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ABSTRACT

Biochanin-A is a known phytoestrogen that is mainly found in red clover. It has several biological activities
including anticancer, anti-inflammatory, and antioxidant effects. Preclinical studies showed that Biochanin-A has
anticancer properties in different cancer models. This effect was found to happen through a diversity of mechanisms
inducing cell cycle arrest, apoptosis, and antiangiogenic effects. Moreover, despite being a promising nature-derived
anticancer agent, there is a paucity of information regarding specific target validation studies for Biochanin-A. In
this study, we first predicted the physicochemical properties of Biochanin-A using two different online tools
(SwissADME and pkCSM), and then we performed an in silico molecular docking studies for Biochanin-A as a
potential dual inhibitor for Cyclin-D1-cyclin-dependent kinase (CDK) 4 complex and vascular endothelial growth
factor receptor (VEGFR-2) which are key molecular targets for cancer therapy. The results suggest that Biochanin-A
interacts with both Cyclin D1-CDK4 complex and VEGFR-2 with a docking affinity that is comparable to their
standard inhibitors. These results open the door for further follow-up investigations.
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undergone an intensive investigation for

1. INTRODUCTION . . . . A
discovering their beneficial activities towards

The use of natural products to treat or control
health conditions in humans has increased
recently. Flavonoids are one of the most common
natural products found in several plant families.
Isoflavones (Fig. 1) are a subclass of flavonoids
and the main family of phytoestrogens that have

numerous human diseases, including cancers [1].
Biochanin-A (Fig. 2) is a natural isoflavone that
is abundant in red clover (Trifolium pretense),
peanuts, alfalfa sprouts, cabbage, and soybean [2,
3]. It is classified as a phytoestrogen due to its
structural similarity to estrogens along with its
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capability to interact with estrogen receptors [4].
Epidemiological studies have shown that people
receiving high isoflavone intake through soy
consumption have a lower incidence of many
cancers such as bladder, prostate, colon, and
gastric  cancer [5]. Numerous  studies
investigating  the  anticancer  activity of
Biochanin-A were performed in different cancer
cell lines, followed by in vivo models. Many
types of tumors could be suppressed by
Biochanin-A, such as lung cancer, prostate
cancer, gastrointestinal tract, pancreatic, breast,
osteosarcoma, malignant melanoma, and tumors
of the central nervous system [6]. Biochanin-A is
available in the form of a supplement named
Promensil® that is currently marketed in North
America. This product contains 43.5 mg of
isoflavones, with Biochanin-A representing the
major constituent with 26.5 mg of the total tablet
content and is mainly indicated for the treatment
of postmenopausal symptoms as osteoporosis and
hot flashes [7].

Fig. 1. 2D chemical structure of isoflavone nucleus
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Fig. 2. 2D chemical structure of Biochanin-A

Several preclinical in vitro as well as in vivo
studies on the anticancer properties of Biochanin-
A showed that this agent acts through a diversity
of mechanisms such as cell cycle arrest and

apoptosis in addition to possessing anti-
angiogenic effects [6]. Although Biochanin-A
appears as a promising nature-derived anticancer
agent, there is a paucity of information regarding
specific target validation studies. In the current
study, we used two online servers for
computational prediction of physicochemical
properties, ADME parameters, pharmacokinetic
properties, and drug-likeness of Biochanin-A.
These tools include both SwissADME and
pkCSM servers. Furthermore, Cyclin-dependent
kinase (CDK) 4/6 inhibitors have evolved as a
revolutionary class of small molecule inhibitors
for the management of breast cancer [8]. Those
agents include abemaciclib, palbociclib as well as
ribociclib [8]. Such agents inhibit G1/S cell cycle
transition and afford better control over cancer
progression [8]. Tyrosine kinase inhibitors of
vascular endothelial growth factor receptor 2
(VEGFR-2) represent a key strategy for the
management of invasive cancers by cutting down
the tumor blood supply and inducing central
necrosis [9]. Sorafenib is one of the famous
multi-tyrosine  kinase inhibitors that target
VEGFR-2 as well as other tyrosine kinases and is
highly efficient in the management of HCC [9,
10]. Treatment with agents from either class
imposes several dose-limiting adverse reactions
that undermine the quality of life of cancer
patients [11]. Therefore, we performed in silico
molecular docking studies for Biochanin-A as a
potential dual hit for the VEGFR-2 and Cyclin-
D1- CDK4 complex to validate the utility of
Biochanin-A as a scaffold for the synthesis of
efficient anticancer agents.

