan, J.C., Flanagan, W.M., Milic, A., Bhattacharya, N., Slingerland, J.M.,
2000. Down-regulation of p21WAF1/CIP1 or p27Kip1 abrogates antiestrogen-
mediated cell cycle arrest in human breast cancer cells. Proc. Natl. Acad. Sci. U.S.A.
97 (16), 9042–9046.

Cavailles, V., Augereau, P., Rochefort, H., 1993. Cathepsin D gene is controlled by a
mixed promoter, and estrogens stimulate only TATA-dependent transcription in
breast cancer cells. Proc. Natl. Acad. Sci. U.S.A. 90 (1), 203–207.

Chen, Y., Yang, L., Qiao, H., Cheng, Z., Xie, J., Zhou, W., Huang, X., Jiang, Y., Yu, B.,
Zhao, W., 2020. Discovery of new thieno [3, 2-d] pyrimidine derivatives targeting
EGFRL858R/T790M NSCLCs by the conformation constrained strategy. Eur. J. Med.
Chem. 199, 112388.

Cummings, S., Eckert, S., Krueger, K., Nickelsen, T., Bjarnason, N.H., Morrow, M.,
Lippman, M.E., Black, D., et al., 1999. The effect of raloxifene on risk of breast cancer
in postmenopausal women: results from the MORE randomized trial. Multiple
outcomes of raloxifene evaluation. JAMA 281, 2189–2197.

Dawood, M., Ooko, E., Efferth, T., 2019. Collateral sensitivity of parthenolide via NF-κB
and HIF-α inhibition and epigenetic changes in drug-resistant cancer cell lines. Front.
Pharmacol. 10, 542.

De Vos, M., Schreiber, V., Dantzer, F., 2012. The diverse roles and clinical relevance of
PARPs in DNA damage repair: current state of the art. Biochem. Pharmacol. 84 (2),
137–146.

DeMichele, A., Troxel, A.B., Berlin, J.A., Weber, A.L., Bunin, G.R., Turzo, E., Schinnar, R.,
Burgh, D., Berlin, M., Rubin, S.C., Rebbeck, T.R., 2008. Impact of raloxifene or
tamoxifen use on endometrial cancer risk: a population-based case-control study.
J. Clin. Oncol. 26 (25), 4151.

Dewangan, J., Kaushik, S., Rath, S.K., Balapure, A.K., 2018. Centchroman regulates breast
cancer angiogenesis via inhibition of HIF-1α/VEGFR2 signalling axis. Life Sci. 193,
9–19.

Dhar, A., Srivastava, A., 2007. Role of centchroman in regression of mastalgia and
fibroadenoma. World J. Surg. 31 (6), 1180–1186.

Dong, J.J., Li, Q.S., Wang, S.F., Li, C.Y., Zhao, X., Qiu, H.Y., Zhao, M.Y., Zhu, H.L., 2013.
Synthesis, biological evaluation and molecular docking of novel 5-phenyl-1 H-pyrazol
derivatives as potential BRAF V600E inhibitors. Org. Biomol. Chem. 11 (37),
6328–6337.

Dragan, Y.P., Vaughan, J., Jordan, V.C., Pitot, H.C., 1995. Comparison of the effects of
tamoxifen and toremifene on liver and kidney tumor promotion in female rats.
Carcinogenesis 16 (11), 2733–2741.

Franke, T.F., Hornik, C.P., Segev, L., Shostak, G.A., Sugimoto, C., 2003. PI3K/Akt and
apoptosis: size matters. Oncogene 22 (56), 8983–8998.

Germain, M., Affar, E.B., D'Amours, D., Dixit, V.M., Salvesen, G.S., Poirier, G.G., 1999.
Cleavage of automodified poly (ADP-ribose) polymerase during apoptosis: evidence
for involvement of caspase-7. J. Biol. Chem. 274 (40), 28379–28384.

Giri A, K., Mukhopadhyay, A., Sun, J., Hsie, A.W., Ray, S., 1999. Antimutagenic effects of
centchroman—a contraceptive and a candidate drug for breast cancer in multiple
mutational assays. Mutagenesis 14 (6), 613–620.

