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Natural products from plant sources, embracing inherently ample structural diversity than synthetic 
ones are the major sources of anticancer agents and will constantly play as protagonists for discovering 
new drugs. Polo-like kinases (PLKs) play a leading role in the ordered execution of mitotic events and 
4 mammalian PLK family members have been identified. PLK1 is an attractive target for anticancer 
drugs in mammalian cells, among the four members of PLKs. The present study expresses the 
molecular interaction of compounds (1,2-Benzenedicarboxylic acid bis (2 ethylhexyl) ester, squalene, 
3,5-bis (1,1-dimethylethyl) phenol, Pentamethyl tetrahydro-5H-chromene, (1,4-Cyclohexylphenyl) 
ethanone and 6-Vinyl-7-methoxy-2,2-dimethylchromene) isolated from methanolic extract of 
leaves of Ageratum houstonianum with PLK1 enzyme. Docking between PLK1 and each of 
these compounds (separately) was performed using “Auto dock 4.2.” (1,4-Cyclohexylphenyl) 
ethanone showed the maximum potential as a promising inhibitor of PLK1 enzyme with 
reference to ∆G (−6.84 kcal/mol) and Ki (9.77 µM) values. This was sequentially followed by 
Pentamethyl tetrahydro‑5H‑chromene (∆G = −6.60 kcal/mol; Ki = 14.58 µM), squalene (∆G = 
−6.17 kcal/mol; Ki = 30.12 µM), 6‑Vinyl‑7‑methoxy‑2,2‑dimethylchromene (∆G = −5.91 kcal/mol; 
Ki = 46.68 µM), 3, 5‑bis (1,1‑dimethylethyl) phenol (∆G = −5.70 kcal/mol; Ki = 66.68 µM) and 
1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) ester (∆G = −5.58 kcal/mol; Ki = 80.80 µM). 
These results suggest that (1,4-Cyclohexylphenyl) ethanone might be a potent PLK1 inhibitor. 
Further, in vitro and in vivo rumination are warranted to validate the anticancer potential 
of (1,4-Cyclohexylphenyl) ethanone.
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INTRODUCTION

Natural compounds of  higher plants origin can be lead 
compounds, conceding the design and rational aiming 
of  new drugs with new therapeutic properties and novel 
mode of  action.[1,2] A variety of  these plant based natural 
compounds have been reported, which have significant 
anticancer activities; however, to reveal their modes of  
action is an animating challenge for medicinal chemists 
and pharmacologists. Furthermore, molecular docking, 

which has shown an important and promising role in 
the drug discovery will help in digging out lead (active) 
compounds from these natural compounds.[3] Recently, 
scientific groups have focused on the tactics to initiatory 
explore the potential molecular targets and to confirm 
the inhibitory activity of  these anticancer compounds.[4] 
The authors performed molecular docking using different 
enzymes and receptor proteins involved with cell cycle, cell 
growth, and DNA replication.[4]

Polo‑like kinases (PLKs) pertaining to a family of  
serine‑threonine kinases with a kinase domain at the 
N‑terminus followed by one or two C terminal polo‑box 
domains that are associated in substrate binding,[5] have a 
diversity of  roles in cell cycle progression.[6] Among the 
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four members of  PLKs in mammalian cells, PLK1 is the 
best defined and it has also been discovered that PLK1 
functions mainly in many aspects of  mitotic progression, 
like controlling the entry into mitosis through the 
activation of  the cdc 2/cyclinB complex,[7] centrosome 
maturation,[8] bipolar spindle formation,[8] sister chromatid 
separation,[9] anaphase promoting complex activation,[10] 
and affecting cytokinesis by phosphorylating NudC,[11] 
etc., Overexpression of  PLK1 has been reported in many 
proliferating cancer cells, including colorectal cancer,[12] 
endometrial carcinomas,[13] breast cancer,[14] head and neck 
squamous cell carcinomas,[15] non‑small cell lung cancer,[16] 
esophagus and stomach cancer,[17] pancreatic cancer,[18] 
ovarian cancer,[13] skin cancer,[19] and many others.[20] 
Interestingly, it was reported that due to PLK1 depletion 
normal cells can survive, but not the tumor cells.[21] Hence, 
PLK1 is a promising target in antitumor therapy. Increasing 
efforts have been made to identify small‑molecule PLK 
inhibitors for preclinical development and clinical trials.

Scytonemin was the first published small molecular 
PLK1 inhibitor, a natural marine product isolated from 
cyanobacteria,[22,23] which is a micro molar non‑specific 
Adenosine‑triphosphate ATP competitor. In another 
study, Purpurogallin, which is the aglycon of  several 
glycosides isolated from nutgalls and oak barks, has been 
reported as interception of  the polo box domain of  
human polo like kinase‑1.[24] The identification of  natural 
compounds as a PLK1 inhibitor prompted us to further 
investigate the inhibitory activity of  natural compounds 
isolated from plants. Plants belonging to Asteraceae species 
are a source of  many biologically active compounds 
such as essential oils,[25‑28] polyphenolic compounds,[29,30] 
flavonoids,[31‑34] terpenoids,[32,35‑38] phenolic acids,[31,34,39] 
alkaloids,[40] lignans,[31] saponins,[32,38,41] stilbenes, sterols,[34] 
polysaccharides,[35] and many others. Plants from Asteraceae 
family are commonly used in treatment of  various diseases 
including cancer due to their bio‑active properties.

