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ABSTRACT: Clerodin was isolated from the medicinal plant Clerodendrum
infortunatum, and CSD search showed the first crystal structure of clerodin by a
single-crystal X-ray diffraction study. We checked its binding potential with target
proteins by docking and conducted network pharmacology analysis, ADMET
analysis, in silico pathway analysis, normal mode analysis (NMA), and cytotoxic
activity studies to evaluate clerodin as a potential anticancer agent. The cell viability
studies of clerodin on the human breast carcinoma cell line (MCF-7) showed
toxicity on MCF-7 cells but no toxicity toward normal human lymphocyte cells
(HLCs). The anticancer mechanism of clerodin was validated by its enhanced
capacity to produce intracellular reactive oxygen species (ROS) and to lower the
reduced glutathione content in MCF-7 cells.

■ INTRODUCTION
In the last few decades, natural products have been recognized as
agents for treating human diseases across the world. Sources of
natural products are different, which include plants, vertebrates,
invertebrates, microorganisms, and marine organisms.1 Diver-
sity in natural chemical sources serves as an important cenote of
potential bioactive phytocompounds in the development of new
leads by providing novel synthons for new drugs, as well as paths
for structural architecture to produce highly potent, safe, and
cheap drugs. Twenty-five percent of the total drugs are the
contribution from medicinal plant-derived natural products,2

whereas over 60% of all clinically used drugs are inspired by
natural products. To name a few, the structural design of
metformin used in the treatment of diabetes is inspired by
Galegine, a phytoconstituent of Galega officinalis L.,3 and the
phytoconstituent Papaverine isolated from Papaver somniferum,
paving the way for the development of the semisynthetic drug
verapamil, which acts as an antihypertensive.4

Worldwide, one of the leading causes of death is cancer. The
disease is characterized by abnormal burgeoning of cells. Mainly,
there are two factors that induce cancer: first, external factors,
like alcohol consumption, tobacco consumption, hazardous
chemicals, infectious micro-organisms, and radiation; and
second, internal factors, which are mutations of a genetic
order, mutations that occur from metabolism, up- or down-
regulations of some hormones, and critical immune conditions.
These factors develop cancer either individually or when
performed together synergistically.

In the modern era, the drug discovery and development of
plant-based drug discovery has contributed greatly and is still
going on to the development and discovery of anticancer leads
and drugs in in vitro, in vivo, and clinical trials, as for example,
anticancer activity is shown by the extract of Camptotheca
acuminata, which inspired chemists to isolate its phytocon-
stituents to check for their anticancer activity individually and
sometimes in group, and thus, an anticancer drug in the name of
camptothecin was discovered.5 The uncontrolled growth and
spread of cells are commonly referred to as cancer. Therefore,
molecules that can inhibit the growth of cells can stop cancer.
One of the widely used medicinal plants is Clerodendrum

infortunatum because of a major active component, clerodin. It is
a diterpenoid, and its anticancer activity will be evaluated
through bioassays and bioinformatics. Prior studies have shown
that the powder or paste of C. infortunatum leaf extracts is
reported to be used for the treatment of asthma, pyreticosis,
cataract, malaria, and diseases of blood, skin, and lung and
showed anti-feedant, cytotoxic, antioxidant, and anti-inflamma-
tory properties. Thus, this plant-derived natural product,
clerodin, plays a vital role against some specific disease targets.
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For this reason, we have selected the medicinal plant C.
infortunatum from the genusClerodendrum,which belongs to the
family verbenaceae, and isolated a major active component,
clerodin, from it.
In this article, we have reported the isolation of clerodin and

obtained its first crystal structure. Again, we have performed bio-
informatics, network pharmacology studies on Clerodin.
Clerodin exhibited anticancer and antioxidant potential against
human breast carcinoma cell (MCF-7).