Goetz, M.P., Kamal, A., Ames, M.M., 2008. Tamoxifen pharmacogenomics: the role of
CYP2D6 as a predictor of drug response. Clin. Pharmacol. Ther. 83 (1), 160–166.

Hafiz, S.P., Barnes, N.L., Kirwan, C.C., 2018. Clinical management of idiopathic
mastalgia: a systematic review. J. Prim. Health Care 10 (4), 312–323.

Hemminki, K., Rajaniemi, H., Lindahl, B., Moberger, B., 1996. Tamoxifen-induced DNA
adducts in endometrial samples from breast cancer patients. Cancer Res. 56 (19),
4374–4377.

Hemminki, K., Rajaniemi, H., Koskinen, M., Hansson, J., 1997. Tamoxifen-induced DNA
adducts in leucocytes of breast cancer patients. Carcinogenesis 18 (1), 9–13.

Hung, T.C., Lee, W.Y., Chen, K.B., Chan, Y.C., Lee, C.C., Chen, C.Y., 2014. In silico
investigation of traditional Chinese medicine compounds to inhibit human histone
deacetylase 2 for patients with Alzheimer's disease. BioMed Res. Int. 2014.

Jacobs, T.W., Gown, A.M., Yaziji, H., Barnes, M.J., Schnitt, S.J., 1999. Specificity of
HercepTest in determining HER-2/neu status of breast cancers using the United
States Food and Drug Administration–approved scoring system. J. Clin. Oncol. 17 (7),
1983.

Jiang, T., Qiu, Y., 2003. Interaction between Src and a C-terminal proline-rich motif of
Akt is required for Akt activation. J. Biol. Chem. 278 (18), 15789–15793.

Jordan, V.C., Brodie, A.M., 2007. Development and evolution of therapies targeted to the
estrogen receptor for the treatment and prevention of breast cancer. Steroids 72 (1),
7–25.

Jung, K.H., Noh, J.H., Kim, J.K., Eun, J.W., Bae, H.J., Xie, H.J., Chang, Y.G., Kim, M.G.,
Park, H., Lee, J.Y., Nam, S.W., 2012. HDAC2 overexpression confers oncogenic
potential to human lung cancer cells by deregulating expression of apoptosis and cell
cycle proteins. J. Cell. Biochem. 113 (6), 2167–2177.

Kachhap, S.K., Rosmus, N., Collis, S.J., Kortenhorst, M.S., Wissing, M.D., Hedayati, M.,
Shabbeer, S., Mendonca, J., Deangelis, J., Marchionni, L., Lin, J., 2010.
Downregulation of homologous recombination DNA repair genes by HDAC inhibition
in prostate cancer is mediated through the E2F1 transcription factor. PLoS One 5 (6),
e11208.

Kamboj, V.P., Ray, S., Anand, N., 2018. Centchroman a safe reversible postcoital
contraceptive with curative and prophylactic activity in many disorders. Front.
Biosci. 10, 1–4.

Kauffman, R.P., Young, C., Castracane, V.D., 2021. Perils of prolonged ovarian
suppression and hypoestrogenism in the treatment of breast cancer: is the risk of
treatment worse than the risk of recurrence? Mol. Cell. Endocrinol. 525, 111181.

Kaushik, S., Shyam, H., Sharma, R., Balapure, A.K., 2018. Dietary isoflavone daidzein
synergizes centchroman action via induction of apoptosis and inhibition of PI3K/Akt