We have previously identif ied s ix compounds 
1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) ester, 
squalene, 3,5‑bis (1, 1‑dimethylethyl) phenol, Pentamethyl 
tetrahydro‑5H‑chromene, (1, 4‑Cyclohexylphenyl) 
ethanone and 6‑Vinyl‑7‑methoxy‑2, 2‑dimethylchromene 
by Gas Chromatography‑Mass Spectrometry GC‑MS 
analysis in the (AB‑2) active band isolated by preparative 
Thin Layer Chromatography TLC from the methanolic 
crude extract of  leaves of  Ageratum houstonianum (Family 
Asteraceae), which turned out to be a promising antioxidant. 
We further showed that the active band (AB‑2) possessed 
significant antibacterial potential.[42] However, there is 
a lack of  information about the mechanism of  action 
and inhibitory effect of  these biologically active natural 
compounds isolated from the species A. houstonianum 

on PLK1 enzyme and possible molecular interactions 
between the two. Hence, the identification of  the amino 
acid residues crucial to the interaction between PLK1 and 
these natural compounds is of  due scientific interest. Such 
information is expected to aid in optimizing the safe and 
efficacious use of  these natural compounds isolated from 
A. houstonianum. Furthermore, this study would be useful 
for scientists involved in drug design in their ongoing search 
for more potent and versatile PLK1‑inhibitors. Currently, 
no crystal structure is available with the Protein Data Bank 
to aid in the characterization of  the interaction between 
PLK1 and these compounds isolated from A. houstonianum. 
In the present study, the natural compounds identified 
by GC‑MS analysis in the fraction (AB‑2) were used as 
ligands for targeting PLK1 for the selection of  most active 
inhibitor out of  six compounds. This will suggest us the 
best PLK1 inhibitor, which might serve as a potential 
lead compound for further, analyzes and possible future 
pharmaceutical applications.

MATERIALS AND METHODS

To determine how the structures of  natural compounds 
1,2‑Benzenedicarboxylic acid bis (2ethylhexyl) ester, 
squalene, 3,5‑bis (1,1‑dimethylethyl) phenol, Pentamethyl 
tetrahydro‑5H‑chromene, (1,4‑Cyclohexylphenyl) ethanone 
and 6‑Vinyl‑7‑methoxy‑2,2‑dimethylchromene identified 
in the (AB‑2) active band isolated from leaves of  
A. houstonianum contribute to their differential inhibitory 
activity against PLK1 kinase, virtual docking analysis with 
the kinase domain of  PLK1 was performed. The crystal 
structure of  PLK1 solved at 2.1 Å resolutions was retrieved 
from the Protein Databank (PDB ID code 2OWB). PDB 
structure of  natural compounds 1, 2‑Benzenedicarboxylic 
a c i d  b i s  ( 2  e t hy l h e x y l )  e s t e r  ( C h e m s p i d e r 
ID‑21106505), squalene (Pubchem CID‑638072), 3, 
5‑bis (1,1‑dimethylethyl) phenol (Pubchem CID‑70825), 
Pentamethyl tetrahydro‑5H‑chromene (Pubchem 
CID‑605742), (1,4‑Cyclohexylphenyl) ethanone (Pubchem 
C I D ‑ 8 7 7 1 5 )  a n d  6 ‑ V i n y l ‑ 7 ‑ m e t h o x y ‑ 2 , 2 
dimethylchromene) (Pubchem CID‑188454) were 
retrieved from Pubchem and Chemspider. Thereafter, 
each of  these ligands (natural compound) was docked to 
the enzyme (PLK1) using “Auto dock 4.2” separately. For 
energy minimization of  each of  the ligand molecules, the 
MMFF94 force field was used. Gasteiger partial charges 
were added to the ligand atoms. We merged the non‑polar 
hydrogen atoms and duly defined the rotatable bonds. 
Docking calculations were carried out on the protein 
model. With the aid of  Auto dock tools, we added hydrogen 
atoms, Kollman united atom type charges, and solvation 
parameters. A grid of  40 Å × 40 Å × 40 Å with 0.375 
Å spacing was designed via “Auto grid” aimed to target 
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the ATP‑binding pocket of  the catalytic site of  PLK1. 
The values of  x, y, and z co‑ordinates used for targeting 
the “ATP‑binding pocket” were 0.069, 23.58 and 66.741, 
respectively. We used the default set of  parameters and 
dielectric functions included within the “Auto dock” 
program for the calculation of  the van der Waals and the 
electrostatic terms. “Lamarckian genetic algorithm” and the 
“Solis and Wets local search method” were employed for 
docking simulations. We randomly set the initial position, 
torsions, and orientation of  the ligand molecules. Hundred 
runs were used for each docking experiment. Each of  the 
runs was terminated after 2,500,000 energy evaluations the 
population size being 150. Discovery Studio2.5 (Accelrys) 
was used for visualizations and figure‑generation.

