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Abstract

Purpose: To develop effective cancer chemopreventive and anti-inflammatory agents, a series of
chalcones were prepared by reacting suitable aromatic aldehyde with appropriate acetophenones.
Methods: Twenty-four synthesized chalcones (namely, 1 - 24) were assessed for their in vitro anti-
cyclooxygenase-1 (COX-1) and anti-cyclooxygenase-2 (COX-2) activity in a COX catalyzed
prostaglandin synthesis bioassay. Molecular docking was done to investigate the ligand-protein
interactions, and selectivity on both enzymes. ADMET (absorption, distribution, metabolism, excretion,
toxicity) modeling and software were also used.

Results: The compounds inhibited both COX-1 and COX-2. Two compounds (3 and 19) demonstrated
more marked COX-2 inhibition than compound 1. Indomethacin as a standard anti-cyclooxygenase
shows unselective inhibition of 81.44 + 6.5 and 91 + 9.5, respectively. The in silico data revealed that a
chalcone skeleton with C=0 at 4-position, C2—C3 double bond and OH at 5-position are necessary
properties for anti-cyclooxygenase effects. It was also revealed that the propenone moiety comprises of
an appropriate scaffold which proposes a new acyclic 1,3-diphenylprop-2-en-1-ones with selective anti-
COX effects. A molecular modeling investigations where these chalcones 1, 3 and 19 were docked in
the active site of COX-2 depicted that the p-CH3 substituent on the C-4- phenyl ring A are oriented in
the vicinity of the COX-2 secondary pocket Phe381, Gly526, Tyr385 and Val349.

Conclusion: Based on the screening for oral bioavailability, in silico ADMET, and toxicity risk
assessment, this study shows that these compounds could be a cornerstone for the development of
new pharmaceuticals in the battle against COX-associated inflammatory disorders.
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INTRODUCTION pathogenesis and cure for most human ailments.

Thus, the modulation of inflammatory mediators
Inflammation is considered an important cellular ~ using anti-inflammatory agents is considered as
phenomenon and a significant step in the the chief therapeutic aim for a new drug design
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for the cure of inflammation-related sicknesses.
Cyclooxygenases (COX) are major enzymes that
interfere  with the prostaglandin metabolic
pathway, and contributes to the progression of
inflammation and tissue injury [1]. COX-1 and
COX-2 enzymes can be activated by various
intercellular initiators and are involved in acute
and chronic inflammatory disorders and
carcinogenesis [2]. Thus, inhibitors of COX
enzymes are potential anti-inflammatory and
cancer chemopreventive drugs [3]. Clinical uses
of anti-inflammatory drugs such as non-steroidal
anti-inflammatory drugs (NSAIDs) are associated
with some unwanted side-effects [4]. Variability in
patients’ response to NSAIDs and their unwanted
side-effects led biomedical researchers to search
for new anti-COX agents [5].

Chalcones are a group of chemical compounds
demonstrating encouraging therapeutic
usefulness for several diseases. [6]. Scientific
literature reported structural modifications of the
chalcone template, and diverse pharmacological
activities have been reported, including cytotoxic,
anti-inflammatory, anti-plasmodial, antitumor,
immunosuppression, and antioxidant activities
[7]. The anti-inflammatory effect of chalcones per
se has been tested and shown to correlate with
the inhibition of inflammatory pathways, such as
tumor necrosis factor and nitric oxide. There
were a few reports on the synthesis of chalcones
as potential inhibitors for COX enzymes [7,8].

Therefore, this current research was designed to
investigate the anti-inflammatory activities of
some synthesized chalcones and their in silico
properties.

EXPERIMENTAL
Synthesis and identification of chalcones

Chalcones were prepared according to the
methods described and summarized in a
previous published work [9]. Spectroscopic data
and chemical properties of these compounds are
available in the same previously published paper

[9].