2. MATERIALS AND METHODS

2.1 Biochanin-A properties prediction using
online tools

ADMET properties were generated using two
servers, SWisSADME (http://www.swissadme.ch)
and PKCSM
(http://biosig.unimelb.edu.au/pkcsm/.)
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2.2. In Silico Molecular Docking Studies

Initially, the chemical structures of Biochanin-
A and reference inhibitors were collected from
PubChem [12] and converted into PDBQT
format utilizing OpenBabel [13]. For VEGFR-2,
the selected reference inhibitors were Axitinib,
Cabozantinib, Pazopanib, and Sunitinib while
Abemaciclib, Alvocidib, Palbociclib, and
Riviciclib were selected for the CCND1-CDK4
complex. Crystal structures of the VEGFR-2 and
CCND1-CDK4 complex were restored from the
protein data bank (www.rcsb.org) [14]. For
VEGFR-2, 4ASD crystal structure was selected
over the higher resolution 3WZE due to higher
temperature factor average while 2W96 crystal
structure was used for the CCND1-CDK4
complex and the active site was located through
alignment with 5L2T crystal structure of human
CDK®6-Ribociclib  complex [15]. Selected
proteins were prepared for molecular docking by
removing solvent molecules and extracting the
co-crystallized inhibitor compound for 4ASD
using PyMOL [16], then saving the extracted
ligands and clean protein molecules into separate
PDB files. Finally, the clean protein molecules
were protonated and converted to PDBQT
format, and the grid dimensions files were also
generated; all using AutoDock Tools [17].

Biochanin-A together with the additional
reference inhibitors were docked to the
previously prepared protein PDBQT files of both
4ASD and 2W96 using AutoDock Vina [18] after
validating the docking protocol for both targets.
This validation is based on redocking of the co-
crystallized Sorafenib for 4ASD, and cross-
docking of the co-crystallized Ribociclib of 5L.2T
to the 2W96 protein complex. The visualization
of the docked poses & root-mean-square
deviation (RMSD) calculations were performed
using Discovery Studio Visualizer [19].

2.3. In vitro studies
2.3.1. Chemicals

Bio-A, sulforhodamine-B (SRB), and DMSO
were purchased from Sigma-Aldrich (St. Louis,
MO). Dulbecco's Modified Eagle Medium
(DMEM), fetal bovine serum, and other cell
culture materials were purchased from Lonza
(Basel, Switzerland).

2.3.2. Cell culture

Human cancer cell lines of hepatocellular
(HepG2), prostate (PC3), and breast (MCF-7)
Cancers were obtained from Vacsera (Giza,
Egypt). Cells were maintained in DMEM
supplemented with 100 mg/mL of streptomycin,
100 units/mL of penicillin, and 10% of heat-
inactivated fetal bovine serum in humidified, 5%
(v/v) CO, atmosphere at 37 °C.

2.3.3. Cytotoxicity assay

Cytotoxicity assays were performed according
to the protocol [37]. Bio-A was dissolved in
DMSO and kept at a stock concentration of 100
mM. Cell viability was assessed by SRB assay.
Aliquots of 100 pL cell suspension (5x10%cells)
were in 96-well plates and incubated in complete
media for 24 h. Cells were treated with another
aliquot of 100 pL media containing drugs at
various concentrations ranging from (10 pm, 100
um). After 72 h of drug exposure, cells were
fixed by replacing media with 150 pL of 10%
TCA and incubated at 4°C for 1h. The TCA
solution was removed, and the cells were washed
5 times with distilled water. Aliquots of 70 pL
SRB solution (0.4% w/v) were added and
incubated in a dark place at room temperature for
10 min. Plates were washed 3 times with 1%
acetic acid and allowed to air-dry overnight.
Then, 150 pL of TRIS (10 mM) was added to
dissolve protein-bound SRB stain; the absorbance
was measured at 540 nm using a
BMGLABTECH®-FLUO star Omega microplate
reader (Ortenberg, Germany).
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3. RESULTS
3.1. Biochanin-A properties prediction
3.1.1. BOILED-Egg diagram

The results of the BOILED-Egg diagram
suggest that the compound is orally available as
is known about the compound. Also, it suggests
that the compound will not cross the blood-brain
barrier (BBB) and hence has limited central
adverse effects (Fig. 3).