■ EXPERIMENTAL METHODS AND MATERIALS
Materials. Histopaque 1077, tetrazolium salt 3-(4, 5-

dimethylthiazol-2-yl)-2S-diphenyltetrazolium bromide
(MTT), penicillin and streptomycin, 2′,7′-dichlorodihydro
fluorescein diacetate (H2DCFDA), sulfosalicylic acid, Ellman’s
reagent (DTNB), and 2-vinyl pyridine were purchased from
Sigma-Aldrich Co, LLC. Fetal bovine serum (FBS) and
Dulbecco’s modified Eagle’s medium (DMEM) were purchased
from GIBCO.
Isolation of Clerodin. The leaves of C. infortunatum (50 g),

commonly known as “Bhant” in Hindi and “Ghentu” in Bengali
in India, are the only part that people consume; the plant grows
throughout the plains of India and is found mostly in West
Bengal. For this study, we collected it from local vendors inWest
Bengal, India. After a while, the leaves were dried in open air and
ground with a mortar and pestle. Then, the paste was extracted
with 1% ethylacetate in n-hexane in a Soxhlet apparatus for 72 h.
Using a rotary evaporator, the total extract was then
concentrated and kept at room temperature for some time.
Then, it was weighed and found to have 2.9 g of yellowish
semisolid clay. This clay was then dissolved in chloroform,
chromatographed using a silica gel column, and eluted with
(1:50) ethylacetate in n-hexane.

The fraction obtained with (1:50) ethylacetate in n-hexane
afforded a green solid, which, after washing with n-hexane,
afforded 29 mg of pure clerodin, as green crystals. Then, the
structure was confirmed using 1H NMR and X-ray crystallog-
raphy. Thus, the amount of clerodin (Scheme 1) present in
leaves of C. infortunatum was found to be 0.058%.
Crystallographic Measurements. The data collection for

clerodin was made using a Bruker SMART APEX CCD area
detector equipped with a graphite monochromated Mo Kα
radiation (λ = 0.71073 Å) source in φ and ω scan modes. Cell
parameter refinement and data reduction were carried out using
Bruker SMART20 and Bruker SAINT software for the
compound. The structure was solved by conventional direct
methods and refined by full-matrix least-square methods using
F2 data. SHELXS-97 and SHELXL-97 programs21 were used for
structure solution and refinement, respectively. Hydrogen atoms
on oxygen atoms were found from a Fourier difference map and
were allowed to refine while all other hydrogen atoms were
placed in calculated positions. Selected crystallographic
parameters of clerodin are given in Table 1.
Data Collection. Here, the study was conducted by

choosing the compound clerodin, which is an active ingredient
of C. infortunatum leaves. For execution of network pharmacol-
ogy and molecular docking with potential cancer protein targets,
the genes and their respective proteins were collected from the
NCBI gene bank and the Uniprot database. The protein targets
were obtained from the RSCB PDB website and considered for
the molecular docking study of clerodin.
Molecular Docking. The in silico docking of the

compounds, via protein-ligand binding energy (ΔG) analysis,
was performed using Auto Dock Vina6 as an extension in UCSF
Chimera.
The protein cyclin-dependent kinase 2,2,5 diaryl isoxazole

Hsp 90 Chaperone inhibitor, phosphoinositide 3-kinase,

Scheme 1. Isolation of Clerodin from the Leaves of C. infortunatuma

aPhotograph Courtesy: S. Pakrashy.
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farnesyltransferase, androgen receptor, human p53 core domain
mutantN235K, and β-hexosaminidase Bwere retrieved from the
RCSB Protein DataBank (PDB) (http://www.rcsb.org/pdb),
PDB-ID 2R3J, 2VCJ, 4FLH, 1JCQ, 2PIT, 4LO9, and 1NOW in
the PDB format; all of the proteins have good ligand structure
goodness of fit to experimental data. As per the docking
protocol, removal of all water and solvent molecules, cocrystal-
lized residues (if any), and mirror chain (if any) was ensured
using UCSF Chimera software. Next is the protein structure
preparation, and it is also done in Chimera. The protein
structures were prepared by assigning hydrogen atoms, charges,
and energy minimization using the Dock Prep tool. The charges
were assigned as per the AM1-BCC method, which quickly and
efficiently generates high-quality atomic charges for protein, and
the charges were computed using the ANTECHAMBER
algorithm.7 Energy minimization was performed using the
swiss pdb (SPDBV)8 viewer. The target proteins after
minimization of energy were then saved in the PDB format for
future docking purposes.
Clerodin, used for the in silico interaction assays, is the