RESULTS AND DISCUSSION

The natural compounds identified by GC‑MS analysis in 
the (AB‑2) active band isolated from methanolic crude 
extract of  leaves of  A. houstonianum exhibited differential 
inhibitory action against PLK1 kinase. The virtual 
docking results indicated that (1,4‑Cyclohexylphenyl) 
ethanone exhibited strong binding to the kinase domain 
of  PLK1, which could suggest it has stronger anti‑PLK1 
activity than the other compounds. The docking model 
showed that (1,4‑Cyclohexylphenyl) ethanone was 
sandwiched into a “C” shaped cavity between the side 
chain of  L59 from the N terminus and R136 from the 
C‑terminus [Figure 1]. The kinase domain of  PLK1 
was found to interact with (1,4‑Cyclohexylphenyl) 
ethanone through the amino acid residues R134, R135, 
R136, C133, F183, L132, A80, E131, V114, C67 and 
L59 [Table 1]. The free energy of  binding and estimated 
inhibition constant (Ki) for the “(1,4‑Cyclohexylphenyl) 
ethanone‑PLK1 kinase domain‑interaction” were 

determined to be −6.84 kcal/mol, and 9.77 µM, 
respectively. Four carbon atoms of  (1,4‑Cyclohexylphenyl) 
ethanone, namely CD1, CB, CG1 and CG2 were 
predicted to be involved in hydrophobic interactions with 
amino acid residues L59, A80, V114, L132 and C133 
of  the enzyme. Total intermolecular energy of  docking 
for (1,4‑Cyclohexylphenyl) ethanone‑PLK1 kinase 
domain‑interaction was found to be −7.43 kcal/mol. 
One of  the oxygen atom O1 of  (1, 4‑Cyclohexylphenyl) 
ethanone was observed to make polar bonds with 
amino acid residue R136 of  PLK1. At the same time, 
F183 (commonly a leucine or methionine in other kinases) 
was observed to further enhance the affinity through π‑π 
stacking with two carbon atoms of  (1,4‑Cyclohexylphenyl) 
ethanone (CD2 and CE2), which were present at the 
binding site. This was in contrast to “Beta carboline 
compounds‑PLK1 interaction” where the affinity was 
further enhanced through π‑π stacking with benzene at the 
p‑fluro benzyloxy group and seemed to play a significant 
role in docking.[43] In another study on PLK1 inhibitors, 
it has been found that F183 and compound (73) was 
interacting through an aromatic ring stacking, which had 
an important influence on the conformational equilibrium 
of  the whole compound.[44] “Van der Waals,” “Hydrogen 
Bond,” and “Desolvation” energy components together 
contributed −7.36 kcal/mol while the “Electrostatic” 
energy component was found to be −0.06 kcal/mol. 
Total interacting surface area for (1,4‑Cyclohexylphenyl) 
ethanone‑PLK1 kinase domain‑interaction was found to be 
595.73 Å2 while hydrogen bonds and cation‑pi interactions 
were absent.

Table 1: Amino acid residues involved in natural 
compounds and PLK1’ interactions
Ligands (natural 
compounds)

Interacting amino acid 
residues of catalytic domain of 
human‑PLK1

(1,4-Cyclohexylphenyl) 
ethanone

R134, R135, R136, C133, F183, 
L132, A80, E131, V114, C67, L59

Pentamethyl tetrahydro-5H-
chromene

C67, R136, F183, C133, L132, 
V114, E131, L130, A80

6-Vinyl-7-methoxy-2,2-
dimethylchromene

R134, R136, L59, G60, C67, 
A80, F183, L132, C133, E131, 
V114, L130, E140

Squalene R57, R134, E69, L132, L59, 
R136, S137, E140, G180, D194, 
A65, K82, K66, V114, L130, G60, 
K61, C133, G193, N181, F183, 
L131, A80, G62