Fig.3. BOILED-Egg diagram generated by SwissADME
server

3.1.2. Swiss ADME report

In the SwissADME report for Biochanin-A, a
molar refractivity between 40-130 and TPSA
lower than 90 means relatively low polarity and
good oral bioavailability of Biochanin-A.
Lipophilicity values are in the permissible range
(-0.4-5.6) which implies a good lipophilicity
profile for Biochanin-A. Besides, consensus log
Pow (the average of all five lipophilicity
predictions) is also in the permissible range.
Furthermore, the water solubility report for
Biochanin-A shows that it is mostly moderately
soluble in water (near -4 value). The
pharmacokinetic report for Biochanin-A showed
that the gastrointestinal (GI) absorption is high
with no BBB permeation similar to what was
seen in the BOILED EGG diagram. Also, drug
penetration to the skin is relatively low.
Moreover, the physicochemical properties of

Biochanin-A obeyed the Lipinski rule of 5
without any violation, accompanied by a
moderate bioavailability score that implies good
oral bioavailability for Biochanin-A. Medicinal
chemistry report for Biochanin-A showed zero
alerts for PAINS and Brenk which suggests that
Biochanin-A neither shows false positive
biological screening results nor is putatively
toxic. Furthermore, the rest of the report (lead
likeness and synthetic accessibility) implies that
Biochanin-A is suitable for optimization and can
be easily synthesized (Table 1) [20].

3.1.3. PKCSM report

In the PKCSM report, the absorption
parameters for Biochanin-A showed that it has
relatively high Caco-2 permeability and can be
absorbed in the intestine. However, it is poorly
absorbed in the skin (low permeability). These
results are similar to what was predicted by the
SwissADME server. Biochanin-A was also found
to be a substrate for P-glycoprotein but not an
inhibitor for P-glycoprotein |1 or 1l. The
distribution profile for Biochanin-A showed that
it has a low volume of distribution, can
moderately penetrate the CNS, and hardly crosses
the blood-brain barrier (BBB) and finally,
Biochanin-A can efficiently diffuse across
cellular membranes.

Further, the metabolism report of Biochanin-
A revealed that it inhibits the majority of CYP
450 isoforms. Thus, it may result in drug-drug
interactions when co-administered with other
drugs by increasing their plasma concentration
and in turn, their toxicity. The excretion profile
for Bio-A implies its low total clearance and that
it does not have the potential for adverse
interactions  with  co-administered OCT2
inhibitors. Finally, the toxicity report for
Biochanin-A showed that it is non-mutagenic, not
an inhibitor for hERG 1 or Il, doesn't cause any
hepatotoxicity or skin sensation (Table 2) [21].
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Table 1. Predicted Physicochemical and medicinal chemistry properties of Biochanin-A by Swiss-ADME
server

Property Predicted value

1-Physicochemical properties

Formula C16H1205
Molecular weight 284.26 g/mol
Number of heavy atoms 21

Number of aromatic heavy atoms 16

Fraction csp3 0.06

Number of rotatable bonds 2

Number of Hydrogen bond acceptors 5

Number Hydrogen bond donors 2

Molar refractivity 78.46

TPSA 79.90 A

2- Lipophilicity

Log Pow (ILOGP) 2.55

Log Pow (XLOGP3) 2.99

Log Pow (WLOGP) 2.88

Log Pow (MLOGP) 0.77

Log Pow (SILICOS-IT) 3.03

Consensus Log Popw 2.44

3- water solubility

Log S (ESOL) -3.92

Solubility 3.43e-02 mg/mL; 1.21e-04 mol/l
Class Soluble

Log S (Ali) -4.33

Solubility 1.32e-02 mg/mL; 4.66e-05 mol/I
Class Moderately soluble
Log S (SILICOS-IT) -5.10

Solubility 2.25e-03 milligram/milli; 7.91e-06 mol/Il
Class Moderately soluble
4- pharmacokinetics

Gastrointestinal absorption High

BBB permeant No

P-glycoprotein substrate No

Cytochrome P1A2 inhibitor Yes

Cytochrome P2C19 inhibitor No

Cytochrome P2C9 inhibitor No

Cytochrome P2D6 inhibitor Yes

Cytochrome P3A4 inhibitor Yes

Logarithm Kp (skin permeation) -5.91 cm/s

5- Drug likeness

Lipinski Yes: 0 violation
Ghose Yes

Veber Yes

Egan Yes

Muegge Yes
Bioavailability Score 0.55

6- Medicinal Chemistry

PAINS 0 alert

Brenk 0 alert

Lead likeness Yes

Synthetic accessibility 2.89
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Table 2. Predicted absorption, distribution, metabolism, excretion, and toxicity (ADMET) of Biochanin-A by

PkCSM server

1- Absorption

Water solubility

Caco2 permeability
Intestinal absorption (human)
Skin permeability
P-glycoprotein substrate
P-glycoprotein | inhibitor
P-glycoprotein Il inhibitor

2- Distribution

VDss (human)

Fraction unbound (human)
BBB permeability

CNS permeability

3- Metabolism

Cytochrome P2D6 substrate
Cytochrome P3A4 substrate
Cytochrome P1A2 inhibitor
Cytochrome P2C19 inhibitor
Cytochrome P2C9 inhibitor
Cytochrome P2D6 inhibitor
Cytochrome P3A4 inhibitor