http://refhub.elsevier.com/S2590-2571(21)00067-5/sref1
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref1
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref1
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref1
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref2
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref2
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref2
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref3
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref3
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref3
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref3
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref5
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref5
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref5
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref5
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref6
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref6
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref6
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref6
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref8
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref8
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref8
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref8
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref9
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref9
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref9
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref9
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref9
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref10
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref10
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref10
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref10
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref11
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref11
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref11
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref11
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref11
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref12
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref12
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref12
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref12
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref13
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref13
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref13
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref13
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref14
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref14
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref14
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref14
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref14
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref15
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref15
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref15
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref15
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref15
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref16
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref16
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref16
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref16
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref17
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref17
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref17
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref17
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref18
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref18
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref18
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref18
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref18
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref19
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref19
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref19
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref20
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref20
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref20
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref20
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref20
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref21
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref21
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref21
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref21
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref22
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref22
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref22
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref23
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref23
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref23
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref23
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref24
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref24
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref24
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref24
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref24
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref25
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref25
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref25
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref26
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref26
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref26
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref27
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref27
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref27
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref27
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref28
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref28
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref28
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref29
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref29
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref29
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref30
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref30
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref30
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref30
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref30
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref31
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref31
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref31
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref32
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref32
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref32
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref32
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref33
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref33
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref33
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref33
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref33
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref34
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref34
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref34
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref34
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref34
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref35
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref35
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref35
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref35
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref36
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref36
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref36
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref37
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref37


L. S et al. Current Research in Pharmacology and Drug Discovery 3 (2022) 100080
pathway in MCF-7/MDA MB-231 human breast cancer cells. Phytomedicine 40,
116–124.

Khan, S., Shukla, S., Sinha, S., Lakra, A.D., Bora, H.K., Meeran, S.M., 2015. Centchroman
suppresses breast cancer metastasis by reversing epithelial–mesenchymal transition
via downregulation of HER2/ERK1/2/MMP-9 signaling. Int. J. Biochem. Cell Biol.
58, 1–6.

Khan, S., Shukla, S., Sinha, S., Meeran, S.M., 2016. Centchroman altered the expressions
of tumor-related genes through active chromatin modifications in mammary cancer.
Mol. Carcinog. 55 (11), 1747–1760.

Kim, J.K., Noh, J.H., Eun, J.W., Jung, K.H., Bae, H.J., Shen, Q., Kim, M.G., Chang, Y.G.,
Kim, S.J., Park, W.S., Lee, J.Y., 2013. Targeted inactivation of HDAC2 restores
p16INK4a activity and exerts antitumor effects on human gastric cancer. Mol. Cancer
Res. 11 (1), 62–73.

Kraus, WL, 2008. Transcriptional control by PARP-1: chromatin modulation, enhancer-
binding, coregulation, and insulation. Curr. Opin. Cell Biol. 20 (3), 294–302.

Kyvernitakis, I., Kostev, K., Hadji, P., 2018. The tamoxifen paradox—influence of
adjuvant tamoxifen on fracture risk in pre-and postmenopausal women with breast
cancer. Osteoporos. Int. 29 (11), 2557–2564.

Lal, J., Asthana, O.P., Nityanand, S., Gupta, R.C., 1995 Nov. Pharmacokinetics of
centchroman in healthy female subjects after oral administration. Contraception 52
(5), 297–300.

Lavoie, H., Therrien, M., 2015. Regulation of RAF protein kinases in ERK signalling. Nat.
Rev. Mol. Cell Biol. 16 (5), 281–298.

Lee, H.R., Kim, T.H., Choi, K.C., 2012. Functions and physiological roles of two types of
estrogen receptors, ERα and ERβ, identified by estrogen receptor knockout mouse.
Lab. Anim. Res. 28 (2), 71.

Li, Y., Seto, E., 2016. HDACs and HDAC inhibitors in cancer development and therapy.
Cold Spring Harb. Perspect Med. 6 (10), a026831.

Lim, Y.C., Desta, Z., Flockhart, D.A., Skaar, T.C., 2005. Endoxifen (4-hydroxy-N-
desmethyl-tamoxifen) has anti-estrogenic effects in breast cancer cells with potency
similar to 4-hydroxy-tamoxifen. Cancer Chemother. Pharmacol. 55 (5), 471–478.