3,5-bis(1,1-dimethylethyl) 
phenol

K82, L130, A80, C67, E131, 
L132, V114, L59, G60, R134, 
R136, F183, C133

1,2-Benzenedicarboxylic acid 
bis (2ethylhexyl) ester

K82, C67, E131, C133, A80, 
R134, R136, F183, G193, E69, 
R57, L132, L59, L130, G60, K61, 
D194, V114

PLK: Polo‑like kinase

Figure 1:  Interaction of (1, 4- Cyclohexylphenyl) ethanone docked to 
the “catalytic site” or “kinase domain” of the human Polo Like Kinase 
1 (PLK1). The ligand [(1, 4- Cyclohexylphenyl) ethanone] is shown in 
‘stick’ representation
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Chromenes are structurally simple compounds belonging 
to a large class of  molecules known as benzopyrenes 
and chromen‑4‑one moiety is an integral part of  many 
natural products. These compounds and related derivatives 
exhibit diverse biological activities, such as antitumor, 
leishmanicidal, and bacteriostatic that makes these 
compounds attractive for further exploration and screening 
as novel therapeutic agents.[45‑47] In the present study, two 
chromenes, Pentamethyl tetrahydro‑5H‑chromene and 
6‑Vinyl‑7‑methoxy‑2, 2 dimethylchromene were used 
as ligands to interact with catalytic kinase domain of  
human PLK1 enzyme. The catalytic domain of  human 
PLK1 was determined to interact with Pentamethyl 
tetrahydro‑5H‑chromene through 9 amino acid residues, 
namely R136, F183, C133, L132, V114, E131, L130, 
A80 and C67 [Figure 2 and Table 1]. Accordingly, 
6‑Vinyl‑7‑methoxy‑2, 2 dimethylchromene was found to 
interact with the catalytic domain of  PLK1 with 13 amino 
acid residues namely, R134, R136, L59, G60, C67, A80, F183, 
L132, C133, E131, V114, L130 and E140 [Figure 3 and 
Table 1]. The free energy of  binding and estimated Ki for 
the “Pentamethyl tetrahydro‑5H‑chromene‑PLK1 kinase 
domain‑interaction” were determined to be −6.60 kcal/mol 
and 14.58 µM, respectively. However, free energy of  
binding and estimated Ki for the “6‑Vinyl‑7‑methoxy‑2, 
2 dimethylchromene‑PLK1 kinase domain‑interaction” 
were determined to be −5.91 kcal/mol and 46.68 µM, 
respectively. Elaboration of  these interactions might aid in 
the design of  PLK1 inhibitors focused on the backbone 
of  Pentamethyl tetrahydro‑5H‑chromene. Four carbon 
atoms of  Pentamethyl tetrahydro‑5H‑chromene, namely 
CB, CG1, CG2 and CD1 were predicted to be involved in 
hydrophobic interactions with six amino acid residues of  
the enzyme, namely C67, A80, V114, L130, L132 and C133. 
Total intermolecular energy of  docking for Pentamethyl 

tetrahydro‑5H‑chromene‑PLK1 kinase domain‑interaction 
was found to be − 6.60 kcal/mol. “Van der Waals,” “Hydrogen 
Bond,” and “Desolvation” energy components together 
contributed − 6.63 kcal/mol, the “Electrostatic” energy 
component being 0.03 kcal/mol. Total interacting surface 
area for Pentamethyl tetrahydro‑5H‑chromene‑PLK1 
kinase domain‑interaction was 580.768 Å2. No pi‑pi or 
cation‑pi and hydrogen bond interactions were observed.

In contrast to this, seven carbon atoms of  6‑Vinyl‑7‑methoxy‑2, 
2 dimethylchromene, namely CB, CG, CG1, CG2, CD1, 
CE1 and CZ were predicted to be involved in hydrophobic 
interactions with seven amino acid residues of  the enzyme, 
namely L59, C67, A80, V114, L130, C133 and F183. 
In addition to this π‑π interaction (CD2 and CE2) of  
6‑Vinyl‑7‑methoxy‑2, 2 dimethylchromene with F183 was also 
observed while no cation‑pi and hydrogen bond interactions 
were observed. However, total intermolecular energy of  
docking for 6‑Vinyl‑7‑methoxy‑2, 2 dimethylchromene‑PLK1 
kinase domain‑interaction was found to be −6.45 kcal/mol. 
“Van der Waals,” “Hydrogen Bond,” and “Desolvation” 
energy components together contributed −6.44 kcal/mol, 
the “Electrostatic” energy component being −0.01 kcal/
mol. Total interacting surface area for 6‑Vinyl‑7‑methoxy‑2, 
2 dimethylchromene‑PLK1 kinase domain‑interaction was 
600.396 Å2. Squalene is an intermediate in the cholesterol 
biosynthesis pathway, which is a triterpene.[48] It has been 
experimentally reported that squalene can effectively inhibit 
chemically induced colon, skin, and lung tumorigenesis in 
rodents.[49,50] During the past few years, squalene was also found 
to exhibit protective activities against several carcinogens.[51] 
In the present study, with the help of  virtual docking we have 
studied the inhibitory activity of  squalene against human 
PLK1 enzyme to predict the efficacy of  squalene as a potential 
anticancer agent [Figure 4]. 24 amino acid residues, namely 

Figure 2: Interaction of Pentamethyl tetrahydro-5H-chromene docked 
to the “catalytic site” or “kinase domain” of the human polo like kinase 1. 
The ligand (Pentamethyl tetrahydro-5H-chromene) is shown in “stick” 
representation

Figure 3: Interaction of 6-Vinyl-7-methoxy-2, 2-dimethylchromene 
docked to the “catalytic site” or “kinase domain” of the human polo 
like kinase 1. The ligand (6-Vinyl-7-methoxy-2, 2-dimethylchromene) 
is shown in “stick” representation
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R57, R134, E69, L132, L59, R136, S137, E140, G180, D194, 
A65, K82, K66, V114, L130, G60, K61, C133, G193, N181, 
F183, L131, A80 and G62 of  the catalytic domain of  PLK1 
were found to interact with squalene [Table 1]. Squalene 
displayed a free binding energy of  −6.17 kcal/mol and Ki of  
30.12 µM against catalytic domain of  human PLK1 enzyme 
and total intermolecular energy of  docking for squalene‑PLK1 
kinase domain‑interaction was found to be −9.91 kcal/mol. 
Four carbon atoms (CD1, CB, CG1 and CG2) of  squalene 
were predicted to be involved in hydrophobic interaction 
with five amino acid residues (L59, A80, V114, L130, C133) 
of  PLK1 enzyme catalytic domain. “Van der Waals,” 
“Hydrogen Bond,” and “Desolvation” energy components 
together contributed −9.91 kcal/mol, the “Electrostatic” 
energy component being 0.01 kcal/mol. Total interacting 
surface area for squalene‑PLK1 kinase domain‑interaction 
was 1041.859 Å2.