medicinal plant’s secondary metabolites, which is present in
PubChem, PubChem ID−442014, retrieved from there in the
SMILE format, copied and pasted in ChemDraw and cleaned
up, after which it was copied to Chem3D pro, where its energy
minimization was carried using MM2 calculations, after which it
was saved in the SDF (3D) format. Now, before performing the
molecular docking of the ligand and the protein, the ligands were
optimized by addition of hydrogen and addition of charge using
the Gasteiger algorithm,9 and energy minimization was
performed using 1000 steepest descent steps with a 0.02
Armstrong step size with an update interval of 10 and then again
saved in PDB format in the structure editing wizard of Chimera
software, which is driven by the chemoinformatic principle of
electronegativity equilibration, and then the files were saved in
the PDB format. A grid box that assigns the binding region was
chosen in such a way that it would cover the protein’s active site
for the hydrophobic surface of the concave region of the protein
to fit in properly the hydrophobic surface of the ligand giving the

best binding score. For visualizing in different formats, we used
the software Discovery studio and UCSF Chimera.
Network Pharmacology. It is a vast section that describes

the relationship between genes that are responsible for causing
diseases and the action of drugs. Here, we will use it to find the
connection between the genes (causative agents of cancer). By
exploring research journals of PubMed, we found a group of
seven genes responsible for different forms of cancer, namely,
CDK2,10 HSP90AA1,11 PIK3CG,12 FNTA,13 AR,14 TP53,15

and HEXB.16 We created an interaction network with these
seven genes of interest using STRING-DB, an online tool, and
used Cytoscape17 software to figure out the most connected
gene. These genes gave the seven target proteins we considered
here for docking.
Enrichment analysis was done to characterize a gene list, and

we will use it to find its KEGG pathway. An online tool Enrich R
was used to perform this analysis.
To identify micro-RNAs associated with the seven genes, we

will use another online tool miRNet; micro-RNAs can regulate
gene expression, and these are noncoding RNAs.
ADMET Prediction. In silico ADME analysis was conducted

to investigate the physical-chemical properties of the potent hits,
such as water solubility, lipophilicity, bioradar (for orally
acceptable molecules), drug likeness, and pharmacokinetics
using the following website http://www.swissadme.ch. How-
ever, the toxicity of these molecules could not be investigated
using SwissADME;18 thus, the pkCSM19 pharmacokinetics
server was used to predict the toxicity properties of the
molecules with their SMILE (simplified molecular input line
entry specification) profile.
Cutoff parameters set were that the compound should not be

a blood−brain barrier (BBB) permeate and should not react
with any cytochrome P450 enzyme.
Molecular Dynamic Simulation. Molecular dynamics

simulation studies of docked complexes play a crucial part in
validating the drug candidate and protein fit binding. Molecular
dynamics was carried out with the iMODS22 server to explain
the usual proteinmotion within the internal coordinates through
normal mode analysis (NMA). iMODS is a highly customizable
and useful server and shows a number of levels, which are coarse-
grained (CG). It predicts the dihedral coordinates of Cα atoms
with large calculations of these big docked complexes.
Furthermore, the B-factor is also predicted in the iMODS
server along with structural deformability and determines the
eigenvalue.
Methods for Isolation of Human Lymphocyte Cells

(HLCs). In heparin-coated vacutainers, 5 mL of blood sample
was collected from healthy young volunteers using the method
of Hudson and Hay.23 Then, 4 mL of blood was taken in a
centrifuge tube and the same volume of Histopaque 1077
(Sigma-Aldrich Co. LLC) was added to it. The blood sample
was then centrifuged at 2000 rpm for 20 min at room
temperature, and the lymphocyte monolayer was collected and
transferred to a fresh autoclaved centrifuge tube. The HLC cells
were washed 3 times in a phosphate-buffered solution (pH 7.4),
resuspended in an RPMI medium supplemented with 10% FBS,
and incubated in a CO2 incubator for 24 h at 37 °C.
Cell Viability Study. MCF-7 cells were obtained from

Chittaranjan National Cancer Institute, Kolkata-700 026 West
Bengal, India. Cells were cultured in DMEM supplemented with
10% FBS, penicillin (100 U mL−1), and streptomycin (10 mg/
mL) in a humidified atmosphere of 5% CO2 at 37 °C.