Lim, Y.C., Li, L., Desta, Z., Zhao, Q., Rae, J.M., Flockhart, D.A., Skaar, T.C., 2006.
Endoxifen, a secondary metabolite of tamoxifen, and 4-OH-tamoxifen induce similar
changes in global gene expression patterns in MCF-7 breast cancer cells.
J. Pharmacol. Exp. Therapeut. 318 (2), 503–512.

Luo, C., Xie, P., Marmorstein, R., 2008. Identification of BRAF inhibitors through in silico
screening. J. Med. Chem. 51 (19), 6121–6127.

Luttrell, D.K., Luttrell, L.M., Parsons, S.J., 1988. Augmented mitogenic responsiveness to
epidermal growth factor in murine fibroblasts that overexpress pp60c-src. Mol. Cell
Biol. 8 (1), 497.

Maa, M.C., Leu, T.H., McCarley, D.J., Schatzman, R.C., Parsons, S.J., 1995. Potentiation of
epidermal growth factor receptor-mediated oncogenesis by c-Src: implications for the
etiology of multiple human cancers. Proc. Natl. Acad. Sci. U.S.A. 92 (15), 6981–6985.

Mani, A., Sharma, K., Kumar, A., Talukdar, R.K., 2019. Selective estrogen receptor
modulator: efficacy in abnormal uterine bleeding in perimenopausal women. Int. J.
Reprod Contracept Obstet. Gynecol. 8, 1495–1499.

Mendez, P., Wandosell, F., Garcia-Segura, L.M., 2006. Cross-talk between estrogen
receptors and insulin-like growth factor-I receptor in the brain: cellular and
molecular mechanisms. Front. Neuroendocrinol. 27 (4), 391–403.

Methot, J.L., Chakravarty, P.K., Chenard, M., Close, J., Cruz, J.C., Dahlberg, W.K.,
Fleming, J., Hamblett, C.L., Hamill, J.E., Harrington, P., Harsch, A., 2008.
Exploration of the internal cavity of histone deacetylase (HDAC) with selective
HDAC1/HDAC2 inhibitors (SHI-1: 2). Bioorg. Med. Chem. Lett 18 (3), 973–978.

Mirecki-Garrido, D., Guerra, B., Mateos-Díaz, C., Jim�enez-Monz�on, R., Díaz-Chico, N.,
Díaz-Chico, J.C., Fern�andez-P�erez, L., 2012. The influence of estrogens on the
biological and therapeutic actions of growth hormone in the liver. Pharmaceuticals 5
(7), 758–778.

Mishra, R., Tiwari, A., Bhadauria, S., Mishra, J., Murthy, P.K., Murthy, P.S., 2010.
Therapeutic effect of centchroman alone and in combination with glycine soya on 7,
12-dimethylbenz [α] anthracene-induced breast tumor in rat. Food Chem. Toxicol. 48
(6), 1587–1591.

Molinie, B., Georgel, P., 2009. Genetic and epigenetic regulations of prostate cancer by
genistein. Drug News Perspect. 22 (5), 247–254.

Moyer, A.M., Suman, V.J., Weinshilboum, R.M., Avula, R., Black, J.L., Safgren, S.L.,
Kuffel, M.J., Ames, M.M., Ingle, J.N., Goetz, M.P., 2011. SULT1A1, CYP2C19 and
disease-free survival in early breast cancer patients receiving tamoxifen.
Pharmacogenomics 12 (11), 1535–1543.

Mukhopadhyay, A., Gupta, S., Ray, S., Giri, A.K., 1999. Anticlastogenic effects of
centchroman and its enantiomers in Swiss albino mice. I. Acute study and their
comparison with tamoxifen. Cancer Lett. 144 (2), 137–143.

Mukhopadhyay, A., Ray, S., Giri, A.K., 2001. Anticlastogenic effects of d-and l-
centchroman in Swiss albino mice. 2. Subacute study in vivo and comparison with
tamoxifen. Cytobios 106 (412), 77–86.