4- Excretion

Total Clearance
Renal OCT2 Substrate

5- Toxicity

AMES toxicity

Max. tolerated dose (human)

hERG I inhibitor

hERG I1 inhibitor

Oral Rat Acute Toxicity (LD50)
Oral Rat Chronic Toxicity (LOAEL)
Hepatotoxicity

Skin Sensation

T.Pyriformis toxicity

Minnow toxicity

-3.735 log mol/L

0.897 log Papp in 10°® cm/s
93.028 % absorbed

-2.737 log Kp

Yes

No

No

-0.341 log L/kg
0.03

-0.221 log BB
-2.115 log PS

No
Yes
Yes
Yes
Yes
No
No

0.247 log ml/min/kg
No

No

0.4 log mg/kg/day

No

No

1.851 mol/kg

1.142 log mg/kg_bw/day
No

No

0.515 log pg/L

0.681 log mM

3.2. In silico Molecular Docking Studies
3.2.1. Docking results of Cyclin-D1-CDK4

The ATP binding domains of both CDK4 and
CDKG6 chains were found to align almost
perfectly with only a slight variation in the depth

of both pockets. CDK6 demonstrated a deeper
pocket (Fig. 4). Upon docking was done with a
large grid box that covers all the protein,
ribociclib was found to favor binding to the ATP
binding domain of the CDK4 subunit of the
CCND1-CDK4 complex over all other pockets of
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this protein heterodimer. Ribociclib was also
locally docked to both the CDK6 and CCND1-
CDK4 complex active sites, and the docked
poses were compared with that of the co-
crystallized pose of Ribociclib in the 5L2T model
after its alignment to the 2W96 crystal structure
using PyMOL (Fig. 5). The docked pose to the

5L2T model displayed only a minor spatial shift
resulting in an RMSD of 0.22 A. On the contrary,
the docked pose to the 2W96 model
demonstrated a relatively more significant spatial
shift with an RMSD of 6.05 A; because the ATP
binding pocket of CDKA4 is shallower.

Fig.4. Binding site comparison using molecular surface representation of PyMOL depicting the ATP binding pockets of CDK4
on the left and CDKG®6 on the right. Ribociclib inhibitor molecule is displayed as sticks to demonstrate the relative depth of both
pockets based on the alignment of 5L2T crystal structure to that of 2W96

Fig.5. Generated poses from local docking of Ribociclib to the ATP binding domains of CDK6 (PDB ID: 5L2T) and CCND1
CDK4 complex (PDB ID: compared to the co crystallized Ribociclib residue of 5L2T after its alignment to the 2W96 model;

displayed respectively as canary yellow, cyan,

Biochanin-A was docked to the ATP binding
site of the CDK4 subunit of the 2W96 model
using the previously validated local docking
protocol of Ribociclib. The docked pose with the
highest score (-8.3 kcal/mol) was extracted from
the PDBQT output file and visualized with the
2W96 protein complex using Discovery Studio
Visualizer (Fig. 6). The carbon atom next to the

and magenta sticks using Discovery Studio Visualizer

cyclic oxygen of the isoflavone group within the
docked Biochanin-A molecule displays a weak
hydrogen bond interaction with the aspartate
residue (ASP158) of the conserved DFG motif of
the ATP binding domain; suggesting mild
inhibition of the enzyme activity by blocking the
metal ions’ binding required for catalysis of
phosphorylation process [15].
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The docked pose of Biochanin-A was
additionally validated through a comparison of
the interactions with pocket amino acids of the
ATP binding domain that belongs to the 5
reference  inhibitor entities:  Abemaciclib,
Alvocidib, Palbociclib, Riviciclib, and
Ribaciclib. Upon the comparison, a significant

consensus was noted concerning the interactions
with Val20, Leul4d7, and llel2. Moreover,
Biochanin-A  exhibits a hydrogen bond
interaction with Lys142 which also occurs in the
binding mode of Abemaciclib. Scores of the best
poses of Biochanin-A and reference inhibitors are
shown in (Table 3).

Table 3. Predicted binding energy scores for the best poses generated from docking of reference inhibitors to
the ATP binding pocket of CDK4 of the CCND1-CDK4 complex (PDB ID: 2W96)

Compound Name

Predicted Binding Affinity (kcal/mol)

Biochanin-A -8.3
Ribociclib -8.5
Abemaciclib -10.2
Alvocidib -9.5
Palbociclib -8.1
Riviciclib -8.5
4 o
— , B
-_\\ v"," ; —
,, Asphs \_}\:_.\
fvy / ™
/ ~ B:20
ij
e — B:147 ASP
. B:158
/g \ 143
‘ 3((\ eV
\ v
& G - -
S VA NE=— =il