Table 1. Crystal Data and Details of Structure Determination

crystal data (CCDC-2210102)
formula C24H34O7

formula weight 434.51
crystal system monoclinic
space group P21 (No. 4)
a, b, c [Å] 14.8028(12), 9.8415(6), 15.7498(12)
α, β, γ [°] 90, 92.647(3), 90
V [Å3] 2292.0(3)
Z 4
D(calc) [g/cm3] 1.259
μ(Mo Kα) [/mm] 0.092
F(000) 936
data collection
temperature (K) 150
radiation [Å] 0.71073
θ min−max [°] 2.6, 28.3
data set −19: 19; −13: 13; −21: 20
tot., uniq. data, R(int) 38309, 11267, 0.052
observed data [I > 2.0 σ(I)] 9550
refinement
Nref, Npar 11267, 568
R, wR2, S 0.0781, 0.2488, 1.05
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Cell viability studies of clerodin in human lymphocyte cells
(HLCs) and MCF-7 cells were performed by a tetrazolium salt
3-(4, 5-dimethylthiazol-2-yl)-2S-diphenyltetrazolium bromide
(MTT) assay.24 In brief, cells were seeded in 96-well plates at a
density of 1× 106 cells per well in 100 μL of culture medium and
incubated with a series of concentrations (0.5, 1, 2, 5, 10, 25, 50,
and 100 μg/mL) of clerodin at 37 °C in a CO2 incubator for 24
h. After 24 h of treatment, the culture medium was removed and
cells were washed with PBS (pH 7.4). After adding 10 μL of a
stock MTT solution (5 mg/mL) into each well, it was again
incubated for 3 h at 37 °C. The formed intracellular formazan
crystal (blue-violet) was dissolved with the addition of 0.1%
DMSO, and absorption was measured at the wavelength of 540
nm by an ELISA ANALYSER (Bio-Rad, Model 680). The
cytotoxicity of clerodin was studied by calculating the value of
the inhibitory concentration (IC50), and the cell viability was
measured using the following formula. Values are mean (M) ±
standard error of mean (SEM) of three independent experi-
ments.

= ×% cell viabilty (OD of sample)/(OD of control) 100

Measurement of Intracellular ROS Generation. Intra-
cellular ROS generation was measured using 2′,7′-dichlorodihy-
dro fluorescein diacetate (H2DCFDA).

23 MCF-7 cells were
cultured for 24 h and treated with clerodin at its IC50 dose (30.88
μg/mL) for another 24 h. After that, the DMEM media was
discarded and cells were washed with phosphate-buffered saline
(PBS, pH 7.4) and then incubated with H2DCFDA (1 μg/mL)
for 30 min at 37 °C followed by washing with PBS three times.
Finally, oxidation of DCFH-DA to 2′-7′dichlorofluorescein
(DCF) was quantified using a Hitachi F-7000 fluorescence
spectrophotometer at 485 nm (excitation) and 520 nm
(emission). The image was taken by fluorescence microscopy
(LEICA DFC295, Germany).
Estimation of Reduced Glutathione (GSH) and

Oxidized Glutathione (GSSG). To estimate reduced
glutathione (GSH), 0.2 mL of the test sample was mixed with
sulfosalicylic acid (4%) and the mixture was centrifuged at 2000
rpm for 10 min. After that, the supernatant was aspirated and 2
mL of DTNB solution (0.6 mM) was added to it. A yellow-
colored complex was formed by the reaction of DTNM and

GSH, and this was measured by a spectrophotometer at 412−
420 nm.23,24

Oxidized glutathione (GSSG) was measured by derivatization
of GSH with 2-vinyl pyridine with a slight modification. In brief,
2 mL of 2-vinyl pyridine was mixed with 0.1 mL of the test
sample followed by incubation for 1 h at 37 °C. Sulfosalicylic
acid (4%) was added to the mixture and centrifuged at 3000 rpm
for 10min. The supernatant was taken, and the amount of GSSG
level was measured using the above method. The experiment
was performed in triplicate, and the results are expressed as
mean ± SEM.23

■ RESULTS AND DISCUSSION
Isolation and Structural Description of Clerodin. The

fraction obtained from the leaves of C. infortunatum, commonly
known as “Ghentu” in Bengali, with (1:50) ethyl acetate in n-
hexane afforded a green solid, which, after washing with n-
hexane, afforded pure clerodin, as green crystals. The structure
was confirmed by 1H NMR and single-crystal X-ray crystallog-
raphy.
The unequivocal single-crystal X-ray structural proof of the

asymmetric unit of clerodin with top and side views is shown in
Figure 1. The clerodin crystallized in themonoclinic systemwith
the space group P21. The unit cell is composed of twomolecules.
The molecule consists of a (5,5) fused furo[2,3-b] furan ring
moiety (oxygen named O1 and O2) and adopts a half-chair
conformation, as evidenced by the crystal structure. Only one
bridged-headed epoxide (O3) and two acetates (O4 and O6) as
ester functional groups are attached with a fused bicyclic ring,
which gives the compound a puckering structure. The
crystallographic parameters are given in Table 1.