Murthy, P.N., Sengupta, S., Sharma, S., Singh, M.M., 2006. Effect of ormeloxifene on
ovariectomy-induced bone resorption, osteoclast differentiation and apoptosis and
TGF beta-3 expression. J. Steroid Biochem. Mol. 100 (4–5), 117–128.

Nabholtz, J.M., Buzdar, A., Pollak, M., Harwin, W., Burton, G., Mangalik, A.,
Steinberg, M., Webster, A., Von Euler, M., 2000. Anastrozole is superior to tamoxifen
as first-line therapy for advanced breast cancer in postmenopausal women: results of
a North American multicenter randomized trial. J. Clin. Oncol. 18 (22), 3758–3767.

Nasab, R.R., Mansourian, M., Hassanzadeh, F., Shahlaei, M., 2018. Exploring the
interaction between epidermal growth factor receptor tyrosine kinase and some of
the synthesized inhibitors using combination of in-silico and in-vitro cytotoxicity
methods. Res. Pharm. Sci. 13 (6), 509.
18
Nastas�a, C., Tamaian, R., Oniga, O., Tiperciuc, B., 2019. 5-arylidene (Chromenyl-
methylene)-thiazolidinediones: potential new agents against mutant oncoproteins K-
Ras, N-Ras and B-Raf in colorectal cancer and melanoma. Medicina 55 (4), 85.

Nigam, M., Ranjan, V., Srivastava, S., Sharma, R., Balapure, A.K., 2008. Centchroman
induces G0/G1 arrest and caspase-dependent apoptosis involving mitochondrial
membrane depolarization in MCF-7 and MDA MB-231 human breast cancer cells. Life
Sci. 82 (11–12), 577–590.

Nigam, M., Singh, N., Ranjan, V., Zaidi, D., Sharma, R., Nigam, D., Gupta, D.K.,
Sundaram, S., Balapure, A.K., 2010. Centchroman mediated apoptosis involves cross-
talk between extrinsic/intrinsic pathways and oxidative regulation. Life Sci. 87
(23–26), 750–758.

Nurhayati, A.P., Pratiwi, R., Wahyuono, S., Istriyati, P.H., Abdillah, S., 2015. In vitro test
and molecular docking of alkaloid compound in marine sponge Cinachyrella anomala
against T47D cell cycle. J. Mar. Sci. Res. Dev. 5 (2), 1–3.

Ossovskaya, V., Koo, I.C., Kaldjian, E.P., Alvares, C., Sherman, B.M., 2010. Upregulation
of poly (ADP-ribose) polymerase-1 (PARP1) in triple-negative breast cancer and other
primary human tumor types. Genes & cancer 1 (8), 812–821.

Pang, X., Fu, W., Wang, J., Kang, D., Xu, L., Zhao, Y., Liu, A.L., Du, G.H., 2018.
Identification of estrogen receptor α antagonists from natural products via in vitro
and in silico approaches. Oxid. Med. Cell. Longev. 2018.

Park, W.C., Jordan, V.C., 2002. Selective estrogen receptor modulators (SERMS) and their
roles in breast cancer prevention. Trends Mol. Med. 8 (2), 82–88.

Park, Y.P., Kim, K.D., Kang, S.H., Yoon, D.Y., Park, J.W., Kim, J.W., Lee, H.G., 2008.
Human telomerase reverse transcriptase (hTERT): a target molecule for the treatment
of cisplatin-resistant tumors. J. Lab. Med. 28 (6), 430–437.

Pati, T., Chanania, K., Marandi, S., Hansa, J., 2017. Ormeloxifene–looking beyond
contraception. J. Mid Life Health 8 (1), 17.

Pillai, L.S., Regidi, S., Varghese, S.D., Ravindran, S., Maya, V., Varghese, J.,
Ramaswami, K., Gopimohan, R., Gopi, M., 2018. Nonhormonal selective estrogen
receptor modulator 1-(2-[4-{(3R, 4S)-7-Methoxy-2, 2-dimethyl-3-phenyl-chroman-
4yl} phenoxy] ethyl) pyrrolidine hydrochloride (ormeloxifene hydrochloride) for the
treatment of breast cancer. Drug Dev. Res. 79 (6), 275–286.