3 , 5 ‑ b i s ( 1 , 1 ‑ d i m e t h y l e t h y l )  p h e n o l  a n d 
1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) ester 
showed weaker interaction compared to the other 
compounds used in the study. Accordingly, the free energy 
of  binding (∆G) and Ki, were found to be −5.70 kcal/mol 
and 66.68 µM in case of  3,5‑bis (1,1‑dimethylethyl) 
phenol‑PLK1 interaction [Figure 5] and −5.58 kcal/mol 
and 80.78 µM in case of  1,2‑Benzenedicarboxylic acid 
bis (2 ethylhexyl) ester‑PLK1 interaction [Figure 6], 
respectively. 13 amino acid residues of  the catalytic 
domain of  PLK1, namely K82, L130, A80, C67, E131, 
L132, V114, L59, G60, R134, R136, F183 and C133 were 
found to interact with 3,5‑bis(1,1‑dimethylethyl) phenol, 
while, eighteen amino acid residues (K82, C67, E131, 
C133, A80, R134, R136, F183, G193, E69, R57, L132, 
L59, L130, G60, K61, D194 and V114) were found to 
interact with 1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) 
ester [Table 1]. Total intermolecular energy of  docking 
for 3,5‑bis (1,1‑dimethylethyl) phenol‑PLK1 interaction 
and 1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) 
ester‑PLK1 interaction were found to be −6.59 kcal/mol 
and −8.95 kcal/mol, respectively. Two carbon atoms of  
3,5‑bis (1,1‑dimethylethyl) phenol, namely CB and CD1 
were observed to make hydrophobic interaction with two 
amino acid residues L59 and L130; however, four carbon 
atoms of  1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) 
ester, namely CD1, CB, CD2 and CE2 were found to be 
involved in hydrophobic interaction with four amino acid 
residues L59, C67, A80, and F183 of  the catalytic domain 
of  PLK1 enzyme. In case of  3,5‑bis(1,1‑dimethylethyl) 
phenol‑PLK1 interaction “Van der Waals,” “Hydrogen 
Bond” and “Desolvation” energy components together 
contributed −6.51 kcal/mol and the “Electrostatic” 
energy component being −0.08 kcal/mol, while, in 
case of  1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) 

Figure 4: Interaction of squalene docked to the “catalytic site” or “kinase 
domain” of the human polo like kinase 1. The ligand (squalene) is 
shown in “stick” representation

Figure 5: Interaction of 3,5-bis(1,1- dimethylethyl) phenol docked to the 
“catalytic site” or “kinase domain” of the human polo like kinase 1. The 
ligand (3,5-bis [1,1- dimethylethyl] phenol) is shown in “stick” representation

Figure 6: Interaction of 1,2-Benzenedicarboxylic acid bis (2 ethylhexyl) 
ester docked to the “catalytic site” or “kinase domain” of the human 
polo like kinase 1. The ligand (1,2-Benzenedicarboxylic acid bis 
[2 ethylhexyl] ester) is shown in “stick” representation
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ester‑PLK1 interaction “Van der Waals,” “Hydrogen 
Bond,” and “Desolvation” energy components together 
contributed −8.97 kcal/mol and the “Electrostatic” energy 
component being 0.02 kcal/mol. Total interacting surface 
area for 3,5‑bis(1,1‑dimethylethyl) phenol‑PLK1 interaction 
and 1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) 
ester‑PLK1 interaction were 628.966 Å2 and 1041.586 
Å2, respectively. A hydrogen bond interaction was 
observed between O1 of  3,5‑bis (1,1‑dimethylethyl) 
phenol and C133 of  catalytic domain of  PLK1 enzyme. 
During the study, no π‑π or cation‑π interaction 
involving either 3,5‑bis (1,1‑dimethylethyl) phenol or 
1,2‑Benzenedicarboxylic acid bis (2 ethylhexyl) ester 
with PLK1 was observed. Moreover, It was found 
that (1,4‑Cyclohexylphenyl) ethanone‑PLK1 kinase 
domain‑interaction (Ki = 9.77 µM and ∆G= −6.84 kcal/mol) 
displayed a lower Ki and a higher (negative) ∆G value 
compared to other compounds from the leaves of  
A. houstonianum involving the same binding sites of  catalytic/
kinase domain of  PLK1 enzyme. Hence, the present 
study reveals that (1,4‑Cyclohexylphenyl) ethanone 
is a stronger inhibitor of  human PLK1 than the 
other compounds ([1,2‑Benzenedicarboxylic acid bis 
[2 ethylhexyl] ester, squalene, 3,5‑bis[1, 1‑dimethylethyl] 
phenol, Pentamethyl tetrahydro‑5H‑chromene and 
6‑Vinyl‑7‑methoxy‑2,2‑dimethylchromene]) in terms of  
predicted Ki values and free energy of  binding as well.