In vitro evaluation of COX-1 and COX-2
inhibitory activities

COX-inhibitor screening kit is an enzyme
immunoassay (EIA assay) and was used
according to the supplier's guidelines (Cayman
Chemical, USA). The biochemical basis of this
EIA assay is based on the bio-production of
prostaglandin (PGF2a) generated by SnClz in the
presence of prostaglandin H2 at 37 °C [10]. The
stock solutions of the synthesized compounds

were diluted in dimethyl sulphoxide (DMSO) with
final concentration of 200 uM. Indomethacin was
used as a positive control. Components of the kit
as described by the supplier's guidelines were
distributed in background, activity and sample
tubes. The tubes were incubated in a water-bath
(37 °C) for 15 min before the addition of
arachidonic acid. The reaction was stopped
using concentrated HCI and the samples were
added to mouse anti-rabbit IgG in a 96-well plate
provided with the kit. The enzymatic reaction was
incubated at ambient temperature for 18 h and
washing buffer was used 5 times after this
incubation period. Ellman’s Reagent was used to
develop the reaction. Microplate
spectrophotometer was used to obtain readings
at 410 nm. The percentage of inhibition (50 %)
for the individual cyclooxygenase enzymes was
obtained using GraphPad software based on
three-point curves.

Molecular docking

The purpose of this in-silico computational
method is to understand the binding and
interactions between the active sites of the
cyclooxygenase enzymes and the tested
compounds. 3D structures of cyclooxygenase
enzymes (COX-1 and COX-2) were downloaded
from the Protein Data Bank website
(https://www.rcsb.org). The 3D structures of both
enzymes were prepared for molecular docking by
separating all heteroatoms including H20
molecules and the molecules that are associated
with crystallization buffers. Enzymes were pre-
treated for polar and non-polar hydrogen atoms,
and Kollman charges. Default parameters were
allocated for solvation parameters. Chalcones
structures were prepared using HyperChem
Professional and ChemBioDraw Ultra software,
with PM3 indicators using the conjugate gradient
(Polak-Ribiere) and steepest descent algorithms.
AutoDock Tools computer software (version
1.5.4) was used to prepare docking files.
Gasteiger charges, non-polar hydrogen atoms
and all related bonds were considered prior to
the docking using AutoDock 4.2 software
package based on the Lamarckian genetic
algorithm (LGA). A population size of 150 and
2.5*10% energy assessments were utilized for
1*102 search runs. A grid spacing (0.375A) was
used and placed in the centre of the grid box at
the active sites of the enzymes. The
configuration of the docking tests was
investigated and visualized using the Discovery
Studio 3.0 (http://www.accelrys.com). Discovery
Studio 3.0 was also used to visualize Van der
Waals interactions and H-bonds between the
enzymes and chalcones.
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ADMET modeling

For this study, ADMET (absorption, distribution,
metabolism, excretion, toxicity) modeling was
performed in silico. The solubility of the
chalcones (1-24) at ambient temperature was
predicted and ranked in comparison to a set of
drug molecules. Human Intestinal Absorption
(HIA) and classification of absorption level was
predicted after oral administration. Parameters
for blood brain barriers were also predicted in
this study and bilateral penetration of the
compounds were classified and reported
according to previous method [11,12].
Indomethacin, ibuprofen and declofenic were
used as standard drugs in this ADMET study.

Statistical analysis

Each experiment was replicated three times (n =
3) and the data were analyzed by are presented
as mean * standard deviation (SD).

RESULTS
COX enzyme activities

The synthesized chalcones were assessed for
their in vitro inhibitory activities against COX-1
and COX-2 enzymes implicated in inflammation
using catalyzed-prostaglandin synthesis
bioassay. As shown in Table 1, the compounds

inhibited both COX-1 and COX-2 enzymes in
various manners. Compound 22 showed the
highest inhibition rate on COX-1 enzymes.
Indomethacin as a standard COX-1 and COX-2
inhibitor displayed an inhibition level of 81.44+6.5
and 91+9.5 respectively.