Pillaiyar, T., Meenakshisundaram, S., Manickam, M., Sankaranarayanan, M., 2020.
A medicinal chemistry perspective of drug repositioning: recent advances and
challenges in drug discovery. Eur. J. Med. Chem. 195, 112275.

Pratilas, C.A., Xing, F., Solit, D.B., 2010. Targeting oncogenic BRAF in human cancer.
Therapeutic Kinase Inhibitors 83–98.

Rama Raju, K.S., Taneja, I., Singh, S.P., Tripathi, A., Mishra, D.P., Hussain, K.M.,
Gayen, J.R., Singh, S.K., Wahajuddin, M., 2015. Simultaneous determination of
centchroman and tamoxifen along with their metabolites in rat plasma using LC–MS/
MS. Bioanalysis 7 (8), 967–979.

Rojo, F., Garcia-Parra, J., Zazo, S., Tusquets, I., Ferrer-Lozano, J., Menendez, S., Eroles, P.,
Chamizo, C., Servitja, S., Ramirez-Merino, N., Lobo, F., 2012. Nuclear PARP-1 protein
overexpression is associated with poor overall survival in early breast cancer. Ann.
Oncol. 23 (5), 1156–1164.

Sargent, L.M., Dragan, Y.P., Sattler, C., Bahnub, N., Sattler, G., Martin, P., Cisneros, A.,
Mann, J., Thorgeirsson, S., Jordan, V.C., Pitot, H.C., 1996. Induction of hepatic
aneuploidy in vivo by tamoxifen, toremifene and idoxifene in female Sprague-Dawley
rats. Carcinogenesis 17 (5), 1051–1056.

Sato, M., Turner, C.H., Wang, T., Adrian, M.D., Rowley, E., Bryant, H.U., 1998. LY353381.
HCl: a novel raloxifene analog with improved SERM potency and efficacy in vivo.
J. Pharmacol. Exp. Therapeut. 287 (1), 1–7.

Sherstyuk, Y.V., Ivanisenko, N.V., Zakharenko, A.L., Sukhanova, M.V., Peshkov, R.Y.,
Eltsov, I.V., Kutuzov, M.M., Kurgina, T.A., Belousova, E.A., Ivanisenko, V.A.,
Lavrik, O.I., 2020. Design, synthesis and molecular modeling study of conjugates of
ADP and morpholino nucleosides as a novel class of inhibitors of PARP-1, PARP-2 and
PARP-3. Int. J. Mol. Sci. 21 (1), 214.

Shibutani, S., 1998. Tamoxifen-derived DNA adducts in endometrial samples obtained
from patients treated with tamoxifen. Proc. Am. Assoc. Cancer Res. 39, 636.

Shien, T., Doihara, H., Hara, H., Takahashi, H., Yoshitomi, S., Taira, N., Ishibe, Y.,
Teramoto, J., Aoe, M., Shimizu, N., 2004. PLC and PI3K pathways are important in
the inhibition of EGF-lnduced cell migration by gefitinib (‘lressa’, ZD1839). Breast
Cancer 11 (4), 367.

Singh, M.M., 2001. Centchroman, a selective estrogen receptor modulator, as a
contraceptive and for the management of hormone-related clinical disorders. Med.
Res. Rev. 21 (4), 302–347.

Skehan, P., Storeng, R., Scudiero, D., Monks, A., McMahon, J., Vistica, D., Warren, J.T.,
Bokesch, H., Kenney, S., Boyd, M.R., 1990. New colorimetric cytotoxicity assay for
anticancer-drug screening. J. Natl. Cancer Inst. 82 (13), 1107–1112.

Smith, C.L., O’malley, B.W., 2004. Coregulator function: a key to understanding tissue
specificity of selective receptor modulators. Endocr. Rev. 25 (1), 45–71.