Fig.6. Generated pose from local docking of Biochanin A to the ATP binding domain of the CDK4 subunit of CCND1-CDK4
complex (PDB ID: 2W96). On the left, the binding mode is rendered in 3D with the ligand colored in faint green and the binding
site residues labeled in red showing the residue name and residue identifier. On the right, the 2D interactions diagram is depicted

with the legend shown at the bottom

3.2.2. Docking results of VEGFR-2

Sorafenib was redocked to the ATP binding
domain of VEGFR-2 (4ASD PDB code). The

sorafenib docked pose was found to have an
RMSD value of 0.53 A compared to sorafenib
crystal structure coordinates which validate the
used docking protocol (Fig. 7).
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Fig.7. Generated pose from local re docking of Sorafenib to
the ATP binding domain of VEGFR-2 (PDB ID: 4ASD)
compared to the co crystallized binding mode of the
Sorafenib residue within the 4ASD crystal structure;
displayed respectively as canary yellow and silver sticks
using Discovery Studio Visualizer

Abou El Ella et al., Arch Pharm Sci ASU 5(1): 16-32

Biochanin-A (Fig. 8), as well as Axitinib,
Cabozantinib, Pazopanib, and Sunitinib, were
also docked to the ATP binding pocket belonging
to the 4ASD model of VEGFR-2 using the same
procedure. The predicted binding poses of tested
compounds can be seen in. Moreover, the
calculated binding energy score for the highest-
ranking pose for tested compounds as well as
Sorafenib is presented in (Table 4).

Table 4. Predicted binding energy scores for the best poses generated from docking of Biochanin-A and
reference inhibitors to the ATP binding site of VEGFR-2 (PDB ID: 4ASD)

Compound Name

Predicted Binding Affinity (kcal/mol)

Biochanin-A -8.6
Sorafenib -12.2
Axitinib -9.1
Cabozantinib -9.3
Pazopanib -7.2
Sunitinib -9.3
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Fig.8. Generated pose from local docking of Biochanin A to the ATP binding pocket of VEGFR-2 (PDB ID: 4ASD). On the left,
the binding mode is rendered in 3D with the ligand colored in green and the binding site residues labeled in red showing the
residue name and residue identifier. On the right, the 2D interactions diagram is depicted with the legend shown at the bottom
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3.3. In Vitro cytotoxicity of Bio-A on different
cancer cells

To investigate the cytotoxic effect of Bio-A in
different cancer cells, concentration-response
curves of Bio-A in HepG2, MCF-7, and PC-3
cell lines were assessed. In the HepG2 cell line,
Bio-A at a concentration of 10 uM induced a
decrease in cell viability by 30.37%, while at 100
MM, Bio-A decreased viability by 92%. In the
MCEF-7 cell line, Bio-A at a concentration of 10
UM induced a decrease in cell viability by
28.04%, while at 100 uM, Bio-A decreased
viability by 87.3%. Furthermore, in a PC-3 cell
line, Bio-A at a concentration of 10 uM induced
a decrease in cell viability by 0.34%, while at 100
UM, Bio-A decreased viability by 87.46% (Fig.
9).

1201
Ea 10

1001 mm 100

9% Viability
[e2]
e

HepG-2 McF-7 PC-3

Fig.9. concentration-response plot of Biochanin-A in HepG-
2, McF-7 and PC-3 cell lines after 72 h of treatment. Data
are expressed as means+SD (n= 6)

4. DISCUSSION

Biochanin-A is marketed for the alleviation
of menopausal symptoms [7]. Biochanin-A is a
natural isoflavone that is found in red clover,
soybean, peanut, and chickpeas [5]. This natural
agent is available in a tablet dosage form as a
food supplement (promensil®) and is used
clinically for the management of postmenopausal
symptoms due to its phytoestrogenic nature [6].
For a drug to exert a significant effect, its
molecule should first reach the sickened organ in
the body with a suitable dose concentration.
Second, the drug with sufficient dose should
remain in its bioactive form for a time long

enough to induce its biological effect. The
process of drug development is an early step in
drug discovery. This step includes the estimation
of the drug absorption, distribution, metabolism,
and excretion or what is called ADME properties.
At the drug development stage, the compounds
under study are plentiful while access to physical
samples of those drugs is infinitesimal [22].
Computer models are now considered an
approach to mitigate the aforementioned issue.
As computer models can substitute experimental
procedures. Moreover, in the drug discovery
phase, it was reported that the possibility of
pharmacokinetics-related failure in the clinical
phases can be reduced drastically by early
assessment of ADME properties of the drug [23].
Thus, SwissADME is used as a web tool that
offers free access to a gathering of rapid yet

BOILED-Egg model was generated Using
SwissADME  server, and values of the
topological polar surface area (TPSA) and
lipophilicity (WLOGP) properties of Biochanin-
A are 79.90 A% and 2.88, respectively which
suggest that the compound will be orally
absorbed without crossing BBB (Fig. 3). In
addition, the SwissADME report showed the
values related to different properties of
Biochanin-A such as lipophilicity; the Physico-
chemical parameter that influences the affinity of
a molecule towards binding sites, and passive
transport through biological membranes [24].