Docking Studies. The protein ligand binding interactions
(Table 2) between the targeted proteins PDB-ID 2R3J, 2VCJ,
4FLH, 1JCQ, 2PIT, 4LO9, and 1NOW and the ligand clerodin,
which is the main phytocompound of the leaves of our medicinal
plant C. infortunatum, were determined using molecular
docking. The calculations reveal the highest free energy change
for these interaction asΔG = − 8.2 Kcal/mol of clerodin for the
protein farnesyltransferase 1JCQ inside a grid box of 15.6 × 129
× −2.51 Å3 with size 30 × 30 × 30 Å3 along the x-, y-, and z-axes
(Figure 2). The calculations reveal the second highest free
energy change for these interactions as ΔG = −7.9 Kcal/mol

Figure 1. Crystal structure: top view (a) and side view (b) of clerodin. Color code: red, oxygen; black, carbon; off-white, hydrogen.
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clerodin for the protein phosphoinositide 3-kinase 4FLH inside
a grid box of 19.1 × 16.05 × 23.12 Å3 with size 31.1 × 40.5 ×
31.61 Å3 along the x-, y-, and z-axes (Figure 3).

■ DOCKING RESULTS

■ ADME PREDICTION RESULTS
The result from SWISS ADME is very satisfactory as clerodin
shows no disagreement with any of the drug-likeness property,
and it has high gastrointestinal absorption and is soluble in water
as well; moreover, it has a good bioradar (Figure 4), which
makes it orally admissible to people. Clerodin does not inhibit
any of the cytochrome P50 enzymes and is also not a PGP
substrate.
It has a good log P value of 2.88, which is essential for showing

drug-like properties (Table 3). The total polar surface area
(TPSA) of clerodin is also good.
From the pKCSM server, we predicted the toxicity of

clerodin, and the result was very promising: clerodin offers no
hepatotoxicity, no ADMES toxicity, and a small toxicity of 1.99.

■ NETWORK PHARMACOLOGY
Network pharmacology revealed that only five out of seven
genes are connected (Figure 5) with each other, namely, CDK2,
HSP90AA1, PIK3CG, AR, and TP53, resulting from STRING-
DB, the online web portal, and the remaining two are not
connected with these five and each other and may be considered
individual participants.
Using Cytoscape, we found that among the five connected

genes, TP53 has the maximum connections, while PIK3CG has
only one connection, that too with TP53.
The Kaplan−Meier plot revealed that the CDK2 gene showed

median survival, the HSP90AA1 gene showed median survival,
the PIK3CG gene showed upper quartile survival, the FNTA
gene showed median survival, the AR gene showed upper

Table 2. Results of the Docking of Clerodin and Target
Proteins

name of protein targets PDB ID

docking score
(Kcal/mol)

Clerodin

2R3J
(1) cyclin-dependent kinase 2 no −6

mutation
human
2VCJ

(2) Hsp 90 chaperone inhibitor no −5.8
mutation
human
4FLH

(3) phosphoinositide 3-kinase no −7.9
mutation
human
1JCQ

(4) farnesyltransferase no −8.2
mutation
human
2PIT

(5) androgen receptor No −6
mutation
human
4LO9

(6) human p53 core domain mutant
N235K

yes −5.1

mutation
human
1NOW

(7) β-hexosaminidase B no −7
mutation
human

Figure 2. Docking poses of clerodin with 1JCQ.
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quartile survival, the TP53 gene showedmedian survival, and the
HEXB gene showed median survival. Other information that is
retrieved from this server is low expression cohort (LEC) in
months, high expression cohort (HEC) in months, log rank P,
and hazard ratio (Table 4). The plots are shown in Figure 7.
KEGG pathway analysis from the Enrich R web server

enlightened us by providing 10 significant pathways related to
these seven genes. These pathways are prostate cancer, PI3K-
Akt signalling pathway, pathways in cancer, p53 signalling
pathway, small-cell lung cancer, progesterone-mediated oocyte
maturation, cell cycle, oocyte meiosis, measles, fluid shear stress,
and atherosclerosis.
Micro-RNA analysis (Figure 6) resulted in a number of micro-

RNAs, which are named as miR followed by the respective
number and are denoted in skyish blue, the transcription factors
are in green, and the genes are in yellow. TP53 is the most
connected gene and is also a transcription factor. Some other
transcription factors are AATF, DNMT1, etc. (Figure 7).