Docking results

For the in silico study, compounds 1, 3 and 19
were chosen. Compound 1 was observed to
bind with COX-1 active site with an interaction
energy of -5.93 kcal/mol, creating one H-bond
with Tyr355 into the binding site of COX-1 and
showing a bonding distance of 1.859 A between
OH of 1 and H of Tyr355. Both ring A and B of
compound 1 were enclosed by the amino acids
binding site (Gly526, Val349, Ser358, Valll6,
Ala527, Arg120, Trp387 and Leu531) as shown
in Figure 1. An effective docking of compound 1
into the COX-2 binding site was also observed
with a binding energy of 6.70 kcal/mol.

The bonding distance between C=0O (carbonyl
group) of 1 and the oxygen (O) of Tyr385 amino
acid of COX-2 was observed to be 2.790 A
(H...0). The trans C=C olefinic bond was
enclosed by Gly526, Ala 527 and Val 523. The
ring A and B of 1 were also enclosed by the
binding site amino acid residues: Met522,
Gly526, Leu352, Leu531, Ser530 and Tyr385,
respectively (Figure 2).

Table 1: Inhibitory effects of the chalcones on COX-1 and COX-2 enzymes

Compound Inhibitory effect on COX
enzymes
No. Chemical name COX2- COX-1
1 1, 3-Diphenyl-propenone 39.58+2.37 40.54+2.43
2 3-(4-Hydroxy-phenyl)-3-phenyl-propenone 34.98£2.10 59.38+3.56
3 3-Phenyl-1-p-tolyl-propenone 42.61+2.56 34.24+2.05
4 1-(4-Methoxy-phenyl)-3-phenyl-propenone 31.67+1.90 66.00+3.96
5 3-(2-Chloro-phenyl)-1-phenyl-propenone 46.57+2.79 49.38+2.96
7 3-(2-Chloro-phenyl)-1-(4-hydroxy-phenyl)-propenone 40.54+2.43 46.42+2.78
8 3-(2-Chloro-phenyl)-1-P-tolyl-propenone 40.06+2.40 56.66+3.40
9 3-(2-Chloro-phenyl)-1-(4-methoxy-phenyl) propenone 43.45+2.61 47.25+2.84
10  1-Phenyl-3-m-tolyl-propenone 44 57+2.67 51.34+3.08
11  1-(4-Hydroxy-Phenyl-3)-m-tolyl-propenone 38.53+2.31 52.39+3.14
12 3-m-Tolyl-1-p-tolyl-propenone 35.21+2.11 44.56+2.67
13  1-(4-Methoxy-phenyl)-3-m-tolyl-propenone 42.26+2.54 49.72+2.98
14  3-(4-Methoxy-phenyl)-1-phenyl-propenone 40.50+2.43 60.98+3.66
15  1-(4-Hydroxy-phenyl)-3-(4-methoxy-phenyl) propenone 41.71+2.50 56.56+3.39
16  3-(4-Methoxy-phenyl)-3-p-tolyl-propenone 41.75+2.50 45.90+2.75
17  1,3-Bis-(4-methoxy-phenyl)-propenone 40.39+2.42 47.90+2.87
18  3-(4-Dimethylamino-phenyl)-1-phenyl-propenone 45.46+2.73 55.09+3.31
19  3-(4-Dimethylamino-phenyl)-1-(4-hydroxy-phenyl)-propenone 40.60+2.44 30.34+1.82
20  3-(4-Dimethylamino-phenyl)-1-p-tolyl-yl-propenone 41.20+2.47 50.35+3.02
21  3-(4-Dimethylamino-phenyl)-1-(4-methoxy-phenyl)-propenone 37.28+2.24 39.66+2.38
22 3-(2-Hydroxy-phenyl)-1-phenyl-propenone 37.10+2.23 97.89+5.87
23 3-(2-Hydroxy-phenyl)-1-p-tolyl-propenone 42.79+2.57 65.64+3.94
24 3-(2-Hydroxy-phenyl)-1-(4-methoxy-phenyl) propenone 37.64+2.43 27.04+3.39
25  Indomethacin 81.44+6.5 91+9.5
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Figure 1: Depictions of the molecular modeling of the docking created between compound 3 and COX-1. (a) 3D
represents the ligand-enzyme binding biochemical interactions. Compound 3 is shown in grey colour and
hydrogen bonds as green lines; (b) 2D represents the hydrophobic interactions and H-bonding
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Figure 2: Depictions of the molecular modeling of the docking created between compound 3 and COX-2. (a) 3D
represents the ligand-enzyme binding biochemical interactions. Compound 3 is shown in grey colour and
hydrogen bonds as green lines; (b) 2D represents the hydrophobic interactions and H-bonding
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Figure 3: Depictions of the molecular modeling of the docking created between compound 1 and COX-1. (a) 3D
represents the ligand-enzyme binding biochemical interactions. Compound 1 is shown in grey colour and
hydrogen bonds as green lines; (b) 2D represents the hydrophobic interactions and H-bonding
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Compound 3 was shown to dock into the binding
sites of both enzymes (COX-1 and COX-2) with
an interaction energy of 6.29 and 7.32 kcal/mol
respectively. Compound 3 formed a hydrogen
bond of Tyr355 with COX-1, and the bonding
distance between the hydroxide of compound 3
and hydrogen of Tyr385 was 1.894 A. The ring A
and B of 3 were enclosed by amino acid
residues: Val349, Ser358, Valll6, Ala527,
Arg120, Gly526, Trp387 and Leu384,
respectively (Figure 3) in the binding site of COX-
1. The carbonyl double-bond of the central o, —
unsaturated—carbonyl moiety was sloping in the
direction of the entrance to the COX-2 active site
(Val344, Val349, Phe205 and Tyr348). The trans
C=C olefinic chemical bond which was enclosed
by Ser530 and Leu534. The ring A and B of 3
were enclosed by the binding site amino acid
residues (Val349, Tyr 385, Leu352, Gly526,
Trp,387, Phe205, Gly533 and Ser530) as
depicted in Figure 4. Interaction energy of -5.79
kcal/mol was observed between compound 19
and the binding site of COX-1 enzyme with both
ring (A and B) were enclosed in the binding site.
Figure 5 shows the interaction of 19 and the
active site amino acid residues (Ser530, Val349,
Leu534, Tyr385, phe381 & Ser353).