Partition coefficient between water and an
immiscible solvent is usually used for estimation
of the molecules’ affinity for a medium, and this
affinity is calculated as a decimal logarithm of
the partition coefficient (log P) in two non-
miscible solvents [25]. Water solubility; the
measure of the amount of a substance (the solute)
that can dissolve in water, pharmacokinetics; the
study of the movement of xenobiotics
(drugs/compounds/ new chemical entities
(NCEs)) within the body after their
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administration [26]. Drug likeness is a parameter
that is incorporated into the early stages of drug
discovery. Besides, it is a qualitative property of
chemicals determined by experts committee vote
[27]. Furthermore, medicinal chemistry is a
crucial parameter that is required to be
determined during the early stage of drug
discovery and development. The significance of
medicinal chemistry is due to its ability to
interpret the mechanism of action of biologically
active compounds on a molecular basis.
Moreover, medicinal chemists’ interests extend
to include not only bioactive compounds but also
the identification and synthesis of their metabolic
products [28]. The next step was to predict the
ADMET properties of Biochanin-A using another
server PKCSM (using graph-based signatures) to
further investigate the possibility of Biochanin-A
being an effective drug. PKCSM report revealed
the predicted values for different parameters
related to the ADMET properties of Biochanin-
A.

Regarding absorption of Biochanin A, water
solubility was (-3.735 log mol/L) indicating its
moderate water solubility. Caco2 permeability
(0.897) expresses the moderately high Caco2
permeability of Biochanin-A. Biochanin-A is
well absorbed in the human intestine with an
absorbance of 93.028%. Skin permeability is a
parameter of interest for the development of
transdermal drug delivery. Biochanin-A has a
moderate skin permeability with a log Kp of -
2.737. PKCSM report showed that Biochanin-A is
likely to be a substrate for p-glycoprotein,
without any likeness to be an inhibitor for P-
glycoprotein I or 1l.

The volume of distribution (VD) is a
pharmacokinetic property that is used to express
a drug's tendency either to stay in the plasma or
to be redistributed to other tissues.
Mathematically, VD is the ratio between the
amounts of the drug in the body to the plasma

concentration of the drug at a specific time [29].
Distribution properties of Biochanin A showed
that its volume of distribution (VDC) in humans
is low (log VDss = -0.341), while the fraction of
Biochanin-A that would be unbound in plasma is
(0.03). Furthermore, Biochanin-A has moderate
permeability across blood-brain barrier (BBB)
(log BB= -0.221) and across CNS (log PS= -
2.115).

Cytochrome P450 (CYP) is a hemeprotein
that is mandatory for the metabolism of both
drugs as well as xenobiotics [30]. Understanding
the CYP system is crucial for advanced
practitioners (APs) to avoid the profound
consequences of drug-drug interactions [31].
Regarding Biochanin-A metabolism, Biochanin-
A is likely to be metabolized by CYP3A4
substrate  but not CYP2D6  substrate.
Furthermore, Biochanin-A is likely to be an
inhibitor to different cytochrome P450 isoforms
(CYP1A2, CYP2C19, CYP2C9), without any
inhibitory action toward CYP2D6 and CYP3A4.

The organic cation transporter 2 (OCT2) is the
transporter  that intermediates the initial
(basolateral) step in renal secretion of organic
cations  (positively charged molecules at
physiological pH) through human renal proximal
tubules (RPTs). OCT2 exerts its action side by
side with the apically expressed multidrug and
toxin extruder transporters (MATES) to play a
central role in clearing the plasma of many
cationic drugs as it boosts glomerular filtration
[32]. As a result of OCT?2 action, renal secretion
plays a major role in the pharmacokinetics of
numerous drugs [33]. The broad selectivity of
OCTs, including OCT2, represents a major
drawback as it makes them targets for unwanted
drug-drug interactions (DDIs) [34]. Thus, the
present focus of studies is mainly on the
development of models with the advantage of
predicting such interactions [35, 36]. The PKCSM
report of the present study showed that
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Biochanin-A is unlikely to be an OCT2 substrate
with a total clearance of (0.247 log mL/min/kg).