Further investigations are needed to establish the anticancer 
potential of  (1, 4‑Cyclohexylphenyl) ethanone. However, 
it can be safely stated that the present study on this 
natural compound reflects a hope for the development 
of  novel agent of  biomedical importance. Moreover, 
a similar study on a natural compound, Purpurogallin, 
which is the aglycon of  several glycosides from nutgalls 
and oak‑barks has been performed by Liao et al.[24] It was 
observed that Purpurogallin bound to the phospho‑binding 
pocket of  PLK‑1 and induced fit analysis revealed that 
Purpurogallin filled the SpT pocket via π‑π stacking 
and hydrogen‑bonding interactions, thereby providing a 
rationale for natural compound acting as a novel PLK‑1 
inhibitor.[24] It is noteworthy to mention that the natural 
compound ([1,4‑Cyclohexylphenyl] ethanone) discussed 
herein is of  due clinical significance. Different synthesized 
derivatives of  ethanone have been already reported for their 
potential anticancer activities against various cell lines.[52‑55] 
Hence, this study is expected to aid future design of  more 
specific anticancer pharmacological compounds.

This study explores molecular interactions between human 
PLK1 and the natural compounds identified by GC‑MS 
analysis in (AB‑2) active band, which we isolated in another 
study, published previously. In the present study, we have 
provided a comparative account of  the interactions of  

different natural compounds found in active band AB‑2 with 
PLK1 enzyme. Hydrophobic interactions play an important 
role in the correct positioning of  these natural compounds 
within the catalytic site of  PLK1 enzyme to permit 
docking. However, docking of  (1, 4‑Cyclohexylphenyl) 
ethanone to PLK1 is largely dominated by hydrophobic 
interactions followed by one π‑π interaction and one 
polar interaction. Such information may aid in the design 
of  versatile PLK1‑inhibitors. Further, in vitro and in vivo 
studies are warranted to explore the anticancer potential 
of  (1,4‑Cyclohexylphenyl) ethanone and to validate the 
findings presented herein. This study predicts that (1, 
4‑Cyclohexylphenyl) ethanone is a more efficient inhibitor of  
human PLK1 enzyme compared to other natural compounds 
used in the study with reference to Ki and ∆G values.

ACKNOWLEDGMENTS

The authors are thankful to all of  the staff  of  Integral University, 
Lucknow (India) for providing necessary facilities for the research 
work. We also thank Mr. Ajai, Advanced Instrumentation Facility, 
University Science Instrumentation Centre, JNU, New Delhi, for 
the GC‑MS analysis of  the sample.

REFERENCES

1. Hamburger M, Hostettmann K. Bioactivity in plants: The 
link between phytochemistry and medicine. Phytochemistry 
1991;30:3804-14.

2. Lesney M. Nature’s pharmaceuticals – Natural products from 
plants remain at the core of modern medicinal chemistry. Todays 
Chem Work 2004;27-32.

3. Shen J, Xu X, Cheng F, Liu H, Luo X, Shen J, et al. Virtual 
screening on natural products for discovering active compounds 
and target information. Curr Med Chem 2003;10:2327-42.

4. Phosrithong N, Ungwitayatorn J. Molecular docking study on 
anticancer activity of plant-derived natural products. Med Chem 
Res 2010;19:817-35.

5. Llamazares S, Moreira A, Tavares A, Girdham C, Spruce BA, 
Gonzalez C, et al. Polo encodes a protein kinase homolog 
required for mitosis in Drosophila. Genes Dev 1991;5:2153-65.

6. Glover DM, Hagan IM, Tavares AA. Polo-like kinases: A team 
that plays throughout mitosis. Genes Dev 1998;12:3777-87.

7. Roshak AK, Capper EA, Imburgia C, Fornwald J, Scott G, 
Marshall LA. The human polo-like kinase, PLK, regulates cdc2/
cyclin B through phosphorylation and activation of the cdc25C 
phosphatase. Cell Signal 2000;12:405-11.

8. Lane HA, Nigg EA. Antibody microinjection reveals an essential 
role for human polo-like kinase 1 (Plk1) in the functional 
maturation of mitotic centrosomes. J Cell Biol 1996;135:1701-13.

9. Sumara I, Vorlaufer E, Stukenberg PT, Kelm O, Redemann N, 
Nigg EA, et al. The dissociation of cohesin from chromosomes 
in prophase is regulated by Polo-like kinase. Mol Cell 
2002;9:515-25.

10. Kotani S, Tugendreich S, Fujii M, Jorgensen PM, Watanabe N, 
Hoog C, et al. PKA and MPF-activated polo-like kinase regulate 
anaphase-promoting complex activity and mitosis progression. 
Mol Cell 1998;1:371-80.

11. Zhou T, Aumais JP, Liu X, Yu-Lee LY, Erikson RL. A role 



Rizvi, et al.: An enzoinformatics anticancer study

S20 Pharmacognosy Magazine | January-February 2014 | Vol 10 | Issue 37 (Supplement)

for Plk1 phosphorylation of NudC in cytokinesis. Dev Cell 
2003;5:127-38.

12. Takahashi T, Sano B, Nagata T, Kato H, Sugiyama Y, Kunieda K, 
et al. Polo-like kinase 1 (PLK1) is overexpressed in primary 
colorectal cancers. Cancer Sci 2003;94:148-52.