Compound 19 was observed to dock effectively
into the binding site of COX-2 with binding
energy of -6.35kcal/mol. This could be explained
by the stronger binding of this compound and H-
bond with Tyr385. The bonding distance between
the carbonyl double-bond of 19 with O of Tyr385
3.042 A (H...0) of COX-2 was observed. The
carbonyl double-bond of the central a,B-
unsaturated-carbonyl moiety was oriented in the
direction of the entry of the COX2 active site
(Arg 120 and Tyr 355). The trans C=C olefinic
bond which is enclosed by Gly526, Ala 527 and
Met 522, positions the C4 4-tolyl accompaniment
towards the apex of the COX-2 bhinding site
(Arg120, Leu 359, Tyr355, Vall116 and Met113).
The C-4 p- dimethyl amine accompaniment was
within vander Waal’s range of Tyr355, Leu359
and Leu531 (distance<5A). The methyl group at
C-4 at ring A is directed toward the COX-2
pocket (Phe518, Met522 and Leu384). Both ring
A and B of 19 were enclosed by the active site
amino acid residues (Gly526, Met522, Leu352,
Leu531, Ser530 & Tyr355) as shown in Figure 6.
Table 2 depicts docking results for the compound
1, 3 and 19. ADMET findings for compounds 1, 3
and 19 are listed in Table 3.
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Figure 4: Depictions of the molecular modeling of the docking created between compound 1 and COX-2. (a) 3D
represents the ligand-enzyme binding biochemical interactions. Compound 1 is shown in grey colour and
hydrogen bonds as green lines; (b) 2D represents the hydrophobic interactions and H-bonding