The toxicity profile generated by the PKCSM
server for Biochanin-A revealed that Biochanin-
A has negative AMES toxicity which suggests
that Biochanin-A is not mutagenic or
carcinogenic. The toxic dose threshold of
Biochanin-A in humans is low as its highest
tolerated dose is (0.4 log mg/kg/day). Further,
PkCSM reports showed that Biochanin-A doesn't
have an inhibitory action on hERG | and II.
Therefore, Biochanin-A as a compound doesn't
lead to the development of long QT syndrome
which results in a ventricular arrhythmia that
could be fatal. Furthermore, the predicted value
of the amount of Biochanin-A that causes the
death of 50% of the population (LD50) is (1.851
mol/kg), while the lowest dose of Biochanin-A
which leads to an adverse effect (LOAEL) is
(1.142 log mg/kg BW/day). Moreover, the report
revealed that Biochanin-A doesn't have either
hepatotoxicity or skin sensation activities, which
means that Biochanin-A is unlikely to be
associated either with disruption to normal
functions of the liver or with skin sensation and
allergic contact dermatitis. Finally, the PKCSM
report showed that Biochanin-A is toxic to T.
Pyryformis protozoa bacteria (0.515 log pg/L).
However, Biochanin-A did not have high acute
toxicity against flathead minnows (0.681 log
mM) according to the PKCSM report.

The aberrant expression or activity of Cyclin-
dependent kinases (CDK) is one of the hallmarks
of several malignancies since CDKs are the key
drivers of cell cycle progression and cell
proliferation [37]. In 2017, the small molecule
CDKA4/6 inhibitors combined with endocrine
therapy were approved as the standard of care for
metastatic estrogen receptor (ER) positive breast
cancer patients [38]. Preclinical studies showed
the capacity of Biochanin-A to induce cell cycle
arrest [6]. However, no data was reported

regarding its effect on either Cyclin D1/CDK4 or
CDK6 complexes. In the current work, the
docking of Biochanin-A into the ATP binding
domain of the Cyclin D1-CDK4 complex was
performed through different steps. Firstly, Data
retrieval and preparation for Biochanin-A and
reference inhibitors of both Cyclin D1-CDK4
complex and VEGFR-2 to convert these chemical
structures in PDBQT format using OpenBabel
software. Secondly, performing binding site
analysis and prediction using PyMol followed by
global docking using AutoDock Vina to predict
the most favorable binding pocket for Cyclin D1-
CDK4 complex. Finally, molecular docking
simulation using Discovery Studio Visualizer for
visualization of the docked poses and root-mean-
square deviation (RMSD) calculations were
performed. For the CyclinD1-CDK4 complex,
binding site analysis revealed that CDK6 and
CDK4 chains have perfect alignment to ribociclib
(Fig. 4). Upon binding site analysis, the ATP
binding domain of the CDK4 subunit of the
CyclinD1-CDK4 complex was found to be the
favorite binding site for ribociclib (Supporting
Fig. S1). Afterward, the local docking of
ribociclib to both CDK6 and CyclinD1-CDK4
complex resulted in an RMSD of 0.22 A for
CDKG®6 and 6.05 A for CyclinD1-CDK4 complex
because the ATP binding pocket of CDK4 is
shallower (Fig. 5). The last step in the docking
process was molecular docking of Biochanin-A
to the ATP binding site of the CDK4 subunit of
the 2W96 model using the previously validated
local docking protocol of Ribociclib, followed by
additional validation of the docked pose of
Biochanin-A  through comparison of the
interactions with the pocket amino acids of the
ATP binding domain to the reference inhibitors
of cyclin-dependent kinase (CDK4/6) (Fig. 6).
Docking of Biochanin-A to CyclinD1-CDK4
complex showed a hydrogen bond with Lys142
and Asp158 and several hydrophobic interactions
with 1lel2, Val20, and Leuld?7. It worth
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mentioning that Ribociclib also is forming a
hydrogen bond with Asp163 in 5L2T PDB which
aligns with Aspl158 in CDK4 PDB 2W96. In
addition, Biochanin-A showed a binding affinity
of (-8.3 kcal/mol), which is comparable to its
reference inhibitors as Ribociclib (-8.5 kcal/mol)
and Palbociclib (-8.1 kcal/mol). Both agents are
among the FDA-approved drugs for the
management of advanced ER-positive breast
tumors [39, 40] (Table 3) (Supporting Fig. S2-
S6).