13. Takai N, Miyazaki T, Fujisawa K, Nasu K, Hamanaka R, 
Miyakawa I. Expression of polo-like kinase in ovarian cancer is 
associated with histological grade and clinical stage. Cancer Lett 
2001;164:41-9.

14. Weichert W, Kristiansen G, Winzer KJ, Schmidt M, Gekeler V, 
Noske A, et al. Polo-like kinase isoforms in breast cancer: 
Expression patterns and prognostic implications. Virchows Arch 
2005;446:442-50.

15. Knecht R, Elez R, Oechler M, Solbach C, von Ilberg C, 
Strebhardt K. Prognostic significance of polo‑like kinase (PLK) 
expression in squamous cell carcinomas of the head and neck. 
Cancer Res 1999;59:2794-7.

16. Wolf G, Elez R, Doermer A, Holtrich U, Ackermann H, Stutte HJ, 
et al. Prognostic significance of polo‑like kinase (PLK) expression 
in non-small cell lung cancer. Oncogene 1997;14:543-9.

17. Tokumitsu Y, Mori M, Tanaka S, Akazawa K, Nakano S, Niho Y. 
Prognostic  significance  of  polo‑like  kinase  expression  in 
esophageal carcinoma. Int J Oncol 1999;15:687-92.

18. Gray PJ Jr, Bearss DJ, Han H, Nagle R, Tsao MS, Dean N, 
et al.  Identification of  human polo‑like  kinase 1 as a  potential 
therapeutic target in pancreatic cancer. Mol Cancer Ther 
2004;3:641-6.

19. Kneisel L, Strebhardt K, Bernd A, Wolter M, Binder A, 
Kaufmann R. Expression of polo-like kinase (PLK1) in thin 
melanomas: A novel marker of metastatic disease. J Cutan 
Pathol 2002;29:354-8.

20. Strebhardt K, Ullrich A. Targeting polo-like kinase 1 for cancer 
therapy. Nat Rev Cancer 2006;6:321-30.

21. Liu X, Lei M, Erikson RL. Normal cells, but not cancer cells, 
survive severe Plk1 depletion. Mol Cell Biol 2006;26:2093-108.

22. Stevenson CS, Capper EA, Roshak AK, Marquez B, Eichman C, 
Jackson JR, et al. The identification and characterization of the 
marine natural product scytonemin as a novel antiproliferative 
pharmacophore. J Pharmacol Exp Ther 2002;303:858-66.

23. Stevenson CS, Capper EA, Roshak AK, Marquez B, Grace K, 
Gerwick WH, et al. Scytonemin – A marine natural product 
inhibitor  of  kinases  key  in  hyperproliferative  inflammatory 
diseases. Inflamm Res 2002;51:112‑4.

24. Liao C, Park JE, Bang JK, Nicklaus MC, Lee KS. Exploring 
potential binding modes of small drug-like molecules to the 
polo-box domain of human Polo-like kinase 1. ACS Med Chem 
Lett 2010;1:110-114.

25. Ariño A, Arberas I, Renobales G, Arriaga S, Domínguez JB. 
Seasonal variation in wormwood (Artemisia absinthium L.) 
essential oil composition. J Essent Oil Res 1999;11:619-22.

26. Setzer WN, Vogler B, Schmidt JM, Leahy JG, Rives R. 
Antimicrobial activity of Artemisia douglasiana leaf essential oil. 
Fitoterapia 2004;75:192-200.

27.  Judzentiene A, Mockute D. The inflorescence and leaf essential 
oils of Tanacetum vulgare L. var. vulgare growing wild in 
Lithuania. Biochem Syst Ecol 2005;33:487-98.

28. Larocque N, Vincent C, BélanGer A, Bourassa J. Effects of 
tansy essential oil from Tanacetum vulgare on biology of 
oblique-banded leafroller, Choristoneura rosaceana. J Chem 
Ecol 1999;25:1319-30.

29. Ivanescu B, Vlase L, Corciova A, Lazar M. HPLC-DAD-MS 
study of polyphenols from Artemisia absinthium, A. annua, and 
A. vulgaris. Chem Nat Compd 2010;46:3.

30. Fraisse D, Carnat A, Viala D, Pradel P, Besle JM, Coulon JP, et al. 

Polyphenolic composition of a permanent pasture: Variations 
related to the period of harvesting. J Sci Food Agric 
2007;87:2427-35.

31. Ferracane R, Graziani G, Gallo M, Fogliano V, Ritieni A. Metabolic 
profile of  the bioactive compounds of burdock  (Arctium lappa) 
seeds, roots and leaves. J Pharm Biomed Anal 2010;51:399-404.

32. Kurkin V, Sharova O. Flavonoids from Calendula officinalis 
flowers. Chem Nat Comp 2007;43:216‑7.

33. Kalvatchev Z, Walder R, Garzaro D. Anti-HIV activity of extracts 
from Calendula officinalis  flowers.  Biomed  Pharmacother 
1997;51:176-80.

34. Zidorn C, Lohwasser U, Pschorr S, Salvenmoser D, Ongania KH, 
Ellmerer EP, et al. Bibenzyls and dihydroisocoumarins from 
white salsify (Tragopogon porrifolius subsp. porrifolius). 
Phytochemistry 2005;66:1691-7.