Srivastava, V.K., Gara, R.K., Bhatt, M.L., Sahu, D.P., Mishra, D.P., 2011. Centchroman
inhibits proliferation of head and neck cancer cells through the modulation of PI3K/
mTOR pathway. Biochem. Biophys. Res. Commun. 404 (1), 40–45.

Tang, Z.R., Zhang, R., Lian, Z.X., Deng, S.L., Yu, K., 2019. Estrogen-receptor expression
and function in female reproductive disease. Cells 8 (10), 1123.

Tejwani, P.L., Nerkar, H., Dhar, A., Kataria, K., Hari, S., Thulkar, S., Chumber, S.,
Kumar, S., Srivastava, A., 2015. Regression of fibroadenomas with centchroman: a
randomized controlled trial. Indian J. Surg. 77 (2), 484–489.

Thoren, L., Lindh, J.D., Ackehed, G., Kringen, M.K., Hall, P., Bergh, J., Molden, E.,
Margolin, S., Eliasson, E., 2021. Impairment of endoxifen formation in tamoxifen-
treated premenopausal breast cancer patients carrying reduced-function CYP2D6
alleles. Br. J. Clin. Pharmacol. 87 (3), 1243–1252.

Vardaini, D., Mishra, R., Ranjan, R., Borade, S.R., 2020. Comparison of efficacy and safety
of ormeloxifene and cyclical progesterone (norethisterone) in ovulatory abnormal
uterine bleeding. Asian J. Pharmaceut. Clin. Res. 13, 178–180.

http://refhub.elsevier.com/S2590-2571(21)00067-5/sref37
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref37
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref37
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref38
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref38
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref38
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref38
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref38
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref38
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref39
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref39
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref39
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref39
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref40
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref40
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref40
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref40
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref40
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref41
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref41
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref41
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref42
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref42
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref42
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref42
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref42
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref43
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref43
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref43
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref43
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref44
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref44
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref44
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref45
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref45
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref45
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref45
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref45
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref46
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref46
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref47
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref47
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref47
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref47
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref48
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref48
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref48
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref48
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref48
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref49
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref49
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref49
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref50
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref50
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref50
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref51
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref51
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref51
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref51
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref52
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref52
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref52
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref52
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref54
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref54
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref54
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref54
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref55
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref55
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref55
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref55
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref55
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref56
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref57
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref57
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref57
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref57
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref57
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref57
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref58
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref58
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref58
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref59
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref59
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref59
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref59
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref59
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref60
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref60
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref60
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref60
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref61
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref61
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref61
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref61
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref62
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref62
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref62
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref62
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref62
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref63
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref63
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref63
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref63
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref63
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref64
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref64
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref64
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref64
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref65
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref65
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref65
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref65
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref66
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref66
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref66
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref66
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref66
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref66
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref67
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref67
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref67
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref67
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref67
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref67
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref68
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref68
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref68
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref68
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref69
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref69
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref69
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref69
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref69
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref70
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref70
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref70
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref70
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref71
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref71
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref71
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref72
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref72
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref72
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref72
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref73
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref73
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref73
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref75
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref75
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref75
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref75
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref75
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref75
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref76
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref76
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref76
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref77
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref77
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref77
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref78
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref78
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref78
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref78
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref78
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref78
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref79
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref79
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref79
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref79
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref79
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref80
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref80
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref80
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref80
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref80
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref81
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref81
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref81
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref81
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref82
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref82
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref82
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref82
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref82
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref83
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref83
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref84
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref84
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref84
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref84
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref85
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref85
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref85
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref85
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref87
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref87
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref87
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref87
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref88
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref88
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref88
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref89
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref89
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref89
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref89
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref90
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref90
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref91
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref91
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref91
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref91
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref92
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref92
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref92
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref92
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref92
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref93
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref93
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref93
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref93


L. S et al. Current Research in Pharmacology and Drug Discovery 3 (2022) 100080
Vichai, V., Kirtikara, K., 2006. Sulforhodamine B colorimetric assay for cytotoxicity
screening. Nat. Protoc. 1 (3), 1112.