■ MOLECULAR DYNAMICS SIMULATION
Molecular dynamics simulation study of docked complexes plays
a crucial part in validating the secondary metabolites and protein
fit binding, which can be shown as a comparison in the normal
mode of the prepared protein analysis dynamics. In this case, a
dynamics study of the essential protein docked complexes was
applied to the selected number of normal modes of the prepared

Figure 3. Docking poses of clerodin with 4FLH.

Figure 4. Bioradar of clerodin for oral bioavailability.

Table 3. Physicochemical and Drug-Like Properties of
Clerodin

physicochemical properties pharmacokinetics

formula C24H34O7 GI absorption high
molecular weight 434.52 g/mol BBB permeant no
num. of heavy atoms 31 P-gp substrate no
num. of arom. heavy
atoms

0 CYP1A2 inhibitor no

fraction Csp3 0.83 CYP2C19 inhibitor no
num. of rotatable
bonds

6 CYP2C9 inhibitor no

num. of H-bond
acceptors

7 CYP2D6 inhibitor no

num. of H-bond
donors

0 CYP3A4 inhibitor no

molar refractivity 111.78 log Kp (skin
permeation)

−6.72 cm/s

TPSA 83.59 Å2

lipophilicity drug-likeness
log Po/w (iLOGP) 2.88 Lipinski yes; 0

violation
log Po/w (XLOGP3) 3.14 Ghose yes
log Po/w (WLOGP) 3.36 Veber yes
log Po/w (MLOGP) 2.45 Egan yes
log Po/w (SILICOS-
IT)

3.21 Muegge yes

consensus log Po/w 3.01 bioavailability score 0.55
Lipinski yes; 0

violation
Ghose yes
Veber yes
Egan yes
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protein to determine its mobility, rigidness, and stability through
the iMODS server. In this case, the study comprises the binding
dynamics (Figure 8) of the top two docked complexes of the
compound clerodin with the targeted proteins 1JCQ and 4FLH.
B-factor values showed the amplitude relative to the

displacement of atoms around the state of equilibrium and
with the help of NMA, which can be considered equivalent of or
close to the RMS; thus, we will be able to understand the range
of inhibition of action when will be subjected to real experiments
in vitro (Figure 8).
Deformability gives an idea about a molecule’s flexibility to

deform from its original orientation. Hinges at specific sites
represent the binding of the molecule at the respective site
(Figure 8).

■ CELL VIABILITY STUDY
Cell viability studies of HLCs and MCF-7 cells were studied by
an MTT assay.25−28 The result showed that clerodin
significantly inhibited MCF-7 cell viability in a concentration-
dependent manner as compared to the MCF-7 control group
(Figure 9A). Clerodin was found to be a potent cytotoxic agent
against MCF-7 cells, and the IC50 value was found to be 30.88±
2.06 μg/mL. On the other hand, clerodin exhibited 51 and 28%
cell viabilities at concentrations of 25 and 100 μg/mL,
respectively (Figure 9B). It is assumed that clerodin can be
used safely up to 50 μg/mL.
Intracellular ROS Generation Study. Oxidative stress is a

state in which excessive reactive oxygen species (ROS) were
produced due to the failure of the intracellular antioxidant
defence mechanism. This caused severe oxidative damage to
DNA, lipids, and sugars.29 Glutathione (GSH) played a
significant role in controlling ROS generation and thereby
helped maintain redox homeostasis. An elevated level of GSH
was observed in cancer cells, which may help detoxify
xenobiotics.30 This is the reason why GSH has gained the
attention of researchers for cancer therapy.
Results showed that the fluorescence intensity of DCF was

significantly (P < 0.001) increased after the treatment with
clerodin compared to the MCF-7 control group (Figure 10A).
This may be due to the conversion of nonfluorescent H2DCFDA
to the highly fluorescent 2′,7′-dichlorofluorescein (DCF) by
oxidation reaction in the presence of excessive free radicals. The

Figure 5. (a) Interactions from STRING-DB. (b) Interactions from cytoscape.