The wvascular endothelial growth factor
(VEGF) is considered a major regulator of
vascular development and angiogenesis within
the tumor microenvironment [41]. VEGF acts
through two key receptor tyrosine kinases,
vascular endothelial growth factor receptor 1
(VEGFR-1) and VEGFR-2. VEGFR-2 is the
main mediator of the VEGF signaling pathway in
endothelial cell angiogenesis, invasion, and
migration [42]. The antiangiogenic multi-tyrosine
kinase inhibitors represent a cornerstone in the
protocols for the management of invasive cancers
[43]. Those agents include sorafenib, sunitinib,
and axitinib which have been developed for the
management of several advanced solid
malignancies such as hepatocellular carcinoma
and breast cancer [9]. In the current work, the in-
silico docking study was conducted to predict the
binding affinity between Biochanin-A and
VEGFR-2. Sorafenib was locally redocked to the
ATP binding domain of the 4ASD model of the
VEGFR-2.  Afterward, Discovery Studio
Visualizer showed acceptability of the docked
pose of sorafenib for the local docking by having
a relatively small RMSD value of 0.53 A (Fig.
7). Subsequently, Biochanin-A and five reference
inhibitors were locally docked to the ATP
binding pocket of the 4ASD model of the
VEGFR-2. Afterward, by utilizing Discovery
Studio Visualizer, the predicted poses with the
strongest estimated binding affinities were
extracted from their respective PDBQT output

files and visualized with the protein part of the
4ASD crystal structure (Fig. 8). Finally, a
molecular docking study revealed that Biochanin-
A docked into the VEGFR-2 receptor active site
with a binding affinity (-8.6 kcal/mol) which is
comparable to its standard inhibitors such as
axitinib  (-9.1 kcal/mol) and sunitinib (-9.3
kcal/mol). It is noteworthy that Biochanin-A
binding affinity was at lower energy and more
stable compared to that of the standard inhibitor
pazopanib (-7.2 kcal/mol). However, the standard
inhibitor sorafenib showed the best binding
affinity (-12.2 kcal/mol) (Supporting Fig. S7-
S11) (Table 4). This tyrosine kinase inhibitor is
the first-line therapy for advanced/metastatic
hepatocellular carcinoma [9, 10, 44]. It is
important to mention here that although
Biochanin-A has shown got docking scores, it did
not show interactions with Asp1046 and GIu885
which are known to be important interactions for
VEGFR-2 inhibitors

Upon visual analysis of the binding mode of
Biochanin-A, the cyclic oxygen of the isoflavone
scaffold of Biochanin-A displayed a strong
hydrogen bond interaction with the proton of the
peptide backbone of Cys919 of the hinge region
of the kinase. Furthermore, the side chain of the
conserved anchoring Lys868 of the upper lobe
exhibited two interactions with the ligand; a
hydrophobic Pi-Sigma interaction with the
substituted phenyl moiety of the isoflavone
nucleus, and a non-classical hydrogen bond
interaction with the ethereal oxygen atom of the
terminal methoxy group. Finally, the ligand
demonstrated a series of diverse hydrophobic
interactions with several residues of the ATP
binding site of the enzyme.

In vitro studies were performed to investigate
the biological effect of Biochanin-A as an
anticancer agent. SRB cytotoxicity assays were
conducted to express the cytotoxic effects of
Biochanin-A on different cancer cells including
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hepatocellular carcinoma (Hepa-2), breast cancer
(McF-7), and prostate cancer (PC-3) cell lines, in
the aforementioned assays Biochanin-A was
tested at two different concentrations, 10 and 100
UM. the results showed that at 10 pM
concentration, Biochanin-A  decreased cell
viability in HepG-2 by 30.37%, in McF-7 by
28.04 %, and in PC-3 by 0.34%. In sharp
contrast, the decrease in cell viability following
treatment with Biochanin-A at 100 pM
concentration was 92% in HepG-2, 87.3% in
McF-7, and 87.46% in PC-3 (Fig. 9). The
previous results demonstrate the anti-cancer
activity of Biochanin-A on different cancer types.

Conclusion

In  conclusion, first, the reports of
SwissADME and PKCSM servers for Biochanin-
A expressed the physicochemical properties of
Biochanin-A including lipophilicity, absorption,
distribution, metabolism, and excretion. These
results suggest the susceptibility of Biochanin-A
to be an effective drug. Second, the in-silico data
suggests that Biochanin-A interacts with both
VEGFR-2 and Cyclin D1-CDK4 complex with a
docking affinity that is comparable to their
standard inhibitors. These promising preliminary
findings require further verification through
kinase assays. Moreover, it encourages the use of
Biochanin-A as a scaffold to generate more
optimized nature-inspired inhibitors that have
dual inhibitory functions against those key targets
and carry a higher safety profile.

Recommendation

Further research is recommended to
investigate other possible mechanisms of
biochanin-A as an anticancer drug. This research
includes, first, in-vivo studies for Biochanin-A
for investigating the anticancer activity of
Biochanin-A on mice. Second, in-vitro studies to
investigate the possible mechanisms beyond the
anticancer activity of Biochanin-A on different

cell lines. Third, further in-silico studies for
Biochanin-A on different tumor targets other than
Cyclin-D1 or VEGFR-2 to explore any other
mechanisms for Biochanin-A to exert its anti-
cancer activity.
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