35. Xie G, Schepetkin IA, Quinn MT. Immunomodulatory activity of 
acidic polysaccharides isolated from Tanacetum vulgare L. Int 
Immunopharmacol 2007;7:1639-50.

36. Bora KS, Sharma A. Neuroprotective effect of Artemisia 
absinthium L. on focal ischemia and reperfusion-induced 
cerebral injury. J Ethnopharmacol 2010;129:403-9.

37. Dembitsky VM. Bioactive peroxides as potential therapeutic 
agents. Eur J Med Chem 2008;43:223-51.

38. Szakiel A, Ruszkowski D, Janiszowska W. Saponins in 
Calendula officinalis L.-Structure, biosynthesis, transport and 
biological activity. Phytochem Rev 2005;4:151-8.

39. Wang BS, Chang LW, Yen WJ, Duh PD. Antioxidative effect 
of sesame coat on LDL oxidation and oxidative stress in 
macrophages. Food Chem 2007;102:351-60.

40. Sarker SD, Laird A, Nahar L, Kumarasamy Y, Jaspars M. Indole 
alkaloids from the seeds of Centaurea cyanus (Asteraceae). 
Phytochemistry 2001;57:1273-6.

41. Ramos A, Edreira A, Vizoso A, Betancourt J, López M, Décalo 
M. Genotoxicity of an extract of Calendula officinalis L. 
J Ethnopharmacol 1998;61:49-55.

42. Zeeshan M, Rizvi SM, Khan MS, Kumar A. Isolation, partial 
purification and evaluation of bioactive compounds from leaves 
of Ageratum houstonianum. EXCLI J 2012;11:78-88.

43. Han X, Zhang J, Guo L, Cao R, Li Y, Li N, et al. A series of 
beta-carboline derivatives inhibit the kinase activity of PLKs. 
PLoS One 2012;7:e46546.

44. Lu S, Liu HC, Chen YD, Yuan HL, Sun SL, Gao YP, et al. 
Combined pharmacophore modeling, docking, and 3D-QSAR 
studies of PLK1 inhibitors. Int J Mol Sci 2011;12:8713-39.

45. Lee KY, Nam DH, Moon CS, Seo SH, Lee JY, Lee YS. 
Synthesis and anticancer activity of lavendustin A derivatives 
containing arylethenylchromone substituents. Eur J Med Chem 
2006;41:991-6.

46. Sang S, Lambert JD, Tian S, Hong J, Hou Z, Ryu JH, et al. 
Enzymatic  synthesis  of  tea  theaflavin  derivatives  and  their 
anti‑inflammatory  and  cytotoxic  activities.  Bioorg  Med  Chem 
2004;12:459-67.

47.  Sairafianpour  M,  Kayser  O,  Christensen  J,  Asfa  M,  Witt  M, 
Staerk D, et al. Leishmanicidal and antiplasmodial activity of 
constituents of Smirnowia iranica. J Nat Prod 2002;65:1754-8.

48. Huang ZR, Lin YK, Fang JY. Biological and pharmacological 
activities of squalene and related compounds: Potential uses in 
cosmetic dermatology. Molecules 2009;14:540-54.

49. Smith TJ. Squalene: Potential chemopreventive agent. Expert 
Opin Investig Drugs 2000;9:1841-8.

50. Auffray B. Protection against singlet oxygen, the main actor 
of sebum squalene peroxidation during sun exposure, using 
Commiphora myrrha essential oil. Int J Cosmet Sci 2007;29:23-9.

51. Senthilkumar S, Devaki T, Manohar BM, Babu MS. Effect of 



Rizvi, et al.: An enzoinformatics anticancer study

Pharmacognosy Magazine | January-February 2014 | Vol 10 | Issue 37 (Supplement) S21

squalene on cyclophosphamide-induced toxicity. Clin Chim Acta 
2006;364:335-42.

52. Hitesh P, Saavani S. Synthesis and anti-cancer activity of 
new thiosemicarbazones of 1-(5-chloro-1H-benzimidazol-2-yl) 
ethanone. Shah Pelagia Res Libr Der Pharmacia Sinica 
2012;3:199-210.

53.  İlhan  I,  Yusuf  O,  Zerrin  I.  Synthesis  and  anticancer  activity 
of some bisquinoxaline derivatives. Turk J Pharm Sci 
2011;8:179-88.

54. Al-Said MS, Bashandy MS, Al-Qasoumi SI, Ghorab MM. 
Anti-breast cancer activity of some novel 1,2-dihydropyridine, 
thiophene and thiazole derivatives. Eur J Med Chem 

2011;46:137-41.
55. Magdy A, Atef M. Synthesis and cellular cytotoxicities of new 

N-substituted indole-3-carbaldehyde and their indolylchalcones. 
J Chem Sci 2009;121:455-62.

Cite this article as: Rizvi SD, Shakil S, Zeeshan M, Khan MS, Shaikh S, 
Biswas D, et al. An enzoinformatics study targeting polo-like kinases-1 enzyme: 
Comparative assessment of anticancer potential of compounds isolated from 
leaves of Ageratum houstonianum. Phcog Mag 2014;10:S14-21.

Source of Support: Nil, Conflict of Interest: None declared.