Table 4. Kaplan−Meier Plot Results

gene symbol
LEC

(months)
HEC

(months) Log rank P
hazard
ratio

CDK2 216.66 228.25 0.2 1.07
HSP90AA1 216.66 185.16 1.2 × 10−11 1.42
PIK3CG 35 46.49 4.4 × 10−5 0.73
FNTA 216.66 184.04 1.5 × 10−5 1.25
AR 44 55.06 0.0034 0.86
TP53 185.16 216.66 0.023 0.89
HEXB 216.66 228.85 0.18 1.07

Figure 6. (a) miRNA topology from miRNet. (b) KEGG_2021 bar graph (human).
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Figure 7. Kaplan−Meier plots of (a) CDK2, (b) HSP90AA1, (c) PIK3CG, (d) FNTA, (e) AR, (f) TP53, and (g) HEXB genes from the server.

Figure 8. Deformability and B-factor of clerodin-bonded 1JCQ and 4FLH.
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fluorescence microscope image shows a bright-green color,
which indicates the generation of intracellular ROS (Figure
10B).

■ REDUCED GLUTATHIONE (GSH) AND OXIDIZED
GLUTATHIONE (GSSG)

Conversion of GSH to glutathione disulfide (GSSG) by
oxidation occurred in different pathological conditions, leading
to oxidative stress.31 The present study revealed that the cellular
GSH level significantly (p < 0.01) decreased after the treatment
with clerodin compared to clerodin untreated cells (Figure 11).
The study clearly indicates that the effective conversion of GSH
to GSSG was induced by clerodin, which may be due to the
excessive ROS generation in MCF-7 cells.
The redox homeostasis is disrupted by the loss of GSH and

leads to ROS accumulation, which triggers cell dysfunction and
death. In cancer cells, high levels of oxidative stress cause them
to be more sensitive to GSH deficiency, which is a fatal
weakness, and can be utilized in cancer therapy.30

Figure 9. Cytotoxicity study of clerodin on MCF-7 cells and human lymphocyte cells (HLCs) by the MTT assay. Cells were treated with different
concentrations (0.5−100 μg/mL) of clerodin for 24 h in a CO2 incubator. The IC50 value was found to be 30.88 ± 2.06 μg/mL for MCF-7 cells (A).
Clerodin showed a concentration-dependent cell viability assay in HLCs cells (B). Values are expressed as the mean ± SEM. (*p < 0.5; **p < 0.01;
***p < 0.001; n = 3).

Figure 10. Fluorescence microscopic image of reactive oxygen species (ROS) generation in MCF-7 cells using H2DCFDA stain after the treatment
with clerodin. The scale bar is 20 μm (A). Measurement of the dichlorofluorescein (DCF) fluorescence intensity induced by clerodin in MCF-7 cells
(B). Values are expressed as the means ± SEM of three experiments; ***p < 0.001, compared with the control group.

Figure 11. Effect of clerodin on reduced glutathione (GSH) and
oxidized glutathione (GSSG) in MCF-7 cells. Values are expressed as
the means ± SEM of three experiments; **p < 0.01; ***p < 0.001,
compared with the control group.
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■ CONCLUSIONS
The compound clerodin, which is an active ingredient of C.
infortunatum, present in its leaves in appreciable amounts, serves
as a good drug candidate against cancer as evidenced by docking
studies along with other scientific approaches. This medicinal
plant has various ethno-pharmacological and ethno-botanical
importances, which lead us to isolate the major active principles
clerodin, which may cure breast cancer by binding with farnesyl
transferase and phosphoinositide 3-kinase, two proteins that are
required for transforming cells to oncogenic mutants. Clerodin
was isolated and first structurally characterized by single-crystal
X-ray diffraction and 1H NMR. Then, it has a good chemical
structure backbone to exhibit a biological role that significantly
inhibited human breast carcinoma cells (MCF-7) by cell
viability and decreased cellular GSH level, clerodin has an
IC50 value of 30.88 ± 2.06 μg/mL. Thus, it can cause death of
cancerous cells without affecting normal cells. The plant species
is nontoxic and highly valued for its characteristic medicinal
importance in the indigenous system of medicine. Toxicity
predictions further revealed the nontoxic nature of clerodin.
Thus, clerodin could be a good drug candidate for human breast
cancer in the near future.
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