Figure 5: Depictions of the molecular modeling of the docking created between compound 19 and COX-1. (a) 3D
represents the ligand-enzyme binding biochemical interactions. Compound 19 is shown in grey colour and
hydrogen bonds as green lines; (b) 2D represents the hydrophobic interactions and H-bonding
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Figure 6: Depictions of the molecular modeling of the docking created between compound 19 and COX-2. (a) 3D
represents the ligand-enzyme binding biochemical interactions. Compound 19 is shown in grey colour and

hydrogen bonds as green lines; (b) 2D represents the hydrophobic interactions and H-bonding

Table 2: Docking result of the compounds and indomethacin against COX2 and COX1 enzymes*

Compound Docking parameter
COX-1 COX-2
Lowest binding H-Bond Lowest binding H-Bond
energy energy
1 -5.93 TYR355:HH_ 1:08 -6.70 TYR385:0H_
GLY526:HN- MET522:0 TYR348:0H
ALA527:HN- ILE523:0 TYR385:0H_1:08
SER530:HN- GLY526:0 GLY526:N- MET522:0
3 -6.29 TYR355:HH_ 3:09 -7.32 TYR385:0H_
GLY526:HN- MET522:0 TYR348:0H
ALA527:HN- ILE523:0 SER530:HN-
SER530:HN- GLY526:0 GLY526:0
GLY533:N- SER530:0
LEU534:N- SER530:0
9 -5.79 GLN192:HE22- LEU352:0 -6.35 TYR385:0H_ 19:08
SER353:HN-VAL349:0 TYR385:0H_
GLY533:HN- SER530 TYR348:0H
LEU534:HN- SER530:0 GLY526:N- MET522:0
SER530:HN-
GLY526:0
Indomethaci -6.53 GLN192:HE22- LEU352:0 -8.15 ARG120:NH1-indo 023
n SER353:HN-VAL349:0 ARG120:NH1-indo 024

TYR385:HH-indo:023
LEUS531:HN-ALA527

GLY526:N- MET522:0

*The COX-1, COX-2 inhibitory of 1 and its derivatives prompted us to perform molecular docking studies to
understand the ligand-protein interactions, and COX-1/COX-2 selectivity in detail. The docking studies were
carried out using autodock 4.2. The crystal structures of COX-1 (1EQG)z22 and COX-2 (1PXX)23 complexed with
ibuprofen and diclofenac respectively were used for docking. autodock 4.2, an automated docking program, was
used to dock these compounds into the active sites of COX-1 and COX-2 enzyme and the most stable
conformation based on the best lowest binding energy

Table 3: ADMET properties of the compounds*

Compound Absorption Solubility Brain blood ratio ADMET- ADMET-
level level level PSA-2D* AlogP98
Indomethacin*  Good Yes, Low Medium 67.699 3.418
Ibuprofen* Good Yes, Good 38.116 3.607
Diclofenac* Good Yes, Low 50.926 4.373
1 Good Yes, Low Very high penetrant 17.3 3.702
3 Good Yes, Low Very high penetrant 17.3 4.188
19 good Yes, low Very high penetrant 20.653 4.35

*Bioavailability of test compounds 1, 3 and 19 as well as the drugs was assessed using ADMET (absorption,
distribution, metabolism, excretion, and toxicity) prediction methods (table 2). Polar surface area (PSA) is a key
property that has been linked to drug bioavailability

Trop J Pharm Res, November 2022; 21(11): 2424
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DISCUSSION

The present study was intended to examine the
anti-cyclooxygenase (COX-1 and COX-2) effects,
as well as molecular docking, and in silico
ADMET of some synthesized chalcones.
Abundant research has been conducted on the
pharmacological properties of naturally occurring
and synthetic chalcones [13]. The use of in vitro
inhibitory activity testing of various enzymes,
implicated in inflammations using COXs
catalyzed prostaglandin synthesis bioassay, is
extensively observed. Compound 22 showed the
highest inhibition rate on COX-1 enzymes.
Previous results suggest that chalcone
derivatives act as inhibitor of both COX enzymes
and show anti-inflammatory effects [14,15].