Vignon, F., Capony, F., Chambon, M., Freiss, G., Garcia, M., Rochefort, H., 1986.
Autocrine growth stimulation of the MCF 7 breast cancer cells by the estrogen-
regulated 52 K protein. Endocrinology 118 (4), 1537–1545.

Vyas, S., Matic, I., Uchima, L., Rood, J., Zaja, R., Hay, R.T., Ahel, I., Chang, P., 2014.
Family-wide analysis of poly (ADP-ribose) polymerase activity. Nat. Commun. 5 (1),
1–3.

Wheeler, D.L., Iida, M., Dunn, E.F., 2009 Jul. The role of Src in solid tumors. Oncol. 14
(7), 667.

Wong, S.C., Chan, J.K., Lee, K.C., Hsiao, W.W., 2001. Differential expression of p16/p21/
p27 and cyclin D1/D3, and their relationships to cell proliferation, apoptosis, and
tumour progression in invasive ductal carcinoma of the breast. J. Pathol. 194 (1),
35–42.
19
Wu, X., Subramaniam, M., Grygo, S.B., Sun, Z., Negron, V., Lingle, W.L., Goetz, M.P.,
Ingle, J.N., Spelsberg, T.C., Hawse, J.R., 2011. Estrogen receptor-beta sensitizes
breast cancer cells to the anti-estrogenic actions of endoxifen. Breast Cancer Res. 13
(2), 1–3.

Y Maximov, P., M Lee, T., Craig Jordan, V., 2013. The discovery and development of
selective estrogen receptor modulators (SERMs) for clinical practice. Curr. Clin.
Pharmacol. 8 (2), 135–155.

Yasemin, A., Mehmet, B., 2019. Assessment of breast cancer incidence in patients with
mastalgia and routine screening. Int J Surg Res Pract 6, 94.

Zagouri, F., Bournakis, E., Koutsoukos, K., Papadimitriou, C.A., 2012. Heat shock protein
90 (hsp90) expression and breast cancer. Pharmaceuticals 5 (9), 1008–1020.

Zhang, Y., Toh, L., Lau, P., Wang, X., 2012. Human telomerase reverse transcriptase
(hTERT) is a novel target of the Wnt/β-catenin pathway in human cancer. J. Biol.
Chem. 287 (39), 32494–32511.

http://refhub.elsevier.com/S2590-2571(21)00067-5/sref94
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref94
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref95
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref95
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref95
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref95
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref96
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref96
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref96
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref96
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref97
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref97
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref98
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref98
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref98
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref98
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref98
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref99
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref99
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref99
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref99
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref99
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref100
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref100
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref100
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref100
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref101
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref101
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref102
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref102
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref102
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref103
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref103
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref103
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref103
http://refhub.elsevier.com/S2590-2571(21)00067-5/sref103

	Comparative differential cytotoxicity of clinically used SERMs in human cancer lines of different origin and its predictive ...
	1. Introduction
	2. Materials and methods
	2.1. Chemicals and consumables
	2.2. Cell culture
	2.3. Cytotoxicity assay using sulforhodamine B (SRB)
	2.4. Statistical analysis
	2.5. In-silico studies

	3. Results and discussions
	3.1. In vitro cytotoxicity assay
	3.2. Molecular docking studies

	4. Discussion
	5. Conclusions
	Availability of data and material
	Code availability
	Authors contribution
	Ethics approval
	Consent to participate
	Consent for publication
	Declaration of competing interest
	Acknowledgements
	References