The anti-COX-1 and COX-2 activities of the
synthesized chalcones was an encouraging sign
to carry out molecular docking studies to
recognize the compound-enzymes interactions,
and COX-2/COX-1 specificity. The crystal 3D
structures of both enzymes [COX-2 (1PXX) and
COX-1 (1EQG)] were utilized for docking.
Autodock 4.2 was utilized for the docking of
these chalcones into the binding sites of both
enzymes, and the mainly stable configuration
was done based on the best minimum binding
energy. The three compounds (1, 3 and 19) that
were selected for in silico investigations were
chosen based on their chemical composition.
They give a general idea of all compounds
because they contain the chemical groups used
in the synthesis of the other twenty-four
compounds that were examined in this study,
which includes the tolyl, diphenyl and
dimethylamino groups.

Compound 1 was observed to bind with COX-1
and COX-2 active sites with various interaction
energies. Compound 3 was also shown to dock
into the binding sites of both enzymes (COX-1
and COX-2) with an interaction energy of 6.29
and 7.32 kcal/mol, respectively. Although
compounds 2, 4, 14, 22 and 23 showed inhibitory
effects towards both COX enzymes, there were
stil more powerful and selective inhibitors
towards COX-1. Integration of p-OMe and OH
substituents  brought in a remarkable
augmentation of COX-1s inhibition  with
compound 14 (C4 = OH, C4=0CH3) and
compound 22 (C4= CHs, C2=0H), revealing a
selective and potent inhibition of the COX-1
isozymes. The amino acid Ser530 is very crucial
in the reaction of the binding sites of COX-1 and
COX-2 enzymes as explained earlier [16]. The
reaction of these enzymes with arachidonic acid
is regulated by Tyr385 [17].

Compound 3 and 19 showed selective inhibition
to COX-2, and this could be explained by the
absence of the H-bonding interaction with
Ser530 in COX-1. Furthermore, the Ilowest
binding energy of 3 and 19 with COX-2 proposes
these compounds as the favored inhibitors for
COX-2 than COX-1, and therefore justifies the
selective inhibition of these chalcones. As it was
observed that COX-2 and COX-1 enzymes have
almost comparable binding site residues and
varieties falls in its binding site size, COX-2 has
bigger binding site volume- 417 A3; while COX-1
has lesser active site volume-366 A3) [18]. It also
demonstrates that the selective inhibitors of
COX-1 can uniformly affect COX-2, which is
considered as equi-potency. While the bigger
sized compound appears to be more
discriminatory towards COX-2 due to its
augmented size of the binding site [19]. It is also
significant to consider that the style of binding of
compound 3 and 19 in both COX enzymes is
somewhat dissimilar due to its variation in the
binding site volumes [20], and the selectivity
matter was further sustained by our data
demonstrating enhanced inhibitory effects
towards COX-2 (Table 1) [21].

ADMET_AlogP98 vs. ADMET_PSA_2D

ACMET _AlogPa8

50 25 0 2% 50 3 100 125 150
ADMET_PSA_2D

Figure 7: ADMET characteristics of the compounds.
PSA-2D: polar surface area; ALogP: lipophilicity
[AlogP98: logarithm of the octanol-water partition
coefficient [values in parentheses were obtained
based on a Simulations Plus model (S + log P)]

CONCLUSION

The synthesized chalcones exhibit varied anti-
cyclooxygenases properties. Chalcone skeleton

Trop J Pharm Res, November 2022; 21(11): 2425
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with C=0 at 4-position, C2—C3 double bond, and
hydroxyl group at 5-position are necessary
assets for cyclooxygenase inhibition. Thus,
propenone moiety constitutes an appropriate
scaffold for the design of novel acyclic 1,3-
diphenyl prop-2-en-1-ones with discriminating
COX-1 or COX-2 inhibitory property. In silico
ADMET forecasting might be significant
preliminary steps toward the discovery of novel
pharmaceuticals in the  fight  against
inflammation-related ailments.
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